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Abstract
This paper introduces an approach to identify the total energy consumption with subsequent CO

2
 emissions, for both industrial and 

non-industrial sectors. Statistical data for 2005 were compiled in a national account system to construct an energy input-output table 
for investigating the influence between energy demand and supply activities. The methodological approach was applied to South Ko-
rea. Twelve types of energy and fifteen industrial and non-industrial sectors are formed as the compartments of the input-output table. 
The results provided quantitative details of the energy consumption and identified the significant contributions from each sector. An 
impact analysis on the CO

2
 emissions for the demand side was also conducted for comparison with the supply side.
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1. Introduction

Economic growth is associated with high energy consump-
tion. In Korea, due to industrialization, the demand for energy 
increased rapidly in the 1970s. In particular, electricity consump-
tion increased by about 9.6% per year from 1980 to 2005. Korea’s 
high energy consumption was strongly related with the rapid 
expansion of industrial sectors [1, 2]. 

Higher energy consumption by industries requires greater 
energy generation. In general, greenhouse gas emissions (GHGs) 
are linked with the consumption of energy. Although there is a 
relationship between energy and GHGs, there is nothing that 
signifies the proportion in term of quantities, as different fuels 
have different global warming potential factors. To meet the 
challenge of climate change due to the greenhouse gas effect, 
identification of emission sources is regarded as a highly desir-
able task, which would give direction on how to reduce this 
effect. To manage this assessment, as well as understand the en-
ergy consumption behavior of each sector, an appropriated tool 
is required. In the present study, an input-output analysis of the 
national economy was conducted to provide the predominant 
characteristics for identifying all the upstream economic inputs 
to the industrial sector to which they apply. The input-output 
analysis, developed by W.W. Leontief, studies the relationships 
between economic sectors [3, 4]. The fundamental information 
used in the input-output analysis was related to the flow of 
products from each industrial sector, which were considered the 
producer, to each of the sectors, both internally and externally, 

which were considered the consumers. The aim of applying an 
input-output analysis is to quantify the total amount of energy 
required for one financial unit of production by a given sector. 

The main equation of the input-output model is shown in 
Equation (1): 

1(1 )X A y−= − ⋅                                     (1)

where x is the vector of the required input, I the identity matrix 
containing one (1) in each diagonal element and zero in all other 
elements, and A the input-output direct requirement matrix, 
which represents the direct requirement coefficient, a

ij
, denot-

ing the input of a product from the ith row used by the jth column 
to make a unit output for the jth column. The factor (I-A)-1 is 
generally known as Leontief inverse coefficient, which refers to 
the amount of product both directly and indirectly required to 
fulfill a unit of final demand for that product. 

Miller and Blair [4] developed an input-output model for 
application to the energy sector during the oil crises in the 
early 1970s, which has been used to analyze the relationships 
between energy and climate change. Mayer [5] calculated and 
analyzed a hybrid energy input-output table of the Germany 
economy for the years 1995, 2000, 2002, 2003, and 2004. Park and 
Heo [6] quantified the direct and indirect energy requirements 
of a household in the Republic of Korea. Their study applied an 
input-output analysis and used a relatively disaggregated input-
output table for the nation over the period 1980 to 2000. Nguyen 
[7] examined the impacts of increasing the electricity tariff 
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The objective of this work was to quantify the structure of 
energy demand and supply for industrial and non-industrial 
sectors in South Korea for 2005, and demonstrate the CO

2
 emis-

sions caused by the demand side compared to the supply side. 

2.2. Data Source

Two main primary sources were data from the energy bal-
ance of 2005, surveyed by the Korea Energy Economics Institute 
(KEEI) [12, 13], and the conventional input-output table of 2005, 
prepared by the Bank of Korea [14] in 2008. 

2.3. Definition and Scope of Energy and GHG 

In the initial energy input-output construction, definitions 
of the energy and GHGs terms, and their conditions of use 
were required for this work to consistently determine the total 
energy consumption and GHG emissions for the economy. En-
ergy was measured as the consumption of primary, secondary 
and tertiary energies, while GHG emissions were measured as 
the combustion of primary and secondary energies. Generally, 
the consumption of energy by industry is for processing; oth-
erwise it is used for material transformation; for instance, the 
production of naphtha from crude oil. Therefore, it is important 
to distinguish between the processing and material transforma-
tion use of energy in an industrial activity, because the main 
factor influencing the quantification of CO

2 
emissions from an 

industrial activity is the combustion of energy. Fig. 1 illustrates 
three different features of energy consumption in processing 
and transformation, and the resultant CO

2
 emissions.

