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Chapter IT s

LOCATION Of FERTILISER EAMS

In this chapter we would discuss the existing location 

pattern of fertiliser plants in India, and would then proceed 

to examine, with the help of a simple index, the locational 

efficiency of these plants in respect of various sources of 

their raw materials and various points of despatches of their 

products. , •

Pattern of plant location

Location of existing fertiliser plants, types of products 

manufactured, process of production adopted, raw materials 

or intermediates used and sources of their supply are presented 

in Appendix.fable 4*1. It should be noted here that the process 

used for the manufacture of single superphosphate (SSP) 

fertiliser is conventional. Phosphate rock is acidulated 

with sulphuric acid for the manufacture of SSP fertiliser. 
Nitrogenous and NP/NPK complex fertiliser plants, of course, 

use latest process technology.

All the nitrogenous fertiliser plants, which were establish­

ed until the end of 1960’s, were located very near to the sources 
of raw materials. She production of ammonium sulphate (AS)

/
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fertiliser at FAC®, Alwaye in 1947, was based on wood charcoal 

due td non-availability of any other source of raw-material 

in the neighbouring areas. 2he production of fertiliser at 

Sindri factory was based on coke which was available from 

the coal mines in that area.^ It was decided to produce 

fertiliser from lignite at Heyveli factory, and from electro­

lysis of water procebs at Kangal fertiliser, plant, lignite 

was available in large quantities at the lignite mines near 

Keyval i, and electricity and water were available from Bhakhra 

Hangal lam. During early 1960»s various petroleum refineries 

were commissioned as a result of which, large quantities of 

naphtha and associated gas available from there. As the 

use of naphtha in the fertiliser plants received prime impor­

tance, various fertiliser plants such as RGB frombay, Oil Viaag, 

GSIC Baroda,, MEL Madras, etc., were established in the neigh­

bourhood or petroleum refineries. Ihe Governments feedstock 

policies for fertiliser plan 1s have also affected the loca­

tion of fertiliser plants, Ihe switohover of feedstock policy 

from naphtha and fuel oil to natural gas and coal has changed 

the location pattern of fertiliser plants.

Since large quantities of phosphoric acid or phosphate 

rock and sulphur as well as potash are imported for the 

production of complex fertilisers,’ almost all the complex 

fertiliser plants were established near the ports. It is but
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natural that, plants which produce fertilisers as by-products, 

were also ^located near the sources of inputs.

Superphosphate fertiliser plants also import sulphur and 

phosphate rock. Some manufacturers purchase sulphuric acid 

from the local market and import phosphate rock or get their 

phosphate rock supplies from indigenous sources. It can be 

seen from the Appendix that majority of superphosphate factories 

were also concentrated in the port-based States only.

The availability of process technology also influences 

the plant location. In fact, the location of a fertiliser 

plant is determined by the process technology. I1 he presence of 

raw-material deposits are of no use^if the technology to 

process them is not developed. Even if the technology is 

available, the sources will not be exploited if processing 

cost is higher than the revenue from sale of the product. In 

1976, with the modification of process technology-RCE, Trombay 

succeeded in producing phosphoric acid from indigenous
1phosphate rock, obtained from Udaipur (Rajasthan) mines.

Formerly indigenous rock phosphate was considered to be un­

suitable for phosphoric acid production* In 1979, following 

RCF’s lead, Hindustan Zinc Ltd., Debari also started manufacturing 

phosphoric acid from Maton (Rajasthan) phosphate rock.

1 Agarwal, M.R. ’’Technical Innovations and Their Application at 
ROE Complex”, Fertiliser Hews, May 1981, p.38.
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It is apparent from the above discussion that, majority 

of the existing fertiliser plants in the country were located 

very near to the sources of raw-materials. Since fertilisers 

are moved over longer distances, under the prevailing system 

of distribution, it is of great importance to examine how far 

the existing locations of fertiliser plants are'efficient in- 

terms of their despatches to various locations. While a trans- 

port cost minimisation model has been attempted to obtain an 

optimal pattern of despatches from various plants to various 

locations of demand/and is presented in Chapter YI, here it 

might be interesting to throw some light on the locational 

efficiency of these plants in respect of their sources of 

raw materials and their despatches of final products to various 

locations of demand.

