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Chapter VI *

A MODffh ffOR TRAILS PORI COST MINMISATIOH«

The transportation of fertilisers, prior to the mid of

196Q»s, did not pose any serious problem because fertilisers
\

were produced and consumed in small quantities, imports were 

not substantial and wagons were adequately available. Only 

a negligible quantity was moved by modes other than railways. 

However, with the introduction of fertiliser responsive dwarf 

high yielding variety of crops, in the country, the demand 

for fertilisers have increased very rapidly* Production and 

imports have also increased, as a result of which, the 

movement of fertilisers, by railways, has increased signi

ficantly since 1965-66. Sable 6.1 shows that the movement of 

fertilisers on Indian railways have increased from 2 45 

million tonnes in 1965 -66 to 8.20 million tonnes in 1979-60. 

She annual rate of growth in fertiliser traffic on railways 

was to the tune of 7*34$, between 1965-66 to 1979-60. Bue to 

regional disparity in the consumption and pro duct ion, ferti

lisers have been transported over longer distances* Table 6.1 

also shows that average lead has increased from 752 kms. in 

1965-66 to 1129 kms. in 1979-60.
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Table 6.1 : fertiliser movement lay railways in India*

Year Traffic originating
Quantity Total traffic
(in million (in million 
tonnes) tonne-kms.)

Average lead.
(in kms.)

1965-66 2.45 1843 752

1966-67 3*51 2571 - 675

1967-68 4*37 3438 787

1968-69 4*97 4115 828

1969-70 4.65 3760 809

1970-71 4.70 3808 810

1971-72
i

5*24 4358 832

1972-73 5*39 4355 808

1973-74 5.32 4001 752

1974-75 5.98 4788 801

1975-76 7.17 6158 859

1976-77 7.78 7225 929

1977-78 8.20 8366 1020

1978-79 8.56 8901 1040

1979-80
L

8.20 9256 1129

Sources Railway Board, Annual Report - Statistical Supplement

Although, the allocation of fertilisers by the Govern

ment (i.e. fertiliser Pool) are made at the ECA zonal 

conferences, the cross movement of fertilisers is still
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continuing. According to Hail India technical and Economic 

Services ltd. (RItE3), there could he two possible reasons 

for cross-movement as well as long lead of fertilisers. Ih^r
•j

are -i '

(i) locational pattern continued to have adverse effect on 

the lead of fertilisers and, consumption and production 

areas continued to he, unevenly distributed in the country?

(ii) Serious efforts at rationalisation have yet to he made..

It can he seen from table 6.1 that the average lead keep 

on fluctuating. Shis may be due to occasional diversion of 

ships to distant ports because of port congestions or labour 

problem at the ports. ihe long lead pattern, cross-movement as 

well as transhipment has reduced the net availability of wagons, 

which causes major bottlenecks to fertiliser transportation.

In this chapter we have attempted to examine, by applying a 

simple linear programming model (i.e., transport cost minimisa

tion model), the saving in total transport cost as well as 

lead which would result from rationalisation in the prevailing 

system of fertiliser distribution, in India.

transportation model for fertiliser distribution

In our problem fertiliser r is supplied from m sources

(factories/ports/buffer godowns) to n demand regions and the

object is to minimize the total cost of transportation. In the

1 "Report on ffertiliser and Raw Material transportation in India - 
an optimization study", by Rail India technical and Economic
Services %la., lew Delhi, Yol.I, p.YIIl/3.



general linear programming format, it will be written as;
m n^ Minimize Z = JSL -S c' xf

siibjeet to 
n

i=1 3=1 ^ *3

(1)
3=1

(2) jn
i=1

(5) m
:>
i=1

(4)

where xJ

r
i3

ir*i

xi3»br

$ n

3=1
*3

i = 1,2, ... m
r = 1,2, ... k

3 = 1,2, ..»3n
r = 1,2, ... k

r » 1,2, k

r
ij

i to region 3 •

is the total /production/capacity of fertiliser r 
at source i

2» •i,irb^ is the total demand of fertiliser,,at region 3

ci3 £®r 11111* transport cost of fertiliser r

from source i to region 3 *

Condition 1 states that, the shipments of fertiliser r 

from source i to all the demand regions 3 should not exceed 

the availability at source i. Condition 2 states that the 

shipments of fertiliser r from all the sources i must meet 

the demand at region 3®
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Condition 3 states that the supplies from all the sources i 

must he eq.ua! to the demands at all the regions 5 and Condition 

4 states 1|iat negative shipments are not permitted.

