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Abstract:

The manufacturing industries are one of the enértgnsive industries among other industries in dndi
Future economic growth significantly depends on tbeg-term availability of energy in increasing
guantities from sources that are dependable, sadeeavironmentally friendly. Energy intensity is an
indicator to show how efficiently energy is usedtire economy. This study attempts to measure and
analyze energy intensity of seven manufacturingusiries of India viz.Paper, aluminium, iron&steel,
fertilizer, chemical, glass and cement-at industnel and define energy intensity as the ratio rérgy
consumption to output. The purpose of this studyoisunderstand the degree of intensity in energy
consumption in those industries and observe whdtiere exists any inter industry variation in eerg
intensity over those industries. The study showat teeven manufacturing industries under our
consideration have been depicting varied energgnaities which are well above the average intertdity
the entire aggregate manufacturing industry. Moeeognergy intensity varies across industry overge
Therefore, energy intensity changes over time amky significantly by types of economic activities
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1. Introduction

India being one of the rapid growing economieshia world has a fast growing energy demand fueled by
an ever increasing rate of industrialization antbamisation.The demand for energy, particularly for
commercial energy, has been growing rapidly with ghowth of the economy, changes in the demographic
structure, rising urbanization, socioeconomic dapelent, and the desire for attaining and sustaiséify
reliance in some sectors of the economy. At preseahufacturing accounts for just above one quarter
total energy consumption worldwide but it has gisaduced a large variety of consumer goods whigtne
yet another form of energy for exploitation. Withet growing pace of industrialization, especially in
developing countries with 80 per cent of the warlgbpulation, energy has been the major concern for
sustainable development, environmental protectimhaadecent standard of living.

Energy intensity is an indicator to show howicédtly energy is used in the economy. The energy
intensity of India is over twice that of the matdireconomies, which are represented by the OECD
(Organization of Economic Co-operation and Develepthmember countries. India’s energy intensity is
also much higher than the emerging economies. Hemeince 1999, India’s energy intensity has been
decreasing and is expected to continue to decr@aS¢, 2001). The indicator of energy—GDP (gross
domestic product) elasticity which is the ratiogrgbwth rate of energy to the growth rate GDP cagstur
both the structure of the economy as well as theieficy. The energy—GDP elasticity during 1953-200
has been above unity. However, the elasticity fimary commercial energy consumption for 1991-2000
was less than unity (Planning Commission, 2002js Thuld be attributed to several factors, soméhein
being demographic shifts from rural to urban ared&sjctural economic changes towards lesser energy
industry, impressive growth of services, improvemém efficiency of energy use, and inter-fuel
substitution. The manufacturing industries are ofnlhe energy intensive industries among other strikes
in India. Energy is the basic building block forcemeconomic development. Future economic growth
significantly depends on the long-term availabilifyenergy in increasing quantities from sourcex tre
dependable, safe and environmentally friendly.
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In this context, the energy intensity is onetlod key factors, which affect the projections ofufe
energy demand for any economy. Energy intensitindian industry is among the highest in the world.
According to the Govt. of India (Gol) statistichiet manufacturing sector is the largest consumer of
commercial energy in India. Energy consumption eit of production in the manufacturing of steel,
aluminum, cement, paper, chemical, fertilizer, glagc. is much higher in India, even in comparigith
some developing countries.

Against this backdrop, this study attempts tasure and analyze energy intensity at industm land
define energy intensity as the ratio of energy oom#ion to output. The purpose of this study is to
understand the degree of intensity in energy copsiom in those industries and observe whether there
exists any inter industry variation in energy irgignover those industries.

2. Brief description about the industries under cosideration of our study:
Cement industry:

The cement industry in India, second largest invtbdd, is highly energy-intensive and the mainrseuwof
energy is coal. The expenditure on energy in sofrtbeounits is sometimes as high as 50% of thd tota
manufacturing cost. The contribution of the otheelftypes —namely oil, gas or other alternativetevas
fuels are negligible. The specific energy consuarptior the latest plants is as low as 670 kcal/kg o
clinker. For the older dry process plants, it carug to 900 kcal /kg of clinker. Percentage shérenergy
input in industry’s total input is around 28% onarerage over our study period of 25 years. Thet cus
intensive sector is cement with total coal intgnsit 3- 4 ‘000 mtoe/ crore Rs of output (thousanitdiom

ton of oil equivalent per Rs crore of output). Totmergy intensity in cement industry shows gradual
increase with average total intensity of 3.72(‘00@e/Rs crores).

Aluminium industry:

The aluminium manufacturing process is energy siten The energy required for producing aluminanfro
bauxite (based on the US study of 1995) amount3.76 kWh / kg (kilowatt hours per kilogram) of
alumina. This works out to be 7.27kwh / kg of alomim produced, assuming 1.93 kg of alumina
consumption for producing 1 kg of aluminium. Thelstry consists of five primary producers- Hindalco
Industries, Indian Aluminium co, Bharat Aluminiuno,cNational Aluminium co, Madras Aluminium co.
The primary producers have strong presence in ieetsbusiness and are enlarging their role in foil
segment. The specific energy consumption of alummnindustries for various years is given in table 3
Average energy-output ratio is estimated to be 0)5 our study period of 25 years(Table-3.3).Thergy
intensity in aluminium industry is estimated to ®€602 (‘000 mtoe/Rs crores) with observed gradual
decline in intensity. The energy requirement ina@s forms in various production processes in ahium
industry in India is very high in comparison to bpsactices.