Locational efficiency

She location of a firm or plant is governed by various 

factors such as the availability of raw materials, utilities, 

labour, market for the products, cost of transportation, etc.

She regional disparity in the availability of raw materials 

as well as in the demand for.final products necessitates the 

movement of factors and materials from one place to another.

She movement of factors of production (labour and capital) 

as well as of other goods (raw materials, intermediates and 

final products) ultimately manifests into oost of transportation.
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According to Weber, "there are two kinds of transport 

eosts. Transportation costs in the sense of .political economy 

and the transportation costs as understood by the businessman 

payipg for the shipment of goods. 1’he former costs are total 

amount of goods and labour that are absorbed in affecting such 

a shipment and the latter costs are the monetary payment made 

to those furnishing the transportation (rate or the price of 

transportation)". Thus, the cost incurred on the factors of 

production - land, labour and capital - which are essential 

for affecting transportation business, is the real or economic 

cost, while the freight paid for such movement is the monetary 

cost,. Apparently, it is difficult to measure the real trans­

portation costs; as we do not know the real cost of each factor 

in affecting such movement. Hence, as the second best approxi-
i

nation, one could still rely on the freight rates. Alternatively, 

in a transport cost minimization model, one could minimize 

the distance, i*e., average lead of transportation as an 

approximation to minimize the real cost of transportation.

The question of locational efficiency can be posed from two 

angLes. One is a normative approach, i.e., if a firm or plant is 

going to be established, which would be the best location for 

its establishment. She second angle would be looking at already

2 Friedrich, C.J. : Alfred Weber1s Theory of the Location of 
Industries. The University of Chicago Frees, 1929, p'*41 •
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eatabliehed firms or plants to find out whether they are 

locationally efficient or not. In our context of the existing 

.fertiliser plants, the question of locational efficiency is 

posed from the second angle, There are already established 

fertiliser, plants, and we will examine whether locationally 

they are efficient or not.

An input-output-cum-l inear programming approach is the

most comprehensive approach for dealing with the locational

problem as it takes into account the technological as well as

spatial interdependence of all the economic activities. However,

the approach is best suitable for the normative question.

Still one could work out, based on this approach, an ideal

location pattern and then compare it with the existing ones as
%

has been done by a number of scholars. But in our context, 

looking to the nature of data available, it was considered 

desirable to use a simpler technique for examining the location­

al efficiency. Shis technique is based on Weber’s material 
index.^ We would call our index a “modified form of Weber’s 

material Index”.

3 Henderson, J.M»,"She Efficiency of Goal Industry - An Applica­
tion of Linear Programming,” Harvard University JPress. Cambridge 
Massuchusetis, 1958; lathur, P.I. and Hashim, S.R., “A Model for 
Optimum location and Plows11, published in “Economic Analysis
iii.Input-Output Framework,r, Vol.2, P.I. Mathur and P. Ventcata-
ramaiah (ed.), Input-Output Research Association, Poona; A.
Ghosh and A. Cbakrabarti, “Programming .and Integral Input-Output 
Analysis, an Application toTlae Problem of Industrial Location 
in India”. Cambridge University Press, 197?. .

4 Gerald, J. Karaska, “The Partial Equilibrium Approach to Location
Theory - Graphic Solutions1; Published in “Locational.Analysis
for Manufacturing - A Selection of Readings”, by Gerald J,.
Karaska and David P. Brahball (ed.}, The MIT Press, USA,1969, 
pp.28-29.



87

Weber's Material index and its modified form

She material index, which weber formulated for examining 

$he location of a plant is computed on the basis of "ideal 

weights" for the raw materials and the final product* She ideal 

weight for the raw material is given by the formula s
, i

Freight rate of one tonne Quantity of raw material
of raw material__________ required for the produc-
Freight rate of one tonne tion of one tome of final - 
o f, final pro du et pro duct

2he ideal weight for the final product is taken to be one.

She ratio of'ideal weight of raw material to the ideal weight 

of final product gives us the 'Weber's material index*.

