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INTRODUCTION

Energy resources and their uses were analysed in an earlier study 'Energy utilization in
Karnataka Part 1 : An overview'. The emphasis there was on rural and urban domestic
consumption. The close link between energy resources and environment prompts us to continue
our studies - this time on energy consumption patterns, especially in the organised industrial
sector.

Energy planning in Karnataka is not an integrated activity. The plans for electricity, oil, coal, and
firewood are separate exercises. Secondly, the planning activity considers only the demand and
projects the demand over a period of years. The efficiency in utilization has scarcely been looked
into. This has led to a situation where an input of about 25 units of energy is needed to get a
useful output of 1 unit of energy (wasting the remaining 24 units). Even a housewife would not
plan her domestic budget merely taking into consideration demands rather than the cost of
meeting those demands.

A comparative study of energy use, mainly electrical in industries in Karnataka and in those of
some other industrialised countries reveals that Karnataka consumes 5.47 times the energy
consumed in the U.S.A. for the same GDP (Gross Domestic Product) and more than 10 times the
energy used in Germany and Japan. Sectoral energy values also have been calculated.

A sectoral analysis of users shows that the growth of connected load is mainly in 2 categories-
AEH (All Electric Homes) and Small Scale (LT) Industries. The growth rate is 19.46% for the
former and 27.33% for the latter. If we look at the annual increases in the number of installations
again the LT industries sector has a very high rate of 38.66% followed by AEH with a rate of
19.15%. More than 50% of our industries are clustered in and around Bangalore. Barring a few
exceptions there is only limited industrial activity in other parts of Karnataka. Energy
consumption patterns show that Bangalore uses 26.67% of HT energy. A few industries like
Indian Aluminum at Belgaum, VISL at Bhadravathi etc. show higher energy consumption values
for some divisions. Belgaum consumes 21.6% of total HT energy in the State.

Linkages between energy sources and impact of substitution of energy from one source by that
from another can be understood only if there is an integrated picture of energy use. Since this
type of information was not available this analysis is confined to utilization of energy from only
one source. A survey was therefore conducted covering many industries in Karnataka. A
questionnaire was prepared and sent to more than 250 industries. Replies received from about 60
industries were analysed for their energy consumptions. It was found that in many industrial
sectors energy consumption/rupee of production was higher than the Indian norm. Further,
energy consumption varied considerably within a group or sector indicating a distinct possibility
for a substantial reduction in energy use by many industries for the same level of production.

Similarly a look at the specific energy consumption by an industry over a five year period shows
an increase in some industries and fortunately, a reduction in some others.

Comparisons of Energy Use



Since energy consumption plays an important role in indicating the life style or quality, there are
many indicators to compare life styles in various countries. Initially, energy consumption was
compared with a country's gross domestic product (GDP). Later on, energy consumptions per
capita of many countries were analysed against GDP/capita. It was found that there is a strong
multicountry correlation existing between national output per capita and energy per capita. Table
1 gives the energy-output relationships for nine industrial countries and Karnataka State.

The GDP/capita for the industrialised countries varies from 2612 to 5643 dollars for the year
1972, whereas it is only around Rs. 696 for Karnataka for the year 1974-75 (adjusted to 1972
prices). The energy/capita is the highest for U.S. and Canada at the level of 8.35 and 8.38 tons of
oil equivalent and lowest for Italy and Japan at the level of 2.39 and 2.9. Karnataka has a figure
of 0.4437 for the year 1974-75. Hence this illustrates that Karnataka State has very low
energy/capita and GDP/capita values.

But these do not reveal the true state of energy use; one would like to know how the energy is
used and what is the level of efficiency. Normally, it is said that since our energy use/person is
very low compared to that for advanced countries, we should increase our energy production so
as to reach the levels of "advanced" societies. It is wrongly assumed that energy/capita reflects a
true state of development in a country. If this argument is accepted, then we should increase
energy consumption rates in our country and our State.