Glass Industry:

This industry is highly energy-intensive becaustiind from our calculation over a period of 25 ngea
1979-80 to 2003-04 that the consumption of energgupies 33% in total input requirements in Glass
industry. The share of energy costs in the valueutput was on an average 19.5%.Coal and petrofgem
the two main sources of energy required in producplants.A gradual increase in year-wise total
intensity is observed and average total intensitygliass sector is estimated to be 1(IID0 mtoe/Rs
crores).

Fertilizer Industry:

India ranks third in the world in terms of prodeectiand consumption of fertilizers. Energy consurped
unit of output is 14.17% over our study period (8hdn table-3.3). Main ingredients of energy arealco
and petroleum. Of the four types of fertilizersrogen, phosphate, potash, and complex- the prmofuoct
nitrogenous fertilizers is highly energy-intensivdéne basic chemical that is used to produce nitroge
fertilizer is ammonia. Natural gas, naphtha, fukbhod coal are used as feedstock for ammonia mtgxtu
Thus, production of ammonia itself involves alm88&6 of the energy consumption in the manufacturing
process of a variety of final fertilizer producihe average total intensity of energy in fertilizector is
calculated to be 0.89.
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Paper Industry:

The Indian paper industry is the®™Birgest in the world and is highly energy inteesiVhis industry is the
sixth largest energy consumer in the country armbw@ats for 7% of the country’s coal and about 35% o
the electrical energy requirements. The percentdgee of energy costs in the total output (energy
intensity) is about 13.5%. Coal and electricity #ire two major energy sources used in paper praduct
Other fuels such as LSHS, furnace oil etc. are tsdde boilers. LDO (light diesel oil) and HSDigh
speed diesel) are also used for captive power gdoprin diesel generators sets in plants. Steath an
electricity consumption per tonne of paper is abbl#l5 tonnes and 1500-1700 kWh, respectively in
Indian mills. The specific energy consumption of thdian paper industry ranges from 31 GJ (giga®ul
to 51 GJ (gigajoules) per tonne of product whictoisghly double the norms compared to North America
and Scandinavian units. From our estimate, it imfbthat average total intensity is 1.53("*000 niRse/
crores) reflecting also a gradual increase in ygae total intensity.

Iron and Steel Industry:

India is the eighth largest crude steel producimgntry in the world .The iron and steel sectohis largest
consumer of energy in the industrial sector. Eneystitutes sometimes 30-35% of the cost of pridoluic

of the iron and steel industry. Coking and non-ogkcoal and electricity are the main energy sources
Percentage share of energy input in industry’d tmigout is around 12% on an average over the gasfo
25 years. The main ingredient of energy in steefosés coal. Average total energy intensity isrfduo be
1.09('000 mtoe/Rs crores).

Chemical Industry:

This industry is one of the energy intensive indastin India. Petroleum is the major source ofrgnpe
used in chemical sector. Percentage share of enmgpgy in total output cost appears to be arourfb.11
Total energy intensity varies from 0.50 to 0.7 7hadverage intensity of 0.53(‘000 mtoe/Rs crores).

2. Background behind measuring energy intensity afhose industries in India under consideration of
our study:

India ranks sixth in the total energy consumptond needs to accelerate the development of therdec
meet its growth aspirations. The country, thougth iin coal and abundantly endowed with renewable
energy in the form of solar, wind, hydro and bie&gy has very small hydro-carbon reserves (0.4 %ef
world’s reserve).India, like many other developioguntries is a net importer of energy, more than
25percent of primary energy needs being met thrangiorts mainly in form of crude oil and naturakga
The rising oil import bill has been the focus ofiges concerns it has placed on scarce foreignangh
resources and also responsible for energy suppstagies. The sub-optimal consumption of commercial
energy adversely affects the productive sectorgwin turn affects economic growth.

The use of energy from commercial sourcessifofuels and electricity generation) in India has
increased ten folds in sixty years since indepeoglen 1947, and the total energy consumption from
commercial sources was around 200 million tonesibfequivalent (mtoe)for the year 1998/99. The
industrial sector consumes half of the total conuiaérenergy available in India, 70% of which in ene
intensive industries in India. An analysis of tia® of commercial energy use by different sedtaticate
that the industry is the most dominant sector, aeting for more than half of the total commerciakrmy
use in the country (TERI. 2000c). If the patterrenérgy production is noticed, coal and oil accstiot 54
percent and 34 percent respectively with natura| ggdro and nuclear contributing to the balannehé
power generation front, nearly 62 percent of pogeeration is from coal fired thermal power plaasl
70 percent of coal produced every year in Indialfesesn used for thermal generation.

On the consumption front, the industrial sed@toindia is a major energy user accounting for aksi
percent of commercial energy consumption. Per aapiergy consumption in India is one of the lovirest
the world. But, energy intensity, which is energynsumption per unit of GDP, is one of the highest i
comparison to other developed and developing castfhe increased energy intensity in Indian itigus
is partly due to investments in basic and enerdgnisive industries due to emphasis laid in the past
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development plans on achieving self reliance. & &times that of Japan, 1.55 times that of Un@tates,
1.47 times that of Asia, and 1.5 times that of Wwld average. Thus there is a huge scope for gnerg
conservation in the country.

In view of scarce energy resources in Indigs necessary to examine the import dependendaebf
supply. The data of fuel consumption, productiothimi the country and the imports each year in tetai
set out in Table-1.