Shis index only states whether the location of a plant

should be raw material oriented or market oriented, depending

upon whether the value of the material index is greater than

or less than one. It should be noted here that while computing

the Weber's material index, the ideal weights for labour and ‘

other inputs such as utilities,etc., can also be taken into

account, and these may influence the location of a firm signi-

fieneatly. ”A location can be moved from the point of minimum

transportation costs to a more favourable labour location only

if the savings in the cost of labour, which this new place

makes possible, are larger than .the additional costs of
5transportation which it involves."

5 Friedrich O.tT., op.clt., p*1G3i



However, in our context we are examining^ already esta­
blished !plants and would like to know whether they are loca- 

^ioimlly efficient or not* Weber’s index does not answer this 

question directly, as it is based on a unit cost of transporta­
tion of raw material as well as finished products. Shere is yet 

another point and that is that, Weber’s index presumes a single 

raw material and a single output.- Even if we are able to 

consider a single and homogenous output, to produce that output 

there would be many raw materials. Our problem is of the 

following type. Suppose there is a factory at location f, 

producing one type of fertiliser and despatching it to location 

d. This factory uses two raw materials - one is obtained from 

location a and the other is obtained from looation'i b. Shis 

example can be presented diagramm&tiealiy as shown below s

How we pose the following question? Suppose the fertiliser 

was produced at d instead of f, using the same process and 

the same sources of raw materials, i.e., a and b^ Would there 

be a saving in the overall eost of transportation? So answer 

this question, we can do the following exercise. Suppose for
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producing a tonne of fertiliser, the coefficients of raw 

materials are C1 and C2fobtained from location a and location b 

respectively. Then the cost of transportation involved in 

producing the fertiliser at d is *

°1 rad + °2 rbd

where rftd is the transport host involved in transporting a 

tonne of raw material from locatiorjfci to location d* rfc(i is 

similarly interpreted. -

We have to compare this cost against the existing cost.

The existing cost of transportation is ;

rfd + °1raf + C2rbf

where rfd is the cost of transporting .one tonne of fertiliser 

from location f to d.

low we can define an index (I) of efficiency of existing 

locations as :
T = °1rad + C2rbd_______

rfd + G1raf + C2rbf

If this index is more than one, then the existing location 

is efficient. If this is less than one, then the location at 

the point of demand would be more efficient. If the index is 

3ust one, then both the situations are equally good.

A limitation of this index is that it ignores the movement
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of other inputs, like labour, water, energy, etc. Also there is 

' an assumption that fertilisers are transported ffom a plant to 

one point in space, i^e., one focal point. Shat focal point, 

in tvfcn, might he distributing fertilisers over a whole region. 

Ihus the cost of intra-regionaL movements are ignored.

Ihere is yet another mag or limitation of this index. It 

ignores the economies of scale, if ary. However, economies of 

scale could be taken care of separately by regrouping the 

locations of demand in a way to make a fertiliser unit viable. 

We are not going into this issue for the moment.

Construction of material index

Since the data pertaining to input coefficients are 

available only for a few existing fertiliser plants, we could 

not construct the material indices for all the plants in the 

country. Because the output of aslant is despatched to various 

marketing regions, we have computed the material indices for 

all the marketing regions, in order to examine the locational 

efficiency of a particular fertiliser plant, with respect to 

each marketing region. Each marketing region is represented 

' by a focal point, i.e., a town.

Some of the fertiliser plants produce two or more ferti­

liser products. Eor each type of fertiliser product a different 

material index is constructed. While calculating the material
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index, we have taken into consideration the exist ing sources of 

raw materials, existing locations of fertiliser plants and a 

given fbint, i.e., focal point in each of the marketing regions.

It should he noted here that, we have assumed that, ferti— 

lisers as well as raw materials are despatched only hy railways 

and that too in wagon loads* These assumptions are made because 

(i) over long distances, fertiliser despatches are made by 

railways and (ii) the railways charge discriminating rates for 

despatches made in wagon loads and non-wagon loads, i.e., smalls, 

daw material naphtha is of two types * (i) naphtha having 

flashing point above 24.4°C ana (ii) naphtha having flashing 

point below 24 4°C. The latter being more explosive, is charged 

higher freight rate. Since we do not know which fertiliser plant 

uses naphtha having flashing point above 24 »4°C or below 24.4°C, 

two material indices are constructed for eaoh naphtha-using 

fertiliser plant.