Recently, there is a shift in the thinking even in the industrial nations. The index to be used is not
energy/person, but energy/GDP i.e. the amount of energy consumed for producing 1 unit of
GDP. This index is given in columns 4 and 5 of Table 1. This index also reflects the efficiency of
energy use at a macro level. Column 4 gives the absolute values of energy/GDP in tons oil
equivalent per million dollars. The value for U.S. is 1,480 and for Canada is 1,772. These two
are supposed to be on the high side. Japan, France and Italy with values 849, 795 and 915
respectively are on the low side. Having seen that Karnataka is on the very low side as far as
energy/capita is concerned, let us look at the picture for energy/SDP (State Domestic Product).

Karnataka State has an energy consumption/SDP value of 6077.1 tons oil equivalent per crore of
rupees for the year 1974-75. This means approximately 7292.5 toe/million dollars. The value for
the year 1979-80 adjusted to 72 is 8092.94 toe/million dollars. This means that we are
consuming more energy for less output. For a relative picture the help of column 5 of Table 1 is
used. Here the energy/GDP is calculated with the U.S. value equal to 100.

Coupled with column 5, we see that Karnataka has an index of 493 for the year 74-75 and 547
for the year 1979-80. This means that we are consuming five times energy consumed by U.S. for
the same output. When compared with France or Japan, we consume ten times the energy
consumed by them for the same output. This energy consumption does not include the
human/animal energy. It these are also included, then the energy/SDP value will be higher (ours
is more of an employment oriented society still).

The second factor seen from Table 1 is that the energy/SDP is increasing from 6077.1 in 1974-
75 to 6744.12 in 1979-80. One possible conclusion can be that the energy efficiency (of use) is
decreasing and not increasing. Post oil crisis situations saw considerable reductions in



energy/GDP. For instance, West Germany showed a decrease from 1080 to 1010; Similar
decreases were evident for UK and Netherlands. United States has shown a steady value for a
period of nearly 20 years (1961-1974) varying from 1400 to 1480 (a max. of 5% difference)
whereas Karnataka has shown an increase of about 10% in 5 years. Hence, it is desirable to
actively pursue the introduction of energy efficient methods. The reasons why U.S. has a flat
curve for the 15 years period may be; frequent updating of technology; efficient methods due to
competition; stability in the system due to many years of energy use; saturation (?).

Another component in the energy consumption by these countries is the energy required for
space heating and conditioning due to weather conditions. We are fortunate in having a good
climate and we do not require space heating. Hence, if we adjust the energy/GDP for space
conditioning, we get the results as shown in Table 2. Here we have subtracted the component for
space heating from the total and calculated energy/SDP. The value for U.S. reduces to 1315. If
the U.S. value is equal to 100, then the relative value for Karnataka becomes 615.4 (about six
times the U.S. energy). Compared to France, it will be 12 times.

In order to see which sector consumes more energy, sectorwise GDP and energy have been
calculated. These are presented in Table 3 for Karnataka. The index here is the energy
consumption in tons of oil equivalent per crore rupees of the sector's contribution to SDP. The
value for Agriculture is very low - 247. Whereas the value for transport is very high. Industry
sector has the energy/SDP values of 10,512 for 74-75 and 6,754 for 79-80. Since the industry
sector has a mix of many sources and devices and also it has a higher index, it was chosen for
further comparison.

The industrial energy consumption is further compared in Table 4 This table presents two
comparison factors (i) industrial energy in toe/GDP and (ii) industrial energy in toe/industrial
GDP Again France is lowest with 40% of the energy/GDP of U.S. Karnataka again shows high
values. When industrial energy/industrial GDP figures are looked at, Karnataka consumes 8.8
times the energy needed by U.S. for the same output. This definitely indicated the possibility of
improving energy conservation in our industries.

