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Abstract

The continued growth of energy consumption and carbon emission (CO,) impacts adversely
on the global environment in terms of greenhouse effects are focusing to revise the climate and
energy policy. This study examines recent trends of energy consumption and CO, emission at
manufacturing sector along with twenty manufacturing industries at the two digit level for
the period 1998-99 to 2011-12. It is observed that energy consumption and carbon emission
in absolute form have increased in the manufacturing sector in the last decade and CO,
emission varies across manufacturing industries. This paper applies a total decomposition
analysis to decompose energy consumption into activity, structural and intensity effect. This
decomposition analysis shows that Nonmetallic Mineral Products and Basic Metals have low
energy efficiency among the highest energy-intensive industry. To improve the energy efficiency
among energy-intensive industry the National Mission on Enhanced Energy Efficiency comes
under the eight missions of the National Action Plan on Climate Change has been formulated
by the government of India.

1. Introduction

India has emerged an important economic power in the world arena. This
was mainly on account of the liberalization of Indian economy and growing
contribution of the services sector to its GDP. The consequence of a growing
economy translates into growing demand for energy, particularly commercial
energy. Energy is crucial to the production process and its abundant supply can
create favorable conditions for growth, whereas energy scarcity will adversely
affect both production and productivity. Commercial energy consumption in
India has increased by more than three times during the last three decades’.
The industrial sector is a major consumer of commercial energy (Kumar, 2003)
accounts approximately 40 percent of total commercial energy consumption,
whereas it contributes merely 20 percent to the economic growth.

Manufacturing sector consists of two distinct sections, one referred to as the
registered sector consisting of factories registered under the Factory Act, 1948 and
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1  The total energy consumption of India was 143.13 million tonnes of oil equivalent
(MTOE) for the year 1971 and that become 457.49 MTOE in 2010 according to IEA data
base.
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itis also called as an organized manufacturing sector’. The
second is an unregistered manufacturing sector or un-
organized manufacturing sector. NSSO does not report
the quantity of energy consumption by un-organized
manufacturing industries and it is available after an
interval of every five years. Keeping in view the data
constraint for un-organized manufacturing sector this
paper primarily focuses on the energy consumption by
organized manufacturing sector and not by un-organized
manufacturing sector.

The rest of the section follows as; Section 11 deals with
the existing literature reviews. Section III discusses about
research questions, data source and methodology. The
patterns of energy consumption and CO, emission in India
manufacturing sector is discussed in section IV. Section
V analyses the patterns of energy intensity and emission
intensity of manufacturing industries and also estimate
the energy efficiency of manufacturing industries. Section
V1 is for a summary and conclusion of the paper.

2. Literature Review

There are wide ranges of studies those deals with the
productivity, growth and employment in the Indian
manufacturing sector. But there are only selected
literatures on the carbon dioxide emission and energy
efficiency in the Indian manufacturing sector or sub-
sector of manufacturing industries.

Ray and Reddy (2007) have analyzed the trend of CO,
emission and energy efficiency in Indian Manufacturing
sector along with fourteen manufacturing industries for
the period 1992 to 2002 using Centre for Monitoring Indian
Economy (CMIE) data base. For the estimation of CO,
emission they used four types of energy consumption,
Le. coal, electricity, gas and petroleum products. Ray and
Reddy reported that there was increasing trend of CO,
emission in the manufacturing sector. CO, emission was
at 179 million tonnes in 1992 which increased more than
two times and it reached at 310 million tonnes in 2002. The
iron & steel industry is the biggest CO, emitter among
fourteen manufacturing industries followed by chemical,
textiles and cement industry and transport while beverage
& tobacco industries are least CO, emitted. Further, they

employed total differential method to decompose energy
consumption into activity, intensity and structural
changes. The decomposition result highlighted that the
structural and intensity effects are negative over a period
of time which indicated that the shift of output share of
high energy-intensive to low energy-intensive industries.

Pradyot Jena (2009) attempted to analyze the changing
patterns of energy consumption and energy efficiency
in the Indian manufacturing sector along with six major
energy-intensive industries, i.e. Food products, Textiles,
Paper & pulp, Chemicals, Nonmetallic minerals and Basic
Metals industries for the period 1992-93 to 2001-02 using
ASI data base. Jena estimated energy consumption from
the consumption of coal and electricity purchased by the
industries. The energy intensity of the manufacturing
sector as a whole or that of individual sub-sectors
were calculated as a ratio of energy consumption to
value added. It is found that there was a similar trend
between energy consumption and energy intensity in
the manufacturing sector. Energy intensity and energy
consumption both have increased from 1992-93 to 1995-
96 and then both had started declining.

