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Abstract: The issue on sustainable growth and development has gained importance across the globe
since the middle of 20th century. As the threat of climate change has become a major concern hence
the focus on various sustainability programmes has been widely spread. The problem of climate
change is mainly caused by GHG emission which is resulted from high usage of non renewable fossil
fuels. As per IPCC reports and UNFCCC Climate Change mitigation programs, reduction of energy
consumption and emission is an important matter of concern, which has also become an essential
requirement for every nation to reduce the GHG emission in order to achieve sustainable growth and

development goals.

In an over populous country like India, industrial sector is considered to be the crux of economic
growth and development. Besides, Energy resource is a vital input for any industrial activity and the
industrial sector is the major energy consumer of any nation. Hence, standing on the crucial juncture
of increasing threat of climate change, reduction in energy consumption and emission is an essential
requirement without sacrificing the economic growth of our nation. Therefore, this paper seeks to
explore the long run trend in energy intensity along with growth of real gross value added, growth of
energy consumption and carbon emission over years from 1980-2016 in India at an aggregate level; it

also focuses on all the manufacturing industries of the nation and finds out their current status of
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energy intensity per unit of output. As a result we will be able to explore whether energy efficiency or

clean energy techniques are been followed up by India’s industrial sector.
Keywords: Sustainable development, Energy consumption, Energy intensity, Carbon Emission, Gross
Value Added (GVA).

INTRODUCTION:

Sustainable growth and development is a global strategy which has been framed by milestones like
the Brundtland Report (Our Common Future) by the United Nations World Commission for
Environment and Development in 1987 and the Earth Summit held in Rio de Janeiro in 1992 paved
the way to limit the usage of available resources as well as to protect the environment from warming
up. Since then various sustainable goals has been implemented by the United Nations for nations

across the globe to maintain the balance of our planet and help our future generations to survive.

Energy resource is important for sectors of an economy both for production as well as for
consumption purpose. Beside household and transport sector, energy is a vital input for any industrial
activity and the industrial sector is one of the major energy consumers of any nation. Energy resources
which consist of mainly the non renewable fuels have been proved to be the main cause for
greenhouse gas (GHG) emission. In recent times, one of the major debates and concerns of
policymakers, statesmen, corporate sector as well as the common people across the globe has been
that of climate change. It is a complex problem, which, although environmental in nature, has
consequences for all spheres of existence on our planet. It was first pointed out in the year 1979 at the
first World Climate Conference by the Intergovernmental Panel on Climate Change (IPCC). Since
then governments pay more attention to the series of environmental problems induced by climate
change, implemented various policies for its abatement and tried to protect the global environment. In
the year 2007, the Fourth Assessment Report of IPCC concluded that “most of the observed increase
in the globally averaged temperature since the mid-20th century is very likely due to the observed
increase in anthropogenic greenhouse gas concentrations”(IPCC,2007). As it has gained attention in
academic, policy, political and geo-spatial arena, the issue has attracted research from various
quarters, not least from economists. It has been argued that the real link between anthropogenic

activities and climate change lie in the sphere of energy use and carbon emission.

Industrial sector is an essential requirement for economic growth and development of a nation.
Industrial output depends on a large number of inputs amongst which energy or fuel is an important
input used in industrial production as well as to run an industry. Nearly forty percent of the final
energy consumption in India is attributed to the industrial sector. Increasing energy consumption and

energy intensity per unit of output plays a significant role in the environmental impacts involved in
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manufacturing output by major industries over time. In the context of climate change mitigation and

sustainable growth and development, this sector could play an important strategic role in
implementing various clean energy and energy efficient techniques to reduce energy consumption and
emission while keeping industrial growth and output intact. Therefore, it is important to explore the
long run trend in energy use within this sector.

India occupies an important position in the world economy in its way of economic growth and
development. During the recent past, Gross Domestic Product had increased around 7-8 percent which
mobilised strong investment and savings and high increase in exports. It also helped in the potential
growth of public and private investments in infrastructural development. To sustain such dramatic and
rapid growth of a country as populous as India, transformative changes are required to address the
current energy deficit and constraints and maintain significant growth in energy demand across all
sectors of the economy.

