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Energy is a major constituent of a small-scale
industry such as grain mills. Based on a sample
survey of several mills spread over Karnataka, a
state in India, a number of energy analyses were
conducted primarily to establish relationships
and secondarily to look at them in more detail.
Initially specific energy consumption (SEC) was
computed for all industries so as to compare
their efficiencies of energy use. A wide disparity
exists in SEC among various grain mills. In
order to understand the disparities better, regres-
sion analyses were performed on the variables
energy and production, SEC and production,
and energy/SEe with percentage production
capacity utilization. The studies show rhat smal-
ler range industries have lower capacity utiliza-
tion. This paper also examines the energy sav-
ings possible by shifting industries from the
lower production ranges to the next higher range
(thereby utilizing installed production capacity
optimally). This leads to an overall energy
capacity saving of 23.12% for the foodgrain
sector and 18.67% for the paddy dehusking
subgroup. If this is extrapolated to the whole
state, we obtain a saving of 55 million kWh. .
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Since the day when man used fire for cooking,
energy has played an increasingly pivotal role in his
life. Gradually, he started multiplying the use of
energy for fabricating implements, transport, agri-
culture, illumination, the construction of shelter etc.
Rapid increases in industrialization, coupled with
higher growth rates in population, led to increases in
energy consumption. Energy sources are classified
as, first, finite non-renewable resources such as coal,
oil, fuelwood etc; and, seco~d, renewable resources
such as hydro, agrowastes, solar, wind etc. Fuel-
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wood or biomass can be treated as a renewable

resource if the exploitation rate is less than the
growth rate. However, present usage borders on
depleting the biomass potential. This necessitates
restricting our energy needs to the availability of
resources. Most of the energy devices we use in day
to day life are basically energy converters. Whenev-
er we convert energy from one form to another, the
full energy content in the input is not converted into
the useful form. The term 'efficiency' used in this
context is the ratio of useful energy content in the
output to energy content in the input. This paper
examines the energy-efficiency situation in a particu-
lar sector of small-scale industry - the grain mill
sector - through a series of regression analyses. and
estimates possible energy savings.

Present energy situation in Karnataka

In Karnataka State both commercial (coal. oil and
electricity) and non-commercial (fuelwood, cow-
dung and agrowastes) forms of energy are used
almost equally. Sectoral energy consumption' indi-
cates that 44% of total commercial energy is con-
sumed in the industrial sector. followed by the
transport (24.4%) and domestic sectors (18.1%).
More than 70% ofthe 10644 million kWh produced
during 1987-88was consumed by the industrial sector.
The bulk of non-commercial energy consumption is
in the domestic or household sector, mostly for
cooking (predominantly in rural households). Ear-
lier studies2 showed that in Karnataka, 41.29% of
total annual energy consumption was from fuelwood
(11.208 million tonnes of coal replacement (tcr).
while cowdung and agrowastes meet about 10.22%
(2.79 million ter) of total domestic energy demand.

The conflict between energy demand and environ-
mental quality goals can be solved by an integrated
approach to the problem of energy planning with an
aim of minimizing consumption of non-renewable
resources and maximizing the efficiency of usage.
Present low energy-efficiency levels can be seen from
the results of a study conducted for a public sector
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Table I. Energy df'ICiencies of some end-use devices in the
electrometaIlurgic:al industry (%).

Welding sets
Furnace

Shearing machine
Bending machine
Eleclroplating process
Diesel generalor sets
Press brake
Cranes

14.00
IOAO
3330
30 .00
31UJI!
36.50
14.lJ6
24.82

electrometallurgical industry at Bangalore in
Karnataka.3 Table 1 gives efficiencies of various
end-use devices- Studies of electric load and con-
sumption patterns in large- and medium-scale indus-
tries in Karnataka have revealed that 40% of the

electrical load is being used for heating purposes;
this could easily have been obtained from other
forms of energy, thereby increasing efficiency of use
and relieving the demand on high quality electrical
energy sources.4 It is therefore necessary to examine
the sources: end-use matching is also an aspect of
energy planning. An integrated energy plan for a
country should include strategies to:

. improve efficiencies of end-use devices and/or
conversion equipment;

. optimize energy sources (end-use matching);

. maximize the use of renewable resources;

. balance the exploitation of biomass energy re-
sources; and

. discourage the use of depletable resources (by
penalties).

Industrial units are major consumers of high quality
energy sources. A study on large- and medium-scale
industries in Kamataka showed that in many ap-
plications of electrical energy, 25 units of input
energy are used to produce one unit' of useful
output. We therefore focused our attention on the
industrial sector.5

Certain small-scale industries (such as biscuits,
food grain products, bricks and tiles etc) manufac-
ture similar products in the sense that there are great
similarities in technology, scale of production, raw
materials used, production processes etc; it is there-
fore possible to make a meaningful comparison
between performances. In this paper we examine the
study which focused on the energy usage pattern in
the food grain products sector (Sector 204). We also
analyse linkages between various parameters such as
energy, energy intensity (EI), specific energy con-
sumption (SEC), production and percentage pro-
duction capacity utilization (PPCU).