Another factor in the selection of industrial sector is the fact that it is one of the major consumers
of high quality energy sources. More than 44% of commercial energy is consumed by industries.
Table S illustrates this phenomenon. The percent of industrial energy to total energy is given in
this table. As can be seen from this table, whereas many countries consume about 30% of their
energy for industrial purposes, we consume 44% and Japan 44.6%. The quantum of electrical
energy consumed by industries as a percentage of total industrial energy is also reflected in the
table. Even countries like U.S., U.K., West Germany, France etc. resort to electrical energy for a
smaller fraction of their requirements, about 15-17% whereas the share of electrical energy in
Karnataka's industrial energy needs is about 70%. This is despite power cuts for the past many
years. Since electrical energy is a derived secondary energy source, it is inefficient for low
quality work - like low temperature or medium temperature heating - applications. Electrical
energy is efficient for lighting and static movement applications. As can be shown later,
electrical energy finds a lot of use in heating applications in many industries in Karnataka not
because it is efficient, but because it is convenient and less expensive than other fuels.



Efficient use of energy implies proper pricing strategies. Subsidies to industries on the tariff or
fuel charges or low tariffs result in larger wastage of energy instead of lower costs of production.
Table 6 gives energy prices for various fuels for the same energy content. The electricity tariff
for Karnataka is the cheapest (next only to U.S.). Many other countries like West Germany,
U.K., France have tariffs which are more than twice our rate. But one cannot say more on this
because it also depends on income levels. But one point deserves mention here with low costs of
energy charges, labour and raw materials, many of our industrial products - engineering,
chemical etc. should be highly competitive in international markets. But it is not so, one of the
factors may be inefficient use of energy.

Table 7 shows the prices of various fuels in Karnataka over a period of years. Surprisingly, coal
and coke are still cheap. Coal is the least costly resource. Firewood and coke come next. Biogas
from a small plant seems to be an attractive proposition with a price/unit of 16-26 paise.

So far we have seen comparisons of our energy usage with that of some industrialised countries.
Let us look at the energy scene in Karnataka.

Table 1: EnergywOutput R elationships

GDP/C apita Energy Cons/C apita Energyw 0P
Cauntry [ duallars) (tons ail equiv.) t.o.e million Indexes
.5.=100

u.5. G643 225 1420 100
Canada 4728 2.3 1772 120
France 4162 a3 Fas5 a4
WG ermany =891 412 1031 Fa
Itahy 2612 238 915 G2
Netherlands 3673 .63 1272 a6
UK. 3401 381 1121 TG
Sieden S000 .31 1062 T2
Japan 3423 2.2 =] a7
Karnataka (74-745) GOG.05 (R=) 0.4437 G077 AiCr.R=. 4927
(adjusted to 72) (F292.8)

Karnataka (1979-20) 13245.21 0.4915 2G5 Cr.Rs. 206

11212 (4232425 m)

Karnataka (79-20) 2280 R=. 0.4915 G744 120C .=, 547
"(ﬂ‘u:ljusted to 72) B092 95 m




Table 20 EnergwSDP relationships adiusted for space heating

Coauntry Energy/GDP Index
t.io.e. ¥ milion s =100
.= 13145 100
Canada 1533 117
France E94 528
WG ermany 910 [=te]
[taly a0 B1 .4
Metherlands 1082 a0.3
K. Q55 75
Swvecen 858 BS
Japan g0z G
Warnataka 74-75 T222.5 554 E
(adjusted to 727 3334
Warnataka (1979-80) 4384 .8
Warnataks (79-80) 809294 E154
(adjusted to 727
Takble 3. EnergywsDP values for sectors in Harnataka
Sectar Energy =DP Energyrf=ectaral
mice. rupees SDP(toeRs.
crores crores
Aoricufture 0.735 1930.66 247
Househald 16.352 - -
Imdustey (79-800 5.798 103 .28 36459
(adjusted to 727 E7 54
Imdustey (74-7 50 4 475 33404 BETE
Industey (74-75) 2FE48 10512 4
adjusted to 72 prices
Tran zport 3.M5 161.54 12899




Table 4 Energy Consumption in industrial sectortotal GDP

Countries to.e Fm. tio.e. Fm
(¥ GDP Index indu strial Index
GDP

[ 444 100 14277 100
Canada M7 1164 17772 124
France 276 521 a7 d 402
W S er many 373 a4 7366 51 6
Italy 330 743 a90.5 £ .4
Metherlands 354 Tar 9955 9.7
[ 3949 294 1146 .1 a0.3
Sveden 308 B9 4 11981 g3a
Japan ara 851 924 5 B4 .8
Warnataka (74-75) 10286 2217 104131 -
adjusted to 72 prices 15921 354 12615 ac54
Waranstaka (F9-300 Q3577 o8 43751 -
acjusted to 72 172723 389 305 558