Reddy and Ray (2011) analyzed the physical energy
intensity and carbon emission of major industries, i.e.
iron and steel, aluminium, textiles, paper, and cement
during the period 1991 to 2005 using the CMIE data
base. The analysis period further divided into three sub-
periods; 1991 to 1995, 1995 to 2000 and 2000 to 2005.
The total energy consumption in these industries is the
summation of coal, electricity and petroleum products
(liquid and gaseous) consumption. Reddy and Ray used
energy intensity in physical term rather than monetary
terms. Their analysis showed that energy intensity had
fallen in iron and steel, paper, and cement whereas it had
increased in textiles and aluminium in the period 1991 to
2005. The iron and steel was most emitter industry among
five manufacturing industries followed by textile, cement,
aluminium and paper industry. Coal contributed about
67% in total CO, emissions in iron and steel, aluminium,
paper, and cement whereas it contributed only 4% in
textile. In the textile industry, electricity contributed
around 95% in total CO, emissions.

2 Organized manufacturing sector means a factor is registered under Factory Act, 1948 under section 2m(i) and 2m(ii). The section
2m(i) means ten or more than ten workers are working, or were working on any day of the preceding twelve months, and in any part of
which a manufacturing process is being carried on with the aid of power, or is ordinarily so carried on, or (ii) wherein twenty or more
workers are working, or were working on any day of the preceding twelve months and in any part of which a manufacturing process
is being carried on without the aid of power, or is ordinarily so carried on.
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Sahu and Narayanan (2013) estimated carbon dioxide
emission from fossil fuel consumption in the Indian
manufacturing sector as well as in 17 manufacturing
industries for the period 2000 to 2011 using CMIE data
base. The emission analysis showed that the aggregate
emissions in the Indian manufacturing sector had
fluctuation over the period with an increasing trend from
2005 to 2011. Sahu and Narayanan reported that there

was inter-firm variation in CO, emission as well as in
emission intensity.

The other authors considered the different energy sources
to measure the total energy consumption and carbon
emission by the Indian manufacturing sector. Table 1
shows that the selected list of studies has been done so far
with their results.

Table 1: List of Selected Studies

Author Energy Sources =~ Database/Period Industry Results
Ray and Coal, Electricity, | CMIE (1992 to 2002) Fourteen The iron & steel industry is the biggest CO |
Reddy (2007) Gas and Manufacturing |emitter ~among fourteen manufacturing
Petroleum Industries industries followed by chemical, textiles and
cement
| Mukherjee Coal and ASI (1998-99 to Six Major Energy intensity in the manufacturing sector
(2008) Electricity 2003-04) Energy-Intensive |increased over 1998-99 to 2000-01 and declined
Industries thereafter.
Ray and Coal, Electricity, |CMIE (1990 to 2005) Five Coal contributed more than 68% of total energy
Reddy (2008) Gas and Manufacturing |consumption in the manufacturing sector as
Petroleum Industries well as all five manufacturing industries except
Products textile.
Jena (2009) Coal and ASI (1992-93 to Six Major Energy intensity and energy consumption both
Electricity 2001-02) Energy-Intensive | have increased from 1992-93 to 1995-96 and then
Industries both had started declining.
Sahu and Coal, Electricity | Prowess database Nine The trend of energy consumption seemed like
Narayanan and Petroleum (1990 to 2008) Manufacturing |‘U" shape and inverted “U" shape for energy
(2010) Products Industries intensity.
Reddy and Coal, Electricity |CMIE (1991 to 2005) Five Energy intensity had fallen in iron & steel, paper
Ray (2011) and Petroleum Manufacturing |and cement whereas it had increased in textiles
Products Industries and aluminium in the period 1991 to 2005.
Sahu and Fossil fuel CMIE (2000 to 2011) Seventeen Aggregateemissionsin the Indian manufacturing
Narayanan Consumption Manufacturing |sector had fluctuated over the period with an
(2013) Industries increasing trend from 2005 to 2011.