The analysis shows that:
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. Small-scale consumption is related to production.

. Small-scale industries could save 30--40% of ener-

gy by increasing production to the full installed
capacity.

. Industries in the production range of less than Rs
250 000 consume more energy per unit of output
than industries in the higher production range.

Objectives of the study

The objectives were to:

. analyse energy consumption patterns in different
units in the food grain products sector of the
small-scale industries group in Karnataka, so as to
identify disparities in the levels of energy con-
sumption;

. examine and analyse a homogeneous subsector
(firms where dehusking of paddy only is carried
out) in the food grain products sector;

. explore the relationships that exist between
different parameters such as energy consumption
and production, energy and PPCU, EI and pro-
duction, SEC and production, EI and PPCV, SEC
and PPCU;

. compare energy utilization in these industries in
several districts, since these industries are dif-
fused all over Karnataka State.

The first objective was accomplished by looking at
the index of SEC or EI.

Definitions

SEC can be identified as the ratio of energy con-
sumption in rupees to production in rupees. It gives
an idea of the amount of energy used for a particular
level of production. It is an index for energy efficien-
cy: the lower the SEC the higher efficiency. EI is the
ratio of energy consumption in units (kWh) to
production in tonnes. PPCU is the ratio of actual
production to installed production capacity express-
ed as a percentage. This ratio represents the extent
of utilization by an industry of its full installed
capacity.

Small-scale enterprises in Karnataka

In the process of reshaping and developing the
Indian economy under the five-year plans, the
hitherto neglected and static small-scale industry
(SSI) sector came to the attention of government
and the developmental authorities. In this connec-
tion it was realized that small-scale industries (1)
provide greater employment opportunities; (2) en-
courage gradual progress in production technologies
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Source: Small Scale Industries Service Institute. Bangalore.

in an unorganized sector of industry; and (3) aid
better utilization of local resources thus encouraging
local self-sufficiency in respect of certain types of
essential consumer goods.

Some of the characteristics of SSIs are that they
are diffused all over the state; production processes
within a group are similar; and energy plays a key
and dominant role in their production inputs.

Table 2 gives details of growth rate, investment
and number of people employed in the SSI sector.
The same information is displayed in a bar chart in
Figure I. From this we note that SSls have an
average annual growth rate of 15.77% and employ-
ment has an average annual growth rate of 14.49%.
In the last eight years, the number of such industrial
units in Karnataka has increased from 37 093 to

103 960 (180.27%) and employment has gone up
from 430697 to 763030 (77.16%). District-wise
analysis shows that the annual growth rate for indus-
tries varies from a low of 7.49% (for Chikmagalur
district) to a high of 22.32% (for Chitradurga dis-
trict). The percentage number of SSI units per
district varies from a very low value of 0.85% (for
Kodagu District) to a very high value of 21.4% (for
Bangalore District).

Analysis of energy use in the 55! sector

Our end-use energy efficiency study was carried out
in three parts. Initially a survey collected data on
energy consumption, manpower details. raw mate-
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rials requirements, installed production capacity and
actual production of an industry. Since there are
103 960 SSI units, it was difficult to obtain data from
them all; thus data were studied from a sample (2014
units). As many types of enterprise were poorly
represented in the sample, a second sample was
derived discarding all such sectors; this resulted in 47
groups (1618 industries). Energy analysis was car-
ried out for these 47 groups. Computation of SEC-
energy consumption per unit of production (Rs) -
has revealed that 33 groups have a variation in SEC
by a factor of 10 or more. This means that there is a
remarkable potential for energy conservation. If a
firm/unit consumes more than 25% of its total costs
in energy. whereas another firm in the same group
(producing the same or similar products) has much
lower energy costs (say 7-10%), energy becomes a
critical factor in its survival. Food grain products is
one such group which shows wide variation, and on
that basis has been selected for further analysis.

Food grain industries (sector 204)

The main operation of this sector is milling grain
products and de husking paddy. The sample survey
covers 153 firms from different places within Karna-
taka State. These industries fall into sector 204 (from
the national industry code. allocated by the Central
Statistical Organization, Government of India). The
different subgroups and number of industries in each
are as shown in Table 3. Industries which carry out
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Table 2. Growth of small-scale industries (SSI) in Karnataka.

