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Plant Size and Economies of Scale

I. Iptroduction

One of the problems which has been widely and frequently discussed in
the recent literature on economic development, both at the macro economic
level and the micro economic level, is the question of economies of scale
and the size of plants. The question relates to techniques and forms of
production organization which can be utilized in a plant or industry.l/

In developed countries the problem has been mostly discussed as relating to
wonopoly and strategy under oligopoly, whereas in newly industrializing
countries it has been the problem of selection of industry or establishment
and operation of new plantas, This paper will be confined mainly to
discussion of size of plants as related to developing countries.

As 1s well known, the cost of indusirial product is generally lower in
a large—écale plant than in a small-scale plant, the main reason being that
the costs of equipment and construction and land, the smount of labour
required and sometimes the amount of raw materials do not vary in proportion
to changes in the size of production. A large scale production may also
require less overhead cost per unit of output.

However, the sconomies of scale may not always be entirely relevant for
the choice of industry especially in undsr—developed countries when one takes
intc account local conditions in their factor proportions, the prices of
competitive goods, the sizs of market, the location of planit, the technology
involved, etc,

This paper deals briefly with (I) the cost of production in relation to
the scale of production, and {II) the effect of such factors as market,

transportation, management and technology on the scale of production.

1/ The term "economies {or diseconomises) of scale™ has been vaguely used.
One of the distinctions is between external and internal economies,
the other between pscuniary and {technological. Internal economies are
those within the firm, external economies are external to the firm but
available to all firms in the industry. Pecuniary economies arise from
the change in the price of a factor or intermediate good, or a cost of
marketing, while technological economies are realized when a larger scale
of output permits a lesser input per unit of output to be realized in
physical terms.
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II. Cost-size relationship

A decrease in unit productlon cost with increase in size of plant is a
well known characteristic of mary irdustries.” o

This relationship can be gkpregséd for various components of production
cost including investment or capital charges, labour, raw materials,
maintenance, and other inputs by formulation of appropriate equations. The
relationship between investment and scale of production for example has been

presented in the following formula.

AW
K X, |
. \\2 2/
where Kl and K stand for capital requlrements of plants 1 and 2, and Xl and

X2 are the corr38pond1ng output levels. [? is an empirical exponsential
coefficient which varies from one 1ndustry to. another and which would:hold true
only within a certain range beyond which it would also tend to vary.

Jach comppneﬁt of production-cost shows a different variation in rolation
to the scaie of capacity and ocutputs. . In general, the amounts of raw materials
consumed vary in about the same proportion to output,; whereas lahour and.
equipment requirements increase lgss rapidly than the rise in production.

Those costs for sales and distribution, although they ars-not included in the
direct cost, also increase less proportionately. '

A few studies on the subjoct of economies of scale have been hitherto
undertaken by the Industrial Development Division of. the United Nations
Headquérteré and the United Nations Economic Commission for Latin Amecrica.

For oxample, the study on this subjoct, which analyzes changes in costs and in
investment outlays in relation to capacity of output in two industries,
ammonia fertilizors and glass containers appearced in the Bulletin of
Industrialization and Product1v1ty.2 The Beconomic Commission for Latin

Anerica made & similar study on the steol industry, which also offers an

extonsive oxample for the case.~  Some other papere on programming data for

2/ United Nations "Problems of Size of Plant in Under-developed Countries”
Unitod Nations Productivity end Industrialization, Bulletin No. II (Wew
‘York 1959)

3/ PBconomie Commission for Latin America, Afstﬁdzfof the Iron and Stecl
Industry in latin America (IT.G.3. Vol.I. 1954) pp. 112-116.




gsuch industries as the ones for cement, fertilizers based on natural gas
and aluminium prepared by the Research and Bvaluation Division of the
Centre for Indusirial Development United Nations Headquarters provide

_ similar examplesfél The following table shows some of the results of a
number of the above~mentioned studies and of the recent study underteken

by the Productivity Center of Japan in four industries, namely ball-bearings,

tar, benzole and aluminium plate. (For detail see Appendix).

