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Chapter VI 3

A MODEL FOR TRANSPORT COST MINTMISATION -

The transportaetion of fertilisers, prior to the mid of
1960's, did not pose any serious problem because fertilisers
were produce& and consumed in small quaniities, 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 repidly. Production and
imports have also increased, a8 a result of which, the
movement of fertilisers, by railwaeys, has increased signi-
ficantly since 5965«66. Table 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 1979-80,
The annual rate of growth in fertiliser traffic on railways
was 1o the tune of 7.34%, between 1965-66 to 1979-80. Due to
regional disparity in the consumption and production, ferti=-
lisers have been transported over longer distances. Taeble 6.1
glso shows that average lead has increased from 752 kas. in

1965-66 to 1129 kms. in 1979-80.



Table 6.1 : Fertiliser movement by railways in Indie.

fear ngi:ﬁ}c origf%?%gn'%raﬁic Av(eriiggm;.‘?ad ‘
(in million (in million
‘o tonnes ) tonne-kms. )
1965-66 2445 1843 752
1966-67 3451 2371 . 675 |
196768 437 3438 R
1968-69 4097 4115 828
196970 4.65 3760 809
1970-71 4.70 3808 810
197-72 5.2 4358 832
197273 539 4355 808
197374 5.32 4001 ‘ 752
1974-75 5.98 4788 801
197576 77 6158 . 859
1976-77 778 . 7225 929
1977~18 8.29 | 8366 1020
1978=79 . 8.56 8901 1040
L19'%9~v80 8.20 9256 1129

Source: Rallway Board, Annual Report - Statisticel Supplement.

Although, the allocation of fertilisers by the Govern=-
ment (ise. Fertiliser Pool) are made at the ECA zoral

conferences, the cross movement of fertilisers is atill



159

contimiing. According to Rail Indis Techmnical and Economic

Services Ltd. (RITES), there could be two possible reasons

for crosiféLmtfvement as well as long‘lead of fertilisers. They

are A '

(1) Locéﬁ.onal pettern continmed to have sdverse effect on
the lead ofA %ertilisers and, consumption and prcdﬁct:?.oh
areas continued to be unévenly distrituted in the country;

(i1i) Serious efforts at rationelisation have yet to be made.

It can be seén from table 6.1 that the average lead keep
on fluctuating. This may be due to occasiomnl diversion of
ships to distant ports because of port congestions or labour
problem at the ports. The long lead pattern, cross-movement as
well as transhipment has reduced the net availability of wagoms,
which causes major bottlenecks to fertiliser transportation.

In this chapter we ha%re attempted to examine, by applying a
pimple 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 miniiniza the total cost of transportation. In the

"Report on FertlliSer and Raw Material Transportation in India -
an optlmizatlan study", by Rail Ind ia Technicdl and Economic

Sérvices I.ta., New Delhi, Vol. ::, p.VIII/3.

i
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general liriear progremming format, it will be written as.
m n

-

ﬁfﬁ} M:nmmize 72 == = C
subjeet to -
(1) *ﬁ;——:—i Xij£ i 131,2, ess W
r = 1,2, LK k
u r . r
(2) 2——- Xij ;/>/b3 J = 1,2, see N
' i=1 N ‘ r= 1,2, ses K
m n
(3) '~_>~“ ai = Z‘bg r = 1’2, eis K
i=1 =1

1

(4) X§323‘0 for all i,j.

where xgj denotestﬁé shipment of fertiliser r from source
! ‘1 to region j.
ag is the tot&iéproduction/capacity of fertiliser r
2t source i
L, ~
b’; is the totael demend of fertiliser,at region j

cij is the per unit transport cost of fertiliser r

from source i to'region J .

Condition 1 states that, the snipments of fertiliser r
from source i to all the demand regions ] should not exceed
the availability at source i. Condition 2 states that the
shipments of fertiliser f from all the sources i must umeet

the demand at region js
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Condition 3 étates thet the supplies' from all the sources i
must be equal to the demanis at all the regions J and Condition

4 states that ﬁega'tive shipments are not permitted.

Since transport cost of fertiliser distribution consti-
tutes a substantial part of totel delxivery cost to the farmer,
the mimimization of transport cost is of considerable impor-
tanée. Also since the indigenous production is insufficient +to
meet the domestic requirements, large quantlities of fertiliser
are imported. Hence, in our model a dummy factory will be
introduced which w;‘.ll_ represent ports/buffer godowns.