Number of SSI Investment Investment
units Investment Manpower units (cumulative) Manpower per job % growth pa
(registered) Rs 000 000 employed (cumulative) Rs (cumulative) (cum/RsIjob) Units Investment Manpower

1969-70 3890 3456.70 47 960 3890 3 456.70 47 960 7207.46
1970-71 1908 2279.43 44 295 5798 5 736.13 92 255 6217.69 905 65.94 92.36
1971-72 2372 1 309.39 2I 343 8170 7045.52 113 598 6 202.15 91 22.83 23.13
1972-73 2272 1 350.10 22 490 10 442 8 395.62 136 088 6 169.26 2781 19.16 19.80
1973-74 3043 1 638.23 21 814 13 485 10 033.85 157 902 6 354.48 2914 19.51 16.03
1974-75 1907 3 991.27 56 043 15392 14 025.12 213 945 6 555.48 1414 39.78 35.49
1975--76 1562 1 641.36 12783 16954 15 666.48 226 728 6909.81 10.15 11.70 5.97
1976-77 1420 1 482.51 15406 18374 17 148.99 242 134 7 082.44 8.38 9.46 6.79
1977-78 1 621 1517.11 24 750 19995 18 666.10 266 884 6 994.09 8.82 8.85 10.22
1978--79 1975 1 451.46 16957 21970 20 117.56 283841 7087.62 9.88 7.78 6.35
1979-80 2910 3 255.01 34 376 24880 23 372.57 318217 7 344.85 13.25 16.18 12.11
1980-81 2776 3041.83 26 164 27 656 26 414.40 344 381 7 670.11 11.16 13.01 8.22
1981-82 3396 4955.16 41375 31052 31 369.56 385 756 8 131.97 12.28 18.76 "12.01
1982-83 6096 6 255.29 46 420 37148 37 624.85 432 176 8 705.91 19.63 19.94 12.03
1983-84 7479 6 396.51 44 282 44 627 44 021.36 476458 9239.29 20.13 17.00 10.25
1984-85 11 962 6 324.31 55 849 56 589 50 345.67 532307 9 458.01 26.80 14.37 11.72
1985--86 11 634 3787.09 60 796 68 223 54 132.76 593 103 9 127.04 20.56 7.52 11.42
1986-87 11 179 9 408.47 56 883 79 402 63541.23 649 986 9775.78 16.39 17.38 9.50
1987-88 10 530 10 165.19 52 498 89 932 73 706.42 702 484 10 492.26 13.26 16.00 8.08
1988--89 9811 10 532.77 50448 99 743 84 239.19 752 932 11 188.15 10.91 14.29 7.18

15.77 16.34 14.49
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Figure l. Percentage growth of small-scale firms in Karnataka {1969-70 onwards}.

dehusking of paddy are located in rural areas (sub-
group 2042). These industries are primarily agri-
cultural. Since subgroup 2042 has a large number of
samples and is homogeneous, it is also used for
further detailed analysis.

Methodology

The various stages of the studies were as follows:

. Study of SEC to find out whether there are any
disparities in the levels of energy consumption
within a sector.

. Establishment of relationships among various pa-
rameters such as energy, production, SEC, EI
and PPCU.

The techniques adopted for this purpose were prin-
cipal component analysis, and linear/non-linear re-
gression analysis (straight-line, quadratic parabola,
hyperbola, exponential and power law rela-
tionships).

Regression analysis for sector 204 was carried out
for all firms in sector 204 (our sample size is 153).
Partial removal of scatter was achieved by removing
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industries where the individual energy consumption
was greater than the sum of average energy con-
sumption plus twice the standard deviation (0). The
scatter was further removed by organizing the data
into a more compact form without obscuring the
essential information contained in the values. This

was accomplished by grouping industries on a pro-
duction range at intervals of Rs 50 000 in the range
of Rs 0 to 900 000. Industries were also grouped
according to PPCU at intervals of 5% in the range of
0 to 100%.

Similar analyses were carried out for subgroup
2042, on all firms in the group, and then on firms
using only electricity. The scatter was high even after

Table 3. Food grain iod1Istries subgroups and number 0( industries
in Kamataka Slak.
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Subgroup code
Number of (national

Product/output firms sampled industry code)

Flour mills 16 2041
Dehusking of paddy
(paddy hulling) 123 2042
Fried gram 14 2043
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Table 4. Industries using firewood, diesel etc.

District SEC

0.28
0.28
0.28
0.30
0.32
0.35
0.38
0.38
0.43

PPCU

UUara Kannada
Shimoga
Tumkur
Shimoga
Dharwad
Shimoga
Bangalore
Dharwad
Hassan

3700
.n.20
62.50
40.UO
4U.OO
4U.UO
45.00
5792
47.01

these operations. Further analyses were therefore
carried out by removing scatter through grouping of
industries. Regression analysis was also carried out
for selected districts with more than 12 firms.