« Since transport cost of fertiliser distribution consti

tutes a substantial part of total delivery cost to the farmer, 

the minimisation of transport cost is of considerable impor

tance. Also since the indigenous production is insufficient to 

meet the domestic requirements, large quantities of fertiliser 

are imported. Hence, in our model a dumny factory will be 

introduced which will, represent ports/buffer go downs.

- 2 Hue to limitation of data pertaining to actual demand

for fertiliser in different regions, we assume that total
j

demand in a particular region is equal to total quantiiy of 

fertiliser shipped from various sources to that region and, 

the availabilily/capacily at the source is equal to actual 

shipments from that particular source to various regions.

Since transportation method requires homogeneity of units 

and fertilisers of different grades are heterogenous in nature, 

the problem pertaining to allocation of each %pe of fertiliser 

grade will be dealt separately. In the transportation model, 

total demand in a region, total supply at the source and 

freight rate are considered fixed for a given time and also

2 Assessment of fertiliser demand 3s made in terms of nutr3.ents 
which can be met through the supply of any "type of fertiliser.
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(as in general linear programming), all the relations are 

assumed to he linear.

Economics of rationalisation in the distribution system

Rationalisation in the distribution system necessitates 

the avoidance of product preferences among the consumers* 

fertiliser, having similar characteristics should not he 

distinguished on the basis of trade mark, for example, all 

urea fertilisers contain 46 per cent nitrogen. (Therefore, urea 

produced by one manufacturer would certainly not provide 

more nutrients than the urea produced by a ay other manufacturer.

Our results demarcates the marketing region for indi

genous as well as pool fertilisers, l’he demarcation of marketing 

regions for pool fertilisers .is done with the object of finding 

an economical region or regions to be served by a particular 

port.

Rationalisation in, idle distribution system can be„either 

with the object of minimizing the total lead or freight cost.

We have examined the problem keeping in view both the objec

tives and found very interesting results. In our study for 

ratio ml isation of fertiliser movement, we have selected six 

■types of fertilisers, which are moved in large quantities 

throughout the country* Shey are urea, IP/lPK complex fertili

sers of various grades, diammonium phosphate (PAP), single
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superphosphate (SSP), ammonium sulphate (AS) and calcium 

ammonium nitrate (UAH)* Since data pertaining to district-wise 

despatches of fertilisers, from factories, ports and buffer ^ 

godowns were not available, actual despatches of fertilisers 

to States, Union Territories and Commodity Boards were 

collected for the year 1973-79*

The marketing regions and their focal points were dis

cussed in Chapter IT. A list of these focal points as well as 

the sources of origin of fertilisers (i.e., the factories for 

indigenous production and ports for imported fertilisers) is 

shown in Appaadix The results of the models for each type •

of fertiliser are presented in Appendix6.1 to 6.TI,
/

Table 6.2 presents im a summary form a comparison of 

actual and optimised transportation of fertiliser for the year 

1978-79* she figures in parenthesis indicate the share of a 

particular fertiliser material in the total despatches of 

fertilisers. Urea alone constituted 52 per cent of total ferti

liser despatches. Total estimated lead covered by fertilisers 
/during 1978-79 was 8555*51 million tonne-kilometers and total 

estimated freight cost paid for the same was Rs.675.78 million.

Rationalisation in the distribution system has remarkably 

reduced the total lead as well as total freight cost. It should
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be noted that in case the rationalisation is made with the 

object of minimizing to tel lead, total lead 3s minimized but 

total freight cost, although reduced, is not minimum. On the 

other band, if rationalisation is made with the object of 

minimizing total freight cost, the freight cost is minimized 

but total lead, although reduced, is not minimum.