Fig. 1(a) shows the consumption and combustion of crude 
oil in the production of diesel oil. Diesel oil, as a product, is 
further consumed and combusted as a final demand within 
both industrial and non-industrial sectors. Fig. 1(b) shows the 
consumption and combustion of crude oil in the process of 
naphtha production. It also indicates that crude oil is consumed 

on the long run marginal prices of other products in Vietnam 
using a static input-output approach. Yoo and Yoo [8] applied 
an input-output framework to investigate the role of nuclear 
power generation in the Korean national economy. Acquaye and 
Duffy [9] estimated the energy and GHG emission intensities 
relating to Irish construction and its subsectors, and found the 
contribution to the Irish national emissions using an input-
output analysis. Mu et al. [10] developed an input-output table 
of electricity demand based on the Chinese national economy. 
Their methodology was designed to identify key sectors for 
final energy consumption. Baral and Bakshi [11] proposed and 
demonstrated the use of a thermodynamically augmented 
economic input-output model of the US economy for obtaining 
sector-specific energy to money ratios.

According to previous investigations in the available lit-
erature, a few studies have used energy input-output tables to 
quantify the energy structure and identify the causality between 
the energy supply and demand sides. To be more proactive 
about energy management, in accordance with the rapid growth 
in demand, the correlation between supply and demand, in 
term of energy units, including the decomposition of its struc-
ture, should be investigated. This paper; therefore, attempted 
to address the relationships between the energy demand and 
supply for fifteen industrial and non-industrial sectors.  For 
this, an energy input-output table was initially constructed, 
with a mathematical approach simply demonstrated. A sensitiv-
ity analysis was then conducted by quantifying the significant 
contributions from each sector. An uncertainty analysis on the 
CO

2
 emissions was also evaluated to communicate the reliability 

of the result. The Monte Carlo simulation was used as the proce-
dure for this evaluation.

2. Materials and Methods

2.1. Goal and Scope of Study

Crude oil consumption and 
Combustion for naphtha production

Crude oil consumption for
Naphtha production
(Energy Intensity
Materials)

Crude oil

Manufacturing 
Industry: Refinery of Naphtha

ElectricityNuclear
Coal
LNG
:

Power generation

Loss

Internal use

Electricity consumption in final activity

Fossil fuel consumption 
and combustion

Diesel  oil  consumption and 
combustion in energy production

Crude oil

Diesel oil production

Crude oil consumption and 
combustion in energy production
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b

Fig. 1. Energy consumption under the scope and definition of this study (Modified version from the IPCC report).
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portation, residential, commercial and public, and others.
To prevent errors when accounting for the CO

2
 emissions, 

the transaction number for communicating between rows and 
columns should indicate whether fuel or energy is used for 
processing or transformation. Referring to the 2006 Intergov-
ernmental Panel on Climate Change (IPCC) Guideline; in many 
cases, the exact fuels used in refineries to produce the energy 
required to operate the refinery process are not easily derived 
from the energy statistics, but have been typically estimated as 
6 to 10 percent of the total fuel input to the refinery. In this case 
study, 10 percent was employed as the fuel input for running the 
petroleum energy process. This approach and the percentage of 
fuel input for running the process were applied for coal products 
also. The petrochemical product was disaggregated into the 
processing and material bases in order to prevent an error in the 
CO

2
 analysis. Similarly, the iron and steel sector was also divided 

into processing and material bases for the purpose of energy 
consumption. The energy input-output table is presented sche-
matically in Table 1.

,
st
i je  illustrates the amount of secondary or tertiary energy 

from row ‘i’ consumed to produce energy column ‘j’, ,
st
i ke  refers 

to the amount of energy from row ‘i’ consumed by industrial ac-
tivities ‘k’, ,

p
i je  is the primary energy ‘i’ burned to produce energy 

‘j’, 1
stx  represents the total consumption of secondary or tertiary 

energy type ‘i’ or consumed by industrial sector ‘k’, and p
ix  shows 

the total consumption of primary energy type ‘i’.

2.5. Mathematical Model 

A mathematical model was initiated from the concept of 
energy balance. From Table 1, the total energy consumption as-
sociated with national activities is given by the sum of different 
energy productions and industrial consumptions.

12 15

, ,
1 1

st st st
i i j i k

j k
x e e

= =

= +∑ ∑
            

i = 1,2,…7
                   

(2)

The normalization energy term representing the input energy 

and transformed to naphtha, without any CO
2
 being emitted. 

