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ECONOMIES QF SCALE IN THE INLIAN CEMENT INDUSTRY

G.S. Gupta™

The Indian Cement Industry is nretty old and it
is now well-established, In India, Cement - .s first manu-
facturad in IYadras in 1904, 1Its producticn in 1969 stood
at 13620 thousand metric tons and in 1971 »~¢ 14028 thousand
metric tons, Luring 1950 to 196G, cement nrocuction
increased at the average rate of 8.3 per ceat per year,
In terms of cement magufacture, India will sHon be amongst
the first six countries of the weorld,

The agpregate cement consumption in India stood at

13485 thousand metric tons in 1969 and it has increased
at the average rate of 8.4 per cent during 1950 to 1969,
As yet, per capite cement consumption in India is very low,
. parti¢ularly in comparisdon to that in advanced countries,

1t was 2% kgs. in 196G as compared to that of 420 kgs. in.
Germany, 341 kgs, in U,S.A,, 313 kgs. in C=anada, and 224kgs,
in U.K. in 1659, As the country develaps, the cement demand
is bound to increase at an accelerated rate, It is estimated
that the cement demand in India is now increasing at the
rate of about 10 to 12 per cent per anmum

Cement being & bulky commodity, its expnrt and import,
particularly from far-off places, have to be minimised, To
metch the increased demand, the production must increase,
It Is certain that as produyction increases, total cost
increases too, However, there is nqg.8uch certainty about
exactness of the relationship between cost and output,
Nevertheless, the knowledge of this relatinnship is very
useful in producticn planning. For, lookiag partidlly from
the supply side alone, it is advantageous tn expand output
1f cost increases less than »roperticnate fncrease in output
and vicz verss, Of course, even 1f cost increases more

*The aunther is faculty member at . the Indian Institute of Management,
Ahmedabad, He is greatful to iref. #.N. Misra for some useful
discussion and to Mrs., T.X. <atel for her he'lp in some data
collection and computer runs,

lsomant (1959), Gunta (19741,
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the TC function should be cubfc and that the ccefficient of
the output cube mist be positive while that of the output
square must be negative, 4 quadratio TC function will glve
a U-shgped AC curve only 1f the intercept term and the I
coefficient of the output square are positive and in such a
case the MC curve will be a monotonously rising one. A
linear TC curve implies a constant MC curve and a L-shaped
AC curve only if tlic intercept term 18 pos:ive; {f intercept
term 18 negative, AC curve will be of inverted L-shaped.
A double-log TC functiom results into 2 constant} falling
or rising aAC and MG curves; i1t never yi elds a U- phaped
AC ot/ and MC curves,

We have tried all dne four forms for varlous cost
functions estimated in this oaper. A particular form
has been chosen for each functicn on the basis of both
economic theory and statistical-inference. In particular,
the best forw for each function has been chosen on the
basts of the a priorl signs of the coefficlents, Bigni-
ficance of the coefficients as indicated by the t-test and
the contribution of each new independent variable to the
explanation of variation in the independent ve.riable as
measured by the cozfficient of determination (R )

The various cost functions estimated in this paper.
are the total cost functions for All-India, for Bihar -
and for Madras cement industries, for Associated Cement
Companies, for Jaipur Udyog Ltd,, for Mysore Cement Ltd. ’
and for Sone Valley Portland Cement Co.Lta, 3 -

While all these are estimated from time series.
data, the totsl cost-function for All-Indiz has also been
estimated from cross section datc separately for the years
1963,1967, 1971, and 1972, Cost fungtions for the components
of coSts; viz,, material cost, labour cost and depreciztion
cost, have also been estimated sepsrately for Alla lndia,
Dihar, and Madras frim time-series data,

The cost functions at the firm level and at the
country level using cross-sect{nn data are estimated using
cost and-sales data roather than cost and ocutput data, .
for thelr bslance sheet cost data, which alone are published,
include both production and distribution costs, As changes
in inventory rvrender sales to be different from production,
cost-sales relationships cannot reasonably be used to
infer econc: 2ie8 or diseconomies of scale,

3:. lcase note that there are cement industries in places
other than Bihar and Madras alsc 2nd thus the industries
in these cub regions do mot add un to all industries in All-India.

A0C 1is the largest cement manufacturing fimm, SVE is the
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In time series regressions, time (trend variable)
is used as a proxy variable for technical progress while
in cross-section data the ratios of material cost to
lebour cost and operating cnst to labour cost are used as
the nroxy variables for measuring the technologies of
di fferent firms..