Table 5. Energy consumed by the industrial sector as a percentage
of total energy  conzumption

Industrial Elec energy as
Courtries EMNEryyY az a a % of energy
percent of in industrial
tatal sectar
1.5, 0.0 173
Canada 291 218
F rance 4.7 151
WG ermany k2 16.0
[taly 3.0 1741
Metherlands 278 139
11K 56 14 8
Suvecden 290 MA
Japan 44 6 20
Warnataka (79-80) 440 E2.99
(excl. non-comml. energy)
Warnataka (79-230) M 36
(excl. non-comml. enerogy)




Table 6 Energyprices inindustry (dollars/m K cals) Prices (1972)

Fuel U.s. Canada France |[W.Germany Italy Mether LK. Sweden Japan Karnataka
lands (79-50)
Electricity 11 177 218 3BT 2rz2 261 248 15 254 11 B2
Gas 1.7 1.7 31 3.3 3.0 21 2.3 - - -
Coal 1.8 1.9 3.9 3.9 4.7 34 39 3.6 3.6 3.06
Petraleum 2.8 2.2 3.7 29 3.9 2.5 4.3 2.7 27 14 81
Merosene 1587
Tahle 7: Equivalent cost of energy from different sources
Source CostAdnit of energyin Rs.
19739-50 1980-51 1951-52 1952-53 1953-54
Coal 0.0316 0.033 0.046 0.051 0.049
Electricity 012 019 0.307 0.32 0.37
K erozens 0.1649 07 0.195 0.2132 0.2214
Diezel ail 01542 0.25 0.306 0.348 0.372
Furnace il 0.146 0.218 0.2885 0.3165 0.332
Fire wood 0.039 0.418 0.0475 0.0572 0.0614
Charcoal 0412 o1z 0105 0105 0105
Coke 0.0439 0.055 0.065 0.0732 0.0817
Biogas 0.16-0.26

Karnataka's Energy Scene

Karnataka does not have any coal deposits. It gets its coal from outside. The electrical energy for
Karnataka was purely hydro and with the commissioning of Raichur thermal power station, it
may get electrical energy from coal also. the other major source of commercial energy - oil - is
also not available in Karnataka. Hence the main source of commercial energy for the state comes
from hydroelectric plants. These plants have large reservoirs to store rain water throughout the
year, the dams being built in prime forest areas there by submerging sizable areas of forest. It is
shown by a study that we can obtain comparable quantity of energy from forest biomass instead
of water from the submerged areas. An ideal solution will be to go in for a set of peaking power
plants with minimum storage which utilize rain water during monsoon and can be supplemented
by firewood based thermal power plants.

But commercial energy sources like coal, oil, electricity provide only a small part of the energy
scene of Karnataka. Major energy share comes from firewood. Table 8 gives the consumption
pattern for Karnataka for 1982-83. Electricity represents 40% of commercial energy for 1982-83.
There is an increase in the percent share for electricity. Firewood consumption is around 15.5
million tons of coal equivalent. Agro wastes are also used for energy purposes. The share of
industries in energy is around 44%. The state generated 6,400 million units of electrical energy
in 1982-83. The share of industries in electricity is 4,566 million units.

Since electrical energy is an important component of energy for industrial consumption and as it
is a high quality energy, the sectoral and spatial analysis of electrical energy is considered next.



The analysis in the next section looks at it from the supply end. Another analysis follows from
the consumer end based on the sample surveys.

Table 8: Energy consumption for Karnataks

Consumption for
Sl Ma. Saurce 1952-533
inmice.
Commercial
1 Coal 1
2 il 7.4
3 Kerosene 2.3
4 Electricity 6.4
5 Total 171
Moncom mercial
Firewood 155
7 Others Mot knowr
Total F2 6

Electrical Energy Utilization in Industries in Karnataka

There are normally three indices to look at the growth rate of electrical energy (i) number of
consumers, (ii) connected load and (iii) energy consumption. A look at these indices can only
indicate the primary users and not how they use the energy.