Indian Railways have classified fertilisers, raw materials 

aid intermediate products into seven categories for charging 

freight rates. This classification is shown in Table 4.1 and 

the freight rates applicable for wagon loads of each class of 

goods, for various distances, are given in Table 4.2.©n the 

basis of these freight rates and input coefficients available 

for a particular fertiliser plant (as given in Chapter III),



fable 4*1 : Railway general classification of fertilisers and 
fertiliser raw materials for wagon loading^ Mriiig

T97CT7 T6-rm=m--------—1—--------------•—

ArticleMO»
General classification number

1976-77 1977-78 1978-79 1979-80
1 • Ammonium chloride ^ 45*0 45*0 45,0 45.0
2. Ammonium sulphate J 45*0 45.0 45.0 45.0
3* Ammonium sulphate nitrate 45*0 45.0 45,0 45.0
4* Calcium ammonium nitrate 45.0 45.0 45.0 45.0
5. (Ground) rode phosphate 45.0 45*0 45.0 45.0

Rock Phosphate 45.0 47.5 45.0 45.0
6• Manure mixture 45.0 45.0 45.0 45.0
7* Mineral Phosphate 45.0 45.0 45.0 45.0
8. Muriate of Potash 45.0 45.0 45.0 45.0
9. Gypsums Powder broken 42.5 42.5 45.0 45.0

Modules
42.5'

42.5 42.5
10# lime stone 42.5 , 42.5 42.5
11. Single superphosphate 45.0 45 «0 45,.0 45.0
12. Diammonium Phosphate 52.5 52.5 52.5 52.5
13* Monoammonium phosphate 52.5 52.5 52.5 52.5
14. Urea 52.5 52.5 52,5 52,5
15. Ammonium Phosphate 52.5 52.5 52.5 52.5
16. Ammonium litrophosphate 52.5 52.5 52.5 52,5
17* NPK complex fertilisers 52.5 52.5 52,5 52.5
18. Zinc sulphate , 52.5 52.5 52.5 52.5
19* Nitrophosphate 52.5 52.5, 52,5 52.5
20. friple superphosphate . 52.5 52.5 52.5 52.5 •
21. Sulphate of Potash 52.5 52.5 52.5 52.5
22. Sulphur 52.5 52.5 52.5 52.5
23* Furnace oil
24. Naphthas Flashing point at

62.5 62.5 62.5 62.5

or above 24*46C 
Flashing point below

62.5 62.5 62,5 62.5

24 *4°C 100.0 100,0 100.0 100.0
25* Fuel oil 119.0 110.0 110.0 110.0
26. Coal/soft coke 37,5 37.5 37*5 37.5

Hard coke 42.5 42.5 42.5 42,5
27 • Sulphuric acid 100.0 100,0 100.0 100.0
2§. Phosphoric acid 110,0 110.0 110.0 110.0

Source: Pert 11 iser Statistics, 1979-80, Fertiliser Association of 
India, Mew Delhi, P.1-234.
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we have computed the material indices for each product produced 

by a plant, and for each marketing region served.

; for the purpose of computation, we have grouped the States 

and Union 'territories into' 17 consuming regions. In each region 

we have selected a point which is almost centrally located 

and also connected with the railway station. Railway connected 

points are selected since we allow the despatches of fertilisers 

and raw materials only by railways, from the respective sources. 

We call the destination point a 'focal point’. Hence, there 

are 17 focal points, in all the 17 marketing regions. States 

and Union territories which consume small quantities of 

fertilisers are clubbed together with the neighbouring State. 

Marketing regions and their respective focal points are shown 

in Columns 1 and 2 of table 4*3 to 4.6.

Analysis of results

table 4*3 shows the material index of HP/HPK fertilisers.

It is evident from this table that the location of plant A 

for HP grade 20-20-20 distribution is economical only for two 

marketing regions, if raw material naphtha having flashing 

point above (PPA) 24»4°C is used, and economical for four 

marketing regions, if naphtha having flashing point below (fPB) 

24.4°C is used, for IPK grade 15-15-15 distribution, the 

existing location is inefficient for all the marketing regions
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and it is feasible for only one marketing region if and only 

if naptha having PPB 24.4°C is to be used as raw material.

She Ideation of plant B is efficient for all the marketing 

regions to which it supplies fertiliser 14-35-14 grade. 