Source: Author’s finding

3. Research Questions

This study attempts to provide a more detailed perspective
on energy consumption, carbon emission, energy
intensity and emission intensity at the Indian organized
manufacturing sector for the period 1998-99 to 2011-12,
which incorporates twenty manufacturing industries.
Specifically, this paper analyzes the following research
objectives;

(1) To estimate carbon emission in Indian organized
manufacturing sector at the two-digit level.

(2) To examine the more energy-intensive and emission-
intensive industries in the organized manufacturing
sector.
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(3) To estimate the energy efficiency of industries.

3.1. Database and Methodology

Database

The study is based on secondary sources of data and it
is mainly focused to the Indian organized manufacturing
sector. The data are taken from many different sources
such as; Annual Survey of Industry (ASI) (unit level data of
ASI for the period 1998-99 to 2011-12), Office of Economic
Advisor, Reserve Bank of India (RBI), and International

Energy Agency (IEA).
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Methodology

For the estimation of carbon emission in India
manufacturing sector Intergovernmental Panel on
Climate Change (IPCC; 2006) guidelines or methods
has been employed. To measure the energy efficiency
of manufacturing industries the Total Decomposition
Analysis (TDA) has been employed.

Method for estimating CO, emission from coal

CO, emission from coal consumption is estimated by
taking into account the carbon emission factor of coal
(25.8), the fraction of oxidized carbon of coal (1) and
molecular weight ratio of carbon dioxide to carbon (3.667)
using the guidelines of IPCC (2006). The CO, emission
from the consumption of coal is obtained as;

CE ,=CFE xEFxF xM_

Where, CE_= Carbon dioxide emission from coal
CFE = Conversion Factor for Energy from Coal
EF_= Carbon emission factor of coal

F_= Fraction of Oxidized carbon of coal

M = Molecular weight ratio of carbon dioxide to carbon

There are two other steps involved before using the
above formula to calculate emission from coal. In the first
step, unit of coal consumed are converted into million
tonnes of oil equivalents (MTOE) and then in second step
MTOE will be converted into energy conversion factor
i.e. terajoule (T]). For estimating emission from electricity
at first electricity quantity, i.e. kilowatt hour (kWh) is
converted into megawatt hour (mWh) then the emission
factor of electricity is applied. The emission factor®of
electricity is taken from Ministry of Power, Government
of India.

4. Energy consumption and CO, emission in
India Manufacturing Sector

Coal and electricity are considered as a principal source
of energy for the Indian manufacturing sector. Though,
manufacturing sector also consumes other sources of
energy, ie. oil, gas and petroleum products. But ASI
reports only both physical and monetary terms of
coal and electricity consumption by the industry. ASI
reported the data on fuel consumption by industry for
a variety of fuels such as; coal, lignite, gas, and other
fuel consumed with their monetary and quantity terms
till 1996-97°. After 1996-97, ASI has been reporting
data on fuel consumption into three broad categories;
coal, electricity and petroleum products. For petroleum
products ASI only provides data in monetary term not in
quantity terms. Electricity data have been reported in two
ways by ASI; electricity own generated and electricity
purchased & consumed with monetary and quantity
terms. If we consider the electricity own generated for
the estimation of energy consumption then there will
be problem of double counting because coal might have
been used for electricity generation. Therefore, this paper
only considers the quantity of electricity purchased &
consumed and coal consumption to estimate the energy
consumption. ASI reported the coal consumption in
tonnes and electricity purchased & consumed in kWh.
At first all units of energy are converted into million
tons of oil equivalents (MTOE) by conversion factor
used by IPCC (2006)°. The total energy consumption by
manufacturing sector as well as manufacturing industries
at two digit levels is presented in figure 1 and appendix
A respectively.

3 The emission factor of electricity is 0.86 tCO2/MWH. The emission factor of electricity is taken from Ministry of Power, Government

of India.