Fig. 1(c) involves the generation of electricity. Primary and 
secondary energies are consumed and combusted during power 
generation. Thus, CO

2
 is emitted only during the energy produc-

tion stage. Electricity is then distributed as a final demand. 
Furthermore, electricity is used internally in the production 
process of power generation. With respect to energy processing, 
the scope of the collected data was for the South Korean opera-
tion; hence, the resultant environmental load was excluded as 
an import.

2.4. Energy Input-Output Table Construction

The energy input-output table used in this study was con-
structed by integrating the conventional input-output data of 
2005, developed by the Bank of Korea in 2008, and the energy 
consumption by industry, as investigated by the KEEI. Tone of 
oil equivalent (TOE) is the physical unit expressed in Table 1. 
To be able to better track the energy flow from a demand and 
supply perspective, it is worthwhile considering the energy sec-
tors separately from the industrial and non-industrial sectors 
when forming the input-output table. The energy supply table 
presents the transaction of energy between 12 rows and 12 col-
umns for the energy sectors, which are coal, crude petroleum, 
natural gas, nuclear, renewable energy, coal product, fuel oil, 
other petroleum product, non-fuel oil, gas, heat and electric-
ity. The numbers between the rows and columns indicate the 
amount of energy from the ith row consumed to produce a unit of 
energy output for the jth column. The industrial table addresses 
the amount of energy demand from the ith row consumed by the 
kth column to make a unit output of industrial or non-industrial 
activity. For the fifteen industrial and non-industrial sectors 
categorized in this study, the information on energy demand 
provided by the KEEI were agriculture and fishery, mining, food 
and tobacco, petrochemical (processing base), petrochemical 
(material base), iron and steel (processing base), iron and steel 
(material base), non-metallic metal, non-ferro, textile and wood 
product, fabricated metal, manufacturing, construction, trans-

Table 1. Energy flow 

　

Supply energy Demand energy Total output 
of energy 

consumption 
(xi)

Secondary/ tertiary energy
consumption

Primary energy 
consumption

Consumption in  
demand activity 

j=1 2 3 .. 7 8 .. j=12 k=1 .. k=15

Secondary/ 
tertiary energy

i=1 e1,1 e1,2 e1,3 .. e1,7 e1,8 .. e1,12 e1,1 .. e1,15 x1

2 e2,1 e2,2 e2,3 .. e2,7 e2,8 .. e2,12 e2,1 .. e2,15 x2

3 e3,1 e3,2 e3,3 .. e3,7 e3,8 .. e3,12 e3,1 e3,15 x3

.. .. .. .. .. .. .. .. .. .. .. .. ..

7 e7,1 e7,2 e7,3 .. e7,7 e7,8 .. e7,12 e7,1 .. e7,15 x7

Primary fuel/
energy

8 e8,1 e8,2 e8,3 .. e8,7 e8,8 .. e8,12 e8,1 .. e8,15 x8

: .. .. .. .. .. .. .. .. .. .. .. ..

i=12 e12,1 e12,2 e12,3 .. e12,7 e12,8 .. e12,12 e12,1 .. e12,15 x12

Balance of additions and 
subtractions (ej)

e1 e2 e3 .. e7 e8 .. e12

Total input of energy 
consumption (xj)

x1 x2 x3 .. x7 x8 .. x12
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which can be written as a matrix:

p p stX G X=                                            (11)

where pX  is the matrix of p
ix , pG the matrix of the summation of 

,
p
i jg , and stX the vector of st

ix .

Replacing st
ix from Equation (7) yields:

1( )p p st
kX G I G E−= −                          (12)

This equation gives the total primary energy required to produce 
the secondary or tertiary energy required as a final demand. 

In summary, Equations (7) and (12) provide the mathematical 
formula for determining the total annual energy consumption 
of each energy type for the industrial and non-industrial sectors. 