To examine these issues at an aggregate level we should analyse time trend as well as cross sectional
results for economic growth, energy consumption and energy intensity per unit of output in

manufacturing industries of all Indian states from 1980-2016.
BRIEF REVIEW OF EXISTING LITERATURE:

To find out the reason behind the sustained increase in energy consumption and energy intensity by
the manufacturing industries and analyse its present situation, several ideas has been explored by
various researchers, some of which are briefly noted here.

Ray and Reddy (2007) have disaggregated their analysis at industry level and decomposed changes in
total energy consumption and energy intensity in the Indian manufacturing sector during 1992 - 2002
in order to examine the relative contribution of structural effect, energy intensity effect and activity
effect and showed that energy intensity in the Indian manufacturing sector has declined during 1992 -
2002. They found that reduction in energy intensity of Indian manufacturing sector at the aggregate
level is attributable to the structural effect (i.e., change in relative shares of different industries in
production) rather than the energy intensity effect during 1992-2002 except in 1995-1996. Later, Sahu
and Narayanan (2009) in their study found that though energy consumption of the aggregate Indian
manufacturing industry was rising in the absolute terms, energy intensity of the Indian manufacturing
industry was declining during 1990-2000. Their estimates have revealed that the energy intensity is
positively related to capital intensity, technology intensity and age of the firm where energy intensity
is negatively related to labour intensity, research intensity, export intensity, profit margin and size of
the firm. The change in energy intensity in Indian manufacturing is mainly due to the change in the
structural change and has a negative relation between them. Therefore, they have concluded that the

energy intensity of different sectors has a positive relation with the energy intensity of the Indian
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manufacturing. Similarly, Goldar (2010) has examined the factors that influence energy intensity in

Indian industries. It has two parts: In the first part, trends in energy intensity are analysis and cross-
industry panel data (taken from ASI) are used to estimate an energy demand function. He has
analysed that energy demand responds negatively to a hike in energy prices and positively to a hike in
real wages. He has also explained that energy intensity of manufacturing has declined because the
energy intensive industries are becoming more energy efficient over time.

Therefore, it is evident from the studies discussed above that researchers, especially in the Indian
context have analysed past data to determine the causes behind reduction in energy intensity in Indian
industries which was attributed mainly because of structural changes in the Indian industries during
1990-2000. Researchers have found out that energy demand responds negatively to a hike in energy
prices and positively to a hike in real wages. They have also pointed out that energy intensity of
manufacturing has declined because the energy intensive industries are becoming more energy
efficient over time.

Therefore, there still exist some gaps in examining the extent of sustainability by analysing energy
efficiency patterns of major energy intensive manufacturing industries of Indian states and also
determining the long term trend in energy consumption and energy intensity per unit of output by all
the major manufacturing industries of Indian states, especially over a longish time period. Our study

aims to plug some of these gaps.

DATA SOURCE AND METHODOLOGY:

We have used KLEMS time series data and Bp Statistical Review from 1980-2016 for calculating the
growth rate of real GVA, energy consumption, energy intensity per unit of output and carbon
emission for exploring the trends in energy intensity of India in an aggregate level. For examining
energy intensity by major Indian industries, we have incorporated Summary Results of Factory Sector
Data for all-India level from various volumes of Annual Survey of Industries (ASI) from 1980-2016.
The money values provided in the database are at current prices; therefore we have used wholesale
price indices from Handbook of Statistics (RBI) to convert the variables into 2011-12 constant prices.

Where, Price index = price in current year/ price in base year.

GVA (in Rs.Lakhs) at constant 2011-12 prices = GV at current price (in Rs. Lakhs) / WPI.

Fuel consumption (in Rs.Lakhs) at constant 2011-12 prices = Fuel consumption at current price (in
Rs.Lakhs) / WPI.

Energy Intensity of an industry in ith period = Fuel cost in the ith period/ GVA (at constant 2011-12
prices). After completing the calculation of energy intensity for each industry from 1980-2016,
compound growth rates for energy intensities of each industry has been calculated to examine their

moving trends over decades.
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Where, Compound Growth rate is — Yt = YO (1+r)t ; where Yt = current year, YO = base year, r =

growth rate, t = number of years; here we have considered decadal growth rate where t=10.