(Table I)

Variation in Production Cost in relation to Different
Scales of Output in Selected Industries

Reme of Capacity Unit : Variation in Oapacity

Products and Cost and Prcduction Cost

Steel Capacity in 1,000 tons per year 50 250 500 1,000
Cost per ton in 1948 U.S. dollars 209.4 158.8 137.5 127.2

Cement Capacity in 1,000 tons per year 100 450 900 1,800
Cost per ton in 1959 U.3. dollars 26.0 19.8 16.4 13.9

Ammonium Capacity in short tons per day 50 10C 150 300

Nitrate Cost per ton in 1957 U.S, dollars 190.4 145.1 125.6 101.5

ﬁ/ See United Nations, Centre for Industrial Development, Programming Data
and Criteria for the Cement Industry, Fertilizers based on Natural Gas,
and Pre-invegtment DNata on the Aluminium Industry.
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Boer Capacity number of moulding 1 2 [ 12
Bottles Cost per gross machines
in 1957 U.S. dollars 8.51 7.25 6.13 5.69
Glass . Capacity number of moulding 1 2 6 12
Container Cost per gross - . machines :
S : in 1957 U.S. dollars, 8.66 T7.77T 6.78 6.33
Radial ball- Capacity .- production index o1 .2 3
bearing  Cost per 1,000 (1961 = 1) )
in 1961 yen. 79,800 67,100 63,100
Tar.  Capacity tons per day 71000 2000 300 40€
' Cost per ton  in thousand 1961 yen 10.5 9.6-. - 9.2 8.9 
Benzole  Capacity " tons per day 50 100 200 300
Cost per ton in thousand 1961 yen 29.2 27.1 25.9 25.4
Aluminium Capacity tons per year 200 1,200 3,000 5,000
Plate Cost per ton in thousand 1960 yen 276.8 272.2 269.1 263.5

Source: For steel, Economic Commission for Latin America, 4 Study of the
Iren and Steel Industry in Latin Americas op.cit.
Por cement, Tconomic Commission for Asia and the Far East, Formulating
Industrial Development Programmes.  Sales N. 61.II.F. 7. Bangkok, 1961
Por fertilizers and glass containers, "Problems of Size of Plant in
Under—developed Countries" Bulletin of Industriallzation and Produc—
tivity, op.cit.
And ‘for other products, Japan Productivity Center: A Research Project
in the Sige of Plants, (mimeo) Tokyo, 1961. .

Since each item has been calg@lated on different assumptions, the
table above does not serve for comparative purpose smong various industries.
It shows, however, as a first approximaticn, that the production cost in
industry is normally lower in large-scale production than in small-scale
production.5

Zach component of production cost shows different variations in acoor-
dance with the types of products and techneology. This, together with
‘dlfferent weights of these components in total cost, makes econocmies of

scale un~uniform throughout 1ndustr1al activities.

*/ It should be mentioned that the cost of production is affected differently
by the scale of capacity and by the scale of output (actual operation).
In uging the word "scale" in this paper it is implicitly assumed that the
degree of operation -i.e., the degree of capacity utilization - remains
constant. Needless to say, higher scalee of operation lead to lower
costs, smaller investment per unit of production, and higher productivity.
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For the saske of simplicity, total production cost may be divided into
the following four groups:
(i) oost of raw materials and supplies, including all current purchases
made by the factory and_excluﬂing supplies for maintenances |
(11} oost of power and fuels, wherever such distinction can be mades
{1i1) labour cost, including all wages and related payments, other than
the wages of regular workers: ,
(iv) cost relating to capital investment, including depreciation,'labour
and materials for maintenance and the normal renumeration of capital
and miscellaneous charges, such as short term intersst and insurance

oharges,

Cost of raw matorials and supplies. Raw materials regquirements in physical
torms are, in most of industries, virtually indepcndent of size of operation
and change almost proportionately with tho scale of.produotion. Unit cost
of raw matcrials, howovor, often doorcascs with tho posribility of lower
cost in bulk purchasing and shipping, and with tho pozsibility of reduced
waste in handling thom.

dmong tho abovo cascs, no change in the unit cost of raw matorizls and
supplios has bocn assumed in the cases of ammonium nitrato, beer bottles,
tar, benzolce and comont, although the raw matsrials cost may, in practice,
sligntly change, as is soon in othor cnms-s. In the cases of aluminium plate
and finished steel, they show a certain amount of saviﬁgs in raw materiagl
inputs, mainly due to the lower cost of dbull purchasing and the savings
arising from better handling and operating methods which are technologically

fezsible only in large scale plants.