Finally, possible energy savings in sector 204 and
subgroup 2042 arising from better utilization of full
installed production capacity were also calculated.

Results and discussions

Analysis of energy use in the food grain products
sector

For the food grain products sector, energy analyses
were carried out to explore the variations in indi-
vidual parameters such as SEC and PPCU. Com-
putation of SEC has revealed intradistrict disparities
in energy consumption, which varies from a mini-
mum of 0.01 to a maximum of 0.07 for Raichur
District, from a minimum of 0.01 to 0.38 for Banga-
lore District, from a minimum of 0.11 to a maximum
of 0.43 for Hassan District. Table 4 illustrates SEC

for different types of energy resources. We see that
industries using energy resources such as fuelwood,
diesel etc have higher specific energy costs (varying
from a minimum of 0.28 to a maximum of 0.43)
while SEC for industries using electricity varies from
0.01 to 0.30 (Table 5). About 60 industries out of 153
are utilizing less than 50% of their installed produc-
tion capacity. Large variations in SEC suggest the
potential for energy conservation in this sector.

Quantitative relationships among variables

Principal component analysis. Principal component
analysis (PCA) was tried on our data to obtain a set
of independent variables so as to identify rela-
tionships among them. PCA is a method whereby a
set of variables is transformed into a new set of
composite variables (components) which are un-
correlated (orthogonal) to one another.7 The reduc-
tion of dimensionality and the ability of the method
to remove correlations between variables is often the
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sole basis for its use. For our set of data the

application of PCA did not yield any conclusive
results. We therefore moved on to regression
analysis.

Regression analysis. We applied regression analysis
to obtain the relationships between (1) energy con-
sumption and production; (2) energy and PPCU; (3)
SEC and production; (4) SEC and PPCU; (5) Ef and
production: (6) EI and PPCU.

The correlation between energy consumption
(En) and production (Pr) is found to be 0.83. The
results of the regression analyses - linear, parabola,
hyperbola, exponential or power law - are given in
Table 6. Since the percentage error is high in all
these cases, we can infer that the scatter is high, and
filtering is needed to remove it. After partial eli-
mination of scatter, the best relationship obtained
was power law; even in this case the percentage
error is still high. So the next step was to remove the
scatter further by grouping the industries based on
actual production and PPCU.

It was found that a power law relationship has the
lowest percentage error. The best fit relationship for
sector 204 is

En = 136.20 (Pr)o.23{industries grouped on the
basis of actual production}

Table 5. Industries using only electricity.
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District SEC PPCU

Bellary 0.07 (max) 55.00
0.04 (min) 69.00

Chitradurga 0.27 (max) 50.00
0.08 (min) 62.12

Dharwad 0.24 (max) 35.00
0.06 (min) 67.67

Hassan 0.19 (max) 33.33-
0.02 (min) 80.00

Kodagu 0.19 (max) 32.00
0.03 (min) 60.00

Kolar 0.13 (max) 50.00
0.06 (min) 67.50

Mandya 0.24 (max) 42.67
0.03 (min) 70.00
0.03 (min) 67.08

Mysore 0.22 (max) 45.00
0.02 (min) 69.17

Uttara Kannada 0.28 (max) 47.00
0.02 (min) 65.00

Raichur 0.07 (max) 57.17
0.01 (min) 88.89

Shimoga 0.30 (max) 43.00
0.01 (min) 92.55

Dakshina Kannada 0.27 (max) 45.00
0.04 (min) 80.00

Tumkur 0.28 (max) 42.50
0.03 (min) 60.00
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Table 6. Regression analysis for sector 204: energy and productionlPPCU.

Stages followed in
regression analyses

Number of
industries

Analysis of variables En and Pr
En = A (PrIB
Correlation
coefficient
(r)

0.83
0.69

Analysis of variables En and PPCU
En = A' (PPClJ)B"
Correlation
coefficient
(r)

0.27
0.33

B'

0.042
0.036

20.04
8.99

% error of
EN... A

6605.54
974955

I All industries 153
2 Partial removal of scatter 149
3 Further removal of scatter

by grouping
On actual production at
a frequency of Rs 50 000 16
On percentage production
capacity at a frequency
of 5%

0.97 3.17

19 0.96 5.97

En = 134.70 (Pr)o.22{industries grouped on the
basis of percentage
production capacity}

Similar results for the paddy dehusking subgroup
2042 are given in Table 7. In order to remove
possible further scatter we considered 118 industries
in subgroup 2042 using only electricity. The rela-
tionship is found to be power law with a percentage
error of 6.23. Again, with the partial removal of
scatter in the case of the industries using only
electricity, the best relationship obtained from least
squares analysis is power law (percentage error 4.86)
given by En = 55.90 (Pr)O.42. Further scatter remov-

al by grouping also gives the power law relationship
En = 118.56 (Pr)O.28 (grouping on the basis of actual
production) and En = 139.08 (Pr)O.26(grouping on
PPCU). From these analyses, for sector 204 and

102.22
122.15

B

0.36
0.29

% error of
EN... A'

8.92
7.91

136.20 0.23 0.54 8.45 1082.70 0.54

134.70 0.22 0.57 12.84 2041.02 0.24

subgroup 2042, the general form of equation linking
variables energy consumption and production is

En = A (Pr)B (1)

where En = energy consumption and Pr = produc-
tion.