TRENDS IN ENERGY CONSUMPTION AND ENERGY INTENSITY OF INDIA: AN
OVERVIEW FROM 1980-2016

Energy has been universally recognised as one of the most important inputs for economic growth and
human development. The energy sector holds the key in accelerating the economic growth of India.
There is a strong two-way relationship between economic development and energy consumption. On
one hand, growth of an economy, with its global competitiveness hinges on the availability of cost-
effective and environmentally benign energy sources, and on the other hand, the level of economic
development has been observed to be dependent on the energy demand (EIA, 2006). As the world’s
third largest carbon dioxide emitter and fifth largest energy consumer, India has long been believed to
mostly compromise with international environmental obligation. Using time series data for the period
1980-2016, the study investigates the impact of economic growth, energy consumption and energy

intensity per unit of output in India.

Initially, in the year 1980, real gross value added (GVA) of India was 1368.48 thousand crores and
total energy consumed by the nation was 59808 thousand MTOE; as a result, the energy intensity per
unit of output was 43.7 MTOE crores of GVA and total carbon emission was 311.2 MTOE. From
table 1, we find that in the year 1990, real GVA had increased by 5.38 percent per annum and total
energy consumption also increased by 5.35 percent per annum; but energy intensity had declined by
0.03 percent per annum, on the other hand carbon emission also increased by 6.8 percent per annum.
As economic growth and development progressed further we find that in the year 2000, real GVA had
increased by 5.71 percent per annum and energy consumption increased by 3.42 percent per annum;
whereas energy intensity declined by 2.17 percent per annum, but growth in carbon emission had
increased by 4.8 percent per annum. Similarly, in the year 2010, real GVA increased by 6.71 percent
per annum and energy consumption increased by 5.74 percent per annum; but energy intensity per
unit of output declined by 0.91 percent per annum, although carbon emission continued to increase by
5.6 per annum. However in the year 2016 we find that real GVA increased by 11.29 percent and
energy consumption increased by 11.29 percent and energy intensity had also increased by 1.37
percent; besides, carbon emission continued to follow an increasing trend with a growth of 5.1 percent

per annum.
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Table-1: Growth in Gross Value Added, Energy Consumption, Energy Intensity and Carbon Emission of Indian Economy

from 1980-2016

Year Energy Real Gross Value Energy CO.
Consumption Added Intensity Emission
1990- 5.35 5.38 -0.03 6.8
91
2000- 3.42 571 -2.17 4.8
01
2010- 5.74 6.71 -0.91 5.6
11
2016- 12.81 11.29 1.37 5.1
17

Source: KLEMS database, 2018; Bp statistical review, 2018; based on author’s own calculation

Figure-1: Trend in Real Gross Value Added (in Rs ‘000 crore at 2011-12 prices) over years from 1980-2016
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Source: KLEMS database, 2018; based on author’s own calculation
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Figure-2: Trend in Energy Consumption (in oil equivalent, ‘000MT) over years from 1980-2016
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Source: KLEMS database, 2018; based on author’s own calculation

Figure-3: Trend in energy intensity per unit of output (MTOE per Rs crore of GVA) over years from 1980-2016
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Source: KLEMS database, 2018; based on author’s own calculation
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Figure-4: Trend in Carbon Emission (MTOE) over years from 1980-2016
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Source: Bp Statistical review, 2018; based on author’s own calculation

Hence we find that Gross Value Added by our economy along with total energy consumption and
total carbon emission follows a positive trend over years from 1980-2016 (figure-1, figure-2 and
figure-4). However, energy intensity per unit of output had initially followed a declining trend but it
has started increasing after the year 2010 (figure-3).

Therefore, besides implementing several sustainability measures and various energy efficient
techniques, energy intensity per unit of output continues to increase during the recent years. Hence, to
examine the major cause lying behind the increasing trend of energy intensity, we should also study
the trends and pattern of the Indian manufacturing industries which is the major energy consumer of
an economy.