[ Insert Table-éré]

The above table shows that the import dependeasénireased in the decade of the 1980s and 19@0s a
this is due to the increased imports of oil produ@he increase in oil import dependency has géetia
phenomenal growth from a low 23 per cent in 198086 per cent in 2005-06. At present, no single
source or mix of sources is at hand to meet theifsgeions. Although India is rich in coal and alolantly
endowed with renewable energy in the form of saland, hydro and bio-energy, its hydrocarbon reserv
is really small (0.4 per cent of world.s reseng@)rrent reserve-to-production ratio for coal, aitlanatural
gas are 235, 23 and 35 years respectively. Initmnhany other developing countries, is a net irtgroof
energy, 20 per cent of primary energy needs beiagthmough imports mainly in the form of crude aild
natural gas. The rising oil import bill has beea fhcus of serious concern due to the pressuldaded on
scarce foreign exchange resources and also, beitaadargely responsible for energy supply shges
The suboptimal consumption of commercial energyeeasily affects the productive sectors,which in turn
hamper economic growth.

From the above analysis, it is quite evideat thdia still is an importer of energy, particijeof oil. An
increase in reliance on oil import, due to increimsdemand will put severe pressure on foreign arge
reserves. Moreover, energy costs enter into thé stogcture of all productive sectors of economy as
universal input.

The quadrupling of oil prices and subseques# dof coal and electricity cost during 90s anddhfter
accompanied by gradual withdrawal of fuel subsigylbdia Government had a profound, permanent
impact on the Indian economy. The initial impactsvea explosion in the prices of most of the goaus a
services. The large increase in the prices of gnéuging those periods permanently reduced economic
capacity or the potential output of Indian econonifte productivity of existing capital and labour
resources was sharply reduced.

From the viewpoint of environment, the concatitn of carbon dioxide (CO2) in the atmosphere has
been increasing over the last two decades at threg® rate of about 0.5 percent per year. In Octb®®9,
the CO2 concentration level in the atmosphere (Maloa Observatory) was 350.1 ppm (parts per
million), and in December 2009, it had risen to 38ppm. Some recent studies have indicated that
inconceivable catastrophic changes in the environtmadll take place if the global temperatures irase
by more than 2° C (3.6° F). A warming of 2° C (3.B} corresponds to a carbon dioxide (CO2)
concentration of about 450 ppm in the atmosphe@® €oncentration, as noted above, has alreadyexoss
380 ppm and it has been rising on average 2-3 mwh gear. Thus, the critical value will be reached
approximately 20 to 30 years from now. Hence, #réoss adverse effect that the current rate oeiase in
CO2 concentration, if maintained, can have on thba environment in course of time is a very intpat
issue today.

If CO2 emissions are halved by 2050 compared td 886 level, global warming can be stabilized below
two degrees. This may be contrasted with the grahdh has actually taken place in CO2 emissionsesin
1990. Between 1991 and 2008, CO2 emissions hawengirom 21.6 billion tones to 31.5 billion tones, a
increase by about 46 percent. The annual growth ahemissions at the global level in the 1990s was
about one percent per year, while that in peric@di02® 2008 was about more than 3 percent per Yéar.
CO2 emissions from India and China have been gmpfdster than the growth rate at the global ek
CO2 emissions from China increased by about 15€epébetween 1990 and 2006. China’s share in global
CO2 emissions increased significantly in this pgamd reached 21.5 percent in 2006. The CO2 emissio
from India grew by about 125 percent between 19#02008. The share of India in global CO2 emissions
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has increased over time, and it was about 5 pene&@08. It may be mentioned in this connecticat the
CO2 emissions from India are expected to grow thoefeve times by 2031 as the economy expands and
population increases (Government of India, 2008n#r.4 billion tones in 2008, the emission level is
projected to increase to somewhere in the randetof7.3 billion tones in 2031. In spite of thiziaase in
emissions, India’s share in cumulative CO2 emissiwill remain relatively low. While China’s shane i
cumulative CO2 emissions in the period 1990 to 283&xpected to be about 16 percent approaching the
shares of US (25 percent) and EU (18 percent)almahare in cumulative emissions during 1990-26830
projected at 4 percent. In the United Nations Clan@hange Summit in Copenhagen, held December
2009, the United States has agreed to cut its poeese gas emissions by roughly 17 percent by 2820,
compared to the 2005 levels. This is a major chdrgge the trends in the past. The U.S. had nofiedti

the Kyoto Protocol, a regime that would have oldigdo reduce its emissions by a fixed percentagjew
1990 levels. The U.S. has, in fact, increaseddtban dioxide emissions by 20 percent between H@0
2007.China, which had a growth rate of CO2 emissioihabout 10 percent per annum and has recently
taken over the US as the leading country in CO2Zssimns, has declared that it would bring down the
carbon intensity of its economy by 40 to 45 perdegibw the 2005 level by 2025. India has similarly
announced a unilateral climate mitigation measareetiuce its carbon intensity level by 20 to 25cpat
over the next 11 years. Of the various measurescthad be taken for reducing carbon intensity, suees
directed at improving energy use efficiency obvlgugcupy a very important place. There is a prapts
specify optimum energy use norms for various indestto be coupled with a system of trading in gper
efficiency certificates. This is likely to be inttaced soon and, if successfully administered, eeted to
save about 10,000 MW energy every year. In theecorf the government’s emission intensity reductio
plan for the nonagricultural sector by 20-25 petdenthe course of next 11 years, a study of energy
intensity of Indian manufacturing firms, especialljhat factors determine energy intensity, assumes
considerable significance.3 The paper makes amptta that direction.