Sable 6.2 shows that if the rationalisation is made for 

lead minimization, total lead is cut down from 8335.31 million 

tonne kilometers to 6893*44 million tonne-kilometers as a 

result of whioh, freight cost is reduced from Es.673*73 million 

to Es.584.62 million. Shis saves lead and freight cost to the 

tune of 1441.87 million tonne-kilometers and fis.89.l6 million 

respectively. In this case reduction in total lead is direct 

and, reduction in total freight cost is resultant. Similarly 

if rationalisation is made for freight cost minimization, total 

freight cost is reduced to te.568.98 million as a result of 

which total lead is reduced to the .level of 7142.07 million 

tonne-kilometers. This saves the freight cost as well as 

lead to the tune of Bs.104.8 million and 1193*24 million tonne - 

kilometers respectively. In this case the reduction in total 
freight cost is direct and, reduction in total lead is resultant.

If the rationalisation in the distribution system is 

made with the object of minimizing total lead, saving in total
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freight cost is somewhat lower. Similarly if the rationalisa

tion is made with the object of minimising total freight cost, 

saving in total lead.is somewhat lower, I he reason for this 

variation is that the railway freight rate is telescopic in 

nature. fhis means that for shorter distances the railway 

freight rate per tonne per kilometer of fertiliser material 

is comparatively higher than that for longer distances. Shis 

can be seen from Sable 6«3« In this table we have computed the 

freight cost per tonne-per kilometer over different Blabs of 

distance.

fertilisers (which we have selected for this study) are 

classified in two categories for railway freight charges. Urea, 

NP/NPK complex fertilisers and DAP are included in the 

General classification, No .52.5 and SSP, AS and CAM are 

included in the General Classification No*45 for similar 

distances. Fertilisers included under General Glassification 

No.52.5 have to bear slightly higher freight cost than 

fertilisers included under General classification No.45*

Shis discrimination may be due to the fact that, urea, NP/ 

NPK’s and DAP are high analysis fertilisers and SSP, AS and 

CAN are low analysis fertilisers. High analysis fertilisers 

contain large quantities of nutrients and low analysis ferti

lisers contain lower quantity of nutrients*
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gable 6.5 s Railway freight rate for fertilisers durim
1978-79.

(Figures in paise per tonne per kilometer)

Distance General Classification
(Kms.) Ho. 45 Ho. 52.5

40 23 26
100 15 17
200 14 17
500 8 9
750 8 9

1000 7 8
1250 7 8
1500 7 8
2000 , 6 7
2500 6 6
3000 5 6
3500 5 5
4000 4 5
4500 4 4
5000 4 4

Source: Based on Indian Railway Conference Association 
Goods gariff, Her .34, Part II, gable-1 .

gable 6.4 shows percentage reduction in total lead as 

well as freight cost after rationalisation. When the 

rationalisation is made for lead minimisatlon, there is 

saving in total lead to the tune of 17.395 as a result of which 

freight cost is reduced by 13*2495. Percentage savings in the 

total leads for urea, HP/HPKs, DAP, SSP, AS and CAR are 

respectively to the tune pf 19*83f°, 16.6895, 6*69$, 14.0995,
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gable 6.4- * Percentage reduction in distance (lead) and 
1 freight-cost through rationalisation in

distribution system for the year 1978-79*

Fertiliser 
, material

Distance
minimisation

Freight-cost
minimisation

$
Reduction 
in lead 
(dis
tance)

$
Reduction
in
freight
cost

$ $
Reduction Reduction 
in lead in :
(dis- freight
tance) cost

1 , Urea 19.83 15,11 16.01 18.72
2. WB/im. 

complex 
fertilisers 16.68 12.81 16.62 13.04

5. DAP
(Diammonium
phosphate') 6.69 5.67 4 .64 '7.63

4. SSP
(Single super
phosphate) 14.09 10.07 13.63 10.50

5. AS
(Ammonium 
sulphate) 26.01 19.23 14.37 19.33

6. CAH (Calcium 
ammonium 
nitrate) 11 .14 7.56 11 .14 7.57

All fertilisers 17.30 13.23 14.32 15.55 -
Sources Appendix tables 6.1 to 6.VI.