TRENDS IN ENERGY CONSUMPTION AND ENERGY INTENSITY: A STUDY ON THE
MANUFACTURING INDUSTRIES OF INDIA FROM 1980-2016

Achievement of sustainable growth and development of an economy requires proper and limited use
of natural resources along with bringing up clean energy and energy efficient techniques. Non
renewable fossil energy which is mostly used by the industrial sector is the major contributor of GHG
emission which results in climate change. Therefore, we shall now examine the trends in growth of
energy consumption by the Indian industries in an aggregate level as well as focus on the trends in

energy intensity of the manufacturing industries of major Indian states during 1980-2016.
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Table-2(A): Gross Value Added (GVA) of each manufacturing industries (at constant 2011-12 prices in Crores of %)

Gross Value Added at constant 2011-2012 prices (in
Industry description Crores of )
1980- 1990- 2000- 2010- 2016-
81 91 01 11 17

Food Products,Beverages and
Tobacco 23077 44523 80024 141690 174713
Textiles, Textile Products, Leather
and Footwear 30345 46647 87534 164163 274434
Wood and Products of wood 25492 20676 19506 20798 26989
Pulp, Paper, Paper products,
Printing and Publishing 5941 13037 16085 39523 48568
Coke, Refined Petroleum Products
and Nuclear fuel 9403 39115 49856 124919 261093
Chemicals and Chemical Products 11649 30727 73166 174355 286573
Rubber and Plastic Products 2310 7115 20680 49232 80905
Other Non-Metallic Mineral
Products 8808 21623 43175 85299 117062
Basic Metals and Fabricated Metal
Products 42990 66906 122631 244782 262327
Machinery, nec. 12573 28199 41806 110772 140144
Electrical and Optical Equipment 4535 12745 24388 86661 110409
Transport Equipment 10134 19738 38048 118197 201386
Manufacturing, nec; recycling 3839 7772 15229 33639 64109

Source: KLEMS database, 2018.

Table- 2(B): Growth (%) in Gross Value Added (GVVA) of each manufacturing industry groups

growth (%) in GVA at constant
Industry description 2011-2012 prices (in Crores of )
1980- 1990- 2000- 2010-
90 00 10 16
Food Products,Beverages and Tobacco 6.8 6.0 5.9 3.6
Textiles, Textile Products, Leather and
Footwear 4.4 6.5 6.5 8.9
Wood and Products of wood -2.1 -0.6 0.6 4.4
Pulp, Paper, Paper products, Printing and
Publishing 8.2 2.1 9.4 3.5
Coke, Refined Petroleum Products and
Nuclear fuel 15.3 2.5 9.6 13.1
Chemicals and Chemical Products 10.2 9.1 9.1 8.6
Rubber and Plastic Products 11.9 11.3 9.1 8.6
Other Non-Metallic Mineral Products 9.4 7.2 7.0 5.4
Basic Metals and Fabricated Metal
Products 4.5 6.2 7.2 1.2
Machinery, nec. 8.4 4.0 10.2 4.0
Electrical and Optical Equipment 10.9 6.7 13.5 4.1
Transport Equipment 6.9 6.8 12.0 9.3
Manufacturing, nec; recycling 7.3 7.0 8.2 11.3

Source: KLEMS database, 2018; based on author’s own calculation.
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From table 2(A), and table 2(B), we find that all the manufacturing industry groups of Indian follows

a increasing trend in their Gross Value Added (GVA) over years from 1980-2016; except for wooden

industries which initially retained a negative trend in GVA during 1980-1990 but increased after the

year 2000 and continued with an increasing trend during the recent times. We also find that the

growth in GVA was highest for coke, refined petroleum products and nuclear fuel industries during

1980-1990 and 2010-2016.

Table- 3(A): Energy consumption by manufacturing industries at constant 2011-12 prices (in Crores of )

Energy consumption at constant 2011-2012 prices (in

Industry description Crores of )
1980- 1990- 2000-
81 91 01 2010-11 2016-17
Food Products, Beverages and
Tobacco 2585.9 3588.7 5833.3 9909.7 8405.6
Textiles, Textile Products, Leather 10840. 12888.
and Footwear 8384.1 0 5 19046.7 29656.5
Wood and Products of wood 1041.8 550.0 1458.8 633.0 636.7
Pulp, Paper, Paper products, Printing
and Publishing 1968.4 3302.7 3957.7 8933.7 12271.2
Coke, Refined Petroleum Products
and Nuclear fuel 981.0 5190.5 6919.9 11931.2 18960.3
12286. 12722. 21286.
Chemicals and Chemical Products 7 7 4 30909.6 57195.2
Rubber and Plastic Products 798.3 2244.7 3615.6 7405.4 14766.5
Other Non-Metallic Mineral 13425. 18965.
Products 6031.6 9 6 32830.4 40186.7
Basic Metals and Fabricated Metal 18425. 33189. 39166. 145091. 193177.
Products 4 6 6 6 6
Machinery, nec. 1482.4 4104.5 4364.1 4528.4 6038.2
Electrical and Optical Equipment 1057.1 2337.9 3655.1 4063.6 5471.1
10502.
Transport Equipment 2674.8 6151.4 7 8074.9 13804.3
Manufacturing, nec; recycling 413.8 578.3 658.6 1896.9 4102.9