For further detail see P. Jena (2009) paper, and Gupta and Sengupta (2012) paper.

factor is 0.86 MTOE from 12000 million kWh.
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Figure 1: Energy Consumption (MTOE) in Manufacturing Sector
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The manufacturing sector is the single largest user of
commercial energy in Indian industry (Kumar, 2003).
In the last decade, consumption of coal and electricity*
in the manufacturing sector has been growing rapidly.
The consumption of coal recorded more than six percent
an average annual growth while electrically recorded at
about seven percent during the period 1998-99 to 2011-
127, Total energy consumption has been growing rapidly
in the Indian manufacturing sector with minor fluctuation
ie. in year 2001-02, 2008-09 and 2010-11. The increase in
energy consumption is basically accounted for growing
manufacturing output in the economy. Manufacturing
output has grown more than eleven percent at an average
annual growth rate during 1998-99 to 2011-12 whereas
energy consumption in the manufacturing sector has
grown about eight percent average annual growth rate
during the same period, which indicates that the positive
relationship between growth of energy consumption and
growth of output in the manufacturing sector.

At the two digit level® only few industry groups
together consume more than ninety percent of total

energy consumption’ in the manufacturing sector.
These industries are Manufacture of Basic Metals (27),
Manufacture of Nonmetallic Mineral Products (26),
Manufacture of Chemicals and Chemicals Products
(24), Manufacture of Paper and Paper Products (21),
Manufacture of Textiles (17) and Manufacture of Food
Products (15). The Manufacture of Basic Metals (27) is
dominating in energy consumption throughout the years
(see appendix A). There is an another set of industries
which primarily use electricity as a source of energy
through these industries are not consuming coal directly
as an input, but indirectly they may use coal as their
input (see table 2). In another sense, these industries
consume electricity more than coal to fulfill their energy
requirement. These industries are Wearing Apparel (18),
Leather & Footwear (19), Wood Products (20), Publishing
& Printing (22), Coke & Refined Petroleum Products (23),
Rubber & Plastic Products (25), Machinery & Equipment
(29), Electrical Machinery &Apparatus (31), Medical &
Optical Instruments (33), Motor Vehicles (34), Transport
Equipment (35), and Furniture Manufacturing (36).

In this study, the consumption of electricity means electricity purchased and consumed by particular industry.
An average annual growth rate of coal consumption for the period 1999-00 to 2009-10 was 6.49% and that of electricity was 6.90%.

8  According to National Industry Classification (NIC) 2004, there are 15 to 37 industry groups at the two digit level come under
manufacturing sector. This study only considers 20 manufacturing industries. To have consistency between NIC 04 and NIC 08 fwo
industries (30 and 32 industry group) are dropped. The concordance has been done NIC 08 to NIC 04 which means that the industry

specific name or code mentioned in NIC 04 is used.

9 Food Products (15), Textiles (17), Paper & Paper Products (21), Chemicals & Chemical products (24), Nonmetallic Mineral Products
(26), and Basic Metals (27) together contributed more than 90% in total energy consumption by manufacturing sector as whole.

10 Organized Manufacturing sector has 206843 firms in the year 2010-11,
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Table 2: Average Energy Consumption by Manufacturing Industries

Average Energy Consumption (MTOE) by Manufacturing Industries during the period 1998-99 to 2011-12

NIC Codes | Industries Electricity Coal Total

- 15 Manufacture of Food Products 0.61 1.27 1.88
16 Manufacture of Tobacco Products 0.02 0.05 0.07
17 Textiles 1.14 2.63 377
18 Manufacture of Wearing Apparel 0.07 0.02 0.09
19 Manufacture of Leather & Footwear 0.05 0.03 0.08
20 Manufacture of Wood Products 0.05 0.04 0.09
21 Manufacture of Paper & Paper Products 0.23 3.14 337
22 Manufacture of Publishing & Printing 0.04 0.00 0.04 ]
7 Manufacture of Coke & Refined Petroleum 015 0.04 019

Products

24 Manufacture of Chemicals & Chemical products 0.88 4.39 527
25 Manufacture of Rubber & Plastic Products 0.32 0.28 0.6
26 Manufacture of Nonmetallic Mineral Products 0.78 13.79 14.57
27 Manufacture of Basic Metals 3.00 15.57 18.57
28 Manufacture of Fabricated Metal Products 0.18 017 0.35
29 Manufacture of Machinery & Equipment 0.18 0.07 0.25
5 | Manufacture of Electrical Machinery & Apparatus 0.15 0.07 0.22
33 Manufacture of Medical & Optical Instruments 0.04 0.02 0.06
34 Manufacture of Motor Vehicles 0.21 0.01 0.22
35 Manufacture of Transport Equipment 0.08 0.01 0.09
36 Furniture Manufacturing 0.06 0.01 0.07