The value of the exponent B is less than unity for
sector 204 and subgroup 2042. Figure 2 gives the plot
of energy with reference to production on logarith-
mic scales. The straight line in Figure 2 is the
linearized form of Equation (1) with slope B.

In order to understand the variations in energy
consumption with reference to production and rate
of growth, we need to look at the dynamic energy
consumption rate. We can obtain the dynamic ener-
gy consumption by differentiating energy with refer-
ence to production given by:

Table 7. Regression analysis for subgroup 2042: energy and productionlPPCU.
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Stages followed in Number or Analysis or variables En and Pr Analysis of variables En and PPCU
regression analyses industries En = A (Pr)B En = A' (PPClJ)B"

Correlation Correlation
coel1kient % error or coefrlCient % error of
(r) En... A B (r) En... A' B'

All industries 123 0.70 16.45 51.95 0.43 0.31 6.24 9362.26 0.025
Partial removal of scatter 119 0.60 15.56 63.06 0.39 0.32 5.23 9277.18 0.027
Industries using only electricity

All industries using electricity 118 0.69 6.23 37.92 0.45 0.33 5.65 9600.12 0.032
Partial removal of scatter 114 0.62 4.86 55.90 0.42 0.36 4.34 9245.00 0.029

Removal of scatter further by grouping based
On actual production at a
frequency of Rs 50 000 16 0.53 9.51 118.56 0.28 0.44 9.63 620.87 0.79
On percentage production
capacity at a frequency
of 5% 19 0.70 4.73 139.08 0.26 0.30 6.56 2872.41 0.12

District-wise regression analysis
Shimoga 29 0.60 9.47 262.70 0.30
Mandya 12 0.72 12.73 40.68 0.42
Mysore 13 0.98 3.17 5.70 0.59
Dakshina Kannada,
Uttara Kannada and
Kodagu 22 0.51 6.81 12.83 0.61
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Figure 2. Plot of variables energy and production on logarithmic scale.
Actual points are represented by 0 while straight line is the linearized form
of equation.

d En = A x B x (Pr)B-l
d Pr

The value of B is less than unity both for sector 204
(0.23) and subgroup 2042 (0.26); hence dEnidPr
decreases sharply with increase in production, which
means that the energy consumption rate slows down
with increase in production. This shows the possibil-
ity of energy conservation.

In order to understand spatial variations in the
energy consumption function, regression analysis was
carried out separately for some selected districts. The
best fits for energy and production for the districts
Shimoga, Mandya, Mysore and coastal districts
(Dakshina Kannada and Uttara Kannada) are power
law. The variations in the value of exponent B from
0.30 (for Shimoga) to 0.61 (for Dakshina Kannada
and Uttara Kannada) reveal the existence of district
disparities in energy consumption.

It was noticed above that energy consumption
grows at a slower rate with an increase in produc-
tion. The production of a firm normally increases
with increased utilization of installed production
capacity. In order to make a quantitative estimate of
the effect of percentage utilization of installed pro-
duction capacity on energy consumption, regression
analyses for energy with PPCU were carried out for
sector 204 and subgroup 2042. The results are tabu-
lated in Tables 6 and 7 respectively. We see from
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(2)
these tables that the results are similar, giving a
power law relationship with an exponent of less than
one. This means that higher utilization of production
capacity gives increased energy efficiency. .

EI, or SEC, is an index of energy efficiency.
Similar types of regression analyses carried out to
explore the relationship between SEC and produc-
tion are plotted in Figure 3. This shows a decline in
the value of SEC with an increase in production.
Results are shown in Tables 8 and 9.

The best relationship for sector 204 is given by
power law:

SEC = 130.20(Pr)-o.76(based on actual production)
SEC = 134.70(Pr)-o.77(based on PPCU)

A decline in the value of SEC with the removal

of scatter is also noticed (varying at the rate of
-1/1.56th of production (with scatter) to -1/1.31th
of production (without scatter». The best rela-
tionship for the homogeneous sector 2042 is also
power law. The exponent varies from -0.57 (with
scatter) to -0.73 (removal of scatter) ie SEC varies
at the rate of -1/1. 75th to -1/1.37th of production.
Thus from these analyses, it is evident that the
relationship and production is of the type:

SEC = C (Pr)-D (3)

The negative exponent D indicates a decline in the
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Figure 3. Plot of variables SEC and production.