Industry is the major energy consumer utilizaigput 50% of the total commercial energy use inand
The seven key industries — namely aluminium,cerfetitizers, pulp& paper, chemicals ,fertilizer and
steel - consumes about 65% of the total energyimisedia. The energy intensity in some of these
industries is reported to be higher than the intkstn developed countries. One of the main reagon
higher energy use is the presence of obsolete e einefficient processes in some of these secldre
seven industries under review occupy an importdatep in India’'s strategy of planned economic
development where industrialization was considénedengine of growth for the rest of the econormon |
and steel has always been considered essentia tdetvelopment of all other industries. Aluminunais
essential input to the power sector, which is arfiyi sector in the Indian economy. As a versatibs-
ferrous metal it has diverse applications beyoredpgbwer sector. Its importance is heightened byfabe
that the country does not have an adequate resbaszfor copper while there are abundant reserves
bauxite ore which is the raw material for the mactire of aluminum. Cement is a major input to
construction and therefore its production alonghwiibn and steel is considered an important index o
development. The fertilizer sector has played écalirole in the success of India’s green revaolatiwhich
has ensured much desired self-sufficiency in féddpresent, India has a large and diversified lieei
sector which ranks fourth in the world in termgpodduction. The paper industry apart from its wjatead
use in packaging is vital to the country’s literaegilucation and social development plans. On tisés lud
its perceived importance, the Indian governmententéhe development of the iron and steel industey th
exclusive responsibility of the state. The remaniour industries were open to private investméent, it
was considered essential that the state regulata.thooking back at the development experiencénef t
last 50 years, one can see the important role thehestries have played. Apart from providing the
critically needed capital and intermediate goodsotber industries, they have been a source of tioéct
and indirect employment for a large part of the ylafion. At the same time, the development of these
industries has become a source of concern bedagigednsume a disproportionately large share afggne
in the manufacturing sector, and as a result arajar source of greenhouse gas emissions. Additypna
they have been identified as major sources of Ipahiition.

The above discussion on energy issues led ngeriduct the measurement of energy intensity ofethes
industries to see how intensely these industrigsswme different types of energy in their production
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process.
3. Measurement of energy Intensity:
3.1. Description of data and measurement of variabk:

The present study is based on industry-level tierees data taken from several issues of Annual uo¥
Industries, National Accounts Statisti€3MIE and economic survey, statistical abstracts (sev&saes),
RBI bulletin on currency and finance, handbook ofistias on Indian economy, whole sale price in India
prepared by the Index no of office of Economic Asdwj Ministry of Industry etc covering a period 25
yearf commencing from 1979-80 to 2003-04. Seleatiotime period is largely guided by availability o
data.

As far as the data relating to energy sectogscancerned , we made use of the data publishateby
Centre for Electricity Authority (CEA) for electity, Petroleum and Natural Gas Statistics (sevisgles)
published by the Ministry of oil and natural gas ¢oude oil ,petroleum product and natural gas. @Viar
the coal, we relied on the Coal India Dictionargides different reports of central statistical migation
(CS0), New Delhi, and Centre for Monitoring Indidnonomy (CMIE), Annual Survey of Industries (ASI)
etc.

Coal input to different sectors was divided tpalcprices to convert rupee value of coal inpub int
physical units (tons). The petroleum demand by petidn activities in the system consists of Furnaite
(FO), LSHS (both heavy distillates),HSD and LDO(di&l distillates).Indian Petroleum and Natural Gas
Statistics(1983-84,1989-90, 2003-04,2004-05) predidome idea about the usage pattern of refinery
products for some production sectors. Similarlylumme of electricity consumption was taken into
consideration. Energy consumed by different sedtodifferent forms and in different physical units
then converted into mtoe (million ton of oil equimat) by applying some recent common conversion
factors. Million ton of oil equivalent (MTOE) is ¢hmethod of assessing work of calorific value dfedent
sources of energy in terms of one ton oil. Theofeihg table shows the conversion procedure of wiffe
energy units into mtoe.

[ Ins@dble-2 here]

It is assumed that due to non availability of dethidata about the average calorific content ofovsr
grades of coal, the same average calorific valwmalis used in converting coal tonnage into nutoi¢s.

3.1. Modéd for assessing energy intensity of the industries taken up for the present study:

We define energy intensive industries to includesthwhich are characterized by high energy to dutpu
ratios. These industries, therefore, account fotage share of total energy consumption in the
manufacturing sector relative to their share inpaut Energy intensity is often used as a measutef
efficiency with energy resources is being usedidalty constructed as the ratio of energy inpudtdput,
energy intensity provides a single, simple, eassotmpute, summary measure of the efficiency witlctvh
energy is utilized. As is well known and widely edf trends in energy intensity many not reflect
underlying trends in technical efficiencies, bustaad may reflect such factors as changes in thetste

of industry. A decrease in energy intensity majefthe fact that producers on an average arenhiego
more efficient at producing finished good. Enerdfjceency is normally measured as the ratio of gyer
consumption to output (for example, Farla et aB8)9 Han et al (2007), Young (2007), which is alsed

to measure energy intensity.

The concept of industrial energy intensity denabesamount of energy required to produce one unit o
output Two basic approaches are in use to express inaustiergy intensity — per unit of physical product
and per unit of economic output. When output is sneed in physical units, an estimate of physicargyn
intensity is obtained (e.g., PJ/tonne). Economiergy intensity, on the other hand, is calculateithgis
monetary value of output measures (e.g., PJ/Reriill

Energy intensity can be measured following varialtsrnative methodologies.
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Areview of literature suggests that there areotarialternative measures of energy intensity.
1. Energy -output ratio

2. Energy-value added ratio

3. Energy- capital ratio.

The practical use of energy-capital ratio asemsure of energy intensity gives rise to cenpadoblems
which arises from the problems related to the mesmsent of capital itself in the production process.