Source: Author’s Calculation

41. Carbon Dioxide Emissions in Indian

Manufacturing Sector

India is among the leading industrialized countries of the
werld. The Indian industry encompasses more than two
lacks organized manufacturing firms'’and is the biggest
employment creator sector that employs about 13 million
people’. Therefore, industry will have to grow to meet
the basic needs of rising populations. Consequently, the
demand of energy in industry sector is going to increase

further which lead to carbon dioxide (CO,) emissions. The
manufacturing sector is one of the most energy-intensive
sectors in Indian industry, which accounts for about 80
percent of energy related CO, emissions (Ray and Reddy;
2008). In the manufacturing sector, food processing,
textile, chemical, cement, iron & steel, nonmetallic mineral
product and petroleum & coal products are more energy
consuming industries. Manufacturing industries emit Cco,
directly via in-plant fossil fuel combustion (use of carbon-
based materials) and indirect emissions are associated

11 12544461 persons employed in the organized manufacturing sector for the year 2010-11.
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the rest is associated with the use of electricity or indirect
emission (see figure 2).

with electricity consumption for industrial purposes. For
manufacturing sector approximately more than half of
the CO, emissions comes from direct emissions while

Figure 2: Total Emissions (million tons) in Manufacturing Sector
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Maintaining high economic growth, energy supply is of
supreme importance. The energy basket is highly skewed
with coal dominating and coal accounted more than 55%
(Planning Commission; 2011) of the total energy supply
in the country. Coal is the most important and abundant
fossil fuel in India. The coal reserve in India estimated
from the Geological Survey of India at 293.50 billion tonnes
as on 1.4.2012 (Energy Statistics; 2013). Coal contributes
52% and 53% of the total energy supply in 2010 and 2011
respectively (TERI: 2013). In spite of a boom in renewable
energy, coal still major source of energy consumption.
For every tonnes of coal burned, at least three quarters
of a tonnes of CO, emission are released. It also indicates
that the development of emissions is a main cause for this
strong growth in coal. The dominance of Coal continues
to attribute to CO, emission in India as well as an Indian
manufacturing sector’®.

At two digit level Manufacture of Basic Metals (27)
industry has become the highest CO, emitter industry
over the period of time, followed by Nonmetallic Mineral
Products (26), Chemicals and Chemicals Products (24),
Paper and Paper Products (21) and Textile industry (17) ;
and Manufacturing of Food Products (15). Publishing and
Printing (22) is the lowest CO, emitting industry amongst
the selected list of the industries analyzed followed by
Manufacture of Furniture (36), Manufacture of Other
Transport Equipment (35), Manufacture of Motor *
Vehicles (34), Manufacture of Coke (23), Manufacturing
of Wearing Apparel (18) and Manufacturing of Medical
& Optical Instruments (33). With the expansion of
industrial output, emissions by various industries have
also been showing an increasing trend during the period
of the study. :

12 Direct emission is associated with emission from fossil fuel (coal) combustion and indirect emission associated with electricity

purchased by particular industry.

13 The emission from the consumiption of coal has been estimated 1149.63 and 239.68 million tonnes in India and Indian manufacturing

sector respectively in 2011-12.
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5. Energy Intensity, Emission Intensity and
Energy Efficiency

Energy Intensity is a measure of how efficiently energy
used in the economy to produce output. In other words,
it is a measure to show how much energy resources are
used to produce output. Some author’s (Ray and Reddy,
2007, Goldar, 2010, and Sahu and Narayanan; 2010)
considered energy intensity is the best proxy to measure
energy efficiency of the industry. Energy intensity is a
ratio of energy input to output and this can be divided
into two parts; Physical energy intensity and Economic
energy intensity. Physical Energy Intensity is defined as

the physical amount of energy used to produce output.
The economic, energy intensity is different from the
physical energy intensity because it expresses the energy
input and output in terms of monetary value. However,
energy intensity can be defined in many ways such
as; ratio of energy to an output, energy for industrial
production, energy to value added and energy to the
value of production. In this paper energy intensity is
calculated in terms of physical energy intensity which can
be measured as the quantity of energy consumed divided
by the deflated value of output. Energy consumption is
considered as tonnes of oil equivalent (TOE) and output
value of Rs. Lakh. Whole Sales Price Index (WPI) for