Costs_of power and fuels. Tn general, physical inputs of fuel and power

slightly change with changes in the size of operation, the magnitude of
which is, however, likely to be insignificant in most cases. 4 contribution
of savings of power and fuel input is, therefore, rather small. This is
especially true in such industries where the costs of power and fuel hold

a small proportion of total costs; for example: in ball bearing plants

(where the power cost is only 1.1 = 1.6 por cent of the total cost) and in



-

‘ the aluminium fabrication (3.5 per cent), the contribution of saving of
pover to total decrease is only 1 per cenf and 8.9 per cent respectively,
when the scale of production increases four times the present level in the
case of ball bearing and from 1,200 tons to 5,000 tons in the case of
alupinium fzbrication. _ ‘

In high fuel or power consuming industries =much as the manufacture of
ammenium nitrate where the share of unit cost of fuels and power in the |
total cost is large, the size factory may affect total production cost to
some extent, due to the technology involved in the process. The size fac~-
tor may not be, howsver, a decisive factor in determining tbe‘¢ost of
product, the unit cost of fuels and power being, in general, rather indepen-

dent of size.

Cost_of labour. An inorease in the size of plant would require a lesser

number of workers to engage in its operation. Unit cost of labour shows
remarkable decrease in all of the above casess for examﬁle, 41,1 per cent
in the case of ball-bearing,'SS.T‘per cent in tar, 59.7 per centﬁin 5enzole
and 33.5 per cent in aluminium plate.

In general, some part of labour inputs is independent of size and
remaing unchanged even if the size increases,‘while therremaining_part
changes proportiocnately with an increase in the scale of output, The
proportion between these two parts, fixed and variable, of the labour inpute
varies from one industry {or plant) to the other, depending on the technology
involved. In such industries as metal and chemioal process industries,-
egpecially in fhose modernized plants with continuous process and automated
machines, where the labour is more or less of supervising type, the'propor-
tion of the fixed part is relatively larger than the otbef. The scale effeot
is greater in this item of cost. However, in relotively more labour inten~
sive type of plants, the fized labour is relatively small, and, accordingly,
the labour cost decreases very slowly with an increase in size of operation.
In the case of glass containers, for example, it is comsidered that total
labour requirements tend to follow more closely the inorease in scale of

output then in the case of the production of fertilizers



It has to be noted that in the above cases marginal labour costs, both

wage rates and productivity, are assuméd to be constant. In reality, however,

it is not cqnatant as will be discussed later.

Costs relating to capital. ‘Costs relating to capital investment include such

items as depreciation,‘lappur and_materials for maiptépénce and the normal

. renumeration of capital gnd‘miscellanapué,éharges,'sﬁch‘as shprt-terﬁ:interest
and insurance charges. Some of them are variable and some arérfiied, in

_ rélation to chénges in the scale of capacity.§ The scale effect of fhe‘unit
costs‘of'capital on the total cost is in general great, and varie¢s from one

_industfj or plaht to the other depending on the structure of cost and the
marginal priée of capital. I ' '

" --Adcorﬁing tolthe ghove étudies, total capital cost in the case of ammo-
nium nitrate increases proportionally with the 0.6th power of ths capacity
and in the cese of glass containers increases approximately with the O.75th
power of dgp&§ity. In the caée*of ball bearihgs in the above study, the
unit cost bf'6apita1 increases as the scals cf'prcéuction increases, the
reason being that the enlargement of the scale ‘of produstion requires addi-
ti@nal insﬁai}atien of név.machipes and eguipment which are supposed 1o be
more éxpenéivé than fhé original. The increase of capital costs in this
case, howevg;, is far more offset by the savings in labour inputs resulting

‘from the application of new machines and equipment.