Misunderstanding around the use of energyevaldded ratio comes from the theoretical contrixfict
between the very concept of value added approadhttea definition of energy input. While former is
defined as the total value added by the capitallandur excluding the contribution of other intediate
products, the latter ‘energy input’- is an interna¢e good in itself. From their empirical finding3erndt
and Wood (1975) call in question the reliability &ictor demand studies based on value added
specification as they invalidate the conventioredle added specification of technology.

In this section, an attempt has been made tdystihe energy intensities of different sectors at a
aggregate level which represents a set of measura®fficients of the energy requirement for the
formation of a unit of produced goods or servidasergy intensity is a prerequisite numerical exsrdor
the discussion on structural change in energy ddregaluation of a particular industry or area. ©uergy
intensity analysis covers the period from 1996®2®04-05 which will definitely provide an insigimto
the both short-term as well as long term responses.

Iron and steel, cement, aluminium, fertilizgpaper and pulp, chemical, glass are some of theggne
intensive industries in India. This section focusasthese seven industries regarding energy cortsump
vis-a-vis energy intensity.

In our study, energy intensity is defined asrgg consumption in physical units of ‘'th indugtper
crore rupees of value added in that industry.

Ej«:=Energy consumed in physical units in time't’ by ®edj’ for energy type ‘K.
P = ‘j'th industry’s value added.
Energy intensity (of energy type ‘Kk’) of ‘j'th indiry is given by
€kt = Ejkt/pjt
[ Energy intensity for non-energy sector = ‘0O0(@microre Rs. where ‘mtoe / Rs’ is the mtoe(million

ton of oil equivalent) required to produce one wifibutput measured in value term , this coeffitierthe
measure of direct energy intensity].

3.2. Energy- input ratio

This ratio indicates the share of energy cost taltmput or intermediate consumption. The ternwtdtt
input” and “intermediate consumption” are oftereirthanged, even though there is a difference invihe
of data collection and the compilation methods @ygdl. Input is often used in industrial statistidsich
covers the cost of all goods and services purchiageh establishment during a reference periodcamnd
in the broadest sense, be classified into: i) nmedtetand supplies; ii) energy; iii) industrial amen-
industrial services. Input may not include the aafssome additional services purchased at the gniger
level, which are adjusted in the process of cortipitaof the production accounts for estimation dF5
and other macroeconomic variables. In this pagéerence is made to input for which data are abkla
from the annual industrial surveys.

The energy input ratio is calculated as relatiorrodrgy cost to total input of manufacturing adiég.
g "=x/G"

Where g ™ = energy input ratio

X; = cost of energy

C; "= total input
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Suffix j stands for a manufacturing sector.

Using the industrial survey method, energy cost miges the cost of fuel and electricity. Actual
consumption of fuel is derived from the purchasdusl during a given year at purchasers’ prices and
change in stock. The value of electricity consurbgdan industrial establishment is calculated as the
difference between the value of electricity purethsnd sales to a third party of its own generation
Electricity generated for self consumption is irtgd in the electricity balance of an enterprisermitin
production costs. Omission of this item may undérede energy costs at the firm level, but at tbetar
level its share is quite negligible.

Alternatively, we also make use of energy-atitfatio in estimating energy intensity for sevedian
manufacturing industries-Cement, Glass, Paper aparpproducts, Fertilizer, Aluminium, Iron and $tee
and chemical- under consideration of our study.réfoee, the present study also examines energydbutp
ratio towards evaluation of energy intensity fadiindual manufacturing industry.

4. Results showing measurement of energy intensity:

Thefollowing two tables (3 & 4 below) depict the resaof coal, electricity and petroleum intensity asliw
as total intensity of seven Indian manufacturirdpuistries under our consideration over a periodd86197
to 2004-05.

[ Insert Table-3Idle

In table 3, average total energy intensitgamputed by taking combined average of coal, by
and petroleum intensity in each sector taken updiar study. It has been found out that aggregate
manufacturing displays an average total intensityOB863 (‘000 mtoe/ Rs crore).The industries
considered for our study — cement, iron&steel,ilfeer, aluminium, chemical, paper&pulp and glass
sectors — are treated as energy intensive becaasage total intensity in those industries are mrably
higher in comparison with that of aggregate mactuféng sectors. Moreover, there exists inter itigus
variations in energy consumption in these industrie shows that cement industry’s total intensgy
3.7161being highest whereas least intensity iscadtin aluminium industry. Out of three types oérgy
intensity comprising total energy intensity, coatiensity, electricity intensity and petroleum irgiégn are
the highest in cement,aluminium and iron industrespectively.

Alternatively, the step towards identifying egyeintensity trends is to calculate overall enarggnsity, a
general indicator of energy end-use. Energy intgnsidefined here as the amount of energy (inuRed
to produce a unit of output by accumulating différénputs (in monetary units, Rs.). This is simply
obtained by dividing deflated energy consumptiondeflated inputs. Energy intensity values in Indian
industries based on inputs utilized over the pe¢i®¥9-80 to 2003-04) are provided in Table 4.

[ Insert Table-4 here]

From our analysis of energy-output ratio(tablei#ias been noticed that all the seven industagert
into our consideration have greater energy intgnisitcomparison with energy intensity of aggregate
manufacturing sector. In this measurement alsaggriatensity in cement industry is the highest &gkt
energy intensed industry is chemical. Inter-industariations among different industry groups arsoal
noticed over years.