2.6. Productiveness Condition

A productiveness condition check is needed when an 
input-output analysis is performed. The Leontief inverse matrix 

1(1 )stig
−−  performed in this study meets the requirements of the 

Hawkins and Simon (H-S) condition, once all the minor princi-
pals of the determinant (1 )stig−  have been proved positive: 

1,1 1,12
1,1 1,2

1,1
2,1 2,2

12,1 12,12

1
1

1 0, 0,..., 0
1

1

g g
g g

g
g g

g g

− −
− −

− 〉 〉 〉
− −

− −



  



(Modified from Nakamura and Kondo, 2009 [15])

3. Results and Discussion

3.1. Application and Results

This current section presents the results of the model calcu-
lations for the net energy consumption and CO

2
 emissions of the 

fifteen industrial and non-industrial sectors. With respect to the 
energy consumption, the results of energy demand and supply, 
including the structure, are shown in Fig. 2. Using the CO

2
 fac-

tors from the IPCC, the CO
2
 emissions on a yearly basis for each 

sector are illustrated in Fig. 3.  
The results in Fig. 2 show the demand and supply energies 

consumed by fifteen industrial and non-industrial sectors. In 
addition to the current study, one advantage of developing an 
energy input-output model is that it offers a better evaluation 
of the energy structural decomposition analysis affected by the 
choice of energy from either side of the energy demand or sup-
ply. Fig. 2 shows the structure of the demand and supply ener-
gies, which were divided into 12 types of energy for all sectors.  

To deliver an energy demand of 3.3 million TOE required by 
the agriculture and fishery sector, a supply energy of 2.31 mil-
lion TOE is required for its production. For the mining sector, a 
total supply energy of 0.36 million TOE is needed to satisfy the 
demand energy for electricity (orange color) of 0.11 million TOE 
and fuel oil (blue color) of 0.067 million TOE.  For the food and 

from row ‘i’ deliver to produce a unit of output energy in column 
‘j’ was defined as:

,
,

st
i jst

i j st
i

e
g

x
=                                                (3)

Substituting Equation (3) into Equation (2) results in the following:

12 15

, ,
1 1

st st st
i i j i i k

j k
x g x e

= =

= +∑ ∑                          (4)

12 15

, ,
1 1

1 st st
i j i i k

j k
g x e

= =

 
− = 

 
∑ ∑                            (5)

Reorganizing gives the following equation:

1
12 15

, ,
1 1

1st st st
i i j i k

j k
x g e

−

= =

 
= − 
 

∑ ∑
                

(6)

which can be written as a matrix:

1( )st st
kX I G E−= −                                  (7)

where stX  is the vector of st
ix , I the unit matrix, stG  the matrix of 

the summation of ,
st
i jg , 1( )stI G −−  the inverse matrix of 1

,(1 )i jg −− , 
and E

k
 the matrix summation of ,i ke .

With Equation (7) the required quantities in total of second-
ary or tertiary energy, stx , to satisfy the final demand of  ‘E’ units 
by industrial sector ‘k’ can be calculated. This equation can also 
be used to analyze the relationship between energy supply and 
demand from industrial and non-industrial sectors, i.e., the 
impact for such a change in energy technology production, 
measured in mass units (for example renewable energy used in 
electricity generation), on the total energy consumption and CO

2
 

emissions of the demand sector and vice versa, can be assessed.
Analogously, the total amount of primary energy, px , can be 
calculated, as shown in Equation (8).

12 15

, ,
1 1

p p p
i i j i k

j k
x e e

= =

= +∑ ∑           i=8,9,…,12                   (8)

Typically, primary energy is used to produce secondary or 
tertiary energy, instead of being directly consumed during an 
industrial activity; hence, the second term on the right hand 
side can be neglected. The coefficient ,

p
i jg , which reflects the 

amount of primary energy input ‘i’ required to produce stx type 
‘j’ per total output of 

stx , is given in Equation (9), with the result 
obtained shown in Equation (10).  

,
,

p
i jp

i j st
i

e
g

x
=                                                

(9)

Substituting Equation (9) into Equation (8), gives:

12

,
1

p p st
i i j i

j
x g x

=

=∑
                                       

(10)
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to supply energy used by this sector. For the iron and steel sector 
(purpose in processing), a total energy of 6.89 million TOE are 
consumed by demand activities, for which coal product and 
electricity are mainly used. The energy supply is considerably 
higher than the energy demand, which is 8.76 million TOE. 