Source: KLEMS database, 2018

[JINRD2206107 International Journal of Novel Research and Development (www.ijnrd.org)



http://www.ijrti.org/

© 2022 IJNRD | Volume 7, Issue 6 June 2022 | ISSN: 2456-4184 | INRD.ORG

Table- 3(B) Growth (%) in Energy input by manufacturing industries of India

Industry description Growth (%) in Energy input
1980- 1990- 2000- 2010-
90 00 10 16
Food Products, Beverages and Tobacco 3.33 4.98 5.44 -2.71
Textiles, Textile Products, Leather and
Footwear 2.60 1.75 3.98 7.66
Wood and Products of wood -6.19 10.25 -8.01 0.10
Pulp, Paper, Paper products, Printing and
Publishing 5.31 1.83 8.48 5.43
Coke, Refined Petroleum Products and
Nuclear fuel 18.13 2.92 5.60 8.03
Chemicals and Chemical Products 0.35 5.28 3.80 10.80
Rubber and Plastic Products 10.89 4.89 7.43 12.19
Other Non-Metallic Mineral Products 8.33 3.52 5.64 3.43
Basic Metals and Fabricated Metal Products 6.06 1.67 13.99 4.89
Machinery, nec. 10.72 0.62 0.37 4,91
Electrical and Optical Equipment 8.26 4.57 1.07 5.08
Transport Equipment 8.69 5.50 -2.60 9.35
Manufacturing, nec; recycling 3.40 1.31 11.16 13.72

Source: KLEMS database, 2018; based on author’s own calculation

From table 3(A) and table 3(B), we find that energy is an important input for all the manufacturing
industries and growth in energy consumption follows an increasing trend for majority of the
industries. Although wooden industries and transport equipment producing industries followed a
declining trend during 2000-10 but again increased during the recent years.

Table- 4(A): Energy Intensity (energy input at constant 2011-12 prices/GVA at constant 2011-12 prices (in Crores of %))

Energy Intensity (energy input at constant 2011-12
Industry description prices/GVA at constant 2011-12 prices)
1980- 1990- 2000- 2010- 2016-
81 91 01 11 17

Food Products,Beverages and
Tobacco 0.11 0.08 0.07 0.07 0.05
Textiles, Textile Products, Leather
and Footwear 0.28 0.23 0.15 0.12 0.11
Wood and Products of wood 0.04 0.03 0.07 0.03 0.02
Pulp, Paper, Paper products,
Printing and Publishing 0.33 0.25 0.25 0.23 0.25
Coke, Refined Petroleum Products
and Nuclear fuel 0.10 0.13 0.14 0.10 0.07
Chemicals and Chemical Products 1.05 0.41 0.29 0.18 0.20
Rubber and Plastic Products 0.35 0.32 0.17 0.15 0.18
Other Non-Metallic Mineral
Products 0.68 0.62 0.44 0.38 0.34
Basic Metals and Fabricated Metal
Products 0.43 0.50 0.32 0.59 0.74
Machinery, nec. 0.12 0.15 0.10 0.04 0.04
Electrical and Optical Equipment 0.23 0.18 0.15 0.05 0.05
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Transport Equipment 0.26 0.31 0.28 0.07 0.07
Manufacturing, nec; recycling 0.11 0.07 0.04 0.06 0.06

Source: KLEMS database, 2018; based on author’s own calculation.