Table 8. Regression analysis for sector 204: SEC and productionlPPCU.

Stages followed in Number of Analysis of variables SEC and Pr Analysis of variables SEC and PPCV
regressioo analyses industries SEC = C (Pr)- D SEC = C' (PPClJ)- D

Correlation Correlation
coefficient % error of coeffkient % error of
Ir) SEC... C D (r) SEC... C' D'

Considering all industries 153 0.79 8.67 102.22 0.64 08 9.65 2A6 0.82
Partial removal of scatter 149 0.49 687 122.15 069 0.8 9.25 2.20 079
Further removal of scatter
by grouping

On actual production at
frequency of Rs 50 000 16 0.9-1 367 136.20 076 0.56 8.28 2.10 1.32
On p.:rcentage production
capacity at a frequency
of 50 19 0.9:> 16.73 134.70 0.77 0.80 6.12 \.25 0.97

Table 9. Regression analysis for sector 2042: SEC and productionlPPCU.

Stages followed in Number of Analysis of variables SEC and Pr Analysis of variables SEC and PPCV
regression analyses industries SEC = C (Prj-D SEC = C' (PPClJ)- D'

Correlation Correlation
coeffICient % error of coefficient % error of
(rl SEC... C D (r) SEC... C' D'

All industries 123 0.7-1 11.69 51.95 0.57 0.78 7.24 2.10 0.79
Partial removal of scatter 119 o.n 11.30 6306 0.61 074 7.21 2.11 0.61

Industries using electricity 118 0.7-1 14.81 37.82 0.55 0.80 6.54 2.32 068
Partial removal of scatter 114 on 12.23 55.90 058 0.82 4.24 2.30 0.52

Further removal of scatter
by grouping

On actual production at
frequency of Rs 50 000 16 0.85 13.96 118.56 0.71 0.56 8.28 2.15 1.32
On percentage production
capaciry at a frequency
of 500 19 093 14.10 13988 073 0.80 6.12 1.10 0.97

Oistrictwise regression analysis
Shimoga 29 0.8-1 949 256.82 0.69
Mandya 12 0.81 2567 6.33 039
Mysore 13 (Ue 11.26 40.68 058
Oakshina Kannada, Uttara
Kannada and Kodagu 22 0.07 13.29 1283 048
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Figure 4. Plot of SEC and production on logarithmic scale.

value of SEC with increase in production. Figure 4
gives the plot of SEC with reference to production
on logarithmic scales.

The decline in SEC with increase in production
gives two options for increasing energy savings in
this sector: (1) to move firms in a lower production
group to a higher group; and (2) to raise a firm's
utilization to its maximum value (closer to optimum
value) .

The district analyses shows similar results, with an
exponent varying from -0.39 (for Mysore) to -0.69
(for Shimoga) revealing interdistrict variations.

To obtain a normalized picture of the relationship
between SEC and PPCU regression analyses were
carried out for sector 204 and subgroup 2042 respec-
tively, as shown in Tables 8 and 9. This shows that
increased utilization of installed capacity reduces
SEe.

Out of 153 industries in our sample, nine use
another fuel in addition to electricity. All these
sources are converted to common units of measure-
ment (kWh). In order to find out the quantitative
relationship between energy intensity and produc-
tion, regression analysis was carried out. Again the
relationship is found to be power law; considering all
firms, the relationship is EI = 123.88 (Pr)-O54 with a
correlation coefficient of 0.748 and percentage error
of 8.43. After partial elimination of scatter we have
EI = 87.88 (Pr)-O52 with correlation coefficient of
0.75 and percentage error of 6.95. Removal of
scatter further by grouping based on production
gives EI = 102.81 (Pr) -0 709 with a correlation
coefficient of 0.83 and percentage error of 2.99.
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This indicates a decline in the value of EI with

increases in production. Regression analysis of EI
and PPCU gives a power law. Over all 123 firms the
relationship is EI = 4.95 (PPCU)-O.74, with a cor-
relation coefficient of 0.311 and percentage error of
9.79; with the partial elimination of scatter (119
firms) the relationship is EI = 4.30 (PPCU)-O.72.
with a correlation coefficient of 0.311 and percen-
tage error of 8.37. The negative exponent indicates a
decline in EI with increased utilization of PPCU.