Due 1o limita%ion of:‘ data pertaining to actual demand2

for fertiliser in di/fferent regions, we assume that total
demand in a particular region is equal to total quantity of
fertiliser shipped from various sources to that region and,
the availability/capacity at the source is equal to actual

shipments from that particular source to various regions.

Since transportation method requires homogeneity of units
end fertilisers of different grades are heterogenous in nature,
the problem pertaining to sllocation of each type of fertiliser
grade will be dealt separately. In the transporitation model,
total demand in & region, total supply at the source and

freight rate are considered fixed for a given :bime and also

Aasessment of fertiliser demand is made' in temms of nutrients
which can be met through the supply of any iype of fertiliser.



(as in general limear programming), all the relations are

assuied to be linear. -

Economics of rationslisetion in the distribution system

Rationalisation in the dis%sr ibdti{on sy stem necessitates
the avoidance of product preferences among the consumers.
Fertiliser, having similar characteristics should not be
‘distinguished on the taeis of trade merk. For example, all
urea fertilisers contain 46 per cent nitrogeﬁ'. Therefore, urea
pro;iuced by one menufacturer would certainly mnot provide

more nutrients than the urea produced by an;} other nanufacturer.

Qur resul ts demarcates thé marketing region for indi-
genous as well as pool fertilisers. The 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

poxrt.

Ame

Rationalisation in the distribution system can be.either
with the object o;? minimizing the total lead or freight cost.
Ve have examined the problem keeping in view both the objec~
tives and found very ‘interest ing results. In our study for
ratioralisation of fertiliser movement, we heve selected six
types of fertilisers, which are moved in large quantities
throughout the country. They are urea, NEB/NPK complex fertili-
sers of ver ious grades, diasmmonium pho sphate (DAP), single



éuperpboéphate (s5P), ammonium sulphate.(AS) and célciﬁm
é&mcnium'nitrate (GAN). Since date pertaining to distfict—wise
@espat@hes of fertilisers, from factories, ports and buffer’ \
godowng were not available, actual despatches of fertilisers
1o Stafés,‘Union Territories and Comﬁo&ity Boards were

collected for the year 1978=79.

The muarketing regions and their foéal points ﬁere dis=-

. cussed in Chapter IV. A list of these focal points as well aé
the sourees‘of origin of ferfilisers (i.es, the factories for
indigenous production and ports for imported fertilisers) is
shown in Appendixf%&ﬁaw The results of the models for each type

of fertiliser are presented in Appemiices6.I to 6.VI.

Table 6.2 presents inm & summary form a comperison of
actual and optimised transporitation of fertiliser for phe year
1978~79. Ihe figufes in parenthésis indicate the share of a
particularlfertiliser materisal in the totel despatches of
fertilisers, Urea glone constituted 52 per cent of total fert;-
liser despatches. Total estimated lead cwvered by fertilisers
dur ing 1975—79 was 8335,31 million tonne-kilometers and total

estimated\freight cost paid for the same wes %.673.78 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 rationslisation is made with the
objevct of minimizing total lead, total lead is minimized but
to tal ijeigh'b cost, although redﬁced, is not minimum. On the
other tand, if rationalisation is mede with the object of

minimizi‘ng total freight cost, the freight cost is minimiged

but totel lead, although reduced, is not minimum.

Table 6.2 shows that if the ratiomalisation is made for
lead minimizai;iqn, tptal‘lead is cut down from 83%5.31 million
tonne kilometers to 6893.44 million tonne-kilometers as a
result of which, freight cost is reduced from K.673.78 million
t0 158462 million. This saves lead and freight cost to the
tune of 1441.87 ‘million tome-kilometers and 1B.89.16 miilion
respectively. In this case redqction in total lead is direct
and, reduction in total freight cost is resultant. Similerly
if rationalisation is made for freight cost minimization, total
freight cost is reduced to HB,568.98 million as a result of
which total lead is reduced to the level of 7142.07 million
tonne~kilometers. This saves ‘t—h;e freight cost as well as
lead to the tune of B5.104.8 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
mede with the object of minimizing total leed, seving in total



freight cost is somewhat lower. Similarly if the rationalisa-
tion is made with the object of minimising total freight cost,
saving in tdial lead .is sowewhat lower. The reason for this
veriation is that the railway freight réte is telescopic in
| natufe.inis means that for shorter distances the railway
freight rate per tonne per kilometer of fertiliser material
is comparatively higher than that for longer distances. This
can be seen from Tayle 6.5. In this table we have computed the
freight cost per tonne-per kiloweter over different slabs of

,

distanece.