Table-4(B): Growth (%) in Energy Intensity

Industry description Growth (%) in Energy Intensity
1980- 1990- 2000- 2010-
90 00 10 16
Food Products, Beverages and Tobacco -3.2 -1.0 -0.4 -6.0
Textiles, Textile Products, Leather and
Footwear -1.7 -4.5 -2.4 -1.2
Wood and Products of wood -4.2 10.9 -8.6 -4.2
Pulp, Paper, Paper products, Printing and
Publishing -2.6 -0.3 -0.8 1.9
Coke, Refined Petroleum Products and
Nuclear fuel 2.4 0.5 -3.7 -4.5
Chemicals and Chemical Products -8.9 -3.5 -4.8 2.0
Rubber and Plastic Products -0.9 -5.7 -1.5 3.3
Other Non-Metallic Mineral Products -1.0 -3.4 -1.3 -1.9
Basic Metals and Fabricated Metal
Products 1.5 -4.3 6.4 3.7
Machinery, nec. 2.1 -3.3 -8.9 0.9
Electrical and Optical Equipment -2.4 -2.0 -11.0 0.9
Transport Equipment 1.7 -1.2 -13.0 0.1
Manufacturing, nec; recycling -3.6 -5.3 2.7 2.1

Source: KLEMS database, 2018; based on author’s own calculation.

From table 4(A) and table 4(B), we find that energy intensity per unit of output for all the industry
groups during the year 1980 was following a positive growth and chemical industry had the maximum
energy intensity. However, from 1990 onwards majority of the industry groups had continued with a
declining trend in their respective energy intensities except coke and petroleum, basic metal and
transport industry groups continued to remain positive. During 1990-2000, energy intensity for all the
industry groups except wooden industry and petroleum industry continued to decline. Similarly,
during 2000-2010, except basic metal industry group, all the other industries continued to decline. But
after 2010, majority of the manufacturing industries like pulp and paper industries, chemical
industries, rubber and plastic industries, basic metals and fabricated metal industries, transport
industries etc. follow an upward trend in energy intensity; although the remaining industry groups

were able to retain the declining trend in growth of energy intensity during the recent times.

Therefore, besides considering the patterns of GVA, Energy Consumption and Energy intensity of
each industry at an all-India level, we shall also study the above situation for all the manufacturing

industries of each Indian State respectively.
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We have considered eighteen major states of India and from table-5, we find that states like Assam,

Gujarat, Haryana, Karnataka, Kerala, Madhya Pradesh, Maharashtra, Rajasthan, Tamil Nadu and
Uttar Pradesh maintains a consistently increasing trend in their growth in GVA from their
manufacturing industries; while for other remaining states, GVA has declined during 2016.

Table-5: Growth (%) in Gross Value Added by all the manufacturing Industries of each Indian States

1990 2000 2010 2016
Indian States GVA GVA GVA GVA

Andhra

Pradesh 6.5 15.7 29.2 -12.9
Assam 3.3 0.9 7.5 3.7
Bihar 9.0 -2.7 9.0 -4.7
Chhattisgarh 8.2 -7.4
Gujarat 7.0 8.5 11.3 4.7
Haryana 8.7 5.4 75 14.1
Himachal

Pradesh 21.1 15.9 20.9 -1.9
Karnataka 8.6 4.4 10.2 3.5
Kerala 3.4 4.8 4.2 6.1
Madhya

Pradesh 9.3 3.9 6.3 3.4
Maharashtra 7.6 4.1 9.4 3.5
Orissa 9.2 4.0 11.9 -4.2
Punjab 10.7 4.4 12.1 -2.1
Rajasthan 10.9 55 8.1 6.1
Tamilnadu 7.1 4.0 8.6 1.4
Uttar Pradesh 1.9 4.1 9.0 6.4
Uttarakhand 27.1 -3.6
West Bengal 2.0 1.8 8.7 -2.9

Source: ASI Estimates of selected characteristics of factor sector by 2-digit industry division (Various volumes), Based on
author’s own calculation.

From table-6, we find that energy or fuel consumption has followed an upward trend for all the Indian
states from 1980-2016 except for Andhra Pradesh where energy consumption by the manufacturing
industries had initially followed an increasing trend but declined during the year 2016. For Bihar
energy consumption by the manufacturing industries had initially followed an upward trend but
declining during the year 2000 but however increased during the year 2010, although it had again

declined during the recent years.