[ Insert kirg-1 here]

Cement industry is the most energy intensive shgwitensity of around 28 percent and others arketn
accordingly and chemical is the least energy-inteng herefore, there is no difficulty in considegithose
industries having comparatively greater intens#ynergy intensive industries.

8
5.Conclusion:

The study shows that seven manufacturing industneter our consideration have been depicting varied
energy intensities which are well above the averagensity of the entire aggregate manufacturing
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industry. Moreover, energy intensity varies acrioskistry over years. Therefore, energy intensityngfes
over time and varies significantly by types of emmic activities. Statistics provide an accurate
measurement for such variations, which is instrualeto the correct assessment of efficiency in gyer
use. This paper has been prepared on the basimitéd data from a small sample only. For a more
comprehensive analysis, aimed to discover the enanand technological efficiency of energy useadat
collection should be extended to a larger samptmohtries.

The seven key industries under consideratiorowf study- namely cement, iron&steel, chemical,
aluminium, paper&pulp, glass and fertilizer- congsmabout 65% of the total energy use in India. The
energy intensity in some of those industries isoreggl to be higher than the industries in developed
countries. One of the main reasons for higher gnesg is the presence of obsolete and energy éregffi
processes in some of these sectors. Therefore,unesalsave to be initiated for modernizing the obtsol
plants within the industries that will surely be fhroductivity enhancing mechanism. Immediateatiites
have to be taken for drawing up energy consumpgimms for various kinds of fuel using equipment. In
the absence of energy consumption norms for vamoesgy intensive industries in India, these indest
have adopted their own benchmarks. The commonipeaist to compare their performance with the best
specific energy consumption figure in that particidector/region or their own best figure achiewvethe
recent past. This attempt may not be adequateplBmés within those industries should also setr thoeig-
term goals and year-wise targets may be framedlieeee these goals. Few plants in India have aehiev
specific energy consumption figures which are velyse to the best in the world, despite all the
constraints. All plants should carefully plan outaadmap leading to similar objective which willlne
them to be least cost producer of their productl@mbme competitive globally. The strategies shbeldo
introduced to use alternative fuel like CN.G, Natwas and bio gas fuel instead of oil to covethgextra
strain arising due to severe oil price hike.

From managerial viewpoint, demonstration of tegnagement's participation in energy management and
encouragement to the employees for the same is imgogrtant to the shop floor workers. All energy
intensive industries should have a dedicated energyagement cell with a full time ‘Energy Manager’
who will be responsible for supervision of its agt&ns. The energy management cell should provide
essential structure and formalize the process @fggnconservation thereby enhancing its efficady vl
support from top management.

India needs a sustainable energy policy that mat only meet the future energy demand for rapid
economic growth but also protect the environmert @nserve scarce resources. By making our thermal
power sector more efficient, increasing the userofironmental management systems in energy-intensiv
industries, imposing stringent emission norms itdaissector, expanding the use of renewable energy
technologies and introducing the Energy ConsermaBdl, 2000 by Government of India, India has
already taken major steps in the right directiordulstry associations can play an important rolepiead
the culture of energy efficiency among its plants @ larger scale. In few selected energy intensive
industrial sectors, such as, aluminium, cementpredlkali, fertilizer, pulp & paper, petrochemicals
refinery, and textiles, industry association hasugea ‘task force' of selected plants and assoni&itom
that sector with an objective to promote energycigfficy on a sectoral basis. These forums could be
utilized by these plants to showcase successfel staglies on energy conservation in their premises,e
best practices, keep track of international scenaegchnological advances occurring in their fiekd
market conditions etc. These forums can also helfpaiming energy consumption norms and targets for
that particular sector.

References:
Battjes, J. J et al. (1998) “Assessing the Enenggrisities of ImportsEnergy Economics,20(1):67-83.

Bhattacharyaa. A (1997), Energy Conservation imdkaim Industry” in Strategy for Energy Conservatio
in India, Concept Publishing Company, New Delhi..

C Jenne and R Cattell(1983), ‘Structural changeearatgy efficiency in industryEnergy Economics, Vol
5, No 2, pp 114- 123.

Freeman, S. L et al. (1997),Measuring Industriadrgy Intensity: Practical Issues and problenisiergy

39|Page
www.iiste.org



Journal of Energy Technologies and Policy www.iiste.org
ISSN 2224-3232 (Paper) ISSN 2225-0573 (Online)
Vol.1, No.1, 2011

Palicy, 25, (7-9):703-14.

Grover R. B., and Subash C., (2004), “A strategydi@wth of electrical energy in India”, Documend N
10, Department of Atomic Energy, Mumbai, India, Bp5-858.

Puran M and Jayant, (1998), “Productivity Trendslmdia's Energy Intensive Industries: A Growth
Accounting Analysis”Ernest Orlando Lawrence Berkeley National Laboratory, LBNL-41838.

Roca J & Alcantara, V (2001), “Energy intensity, Z@®missions and the Environmental Kuznets curve:
The Spanish Casénergy policy, 29:553-556.

Sun, J.W. (1998), “Changes in energy consumptiod @mergy intensity: A complete decomposition
model”, Energy Economics, 22, pp.85-100.

TERI (Tata Energy Research Institute) (2000), “Tateergy Data Directory & Yearbook (TEDDY)”, New
Delhi.

Saumitra B and Rajeev. K. C. (2000), “Decompositadnindia’s Industrial Energy Use: A Case Study
Using Energy Intensity Approachlnternational Journal of Global Energy Issue, Vol. 17, No. 2, pp. 92-
105.

Shyam Upadhyaya (2010),Compilation of Energy SietiSfor Economic Development, Statistical Unit,
United Nations Industrial Development Organizatigignna.