Table 9 gives the number of installation for various categories like domestic, AEH, agriculture,
LT industries. HT industries etc. The greatest growth rate is for LT industries (38.66%). This is
followed by AEH consumers (19.15%). If we take the increase for three years 1980-83 into
account even then the growth rate for LT industries is the highest (72.18%). The next greater
growth rate is again the AEH category. The growth rate for HT industries is 4.76% during 82-83
and 23.17% during 1980-83.

Table 3 Mumber of installations for Electrical Energy

Total no ofinstallations as on Percent Percert
Sectar annual increasze
.3.80 .3.81 H.3.82 3383 increase 1 years

Domestic 1,384 061 1,493175| 1,609 194 1,741 425 5.2 26
Commercial 192401 208543 223,208 239406 7.26 24
AEH 161,340 190,021 228579 2B8T77S 1915 E7
LT industries BE 405 74,3249 g2 457 114,335 38 BE 72
HT industries 1,161 1,200 1,365 1,430 4 7B 23
Wigter work s 2174 2,560 2,834 3,144 10.94 45
Itrig ation pumps 290,303 w07 IF2 416 358113 773 23
Street lights 337 558 MaB022 3E15H 373206 3.23 1M




Table 10 illustrates the profile of connected load in various sectors. The annual increase for the
year 1982-83 is greatest for LT industries (27.33) again followed by AEH consumers. When the
increase for three years (1980-83) is looked at, the connected load for the AEH category grows
faster (67.4) than that for LT industries. HT industries show a small growth rate. The overall
annual growth rate is only 11.54. Both AEH and LT industries have growth rates greater than the
overall growth rate. In the case of the three years growth rate AEH and LT industries as well as
commercial categories have greater increases than the overall value.

Table 11 continues the profile of connected load. Even though HT industries consume a
maximum amount of electrical energy, it is the agricultural load that is the highest from the point
of view of connected load; irrigation pumpsets take up 29.06% of the connected load followed
by HT industries - 21.23%. AEH category comes third with 17.54%.



the types of fuels used and production, we need to conduct a survey as this type of data is not
available or accessible. Hence we decided to conduct a survey of about 250 industries.

Since the survey was done for the first time, we went about it in many stages with help from
many authorities like the Director of industries and Commerce, Govt. of Karnataka, and the
Chief Inspector of Factories and Boilers. The first questionnaire prepared by us was a simple one
requesting for information on the quanta of energy used and production figures for a period of
two years. About 80 industries responded to this questionnaire. This was followed by another
one sent by the Joint Director of Industries and Commerce, Govt. of Karnataka. This one sought
information on energy consumption for one year period. A third questionnaire for one year
period. A third questionnaire was also sent to various industries seeking information on their
boilers-steam generated, type of fuels used and quanta of use. In spite of the fact that more than
1000 letters were sent, the response was poor.

Analysis of these pilot surveys showed some drawbacks. Many questionnaires were not
completed fully. Normally production figures were left blank. It was not possible to draw any
conclusions from these survey data. So it was found necessary to generate another questionnaire
and get it filled up partly by visiting the industries and partly by sending requests by post.

The questionnaire was an exhaustive one. It requested for the following sets of information;

(i) energy consumption for a period of five years from 1979-80 to 1983-84 for each source like
coal, coke, firewood, electricity, furnace oil, LPG, charcoal, kerosene etc., and their values:

(i1) monthly energy consumption (for electrical energy only):
(ii1) electrical power and energy details, power cut details;
(iv) production figures - quantity and value - for various products manufactured;

(v) details on connected load for various types of end uses like machinery, heating, welding,
lighting, rectifiers etc;

(vi) details of loads for different sections;

(vii) capacity of diesel generating sets; electricity from them;

(viii) consumption of energy by services;

(ix) details for individual types of machines like furnaces, welding units, lighting etc;
(x) conversions;

(xi) future plans;