215.01$ and 11.14$, and this results in savings in total 

freight cost to the tune of 15*11$, 12.81$, 5.67$, 10.07$, 

19.25$ and 7.56$ respectively for the same fertilisers. 

Similarly, when the rationalisation is made with the object 

of freight cost minimisation, total freight cost is reduced 

to the tune of 15.55$ as a result of which total lead is

S
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saved by* 14*32$. Percentage savings in total freight cost for 

ur$ea, IP/lPKs, DAP, AS and CAN fertiliser are respectively to 

the tune of 18.72£, 15.04$ 7*65$, 10.50$, 19.33$ and 7-57$

andl this results in total savings in leads by 16.01$, 16.62$, 

4*64$, 13*63$, 14*37$ and 11.14$ respectively for the same 

fertilisers.

fable 6.5 shows average lead and average freight cost for 

different fertilisers during 1978-79* Por all fertilisers,

-the estimated average lead is 844 Inns and estimated freight 

cost for the same lead is Ss.68.24 per tonne. Estimated 

average leads for urea, NP/NFKs, DAP, SSP, AS and CAN ferti

liser respectively are 904*24 Inns, 829*48 kms, 1317*28 tans, 

492.68 teas, 575.11 kms aid 654*13 kms. and, for the same leads, 

the estimated average freight costs are Es.73.83, fis.69*45,

Bs.97*06, Es.41.54, te.45*01 and Es.5O.64 par tonne respectively-..

Ehe rationalisation systaa has drastically cut down the 

average lead as well as average freight cost'. When rationali

sation is made with the object of minimizing total lead, 

average lead for all fertilisers is reduced from 844*19 kilo

meters to 698*16 kilometers as a result of which, average 

freight cost is reduced from Rs.68.24 per tonne to Is.59.21 

per tonne for the same distance. Average leads for urea, NP/ 

•UK’s, DAP, SSP, AS and CAN fertilisers are reduced respectively 

to the level of 724*29 kms, 691*11 kms, 1229.11 kms, 423*28 kms
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fertiliser materials during 1978-79
,

f ertiliser 
material • Actuals

Computed for dis
tance (1ead)minim f

Computed for freight 
- cost minimization

Average Average 
lead fre igbt

cost
(kms<) (te.)

Average
lead

(kms.)

Average 
freight 
cost 
(te.)

Average
lead

(kms.)

Average 
freight, 
cost 
(is.)

Urea 904*24 73.83 724.89 62.68 . 759.44 60.01

NP/lPK
complex
fertilisers 829.48 69*45 691*11 60.55 691.62 60.39

DAP
(Diammonium
phosphate) 1317*28 97.06 ’1229*11 91.57 '1256.14 89.65

SSP
(singL e 
superphosphate) 492.68 41.54 423.28 , 37.36 425.54 37*18

AS
(Ammonium
sulphate) 575*11 45.01 425.5 36.35 ,492.45 36.31

CAI
(Calcium
ammonium
nitrate) 654*15 50.64 581 *23 46,81 581.23

1
46.80

All
fertilisers 844.19 66.24 698.16 59.21 723.34 57.63

Sources Appendix fables 6*1 to 6*71.

425*5 tons and 581.23 kms as a result of which, the freight 

costs are reduced to the level of Es.62.68, Es*60»55, Bs*91«57, 

Rs,37*36, fis*36*35 and Es.46.81 per -tonne respectively for the 

respective leads.

Similarly, when the rationalisation is made with the
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object of minimising the total freight cost, average freight 

cost for all fertilisers is reduced to the level of, Es.57*63 

per tonne as a result of which, average lead is reduced to,the 

level of 723*34 kilometers. In this case the average freight 

costs for urea, NP/NBKs, DAP, SSP, AS and GAN fertiliser 

respectively are Es.60.01, fe.6O.39, Es.89.63, fe.37*18, fe.36*31 

and fe.46.80 and this results in the reduction of their average 

leads to the level of 759.44 kms, 691.62 kms, 1256.14 kms, 

425*54 kms, 49245 kms and 581.23 kms respectively.