Tiwari, P (2000), “An analysis of sectoral energtensity in India” Energy Policy 28:771-778.

Woodland, A.D. (1993), A Micro-econometric Analysi$ the Industrial Demand for Energy in NSW.
Energy Journal, 14(2): 57-89.

Table 1: Consumption, production andmports of commercial fuels

Sl. ltem Units  1980-811990-911995- 96 2000- 01 2005- 06
1 CoallLignite consumption mtoe  58.5 108.2 140.7 9.16 181.9
2 Coal Imports mtoe 0.2 4.0 9.0 11.0 12
3 Dependency of Coal % 03% 28% 4.4% 70% 9.7
4 Oil Product Consumption mt 31 68.2 77.3 98.6 99.2
5 Oil Imports as Crude Products mt 7 26.1 49.8 83.485.7
6 Oil imports Dependency % 23 38 64 85 86
7 Consumption of Natural Gas
(All domestic) mtoe 0.2 10 16 25 27
8 (EA'iC(;gf:é’sCﬁ‘lr)‘S“mption moe 50 60 8.0 80 9.0
9 Total fuel imports as % of tol 8 16 24 24 31

Consumption in toe terms.

Source: Compiled from several issues of Coal Bullet CMIE, Petroleum & Natural Gas Statistics,
and Annual Survey of Industries.

Table-2: Conversion factors for transforming different energy inputs into million ton of oil equivalen
(mtoe)

Energy inputs Present energy unit Conversiotofa
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(into mtoe)
Coal 1 million ton 0.67 million ton of oil equivaie
Electricity 12000 million KWH 0.86 million ton ofibequivalent
Petroleum 1 million ton petroleum 1 million tonaf equivalent
. One million =10° =10, 00,000
o Source: TATA energy Data Dictionary and Year Book.
Table-3:Energy intensity in selected manufduring sectors in India (‘000 mtoe/Rs crores)
Average
Industry/ 1997-  1998- , 2000- 2001- 2002-  2003-  2004-  of entire
) ) 1996- . . 1999-‘00 , . . . . .
Years Energy intensity ‘97 98 99 01 02 03 04 05 time
periods
Coal Intensity 35637 25509 3.2219 26714 23289 27919 29882 3521  3.8703 3.0565
Cement (000 mtoe/Rs
crores)
Electricity 0.1803 0.1539 0.1626 0.1362  0.1101 0.1240 0.1356 0.1406 0.1303 0.1415
Intensity (‘000
mtoe/Rs crores)
Petroleum 0.1811 0.1865 0.4044 0.6142 0.54157 0.6211 0.7289 0.6562 0.7293 0.5181
Intensity (‘000
mtoe/Rs crores)
Total 3.9250 2.8914 3.7888 3.4217 2.9806 3.5369 3.8525 4.3178 4.7299 3.7161
Intensity(‘000
mtoe/Rs crores)
Coal ‘ 0.84041 0.35892 0.89744 0.89047 0.86120 0.62374 0.68935 0.84107 0.85108 0.7615
Iron& Intensity(‘000
mtoe/Rs crores)
Steel o
Electricity 0.01400 0.08226 0.10703 0.10574 0.09549 0.11442 0.13950 0.14257 0.17148 0.1081
Intensity (‘000
mtoe/Rs crores)
Petroleum 0.00726 0.34373 0.19160 0.18174 0.24464 0.19494 0.17552 0.25826 0.38749 1.0901
Intensity (‘000
mtoe/Rs crores)
Total Intensity 5gg15 07849 1.1961 1.1779  1.2013 0.9331 1.0044 12419 1.410  1.090
(‘000 mtoe/Rs
crores)
Aluminiu ~ Coal Intensity 1522 01377 0.154  0.1706 0.1139 0.1416 0.0529 0.0677 0.1005 0.1212
m (‘000 mtoe/Rs
crores)
Electricity 0.3915 0.1837 0.2124 0.1434  0.1408 0.167 0.1852 0.1335 0.2355 0.1992
Intensity (‘000
mtoe/Rs crores)
Petroleum 0.16768 0.08606 0.05539  0.09604 0.12873 0.1298 0.16158 0.16861 0.1398
Intensity (‘000 0.26413
mtoe/Rs crores)
Total Intensity §gn783 048908 0.45246 0.36939  0.35074 0.43733670.3 0.36278 0.50461 0.4602
(‘000 mtoe/Rs
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crores)

Coal Intensity 1 50129 0.89006 0.98717 0.99980 1.07200 1.15195 1.22390 1.46147
(‘000 mtoe/Rs

crores)

Electricity 0.09592 0.08575 0.08534 0.07214 0.06866 0.06435 0.07315 0.07251
Intensity (‘000

mtoe/Rs crores)

Petroleum 0.10640 0.26588 0.25044 0.31710 0.38180 0.34705 0.40085 0.4559

Intensity(‘000
mtoe/Rs crores)

Total - 1.4036 1.24169 1.32295 1.38904  1.52246 1.56335 1.69790
Intensity(‘000 1.98988

mtoe/Rs crores)

Coal ) 0.48403 0.42044 0.55369 0.55577 0.51135 0.59221 0.49925 0.66869
Intensity(‘*000

mtoe/Rs crores)

Electricity 0.09282 0.07430 0.06434 0.05526  0.04718 0.04396 0.02920 0.03759
Intensity (‘000

mtoe/Rs crores)

Petroleum 0.36791 0.26315 0.19273 0.26515 0.46727 0.17157 0.16738 0.37982

Intensity(‘000
mtoe/Rs crores)
Total Intensity 0.94476 0.75789 0.81076 0.87618 1.0258 0.80774 0.69583 1.0861
(‘000 mtoe/Rs

crores)

1.09060

0.07499

0.43943

1.1198

0.0769

0.3294

1.60502 1.5262

0.64162

0.03124

0.32025

0.99311

0.5475

0.0529

0.2884

0.8887

Source: Own estimate
Table-3: Energy intensity in selésd manufacturing sectors in India (Cont.)