Meanwhile, the energy demand for the iron and steel sector 
(purpose in energy transformation to material) is completely met 
by coal product, accounting for 11.57 million TOE. To produce 
this amount of coal product, about 0.18 million TOE is needed 
as supply energy. Comparison of the energy demand and supply 
for the textile and wood product sector, the amount of demand 
energy, which is 4.691 million TOE, is relative small compare to 
supply energy accounting for 7.34 million TOE. The total energy 
demand delivered to the fabricated metal sector is 6.15 million 
TOE, while supply energy which is higher than demand energy is 
15.31 million TOE. The structure of energy demand and supply 

tobacco sector, the demand and supply energies are 1.62 and 
2.40 million TOE, respectively. For the petrochemical product 
sector (purpose in processing), the results indicated that 11.07 
and 8.19 million TOE of energy were consumed for demand and 
supply activities. In the case of the petrochemical product sec-
tor (purpose in energy transformation to material), non-fuel oil 
(green color) of 27.2 million TOE and other petroleum products 
(red color) of 0.78 million TOE accounted for the vast majority of 
directly required energy transformation. To acquire this amount 
of non-fuel oil and other petroleum products (LPG), 1.5 million 
TOE in total are used in energy production. In the case of the 
non-metallic metal sector, coal as a product (brown color) plays 
a key role for the demand energy, accounting for 3.17 million 
TOE. Fuel oil of 0.77, electricity of 0.85, gas of 0.36 and other 
petroleum product of 0.24 million TOE are also required for this 
sector. In addition, a total of 3.22 million TOE would be needed 

Fig. 2. Demand and supply energies, including the structure for fifteen industrial and non-industrial sectors.
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This section attempts to address the most influential param-
eter on the emission results and determine the reliability of the 
results with respect to the uncertainty of the input parameters. 
Therefore, a Monte Carlo simulation, using the Crystal Ball 
software, was employed. Initially, the input parameters had to 
be specified for the uncertainty distribution. The Batch Fit tool 
contained within Crystal Ball was employed to obtain the best fit 
probability distribution for each piece of technical datum (Crys-
tal Ball, 2008). A lognormal distribution has been found to be 
the most appropriate, and was selected for the current work. The 
total number of trial runs conducted via the Cristal Ball software 
was 10,000. The following figures show an example of the Monte 
Carlo simulation results associated with the sensitivity and 
uncertainty, and include the distribution for the textile, wood 
and pulp sector. In Fig. 4(a), the most important parameter, 
about 60.6%, was coal, with over 30% for fuel oil. The remainder 
was attributed to 6.8% natural gas, 1% gas, 0.2% crude oil, and 
0.1% coal product.  In Fig. 4(b), the mean total emissions of this 
sector per year were 20,720 million kg CO

2
-eq., with a standard 

deviation of 1,155.52 million kg CO
2
-eq. The uncertainty value 

described by the standard deviation divided by the mean is a 
term that indicates the reliability of the result. From the evalu-
ation, the uncertainty, or the coefficient of variation (CV), was 
0.0558 (5.58%). Fig. 4(b) also depicts the distribution of CO

2
 

emissions caused by this sector. The x-dimension provides 
the CO

2
 emissions per basis and the y-dimension shows the 

probability for each value towards the total CO
2
 emissions. The 

certainty values at the 95% certainty level ranged from 18,555.07 
to 23,095.67 million kg CO

2
-eq.

The same procedure was implemented for all sectors in the 
current study, as presented in Table 2. Using a sensitivity analy-
sis, the energy type influencing the CO

2
 emissions from each 

industrial sector can be obtained. 
In the case of the agriculture and fishery sector, the main 

sources of emissions were fuel oil and coal, which contributed 
89.1 and 10%, respectively. The major emissions from the min-
ing sector were due to coal energy, with a percentage of about 
99.9%. The contributions from the other energy sources were 
negligible. The same results were obtained for the food and to-

for the construction sector was similar to that for the transporta-
tion sector, but with a slightly different amount of consumption. 
A similar picture, high energy supply, but low demand, was pro-
jected for non-industrial, residential and commercial, including 
the public and other sectors. The results obtained revealed that 
the choice of energy on the demand side influences the type and 
amount of energy on the supply side and the total consumption. 

The most important indicator typically used connected with 
energy consumption is the CO

2 
emissions. The emission factors 

of CO
2
, CH

4, 
and N

2
O for CO

2
 equivalents (eq.) for each fuel type 

mainly refer to the 2006 IPCC [16] guideline for stationary and 
mobility combustion. The results from the model calculation 
were multiplied by the CO

2
 intensities vector. The corresponding 

tons of CO
2
 eq. emitted by each sectors were presented accord-

ingly. As mentioned earlier, the contribution of energy to CO
2
 

emissions is only from combustion. In the graph, given in Fig. 
3, the CO

2
 emissions from the demand side are shown relative to 

the CO
2 
from the supply side for each sector.