Table 6.5 shows that urea, NP/lPK complex fertilisers 

and DAP travel over longer distances compare to other fertili

sers. Although, rationalisation in distribution has cut down 

the average lead significantly still fertilisers will have to 

cover long leads. This is due to the prevalance of disparity 

in the fertiliser producing aid consuming regions. Pool urea 

and DAP have been moved over very longer distances.

The despatches of fertilisers from various sources to 

the consuming regions are shown in the Appendices. Urea 
fertiliser was moved from Kandla (in Gujarat) to Tamil Nadu, 

Andhra Pradesh, Bihar etc. from Bombay (Maharashtra) it was 

moved to Himachal Pradesh, Jammu & Kashmir, Assam and other, 

North Eastern States, Tamil Nadu, Andhra Pradesh,etc. from 

Cochin urea ms moved all the way to Punjab, from Madras it,,,was
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moved to Punjab, Halyana, Uttar Pradesh, Bihar, etc. from 

Calautta.it was moved to Punjab, Haryam etc., and from Uttar 

Pradesh it was moved to Punjab, Haryana, M.P. etc. Similarly 

NP/MPK complex fertilisers travelled all the way from Gujarat 

to Punjab, U.P., Bihar, Tamil ladu, Andhra Pradesh etc. from 

Tamil Nadu to Punjab, Haryana, Uttar Pradesh, Madhya Pradesh, 

Andhra Pradesh, Orissa, etio. from Andhra Pradesh, it was 

despatched to Uttar Pradesh, Madnya Pradesh, Karnataka etc.

DAP fertiliser was moved from Gujarat to Punjab, Haryaim,
1

Uttar Pradesh, Maharashtra, etc. from Maharashtra, it was 

moved to Himachal Pradesh, Jammu & Kashmir, Punjab, Uttar 

Pradesh, etc. from Tamil Nadu it was moved to Punjab, Rajas

than, Gujarat, Maharashtra,etc. The appendices also show 

that even after rationalisation, these fertilisers would move 

over long distances.

Table 6.6 compares our results with RITES results. It 

shows the recommended areas to be served by pool fertilisers 

from various ports on the basis of our results as well as 

RITES Report. Our recommendations differ from RUES recommenda

tions due to three important reasons. They are s- 
(1) In our study, rationalisation in distribution is made

after taking into account the demand for different types 

of fertilisers in the respective regions whereas, RITES 

rationalisation is based on the demand for fertiliser 

nutrients, leaving it for the manufacturers as well as
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fertiliser pool to decide the -type of fertiliser they 

, < would supply •

(2) -In our study, linking of supply sources and demand regions

is attempted on the "basis of principle of least distance 

movement and least freight cost. In other words, it is 

not based on any market research whereas, RISES recommenda

tions are based on market research.
(3) We have selected only 17 focal points due to limitations

imposed by the availability of data while RISES has
points

selected 140 focal£as detailed data were supplied to it 

for the purpose of working out an optimum supply plan.

Our recommendation for the supply of different fertilisers 

from factories/ports/buffer godowns to the respective consuming 

areas have been shown in the Appendices of this chapter. An 

important finding of our study is that, whether the rationalisa

tion in distribution qyetem is done with the objective of total 

lead minimisation or total freight cost minimisation, in both 

cases, total lead as well as total freight cost get reduced.

In the lead minimisation problem reduction in lead is direct 

and reduction in freight cost is resultant whereas in the 

freight cost minimisation problem reduction in freight cost 

is direct and reduction in lead is resultant. From the 

national point of view, it is the reduction in lead which is 

more important as it will reduce the burden on the transport 

system.
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(Cable 6.6 : Regions to be served by ports under rationalisation 
plan*

Name of the port RITES HECOHSENDAT 3DNS OUR RECOMMENDATIONS

Kandla

Bhavnagar 
& Navlakhi

Jammu & Kashmir,Himachal 
Pradesh, Pun jab,Chandi** 
gar h, Haryana, De lh i,Madh
ya Pradesh,(West of 
Katni),Western U.P., 
Gujarat (except South 
of Vadodara)

Meter Guage(MG),destina
tions in Gujarat lying 
south of the Kandla, 
Ahmedabad section.