é/ The relationship for variation of each item of capital cost with the
gize of plant (capacity or output) is complicated and needs separate
detailed study. It involves those problems of, among others, depre-
ciation rate, tax rate, wage rates for labours in maintenance, cost
of research, etc.
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IITI. Factors affecting the Scale of Production
or Capacity

Although the cost of production of manufacturing goods is, as was
mentionsd above, lower — in many cases much lower — in large scale plants
than in small~-scale ones, the size of plants (measured by volume of pro-
duction or by capacity) is affected by a number of factors, such as (a) type
of technology involved, (b) the price of competitive imports, (¢) the size
of prospective market and its anticipated growth, (d) the distribution coste

of product, and {e) the aveilability of managerial personnel.

Technological factor. In the cases mentioned earlier, it has been assumed

that the gquantitative composition of main production factors - labour and
capital - in the process of producing goods remains the same; in other woxds,
Unchanged technology is assumed. In practice, hovever, alternative processes
seem to be techriologically feasible, which involve different relative amounts
of capital and labour. The factor mix in industrial processes is adjusted

to the relative costs of labour and capital. The problem has been known as

a choice between capital-intensive and labour-intensive industries.

In under-developed countries, a change in technology resulting in a
rolatively larger input of the less costly labour factoer and a corresponding
reduction of the higher costly capital factor tend to lower the minimum scals
of capacity.7

However, substitution of labour for machine and eguipment in the main
part of the industrial process may technologically be limited in modern
industries. In the steel industry, for example, the available techniques
are such that even the smallest feasihle plant has a substantial capacity.
The choice of technology in turn is affected by the volume of output, and
for this reason the use of automated machine is often limited in underw

developed countries.

l/ Harket prices of production factors in developing countries do not precise~
ly reflect their relative scarcities; if factors are valued at prices
reflecting relative scarcities, the pattern of relative costs may differ
even more from that prevailing in industrialized countries. The costs of
raw material will also have to be adjusted when indigenous materials may
be available only in poor guality or irregularly.
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Greater requiremente of labour input due to lower labour productivity
way also limit the substltutlon.: Various levels of mechanization are, how-
ever, possible in a number of ancillary operations such as unloading, con-
veying and mixing raw materlals and handl;ng_of,f;nlshed productsg. The
Centre for Industrial Develgpmént has_conducted many studies on this sub-

Lject of choice of technology.8

.Harkeﬁg/s The size of market is one of the important factors limiting the
scale of operation especially in small developing countries. In determining
the scale of capacity, one should take into account not only the present
 volume of demand but also the future growth of the merket. The eptimum scale
in a growing economy is, however, very difficult to determine. This prodlem
of "anticipated market" is particularly important in the cases of industries
whose increase in capacity of outpﬁt proceed by substantial “jumpé", each

involving a considerable additional investment outlay.

8/ See, for example: ;
United ¥ations Bureau of Dconomic Affairs, “Capltal Intenslty in Industry
in Under-developed Countries", Industrialization and Product1v1tv Bulle=-
tin N. 'L (¥ew York, 1958)
Jan Tinbergen, "Choice of Technology in Industrlal Plannlng", Industri-
alization and Productivity, Bulletin N. 1 (New York, 1958)

G.K. Boon, "Choice of Industrial Technology: The Case of Vood-working",

Industrialization and Productivity, Bulletin N. 3 (New York 1960)
Saburo Okita, "Choice of Techniques", Industrialigation and _Productivity
Bulletin N. 4 (Wew York 1961)
United Nations Centre for Industrial Development, Ch01oe of Capital
Ingenslt in Operational Planning fox Under-developed Countries (New York
1962) : . _

jy It is assumed here, that the market is sufficient to absorb the whole
production of at least one firm of optimum size, and that the market is
competitive enocugh not to oreate monopolistic prices. This assumption,
however, may not always be true.
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If a plant is installed on the basis of present level of demand and
yet the sctual demand grows répidly, the plant will have to be expanded
frequently and, thus, a considerable amount of capitazl as well as time
" will be wasted. If a plant, on the contrary, is designed for the antici-
pated market in the future, it may begin to operate at a level lower than
its capacity, and the return on invegtment in the early years will be
quite low.

The optimum scale is set at the point whers the discounted value of
production over time exceeds the discounted costs (including depreciatioen)
by the greatest amount. The rate of discount used should represent the
social return to capital in alternative uses, Which is measured by its
accounting price. A high discount rate will ftherefore lead to the con-
struction of smaller plants, while a low discount rate will lead teo the

erection of larger plants.