Industry/
Years

1997- 1998- 1999-'00 2000-  2001- 2002- 2003-

Energy intensity 1996-'97 98 99 01 02 03 04

2004-
‘05

Average
of entire
time

periods

Glass

Coal Intensity 33567 0.21179 0.27764 0.25839 0.18245 0.12904 0.11656 0.15728
(‘000 mtoe/Rs

crores)

Electricity 0.07336 0.07269 0.07081 0.06681 0.05856 0.04841 0.06506 0.06467
Intensity (‘000

mtoe/Rs crores)
Petroleum 0.37191 0.59046 0.46234 0.69446  1.11062 0.77407 1.18428 1.26632

Intensity(‘*000
mtoe/Rs crores)

TOtaI, 0.78094 0.87494 0.81079 1.01966 1.35163 0.95152 1.3659 1.48827
Intensity(‘000

mtoe/Rs crores)
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Chemical ~ Coal 0.13262 0.13606 0.20908 0.07409 0.10470 0.10327 0.25340 0.14201 0.12149 0.1419
Intensity("*000

mtoe/Rs crores)

Electricity 0.06136 0.06373 0.04958 0.03915 0.03289 0.04235 0.06059 0.04083 0.04674 0.04858
Intensity (‘000

mtoe/Rs crores)

Petroleum 0.31229 0.24538 0.23302 0.22780  0.45030 0.29220 0.46018 0.32520 0.45714 0.3337
Intensity(‘*000
mtoe/Rs crores)

Total_ 0.50627 0.44517 0.49168 0.49168 0.58789 0.43782 0.77417 0.50804 0.62537 0.5242
Intensity(‘*000

mtoe/Rs crores)

Aggregat  Coal 0.1415 0.1396 0.1475 0.1522 0.174  0.1607 0.1648 0.1553 0.1399 0.1528
e Intensity(‘000

manufac- mtoe/Rs crores)

turing Electricity 0.03013 0.03006 0.03069 0.03013 0.0302 0.0329 0.0288 0.0258 0.0223 0.0290
Intensity ("000

mtoe/Rs crores)

Petroleum 0.1241 0.2954 0.3617 0.1353 0.1929 0.1878 0.1411 0.1418 0.1305 0.2045
Intensity(‘000
mtoe/Rs crores)
TotaI_ 0.2957 0.4650 0.5389 0.3176 0.3971 0.3814 0.3347 0.3229 0.2927 0.3863
Intensity(‘*000

mtoe/Rs crores)

Source: Own estimate

Tablel: Measurement of Energy intensity by Energy-Inputratio (%)

Year Cement Aluminium Glass Fertilizer Paper Iron&Steel Chemical Aggregate

Industry Industry Industry  Industry  Industry Industry Industry manufacturing

1979-  28.37 23.24 21.71 14.40 12.59 16.73 10.13 6.47
80-81 27.68 24.27 20.97 14.29 15.34 16.05 9.45 6.93
81-82 28.64 24.56 24.08 15.01 15.92 13.57 10.44 271
82-83 27.42 23.66 2491 14.75 16.53 13.48 10.54 475
83-84 29.19 29.52 22.2 14.89 16.56 15.37 11.78 8.39
84-85 27.26 30.36 21.69 15.19 16.54 13 11.29 8.70
85-86 28.86 27.26 22.99 14.91 14.66 13.39 10.85 59.1
86-87 30.85 28.73 22.5 14.65 15.69 12.37 11.69 9.06
87-88 31.65 30.12 22.27 18.12 15.01 12.32 11.83 093
88-89 26.83 28.63 22.33 16.31 15.22 11.47 10.27 976
89-90 30.53 29.39 22.58 20.27 14.30 10.43 11.35 6 7.7
90-91 32.41 25.44 18.53 16.27 13.76 11.35 11.08 277
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91-92 30.93 29.99 21.69 15.25 14.53 10.88 10.18 4 8.0
92-93 30.80 25.03 19.57 14.82 14.28 10.44 10.32 384
93-94 32.34 20.61 18.84 14.24 13.36 10 9.66 7.92
94-95  31.37 24.35 18.12 14.17 14.45 10.93 1025 078
95-96  32.60 25.87 19.05 13.36 14.29 11.47 1023 372
96-97 27.67 24.21 16.82 14.18 13.12 12.12 10.18 778
97-98 26.97 15.83 15.17 12.52 11.8 10.36 9.68 7.12
98-99 26.28 18.4 15.48 10.35 10.98 10.68 7.25 5.90
99-00 24.64 18.9 16.08 10.58 11.22 9.99 7.85 6.15
00-01  19.81 18.87 15.89 11.84 9.28 9.19 8.26 6.36
01-02 25.28 21.17 12 10.93 8.76 8.55 8.14 6.21
02-03 20.67 21.19 16.02 10.42 9.12 9.79 8.89 5.89
03-04  21.57 17.57 15.68 12.46 8.68 10.33 8.31 5.73
average 28.04 24.29 19.49 14.17 13.44 11.77 9.97 7.46
Source: Own estimate from ASI (several issag
Diagramatic presentation of total energy intensity of
industries under consideration of our study
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