Figure 3: Energy Consumption and Energy Intensity in Manufacturing Sector

80.00 0.40
70.00 - 0.35
60.00 0.30
50.00 0.25
40.00 0.20
30.00 ==+ 0.15
20.00 0.10
10.00 0.05
0.00 0.00
#9“" &SP O@sa” ,ﬁ" sS'*’ oS er_sf’ sa“’ sS‘ ,@’ & Q@ > N
'\- "v
N R A
—Energy Consumption ———Energy Intensity

Source: Author’s Calculation

machinery and machine tools at 2004-05 prices are used
as a deflector which is taken from the Office of Economic
Advisor.

After the economic reforms, energy intensity has been
declining in the Indian manufacturing sector and it
continues to decrease further (Goldar, 2010). Energy
intensity has fallen at the 5% per annum between 1992-93
to 2007-08 and there was no significant decline in energy
intensity in the pre reform period, but in the post reform
period it has continuously fallen down (Goldar; 2012).
Between the periods of our study (1998-99 to 2011-12)
energy intensity has declined at the rate 4.87% per annum
in total manufacturing sector whereas output grown at

the rate 12.24% per annum. On the other hand energy
consumption has increased in the manufacturing sector in
the same period (see figure 3). The several author’s (Sahu
and Narayanan, 2010, Sahu and Narayanan, 2011, Ray
and Reddy, 2007, Goldar, 2010 and Goldar; 2012) found
in their study that energy intensity is fallen and energy
consumption has increased in the post reform period.

In general, energy intensity leads to emission intensity.
The logic behind this story is that the high energy intensity
can be through more energy requirement or low output
value. The manufacturing output slightly declined only
in two years, i.e. in 2000-01 and 2001-02* but after this

14 During the period of study the output is declined at the rate 2.15 and 0.88 percent in the year 2000-01 and 2001-02 respectively.
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period the manufacturing output has been continuously
rising so far. This highlights that high energy intensity
is due to more consumption of energy or more energy is
required to produce one unit of output. The requirement
of high energy further leads to more emission and more
emission intensity. However, emission intensity has
been declining in the manufacturing sector. The decline
in carbon intensity in the last decade is mainly driven
by the decline in energy intensity in the manufacturing
sector. In similar, the carbon intensity declined at the
rate more than five per cent per year during the period
1998-99 to 2011-12. On the other hand energy intensity
has also declined at the same rate, about five percent per
year for the same period in the manufacturing sector.

Therefore, there is a high correlation (0.99) (see table 3)
between energy intensity and emission intensity. Table
3 shows that the industry, having high energy intensity
also lead to more emission intensity e.g. Manufacture of
Nonmetallic Mineral Products (26) has a high average
energy intensity (2.35) which also dominates in terms
of average emission intensity (10.30). The same scenario
exists in the Manufacture of Paper & Paper Products (21),
Manufacture of Basic Metals (27), and Manufacture of
Chemicals & Chemical products (24) industries and other
manufacturing industries (see table 3). The emission
and energy intensity has declined in all industries in
manufacturing industries over the 1998-99 levels.

Table 3: Average Energy and Emission Intensity by Manufacturing Industries

Average Energy and Emission Intensity by Manufacturing Industries from 1998-99 to 2011-12
NIC Codes Firms Energy Intensity Emission Intensity
15 Manufacture of Food Products 0.074 0.480
16 Manufacture of Tobacco Products 0.051 0.307
17 Manufacture of Textiles 0.280 1.787
18 Manufacture of Wearing Apparel 0.027 0.274
19 Manufacture of Leather & Footwear 0.046 0.400
20 Manufacture of Wood Products 0.123 0.903
21 Manufacture of Paper & Paper Products 1.318 5.888
22 Manufacture of Publishing & Printing 0.029 0.327
23 Manufacture of Coke & Refined Petroleum Products 0.008 0.083
24 Manufacture of Chemicals & Chemical products 0.238 1.259
25 Manufacture of Rubber & Plastic Products 0.099 0.794
26 Manufacture of Nonmetallic Mineral Products 2.351 10.301
27 Manufacture of Basic Metals 0.787 4.066
28 Manufacture of Fabricated Metal Products 0.067 0.536
29 Manufacture of Machinery & Equipment 0.029 0.271
31 Manufacture of Electrical Machinery & Apparatus 0.030 B 0.288
33 Medical & Optical Instruments 0.019 0.203
34 Motor Vehicles 0.020 0.229
35 Transport Equipment 0.021 0.222
36 Furniture Manufacturing 0.019 0.171
Correlation between energy and emission intensity is 0.99