From Fig. 3, the CO
2 

emissions incurred by the supply of 
energy to the industrial sectors of mining, food and tobacco, 
petrochemical processing base, iron and steel processing base, 
textile and wood, fabricated metal, residential, and commercial, 
including public and others, were observed to be particularly 
high compare to those due to energy demand. CO

2
 emissions 

(from the industrial and non-industrial point of use), which ac-
counted for more than 70% of the total emission, were found for 
the petrochemical material base, non-metallic metal, iron and 
steel material base, non-ferrous, manufacturing, construction 
and transportation sectors. Indirect CO

2
 emissions (from the 

energy combustion at energy production) play a dominant role, 
accounting for 70% of the total for the mining and fabricated 
metal sectors and for non-industrial purposes of the commer-
cial and public sectors. The indirect CO

2
 emissions for the 

agriculture and fishery sector were 38%, with 50% for the iron 
and steel (processing base), 65% for the textile, wood and pulp 
sector, and about 55% for non-industrial purposes within the 
resident sector.

3.2. Sensitivity and Uncertainty Analysis
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Fig. 3. Comparison of the CO2 emissions caused by the demand side to the supply side.
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to 40.48, and 13.90 to 17.44 million ton CO
2
-eq, respectively. For 

the iron and steel processing base, the results of the emissions 
ranged from 28.72 to 35.28 million ton CO

2
-eq., and those for the 

iron and steel material base from 0.14 to 0.21 million ton CO
2
-

eq. The uncertainty value was very small, with a CV of 6.23% for 
the non-metallic metal, 7.66% for the non-ferro, 5.88% for the 
textile and wood product, 5.36% for the petrochemical process-
ing base, 8.35% for the petrochemical material base, 6.38% for 
the manufacturing, 8.23% for the transportation, 4.78% for the 
residential sector, 5.22% for the iron and steel processing base 
and 5.81% for the public and others sectors. For the classes with 
high uncertainty values, i.e., a CV of about 10%, were found for 
the mining, food and tobacco, fabricated metal, construction, 
commercial, and iron and steel material base sectors.   

4. Conclusions

Our approach was found to be especially applicable for 
investigating the causality between energy supply and demand. 
The mathematical structure closely reflected the classical Leon-
tief model, but the measure was expressed in mass units, which 
would eliminate the influence of price. The results of this study 
could provide valuable information on the total CO

2
 emissions 

and energy consumption as a result of the choice of energy made 
with respect to the demand side and supply side and vice versa. 
Using this approach, from the 2005 statistical data, the energy 
consumption of the demand side made a notable contribution 
to eight industries, i.e., agriculture and fishery, petrochemical 
(processing base), petrochemical (material base), non-metallic 
metal, iron and steel (material base), non-ferro, manufacturing, 
construction, and transportation. The energy demands for the 
mining, food and tobacco, iron and steel (processing base), 
textile and wood product, fabricated metal, residential, com-
mercial, and public and other sectors were small compared to 
the energy supply. Additionally, the results indicated that the 
emission evaluation should also include the supply side, which 
can have a potentially sizable impact on CO

2
 emissions. In par-

ticular, the supply side for the mining, fabricated metal, com-
mercial, iron and steel (processing base), textile, wood and pulp 
sector, resident and public and other sectors caused relative 
high (over 50%) CO

2
 emissions compared to the total emissions.

bacco, iron and steel material base, fabricated metal, construc-
tion, and commercial sectors. In the petrochemical product 
processing base, coal energy generated the largest quantity of 
emissions, contributing 66.6%. The emissions from non-fuel 
oil energy, natural gas, fuel oil and gas were 23.7, 6.6, 2.1, and 
0.8%, respectively. The total emissions from the petrochemical 
product material base were mainly from non-fuel oil, account-
ing for 98%, fuel oil 1.6%, other petroleum products 0.2% and 
crude petroleum 0.1%. The significant contributors for the iron 
and steel processing base sector were coal product and coal 
energy, accounting for 50.4 and 37.4%, respectively. The major 
contributor to the emissions for the non-metallic metal sector 
was coal product energy (88.6%). Coal energy was also the main 
contributor for the non-ferro sector, at 90.4%. The most relevant 
source of emission for the manufacturing sector was coal prod-
uct energy, accounting for 89.2%. Over 98% of the contribution 
for the transportation sector was from fuel oil energy. The total 
emissions of the residential sector were mainly induced by natu-
ral gas, gas, fuel oil and coal energy, at 39.3, 25, 18.6 and 16.1%, 
respectively. The relative importance of the emissions related to 
the public and other sectors were from coal energy and fuel oil, 
at 69.9 and 22.3%, respectively.