The vata

The time series data for All-India, Bihar, and Madras
are obtained from the Census of Manufacturing Industries
and Annual Survey of Industries, The time series data for
individual firms dnd the cross-section data for all cement
industries in India are.obtzined from Bombay Stock Exchange
wirectory (1573). A4s the volume of data is pretty large,
they are not reproduced here,

The Bombay Stock Bxchange Directory provides firm-wise data

for 17 firms manufacturing cement in India. They are

Asoka Cement Ltd, (4CL), asSociated Gement Companies Ltd,
(ACC), Chettinad Cement Corporation Ltd. (CCC), Indla .-
Cement Ltd, (ICL), Jaipur Udyog Ltd., (JUL), Seurashtra
Cement and Chemical Industries Ltd, (SCC), Travancore Cement
Ltd. (ICL), Andhra Cement Co. Ltd, (ANC), Bagalkot Udyog
Ltd, (BUL), .almia Cement (India) Ltd, (LCL), Madras Cement
Ltd. (MAC), Orissa Cement Ltd. (OCL), Fanyam Cements and
Mineral Industries Ltd, (¥CM), Shri Mgvijay Cement Co. Ltd.
(ICL), and Sone Valley Fortland Cement Co. Ltd, (SVF),

The data from all these 17 firms, 16, or 14 firms, when the
data for the remaining ones were not available for the
particular year, are used in the cross-section analysis,

411 rupee variables are measured in crores of
rupees, and output variables are measured in crores of
metric tons, ~rrices and wages variable are denominated
in index numbers with base 1961=1,00, Ratios are measured
in absolute numbers, Time variable is normlised to take
a value of zero .in the first period, 1 in the next period,
and so omn, ‘

The following notations have been useu:

TC = total cost

= Trend variable {number of years)

X = output

= ‘sales
MC = mterial cost
LC = labour cost

6 = depreciation cost
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= wholesale price index

“u

Ic = cement price index

W = wages in cement indesrry index

FK = whcleszale rice of nochinery 2! trans:ort

equioments index,

Results and Interpretation

The di fferent forms of verious cost furctions were
estimoted by the crdinary least squares .etiosd, One form
for each ecuaticrn was then selected on the »xmsis of both
econcmic thesry and statistical infirence, Forthermore,
other things remaining the same, we have -referred cubic
form ~ver all other forms, quadratic form over linear and
double-log forms, =nd linear form over double-lsog form.
The results of the best fittinpg total cost equations are
provided in Table 1 and those of component cost equations
in Table 2. In these tables all the pertinent statistics,
i.e., t-values of the coefficients, coefficient of
determination (R?) and furbin-Watscn statistic (-W), have
been recorded for each equatinon. The t-values of those
coefficlents which are significant by one-tail t-test
at 5% and 1% levels are marked with * an2 *%  respectively.

It will be seen from the results that all coefficients
have a prioril correct signs. Statistically, most equations
appear to be equally accextable. O0f the 20 equations in
Tablesl and 2, 14 equations explain more than 92 per cent,
one about 8v per cent, one about L1 per cent, three about
8l-0v2 ner cent and one nearly 64 per cent of the total
variation in the corresponding derendent variable, Most
coefficients are significantly different from zero and no
equation is subject to serially correlated disturbance term

It will be seen from Tables 1 and 2 that out of the
total of 2 cost equations, cne is cubic, two are quadratic,
twelve sre linecr and five zre of double-log forms. From
the signs of the ccefficients in =11 these equations it
will be clear that the cubic equation will result into
U-shared aC and M curves, linear equations into L-shaped
4AC and constant MG curves and the cdouble-lve into rising
or falling AC and MC curves, depending uprn whether the
elasticity coefficient is greater than cr loss than unity,
Thus, in the Indisncement inducstry, therz "2 a2 nredominance

-
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Gomfng to inter-firm comparison, the maximum economy
i1s enjoyed by the ASsociated Cement Companies Ltd, ("l»= 0.42),
the largest cement firm in Indis, and the minimum economy
is available to Sone Valley Fortland Cement Co, L€d, (¥) =0, 81).
All the ind vidual firms under study are reaping the fruits
of economt es of scale, ’

Output elasticities of component costs indMcate
that economies of scale are arising mainly from labour cost;
material and depreciation costs are subject to nearly constant
returns to scale,

In this paper we have not worked out the optimum
size of the cement industry or fim, for this can be obtained
only from the total cost-output (not total cost-sales)
relationship and only when this relationship is efther
quadratic or cubie, However, from our finding of the pre-
dominance of the L-shaped average cost curve, it can be
concluded that meither the industry nor any firm has yet
redached its optimum size, The industry is still operating
on the left part of the U-shaped average cost curve, This
means that from the cost side alone at least, there 1s a
good scope for cement industry's further expansion,

Conclusion

In this paper we have estimated the cost-output
relationship in the Indian cement industry both from
time-series and cross-section data., It i1s found that
in general the industry is still operating on the first
half of the U-shaped average cost curve and thus cement
firms have not yet reached their optimum sizes, The
investigation into economies or diseconomies of scale has
suggested that significant economies exist only with
respects to labour costs in All-India and Bihar and total
cost in All India Cement Industry and in all the four
cement firms studied; significant diseconomies exist
only with respect to total cost and masterial cost in Madras
industries., Inter-regional comparison has indicated that
expansion of the industry in places other than Bihar and
Madras and contraction of Madras firms will be beneficial from
the side of cost, Among the four cement firms considered,
the associated Cement Companies is enjoying the maximum
economies of scale, fts sales elasticity of total cost is
0.42,
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