Source: Author’s Calculation

5.1.Decomposition of Energy Consumption Change

The decomposition methodology is a process of time
series modeling that represents the trend, cyclical
and seasonal effect. There are two common methods
for energy decomposition analysis; multiplicative
decomposition and additive decomposition or energy
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consumption and energy intensity approach. The
energy intensity approach has the advantage of time
series analysis because its estimation is expressed in
indexes so that easy for interpretation. On the other hand
the result of the energy consumption decomposition

method is presented in energy units which can be easily
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understood by non-specialists. Differences between
multiplicative and additive forms are minor for both the
energy consumption and energy intensity decomposition
method. But multiplicative forms are superior to the
additive forms for studying the energy elasticity approach
(Kumphai; 2006).

In this paper, we simply use the Total Decomposition
Analysis (TDA): the three conventional factor cases. TDA
decomposes energy consumption into three components;
activity effect, structural effect and intensity effect (see
below chart).

Activity Effect (AE): The effect captures the additional
energy demand of increased economic activity. In other
words, activity effect captures the overall changes in the
output of the manufacturing sector.

Structural Effect (SE): The structural effect captures the
effect of changing shares of manufacturing output of
different manufacturing industries. This effect measures
improvementin the efficient energy management, changes
in technology and energy efficiency improvement. If
this effect is negative, which imply improvement in
energy use and positive effect leads to worsening energy
efficiency.

Intensity Effect (IE): The intensity effect captures
the effect of changing energy per unit output in each
manufacturing industry.

The mathematical forms of TDA can be written as;
E=

Total Effect; ET-E’=AE_=AE_+E_+ AE,,
Activity Effect; A B =
Structural Effect; AE, =
Intensity Effect; A Eim=
W=E"-E /InE'-InE’
Where,

E = Total energy consumption by the manufacturing
sector

Q = Overall activity level (output level) by the
manufacturing sector

E = Energy Consumption of industry i
Q, = Activity level (output level) of industry i

S, = Activity share (output share of industry i in
manufacturing sector) of industry i

1= Energy Intensity of the industry |

and
Table 4: Result of Decomposition Analysis
NIC Codes | Industry Changes Share in total effect (%) |
AE SE IE AE SE [E
15 Food Products 313 0.68 136 416 | -14153 436
16 Tobacco Products 0.07 0.04 0,02 0.10 -90.5 0.05
17 Textiles 595 213 0,02 7.91 44205 0.07
18 Wearing Apparel 0.11 -0.01 0.01 0.14 251 0.03
i 2 Leather & Footwear 0.11 -0.03 -0.05 0.15 -67.4 017
20 Wood Products 0.10 0.02 0.07 013 39.9 0.22
21 Paper & Paper Products 458 0.84 -2.86 609 | -1737.9 918
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22 Publishing & Printing 0.06 -0.02 0.00 0.08 -45.4 0.01
23 Coke & Refined Petroleum Products 0.92 0.60 -0.64 1.23 12489 2.06
24 Chemicals & Chemical products 7.55 -3.41 -1.03 10.04 -7054.8 3.30
25 Rubber & Plastic Products 115 | 009 -0.44 1.53 -189.1 1.40
26 Nonmetallic Mineral Products 21.62 0.26 -9.59 28.75 534.1 30.81
27 Basic Metals 27.96 6.16 -13.92 37.18 12767.9 44.68
28 Fabricated Metal Products 0.47 0.08 -0.36 0.62 158.7 116
29 Machinery & Equipment 0.39 -0.05 -0.13 0.52 -101.8 0.40
31 Electrical Machinery & Apparatus 0.30 0.01 -0.18 0.40 128 0.56
33 Medical & Optical Instruments 0.08 0.05 -0.05 0.11 113.6 0.16
34 Motor Vehicles 0.38 0.14 -0.10 0.50 282.1 0.32
35 Transport Equipment 0.15 0.00 -0.10 0.20 93 0.31
36 Furniture Manufacturing 0.12 0.04 -0.23 0.16 80.5 0.74
| Total 75.20 0.05 3114 | 10000 | 1000 | 100.00

Source: Author’s Calculation.