Hinimun capacity. Ninimum scale of capacity is determined by the price at

which the same product is available as an import. In other words such
capacity should result in production cost on the basis of which the price
of the locally manufzctured product is equal to that of the imported products
operation below this capacity would confront with the import price lower
than the price at which the local product can be sold. Minimum scale is
thus distinguished from optimum capacity. The two would coincide only if
the anticipated market including external market for the locally manufac-
tured product over the perioed of years corrcsponding to the useful 1life of
the equipment, were met by output at the minimum capacity. This case,
hovever, is unlikely to ocour, since, among other reasons, the market is
more likely to grow rather than to remain stagnant. If market studies
indicate that the market is too small to sustain this minimum capazoity,
it would be cheaper to meet local needs through imporits.

In this connexion, the cost of trensporting both inputs and outputs

becomes an important factor in determining the level of capacity. This
factor is of particular importance when and where transportation cost is

high relative to »rcduction cost. In establishing a cement plant in a
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Southeast Asian country, for example, the cost of production in a proposed
300,000 ton plant at a specified location was estiﬁated to be §13 per ton.
And, railway freight charges to two major markets located some 100 miles

and 600 miles respectively from that plant were estimated to be $2.60 and $10
per ton or 20 and 70 per cent of production cost. By virtue of this locafion
problem, plants may be operated at levels well below the optimum scale and
yet have a competitive advantage over large plants which are located farther
from the market.iY ' -

The petroleum refining industry is another example of the case. A
refinery with a crude oil throughput of 120,000'barr91§ s day is generally
considered the optimum scale of plant in the United States. This is, how-
ever, oh the assumption that the refinery can transport its products to the
market by ship or that it is located in close proximity to a very dense
market 89 that transport by road or rail entails only short haule. In the
inland areas of the country, on the other hand, there are a number of
refineries with much smaller capacities.l '

Likewise in equating import prices to local production cosis to deter-
mine the minimum capacity, the resulting scale will bg much lower in under—
cdeveloped countries than the average capacity of a corresponding plant
operating at optimum level in an industrizlized country, because transport-
ation cost accounts for a considerable part of the import prices of com—
petitive products. Thus, in under-developed countries the minimum size is
often less than the aversge size of plants in the older industrialized

countries.12

10/ In other cases, where transport cost may not be high relative to produc-
tion cost, inadequate distribution facilities may be another limiting
factor. Inadequate services such as irregular deliveries may be partly
regolved by, among other things, the use of motor transport, the establish-
ment of transit stores at apprepriate locations as well as the instal-
lation of relatively small scale plants. ‘

11/ Joe S. Bgin, Barriers to New Competition (Cambridge, 1956)
12/

The minimum size of plant would be further reduced if the rate of domes-
tic taxation applicabdle to the products were smaller than the rate
applicable to the competing foreign products in their own countriess

2 fortiori, exemption from domestic taxation would bring about an even
greater reduction in the minimum size of plant. A further reduction -
of a scope varying from one industry to the other - would be obtained
through devaluation or through imposition of custome duties on the com-
peting imported preducts.
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‘Managements One of the limiting factors on plant size, especially in less
developed countries, is the problen o6f menagement. "The entrepremeurial
organizatlcn is really &8 constellatlon of functions including the management
of risk and uncertainty, planning and innovatlon, co-ordination, admlnistra-
tion and control, and routine superv1sion, and in the larger enterprise
where capital per worker is hlgh, this complex of functions is an important
factér.'l In'smallef plants, these functicns are naturally‘embodied ina
gmall group of managers, while in larger plants a large staff is required,
which, in most cases, is costly and in short supply in under—developed
countries. ‘ '

Concluding remarks: The problem of economies of scale aﬁd size of,ﬁlants
is certaihly,very complicated and is not by any means simple to present in
a general formula. The data used in this paper are only indicative of
orders of magnitude and explaln enly some aspects of the whole problem.
Increased effort would be required for assembling a systematic and coherent
dncumentation on the cost structure of a large number of industriallproducts
‘and on ths Varlation of costs in relation to ths size of plant.
| Many studlea show that a large~scale plant has greater advantages over
a small plant in many aspecta. In general it may be stated that!
_'(1) from the technnloglcal point of view a large plant can achieve a
| ‘standardlzatlon of both parts and products, and a Speclallzatlon of
work, resulting in higher quality of preducts. It is also more
suitabie for adoPtioﬁ of quality ccntroi system, continuous flow of
materisls and an integration of different processes. A4lso, it cen
utilize by-products and wastes more economicallys; '
. (ii) from the management point of view, it saves input of manpower, by
' the division of labour and by the substitution of skilled labourers
: by semi-gkilled labour forcej .