Similarly, plant C is efficiently located only for two marketing 

regions from the view point of NPK 14-28-14 fertilisers distri­

bution, if raw material naphtha having SPA 24 *4 °C is used, and 

is efficiently located for all but two of its marketing 

regions, if naphtha having FPB 24*4°0 is used. If fertiliser 

17-17-17 grade is to be distributed from Plant C, then the 

location is efficient for two marketing regions and is just 

feasible for two of its other marketing regions as the material 

index is 1 »00 in their case.

Table 4*4 gives the material index of UAP and DAP ferti­

lisers. Plants A and B produce and distribute DAP fertilisers 

and Plants C and D produce and distribute DAP fertilisers. She 

location of plant A which manufactures UAP grade 28-28-0 

fertiliser is efficient for all its marketing regions. She 

location of Plant B which manufactures UAP grade 24-24-0 

fertiliser is inefficient for all of its marketing regions, if
t

raw material naphtha having FPA 24*4°C is used, and is efficient 

for all but one marketing regions, if raw-material naphtha 

having PPB 24*4°C is used.The location of Plant C is efficient
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for all but one of its marketing regions and the location of 

planf\D is efficient for all of its marketing regions.

table 4«5 shows the material index of urea fertiliser 

from seven different plants to their/iespeet ive marketing 

regions. Plant A is a newly commissioned fertiliser plant.

Since we do not know its marketing regions, its material 

index is computed for all the marketing regions of the country. 

Plant A is based on raw mater 3al-coal, while all the other 

plants use naphtha for the production of fertiliser urea. Since 

substantial quantities (about 2*172 tonnes) of coal are 

required for the production (one tonne) of fertiliser urea, 

material index of urea from Plant A to majority of consuming 

areas varies around 1.57 to 1-.58 which means that, the transport 

cost of raw materials is about 57$ to 58$ higher than the 

transport cost of fertiliser urea. Hence, this plant is effi-
t

cientLy located. I'he locations of plants B and C are inefficient 

as the value of material indices are less than one for all of' 

their marketing regions. Plant 3) is efficiently located since, 

it markets in its neighbouring areas only. Plant E is 

efficiently located for all but one of its marketing regions, 

if naphtha having PPA 24»4°C is used and is efficiently located 

for all of its marketing regions, if naphtha having EPB 24*4®C 

is used for the manufacture of urea* Plant 3? is efficiently 

located for only two of its marketing regions, if naphtha
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having PPA 24*4°C is used and is efficiently located for all 

but two of its marketing regions, if naphtha having IPB 24»4°0 

is used, ^'he location of plant 6 is inefficient for all of its 

marketing regions, if naphtha having PPA 24.4°C is used and is 

efficient for only one of itsmarketing regions, if naphtha 

having PPB 24«4°C is used for the manufacture of urea.

Table 4#6 shows the material index for single super­

phosphate fertiliser. 1!he process used for the production of 

single-superphosphate (SSP) fertiliser is conventional. &bout 

0.60 tonnes of rockrphosphate is acidulated with about 0.56 

tomes of sulphuric acid to produce one tonne of SSP, About 

0.124 tonnes of sulphur is required for the production of 0.36 

tonnes of sulphuric acid. In plants A and B sulphuric acid is

manufactured as a by-product. Since the freight cost of
\

transporting sulphuric acid is substantial due to extra

costs incurred for handling, special tankers for loading,etc.,
i

the material index for SSP fertiliser distributed from plants 

A and B is quite high. Hence, the locations?of plants A and B 

(ktt efficient. Plant C's location is efficient only for two 

of its marketing regions. The locations of plants B, 1, P, G, H 

and I are inefficient for all of their marketing regions. The 

location of plant J is efficient only for one of its marketing 

regions and plant K*s location is inefficient for all of its 

marketing regions.
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Conclusion

On the ]oasis of the modified Weber’s material index we 

find that the'locations of a number of "the existing ferti­

liser plants in the country, are inefficient from the point 

of view of areas of their markets. For some plants the 

location is efficient only for a few of their marketing 

regions. Since the cost of transportation of raw material is 

lower than the transportation cost of fertiliser for maiy 

marketing regions, it would he advisable for the setting up 

of fertiliser plants in such areas which save the transporta­

tion cost substantially.
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