Energy intensity has negative impact on changes in total
energy consumption and this effect has also negative in all
manufacturing industries. The real energy consumption
is increased only 43.06 million tonnes, which is less
than the increase in energy consumption due to activity
level effects. On the other hand intensity effect has more
important than the structural effect on changes in total
energy consumption. Activity and structural effect have
always influenced the consumption of energy while the
intensity effect decreases the overall energy consumption.
The intensity effect sometimes has an expansive effect and
depression effect which means that due to activity effects
have depressed the change in total energy consumption
during the period of the study.

Activity effect has more among Basic Metals, Nonmetallic
Mineral Products, Chemicals & Chemical products,
Textiles, Paper & Paper Products and Food Products.
Actually, these are highly energy-intensive industries
which are affected more as changes in manufacturing
output. During 1998-99 to 2011-12 there was a significant
improvement in energy efficiency among Food Products,
Tobacco Products, Textiles, Wearing Apparel, Leather
& Footwear, Paper & Paper Products, Publishing &
Printing, Chemicals & Chemical products, Rubber &
Plastic Products and Machinery & Equipment and
worst performance in terms of energy efficiency among
Wood Products, Coke & Refined Petroleum Products,
Nonmetallic Mineral Products, Basic Metals, Fabricated
Metal Products, Electrical Machinery & Apparatus,
Medical & Optical Instruments, Motor Vehicles, Transport
Equipment and Furniture Manufacturing.

6. Conclusions

India is third largest consumer of primary commercial
energy of the world ranked after China and US. The

i

Indian economic growth is largely associated with
the increased energy consumption. More than 50% of
total energy need of India is met by only coal and the
remaining is fulfilled by other energy sources which
include the oil, gas, and non-conventional energy sources
also. The study shows that the Indian manufacturing
sector is a more dominating sector in terms of energy
consumption and carbon emission in the Industry. The
Indian organized = manufacturing sector contributed
about 16% in India’s total final energy consumption and
22% India’s total emission in 2009. In the manufacturing
sector only a group of industries, i.e. Food Products,
Textiles, Paper & Paper Products, Chemicals & Chemical
products, Nonmetallic Mineral Products, Basic Metals are
dominating in terms of energy consumption and carbon
emission and they together contributed more than 90%
of total energy consumption and carbon emission by the
manufacturing sector.

Direct emission of CO, in the manufacturing sector
amounted to 239.68 million tonnes and indirect emission at
175.56 million tonnes CO, indicates that the share of direct
and indirect emission in total emission by manufacturing
sector was 58% and 42% respectively in 2011-12.
Descriptive analysis showed that there is fluctuation
in the annual growth rate of energy consumption and
carbon emission in the manufacturing sector as well as in
manufacturing industries. The changes are not uniform
across industries. The few industries have more growth
rate than the manufacturing sector. However, the energy
consumption and carbon emission in absolute form has
been increasing while the energy and emission intensity
has been declining in the manufacturing sector in the
last decade. Moreover, energy and emission intensities
have declined every year at the rate 5.23% and 4.99%
respectively during the period of the study.
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All high energy-intensive industries (Paper and Paper
Products, Nonmetallic Mineral Products, and Basic
Metals) do emit carbon emission more through direct
sources rather than indirect sources. Basically, these
industries have required more energy in the production
process or more energy needed to produce one unit of
output. On the other hand, therest of less energy-intensive
industries do emit emission more through indirect
sources or electricity consumption except textile industry.
Therefore, high energy-intensive industries are major
carbon emitting industries. This study identified that
Textiles, Paper & Paper Products, Nonmetallic Mineral
Products, and Basic Metals industries are more emission-
intensive industries in the Indian manufacturing sector.
The changes in both intensities in the manufacturing
sector are mainly due to structural changes, technological
improvement and improvement in energy efficiency. It
is well established facts that energy efficiency is one of
the best instruments to decline carbon emission of the
industry. Energy efficiency can be improved through;

2

& To maximize energy efficiency potential by replacing
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