;é/ LCAFE, Economic Development and Plann_hg in Asia and the Par Eagt,
(December 1958, Bangkok) p. 54+
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(1ii) alsoy a léfgé organization haé advantages in purchasing of raw matem
rials, in obtaining oredit, and in carrying out research for productss

(iv) and, the establishment of a .large plant may be followed by development
of . sub~contracting firms.and the creation of a complex of small and

large~scale firms.

The foregoing, however, does not imply that rapid industrialization
congists solely of the creation of large-scale plants. OSmall-scale plants
may also be justified for various reasons. First, as was menticned earlier,
there is a téchnological limit in scale beyond which the production cost
shows no favourable decrease. Secondly, from market point of view a smaller
scale of production may be justified if the market for the product is small.
Thirdly, local supply of raw materlals, labour and capxtal, a8 well as the
condition of infra=-structure such as water and powsr supply, and housing,
may also justify the existence of small plants. And finally, the scale of
plant is also often limited in order to minimize the risks of uncertainty.
and business fluctuation.

Decisicn on the gcale of lndustrles or plants, thus, depend on a number
of technological, economic, social and political factors such as the supply
of inputs, geographical distribution of market, distribufion cost, the anti-
cipated pattern of growth of the industry, government policy, and so forth.
In other words, the. decision of scale concerns not only with the firm's

interest but also with the regional and national plan.
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(Table 1)

Production Cost of Ammonium Nitrate for
Different Scales of Production, United States

(in 1959 U.S. dollar per short ton of ammonia content)

Components of cost Scale of capacity in short tons per day
5Q 100 150 300
Raw materials and supplies 27.0 - 27.0 27.0 27.0
Labour 46.0 28.8 23.0 11.2
Cost relating to capital 117.4 89.3 75.6 573
Total 150.4 145.1 T 125.6 101.5

Source: United Natioms, "Problems of Size of Plants in Industry in Under—
developed Countries', Bulletin of Industrialization and Productivit:
N. 2

{Table 2)

Production Cost of Beer Bottles for
Different Scales of Produetion, United States

(in 1959 U.S. dollars, per gross, packed)

Components of cost Number of bottle-moulding machines

1 2 4 6 12
Raw materials 2.40 2.40 2.40 2.40 2.40
Labour 3.09 2.31 1.93 1.80 1.67
Cost relating to capital 3.02 2.54 2.13 1.93 1.62
Total ‘ 8,51  7.25 6.46  6.13  5.69

Sources United Nations, "Problems of Size of Plants in Industry in Under-
developed Countries', Bulletin of Industrializaftion and Producti-
vity Ne 2.
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(Table )

Production Cost of Radial Ball Bearingséf
for Different 3cales of Production, Japan

(in yen per 1000 units)

rem—

"~ -Components of cost ‘ Scale of Production

present N
production level double scale 4 times scale

Raw materials o 44,600 41,200 39,200

Lebour 17,700 10,400 8,600
Supplies from outside 8,100 5,000 4,700 °
Pexation 300 800 800
Depreciation 3,200 4,900 15,100
Power 1,100 1,200 1,200
Qthers 4,700 3,600 3,600

" potal o - . 79,800 67,000 63,100

Source: Japan Productivity Center: 4 Study on the Size of Firms, ﬁimeo—
grephed, (Tokyo, 1961) '

2/ Size of bearing being between 10 and 20 millimeters.
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(Table 4)

Production Cost of Taper RollerﬁBearingsgf
for Different Scales of Production, Japan

(in yen per 1000 wnits)

Components of Cost

————a i 1

Secale of Production

Present
Production Level

double socale

t— =

Raw materials
Labour
Sub-contract
Depreciation
Taxation
Power

Others

Total

165,800 149,000
57,000 41,600
26,900 16,900
12,600 16,000
1,100 2,100
4,600 5,100
12,300 11,200

280,300 241,900

Source: Same as Table 3.

g/ Size of bearing being between 20 and 50 millimeters.
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(Table 5)

Production Cost of Tar for Different Seales of Production, Japan

(in“yen per metric ton)

Components of Cost .