Energy savings in sector 204 and subgroup
2042

From the above, we notice that considerable energy
saving is possible by shifting firms to a higher
production group, and improving installed capacity
utilization to its maximum value. Firms are grouped
on actual production range at a frequency of Rs
50 000. Table 10 gives SEC and PPCU for the
grouped data. SEC decreases with production (and
with better utilization of production capacity). We
now shift firms from a lower range to a higher range
to obtain possible energy savings in sector 204 and
subgroup 2042. Shifting firms from the first (produc-
tion less than Rs 50 000) to second group (Rs
50000-100 000) alone yields an estimated energy
saving of 49.42%, as indicated in Table 11. Thus the
total energy saved through a single shift for sector
204 is 23.12%.

If firms are shifted by two groups up (which is
possible, since firms in the range less than Rs 50 000
have a PPCU of only 28.52%), the possible saving
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Table 10. Computation of SEC and PPCU (sector 204).

SEC

0.2056
0.1040
0.0780
0.0580
0 .0464
0.0380
0.0320
0.0280
0.0210
0.0140
0.0095
0 .0092
0.0085

Energy utilization in the grain mill sector in Karna/aka

for the first group shift alone would be 62% and the
overall average saving in sector 204 would be
38.46%. These results are shown in Table 12.

Tables 13 and 14 give similar results for the paddy
dehusking industries subgroup. By utilizing full in-
stalled production capacity in the range less than Rs
50000 and at SEC of 0.085, the energy saved would
be 58.76%. The overaII energy saved will be
18.68°/".

To obtain the overall savings in energy, we look at
the actual production of paddy in Karnataka of
2361 146 quintals (100 kg) in 1988-89 needing
184.169 million units of electricity for hulling. By
adopting the energy saving measures mentioned
above. we can save 55.25 million units in subgroup

Table II. Possible energy saving in sector 204 (by utilizing fun installed capacity).
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Production
range Numberof
(Rs 000000) industries PPCU

0.()5 -W 28.52
05-10 37 53.59
I.H-I.' 13 47.95
1.5-20 2 69.46
2.G-2.5 3 6816
2.5--30 3 57.60
3.G--35 2 69.50
35-\0 2 46.06
40-55 5 5465
55-6.' 2 63.00
6.5--80 2 64.00
8.G-8.5 4 56.14
> 8.5 34 63.26

Energy
Pr range consumption Energy consumption Estimated Estimated cumulative By one shift
(Rs 000 000) SEC (actual) (actual, cumulative) energy consumption energy consumption % saving Saving (cumulative)

G--O. 5 0.205
O.:\.-1 0.104 20 563.42 20 563.42 10401.28 10 401.28 49.42 49.42
1-1.5 0.078 15 601.93 36 165.35 11 700.00 22 10128 25.01 38.89
15--2 0.058 15 600.00 51765.35 11 600.00 33 701.28 25.64 34.90
2-2.5 0046 14 500.00 66265.35 11 601.79 45 303.08 19.99 31.63
2.5-3 0.038 13 922.15 80 187.51 11 .tOO.OO 56 703.08 18.12 29.29
3-35 0.032 13 300.00 9348751 11 200.00 6790308 15.79 27.37
35-\ 0.028 12 800.00 106 287.5 11 200.00 79 103.08 12.50 25.58
4-45 0.021 12600.00 118887.5 9513.20 88616.28 24.50 25.46
4.5--5 0.019 10 570.22 129457.7 9 500.00 98 11628 10.12 24.21
5-55 0.018 10 450.00 139907.7 9 900.00 108016.2 5.26 22.79
5.5-6 0.016 10 800.00 150707.7 9 60000 117 6162 11.11 21.%
6-6.5 0.014 10 400.00 161 107.7 9 100.00 126716.2 12.50 21.35
6.5-7 0.013 9 800.00 170907.7 9 100.00 135816.2 7.14 20.53
7-75 0.012 9 750.00 180657 7 9000.00 I-W8162 7.69 19.84
7 5--8 0.0095 9 600.00 190 257 7 7 650.00 152466.2 20.31 19.86
8--8.5 0.0092 8 128.12 198385.8 7 820.00 160 286.2 3.79 19.20
> 85 0.0085 8 280.00 206 665.8 7 652.47 167938.7 7.58 18.74

2 101 665.0 1 615621.0 23.13

Table 12. The possible energy saving in sector 204 (shifting firm by two ranges).