The CV, used to indicate the reliability of the results, and 
95% confidence interval for all the industrial and non-industrial 
purpose sectors are presented in Table 3.

On an annual basis, the 95% confidence interval of the CO
2
 

emissions were obtained, which are shown in Table 3 for the 
industrial and non-industrial sectors. The results were 10.34 to 
13.74 million ton CO

2
-eq. for the agriculture and fishery sector, 

0.39 to 0.58 million ton CO
2
-eq. for the mining sector, 2.25 to 

3.33 million ton CO
2
-eq. for the food and tobacco sector, 19.60 to 

24.93 million ton CO
2
-eq. for the non-metallic metal sector, 18.55 

to 23.10 million ton CO
2
-eq. for the textile and wood product 

sector. The results for the petrochemical product processing and 
material bases were 20.56 to 25.32 and 20.98 to 29.02 million ton 
CO

2
-eq, respectively. Similarly to the evaluation assessment via 

the Monte Carlo simulation, the 95% confidence interval for the 
emissions from the fabricated metal, manufacturing, construc-
tion and transportation sectors were estimated to be 15.74 to 
23.29, 20.00 to 25.57, 0.08 to 0.12, and 83.75 to 115.40 million ton 
CO

2
-eq, respectively. The emissions induced by the residential, 

commercial, public and other sectors were 88.09 to 106.25, 27.36 

Fig. 4. Sensitivity analysis (a) and uncertainty analysis (b) of the textile, wood and pulp sector.

a b



26DOI:10.4491/eer.2011.16.1.019

Phirada Pruitichaiwiboon, Cheul-Kyu Lee, Chun-Youl Baek, Kun-Mo Lee

Ta
b

le
 2

. S
en

si
ti

vi
ty

 a
n

al
ys

is
 o

f t
h

e 
C

O
2 e

m
is

si
o

n
s 

re
su

lt
in

g 
fr

o
m

 th
e 

in
d

u
st

ri
al

 a
n

d
 n

o
n

-i
n

d
u

st
ri

al
 s

ec
to

rs

In
d

u
st

ri
al

 s
ec

to
r

E
m

is
si

o
n

 s
o

u
rc

e

C
oa

l
C

ru
d

e 
p

et
ro

le
u

m
N

at
u

ra
l g

as
N

u
cl

ea
r

R
en

ew
ab

le
C

oa
l p

ro
d

u
ct

Fu
el

 o
il

O
th

er
 

p
et

ro
le

u
m

 
p

ro
d

u
ct

N
on

-f
u

el
 o

il
 

(N
ap

h
th

a)
G

as
H

ea
t

E
le

ct
ri

ci
ty

A
gr

ic
u

lt
u

re
 a

n
d

 fi
sh

er
y

10
.0
%

89
.1
%

M
in

in
g

99
.9
%

Fo
o

d
, t

o
b

ac
co

99
.9
%

Pe
tr

o
ch

em
ic

al
 (

p
ro

ce
ss

in
g 

b
as

e)
66

.6
%

6.
6%

2.
1%

23
.7
%

0.
8%

Pe
tr

o
ch

em
ic

al
 (

m
at

er
ia

l b
as

e)
0.

1%
1.

6%
0.

2%
98

.0
%

Ir
o

n
 a

n
d

 s
te

el
 (

p
ro

ce
ss

in
g 

b
as

e)
37

.4
%

7.
4%

50
.4
%

2.
4%

2.
3%

Ir
o

n
 a

n
d

 s
te

el
 (

m
at

er
ia

l b
as

e)
99

.9
%

N
o

n
-m

et
al

lic
 m

et
al

5.
9%

1.
3%

88
.6
%

3.
4%

0.
7%

N
o

n
-f

er
ro

90
.4
%

0.
8%

7.
5%

1.
1%

0.
1%

Te
xt

ile
, w

o
o

d
 a

n
d

 p
u

lp
60

.6
%

0.
2%

6.
8%

0.
1%

31
.3
%

1.
0%

Fa
b

ri
ca

te
d

 m
et

al
99

.9
%

M
an

u
fa

ct
u

ri
n

g
0.

2%
3.