Table-6: Growth (%) in Energy Consumption by all the manufacturing industries of each Indian States

1990 2000 2010 2016
Indian States Energy Energy Energy Energy
Consumption Consumption Consumption Consumption
Andhra 12.6 2.3 7.7 -0.8
Pradesh
Assam 6.0 1.8 3.4 13.4
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Bihar 5.4 -20.0 8.7 -6.8
Chhattisgarh 34 11.0
Gujarat 6.9 4.9 3.7 11.0
Haryana 94 2.3 6.0 17.0
Himachal 23.7 9.8 12.3 2.8
Pradesh

Karnataka 10.9 -1.7 7.8 8.5
Kerala 4.0 6.0 2.9 4.3
Madhya 11.9 -3.2 2.4 11.6
Pradesh

Maharashtra 8.8 0.0 3.1 6.1
Orissa 10.0 -14 9.3 12.5
Punjab 11.1 2.5 1.7 15
Rajasthan 154 3.7 7.7 1.4
Tamilnadu 8.0 4.6 2.7 6.1
Uttar Pradesh 10.7 0.2 3.7 9.1
Uttarakhand 16.1 45
West Bengal 4.7 -3.2 5.0 10.1

Source: ASI Estimates of selected characteristics of factor sector by 2-digit industry division (Various volumes), Based on
author’s own calculation.

Again from table-7, we find that energy intensity per unit of output by the manufacturing industries
had been following a downward trend for all the Indian States. However, after the year 2010, except
Bihar, Kerala and Rajasthan all other states has started following an upward trend in the energy

intensities of their manufacturing industries.

Therefore, we find that the pattern of GVA, Energy Consumption and Energy Intensity is similar
between all the manufacturing industries of each Indian State and the major manufacturing industries

at an all-India level.

Table-7: Growth(%) in Energy Intensity per unit of GVA by all the manufacturing industries of Indian States

1990 2000 2010 2016
Energy Energy Energy Energy

Indian States Intensity Intensity Intensity Intensity
Andhra
Pradesh 5.7 -11.6 -16.6 14.0
Assam 2.6 0.9 -3.8 9.4
Bihar -3.3 -17.8 -0.2 -2.3
Chhattisgarh -4.5 19.9
Gujarat -0.1 -3.3 -6.8 6.0
Haryana 0.6 -2.9 -1.5 2.6
Himachal
Pradesh 2.1 -5.3 -7.1 4.8
Karnataka 2.1 -5.9 -2.2 4.8
Kerala 0.6 1.1 -1.2 -1.7
Madhya
Pradesh 2.4 -6.9 -3.7 8.0
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Maharashtra 1.2 -4.0 -5.8 2.5
Orissa 0.7 -5.2 -2.3 17.4
Punjab 0.4 -1.8 -3.9 3.7
Rajasthan 4.1 -1.7 -0.3 -4.4
Tamilnadu 0.9 0.6 -5.4 4.6
Uttar Pradesh 8.6 -3.8 -4.8 2.5
Uttarakhand -8.6 8.4
West Bengal 2.6 -4.8 -3.4 13.4

Source: ASI Estimates of selected characteristics of factor sector by 2-digit industry division (Various volumes), Based on
author’s own calculation.

CONCLUSION AND SUMMARY:

Hence we find that in India since 1980-2016, Real GVA, total Energy Consumption, total Carbon
Emission has initially followed an increasing trend and had retained the similar trend over years but
the situation has been reversed in case of the growth in total Energy Intensity, where it had initially
maintained a declining trend from 1980-2010 but followed an increasing trend after 2010. Similarly,
while studying the situation for the Indian manufacturing industries, we find that a similar trend has
been found in case of majority of the manufacturing industries of India. Gross Output or Gross Value
Added along with Energy Consumption has declined for some states or for some manufacturing
industries of India but Energy Intensity for almost all the industries have been following an upward
trend after the year 2010.

Therefore, to achieve complete sustainability in economic growth and development it is important to
implement proper clean energy and energy efficient techniques in the manufacturing sector of an
economy which is one of the major sources of GHG emission resulting in climate change. Therefore,
besides finding the association between GVA and Energy Intensity, we should take into account the
other sources of inputs or material used by several energy intensive industries in order to find out the
association between Energy Intensity and other inputs to examine whether those inputs themselves are
energy intensive or not to affect the overall energy intensity per unit of output of a manufacturing

industry.
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