Pr range Energy Energy Energy Energy
(Rs 000 000) SEC (actual) (actual, cumulative) (estimated) (estimated. cumulativet % saving % saving (cumulative)
G-O.5 0.205
0.5--1 0.104
1-1.5 0.078 30 84514 30845.14 11700 117(XJ 62.07 62.07
1.5--2 0.058 20802.57 51 647.71 11600 23300 4424 5489
2-2.5 0.046 19 500.00 71 147.71 11601 .34901 40.50 50.94
25-3 0.038 17400.00 88547.71 11400 46 301 34.48 4771
3-3.5 0.032 16242.51 104 790.2 11200 57 501 31.05 4513
35--1 0.028 15 200.00 119990.2 11 200.79 1>87017'1 26.32 4274
4-4.5 0.021 14 400.00 134 390.2 9 513200 78214.99 33.94 41.80
45-5 0.019 14 000.00 148 390.2 9500 8771499 32.14 40.89
5--5.5 0.018 II 627.24 160017.4 9900 <)7614 99 14.86 39()()
5.5--6 0.016 11 400.00 171417.4 9600 1f17214.9 15.79 37.45
6-6.5 0.014 11700 183117.4 9100 1163149 22.22 36.48
6.5-7 0.013 11200 194317.4 9 HX) 125 414 '1 18.75 3546
7-75 0.012 10500 204817.4 9000 134414'1 14.29 34.37
7.5-8 0.009 10400 215217.4 7650 142064'1 26.44 3399
8--8.5 0.(XJ92 10200 2254174 7820 149 H84'1 23.33 33.51
> 8.5 0.0085 8606.30 234023.7 7 6525 1575374 11.08 3268

2 338 095 1 438 799 38.46
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2042 alone. This is a saving equivalent of 12.62 MW
generating capacity, which is significant.

Conclusions

There are wide variations in SEGEl within a district

and for the entire state. Firms using energy re-
sources such as fuelwood, diesel etc (other than
electricity) have higher SEC values in the order of
0.28 to 0.43. Industries using only electricity have
SEC values of the order of 0.01 to 0,3,

All relationships between energy, SEC and pro-
duction are power law with an exponent of less than
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one. Computation of dynamic SEC (dEn/dPr) re-
veals that the rate of energy consumption is less than
the rate of production. The energy consumption rate
decreases as a firm's production increases.

There is a wide disparity in the values of expo-
nent B in the power law relationship for En and Pr
(it varies from 0.61 for Oakshina Kannada to 0.30
for Shimoga) between districts.

In general the energy consumption rate decreases
with increased utilization of installed production
capacity. A close look at the energy intensive firms
in sector 204 and subgroup 2042 reveals that those
firms are utilizing only 50% of installed production
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Table 13. Possible energy saving in subgroup 2042 (b' utilizing rull installed capacity).

By single shirt method
Pr range Energy % saving
Rs 000 000 SEC (kWh) % saving (cumulative/

(}-().5 0,204 10208
0,5-1 0,085 8500 :'8,37 58.37
1-1.5 0,064 9600 2471 45,43
1.5-2 0,052 10400 18.75 38.00
2-2.5 0,046 11500 11.54 32.17
2.5-3 0,042 12600 8,70 27.71
3--3.5 0,038 13300 9,52 24,66
3.5-4 0,034 13600 10,53 22.57
4-4.5 0,032 14400 5,88 20.40
4.5-5 (j,028 14000 12.50 19,46
5-5.5 0,027 14850 3.57 1782
5.5-6 0,026 15600 3,70 16.44
6-6.5 0,022 14300 15,38 16.34
6.5-7 0,020 14000 9.09 15,78
7-7.5 0,019 14 250 5,00 15.02
7.5-8 0,017 13600 10.53 14.72
8-8.5 0,015 13006 9,99 14.44
> 8.5 0,013 11532 1626 14.53

18.68

Table 14. The possible energy saving in subgroup 2042 (two shift method, by utilizing
rull installed capacity).

Production umber or SEC Energy % saving
range industries (Rs) (Rs) % saving (cumulative)

I 0.{}-(),5 35 0.204 10 208
2 0.5-1.0 34 0,085 8500
3 I. 0-1.5 II 0.064 9600 68.65 68.65
4 1.5-2.0 2 0.052 10400 38.82 58.01
5 2.0-2,5 3 0.046 II 500 28.13 50.49
6 2.5-3.0 3 0.042 12600 19.23 44.34
7 3.0-3.5 2 0.038 13300 17,39 39.79
8 3.5-4,0 2 0.034 13600 19.05 36.68
9 4.0-4.5 3 0.032 14400 15.79 33.91

10 4.5-5,0 0 0.028 14000 17,65 32.02
II 5,0-5.5 0 0.027 14850 15.63 30.26
12 5.5-6.0 0 0.026 15 600 7.14 28.11
13 6.0-6.5 0 0.022 14300 18.52 27.26
14 6.5-7,0 0 0.020 14 000 23.08 26.91
15 7.0-7.5 0 0.019 14250 13.64 25.97
16 7.5-8,0 2 0.017 13600 15,00 25.26
17 8.0-8.5 4 0.015 13006 1946 2491
18 > 8.5 22 0,013 11 532 24,63 2489

30.42



capacity. Utilization of full installed capacity at
improved energy efficiencies leads to a possible
significant energy saving of 23-38% in this sector.
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