Soale of Production {in metric tons per day)

100 200 300 400
Raw materials 64500 6,500 6,500 6,500
Auxiliary sector 1,328 1,195 1,072 " 955
Labour : 473 300 242 205
Cost of equipment 1,053 841 T34 - 673
Adrinistration 1,300 953 809 736
By-product and others (=) 150 (~)150 (-)150 (=) 150
Total 16,504 9,639 9,207 8,919
Source: Same as Table 3.

(Table 6)

Production Cost of Benzole for Different Scales of Production, Japan

(in yen per metric ton)

Components of ocost

"Scale of Production (in metric tons per day)

50 100 200 300
Raw materials 20,725 20,725 20,725 20,725
Auili&ry sector 2,904 2’519 2,464 2,431
Labour 655 400 264 218
Cost of equipment 3,659 2,854 2,280 1,991
Administration 1,610 1,194 1,766 623
Others (minus) (=) 357 (=) 591 (~) 597 (-} 597
Total 29,196 27,095 25,902 25,397

Sources Same as Table 3.



(Table 7)

Production Cost of Cement for Different Scales of Production

i

Input and investment Capacity of plant (in thousand metric tons)

per 1,000 tons 35 50 100 230 450 900 1,800

Labour input (in man-years) 1.43 1.20 1.00 0.80 0.75 0.65 0.50

Capital investment (in .
1,000 dollars) 50 46 43 40 3% 28 22

Cost per ton {in dollars):

Capital charges® 12.5 11,5 10.8 10.0 8.8 7.0 5.5
Total Cost 28,7 27.0 26.0 24.7 19.8 16.4 13.9

Sources: United Nations Commission for Asia and the Far Zast, Formulating
Industrial Development Programmes, Bangkok, 1961, p. 46.

2/ Raw materials inputs are assumed to be constant. Fuel and power
decrease with scale.

E/ Charges for depreciation and returns to capital caloulated at
25 per cent of capital stock.

Note: Lstimates are based on United States International Co-operation
Administration Publication and Soviet Programming norms.
Bimilar data can be obtained from the study prepared by the
Research and Zvaluvation Division, Centre for Industrial Develop-
ment, United Nations: DIrogramming Data and Criteria for the
Cement Industry. '
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(Table 8)

Production Cost of Finished Steel for
Different Scales of Production, Latin America

(in 1948 U.S. dollars)

—

.Lost per.toné/. ... Capacity of plant {in 1,000 metric tons per xparz
L .. : .50 250 500 100

Rew materials . T 33,84 .31.26 31.26 - 25.68

Labour, cost o 32,00 15,20 8.57 . 6.60

Capital charges - . 122.93  101.20 87.10 85.05

Maintenance & Hiscellaneous 20.59 11.11 10.57 9.83

Total cost | 203.36  158.77  137.50  127.16

Total investment pér ton 492 '“405 ' 348 340

Source: United Nations Commission for Asia and the Far DPast, Formulating
Industrial Development Programmes, (Bangkok, 1961) p.. 44 -

a/ The costs (in dollars) are taken from engineering calculations
for hypothetical integrated plants of different sizes located
in the eastern part of the United States. Labour costs are
taken here at 50 per cent of the United States and charges for
depreciation and profit at 25 per cent capital invested to
reflect Latin American condi tions.
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(Table 9)
Production Cost of Aluminium Plate for

Different Scales of Production, Japan

(in yen per ton)

Scale of production {in metric ton per year)

Components of cost

50 200 1,200 3,000 5,000
Raw materials 230,220 225,300 229;220 223,880 223,120
Labour 20,940 16,050 10,120 6,730 5,250
Pover 12,400 11,800 9,590 9,160 8,770
Depreciation 7,880 14,150 12,800 18,780 16,380
Others 7,350 8,780 11,040 10,560 9,610
Total 278,790 276,080 272,770 269,110 263,530

Source: Same as Table 3.. .