8%
89

.2
%

2.
4%

4.
4%

C
o

n
st

ru
ct

io
n

99
.9
%

Tr
an

sp
o

rt
at

io
n

0.
1%

0.
8%

98
.2
%

0.
7%

0.
1%

R
es

id
en

ti
al

16
.1
%

39
.3
%

1.
0%

18
.6
%

25
.0
%

C
o

m
m

er
ci

al
99

.9
%

P
u

b
lic

 a
n

d
 o

th
er

69
.9
%

0.
2%

6.
8%

22
.3
%

0.
7%



27 http://www.eer.or.kr

Energy Analysis for Demand and Supply Activities

of other products in Vietnam. Energ. Pol. 2008;36:3135-3139.
8. Yoo SH, Yoo TH. The role of the nuclear power generation 

in the Korean national economy: An input-output analysis. 
Progr. Nucl. Energ. 2009;51:86-92.

9.  Acquaye AA, Duffy AP. Input-output analysis of Irish con-
struction sector greenhouse gas emissions. Build. Environ. 
2010;45:784-791.

10.  Mu T, Xia Q, Kang C. Input-output table of electricity de-
mand and its application. Energy 2009;35:326-331.

11. Baral A, Bakshi BR. Emergy analysis using US economic 
input-output models with applications to life cycles of 
gasoline and corn ethanol. Ecol. Model. 2010;221:1807-1818.

12.  Korea Energy Economics Institute. Energy consumption 
survey. Gwacheon: Ministry of Commerce, Industry and 
Energy; 2005.

13. Korea Energy Economics Institute. Yearbook of energy statis-
tics. Gwacheon: Ministry of Knowledge Economy; 2008.

14. The Bank of Korea. 2005 IO table. Seoul: The Bank of Korea; 
2008. 

15. Nakamura S, Kondo Y. Waste input-output analysis: concepts 
and application to industrial ecology. New York: Springer; 
2009.

16. Task Force on National Greenhouse Gas Inventories (TFI), 
Intergovernmental Panel on Climate Change (IPCC). 2006 
IPCC guidelines for national greenhouse gas inventories, 
prepared by the national greenhouse gas inventories pro-
gramme. Hayama, Japan: Institute for Global Environmental 
Strategies; 2006.

Acknowledgements 

The authors gratefully acknowledge the financial support 
from Korea Institute of Construction & Transportation Technol-
ogy Evaluation and Planning (KICTTEP) and also from Ministry 
of Knowledge Economic (MKE). 

References

1. Yoo SH. Electricity consumption and economic growth: 
Evidence from Korea. Energ. Pol. 2005;33:1627-1632.

2. Kang S. Korea’s pursuit of energy security. In: 2008 Northeast 
Asia Energy Outlook Seminar, Korea Economic Institute 
Policy Forum; 2008 May 6; Washington, D.C., USA.

3. Suh S. Handbook of input-output economics in industrial 
ecology. New York: Springer; 2009.

4.  Miller RE, Blair PD. Input-output analysis: Foundations and 
extensions. 2nd ed. Cambridge: Cambridge University Press; 
2009.

5. Mayer H. Calculation and analysis of a hybrid energy 
input-output table for Germany within the Environmental-
Economic Accounting (EEA). In: The 16th International 
Input-Output Conference; 2007 Jul 2-6; Istanbul, Turkey.

6. Park HC, Heo E. The direct and indirect household energy 
requirements in the Republic of Korea from 1980 to 2000: An 
input-output analysis. Energ. Pol. 2007;35:2839-2851.

7. Nguyen KQ. Impacts of a rise in electricity tariff on prices 

Table 3. The 95% confidence interval of the CO2 emissions (million ton CO2-eq./yr) and coefficient of variability (CV)

Industrial sector Million ton CO2-eq./yr CV Industrial sector Million ton CO2-eq./yr CV

Agriculture and fishery 10.34-13.74 0.0705 Fabricated metal 15.74-23.29 0.1002

Mining 0.39-0.58 0.1002 Manufacturing 20.00-25.57 0.0638

Food, tobacco 2.25-3.33 0.1002 Construction 0.08-0.12 0.1002

Non-metallic metal 19.60-24.93 0.0623 Transportation   83.75-115.40 0.0823

Non-ferro 0.32-0.43 0.0766 Residential   88.09-106.25 0.0478

Textile, wood and pulp 18.55-23.10 0.0588 Commercial 27.36-40.48 0.1002

Petrochemical 
(processing base)

20.56-25.32 0.0536 Iron and steel 
(processing base)

28.72-35.28 0.0522

Petrochemical 
(material base)

20.98-29.02 0.0835 Iron and steel 
(material base)

0.14-0.21 0.1002

Public and other 13.90-17.44 0.0581

eq.: equivalent.