Punjab, Chandigarh, 
Hary ana, Del hi, Ra j as- 
than and Gujarat.

Punjab, Chandigarh 
and Gujarat .Navlakhi 
would also serve 
Rajasthan.

Rossi (Jamnagar) N.A. Punjab,Chandigarh 
and Gujarat.

Bombay

Marmagoa

Mangalore

Cochin

Cal^icut

Madras

Maharashtra Broad Guage Punjab,Chandigarh,
(BG) and MG, Gujarat BG MP and Maharashtra.
South of Vadodara, IP
destinations West of Katni
and West of Nagpur,Punjab
Chand igarh,Haryana,Western
UP, J&K,Himachal Pradesh,
and Rajasthan.

lamataka(MG), Andhra 
Pradesh (MG) except Kat- 
padi,Gauntkal section.

Karnataka(MG),Kerala(MG) 
and Tamilnadu(BG)

Kerala(BG),Tamilnadu(BG)

NA

(BG) distinations of 
Tamil Nadu and Karnata
ka and A.P.(except stati
ons east of Vijayawada)

Rajasthan, Gujarat, 
ssai. Goa,Daman and Diu 
and Punjab and 
Chandigarh,

UP, Karnataka, H imal - 
ehal Pradesh, J&K,
Tam ilnadu, Pondichery, 
and Commodity Boards 
(South).

MP, UP, Karnataka and 
Andhra Pradesh.

Tamilnadu,Pondichery 
and commodity Boards 
(South)
MP, UP, Tamilnadu, 
commodity Boards(South) 
Pondichery, Andhra 
Pradesh and Karnataka,

cont...
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gable 6.6 (contd.)

lame of the 
port RISES recommendations Our Recommendations

lutico^in 
lagapattinam 
Cuddalore ^ 
Pondicheijy

MS destinations of 
famil Hadu, Kerala, 
Karnataka and Andhra 
Pradesh upto Cuntakal

Suticorin and lagapa
ttinam ports to serve
2amilnadu,Pond iohery & 
commodity Boards, 
Suticorin port would 
also serve Andhra P. 
and Cuddalore and Pondi- 
chery ports to serite 
Andhra Pradesh & 
Karnataka*

Visakhapatnam 
and Kakinada

MP and Maharashtra, 
destination east of
Katni and east of lagpur, 
Orissa(except Kharagpur- 
On ttak section),BG desi- 
nations in AP upto Vijay 
awada.

>

Viasakhapatnam port to 
serve APy Orissa,Bihar 
West Bengal, Assam,
Sikkim,Bhutan,Meghalaya, 
Himachal Pradesh,Naga- • 
land, Mani pur, 2r ipur a, 
Miaoram,Karnataka, U ,P *, 
Haryana,Del hi, Punjab & 
Chandigarh,Kakinada port 
to serve U.P., A.P., 
M.P., Karnataka, Harya
na and Delhi.

Machl ipattinam HA Andhra Pradesh and 
Madhya Pradesh.

Pradip Port m Andhra Pradesh,Orissa 
and Uttar Pradesh. '

Haldia Port m Orissa, West Bengal, 
and Uttar Pradesh.

Caleutta
•

Uttar Pradesh and
West Bengal *



176

Conclusion, s

She distribution of fertilisers, although, made by the
r

Government of India (i.e. Fertiliser Fool) at the EGA zonal 

Conferences, cross-movement of fertilisers is still continuing. 

This results in higher transport, cpst as well as lead of 
fertilisers movement in the country. She bottlenecks of trans

portation caused due to scarcity of wagons and, the burden of 

subsidy which is incurred by the public exchequer by subs id islng 

the fertiliser transportation, can be reduced substantially by 

rationalising the prevailing Bystem of fertiliser distribution*
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