Fertilisers (which we have selected for this study) ere
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 S5P, AS and CAN are
included in the General Classification No.45 for similar
distances. Fertilisers included urder General Classification
No.52.5 have to bear slightly higher freight cost than
fertilisers included upder General classification No.45.

This discrlminaflon.may be due to the fact that, urea, NP/
NPK's and DAP are high aﬁalysis 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.



Table 6.3 ¢ Railway freidght rate for fertilisers during ,
1978-79. -

(Figures in paise per tonne per kilometer)

" Distance General Classification
(Rus. ) No. 45 No« 5245

40 23 26
100 15 17
200 17
500
750

1000
1250
1500
2000
2500
3000
3500
4000
4500
5000

-l
.
O

B U U O~ =] =3
BB UL O -3 00D W

Source: Based on Indian Railway Conference Association
’ Goods Teriff, No.34, Part 1I, Table~1.

Table 6.4 shows percentage reduction in total lead as
well asg freight cost after rationalisation, When the
retiomlisation is made for lead minimisation, there is
saving in total lead to the tune of 17.3% 28 a result of which
freight cost is reduced by 13.24%. Percentage savings in the
total lemds for urea, NB/NPKs, DAP, SSP, AS and CAN are
respectively to the tune of 19.83%, 16.68%, 6.69%, 14.09%,
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Table 6.4 3 Percentage reduction in distance {lead) and

freight-cost through ratiomlisation in

distribution system for the year 1978-79.

© Fertiliser Distance Freight-cost
.material minimiaation minimisat%;p
Reductlon Reduction Reduction Reduction
in-lead in in lead in
(dig- freight (dis~- frelght
tance)  cost tance) cost .
1« Urea 15.83 1511 16.01 1872 .
2. NB/NPK
compl ex ‘ ’
fertilisers - 16 .68 12481 16.62 13.04
3. DAP ‘
(Dizmmon ium ) .
phosphate) 6469 5 .67 4 .64 7 .63
4. SSP
(Single super-
phosphate) 14 .09 10,07 13463 10.50
5. AS
(LAmmon ium
sulphate) 26,01 19.2% 14 .37 19.33
6. CAN (Calcium
ammon ium ,
nitrate) , 11.14 7.56 11.14 7.57
A1l fertilisers 17430 13,23 14 .32 15.55

Source: Appendix tables 6.I to 6;VI.

26.01% and 11.14%, and this results in savings in total

freight cost to the tune of 15.11%, 12.81%,

5.67%, 10.07%,

19423% 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
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saved by 14.32%. Percentage savings in totel freight cost for

uzjea, NP/NPKs, DAP, AS amd CAN fertiliser are respe‘crti\relyt to

the tune of 18.72], 72%, 13.04% 7.63%, 10.505, 19.33% and 7.57%
and this results in total savings in leads by 16.01%, 16.62%,

4 64%, 13.6%%, 14.37% and 11.14% respectively for the same

fertilisers.

Table 6.5 shows avereage lead and average freight cost for
different fertilisers during 1978~79. For all fertilisers,
,the_e estimated average lead is 844; kms and estimeted fréight
cost for the same lead is B.68.24 per tonne. Estimated
average leads for ures, NP/NPKs, DAP, SSP, AS and CAN ferti-
liser respectively are 904,24 kus, 829.48 ks, 1317.28 kus,
492.68 kms, 575.11 kms ard 654.13 kms. end, for the same leads,
the estim:ate@ average freight costd are B.73.8%, 15.69.45,

Bse 97«06, [sed1.54, B3.45.01 ,ani 85450.64 per tonne respectively.

~

The rationalisation system has d:r;astically cut dom the
average \leard as well és average freight costs 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 k5.68.24 per tomme o B5.59421
per torme for the same distance. Average leads for urea, NE/
‘NPK's, DAP, S&5P, AS .and dAN fertilisers are reduced respectively
to the level of 724 .29 kms, 691.11 kms, 1229.11 kms, 423.28 kms
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Table 6.5 1 Average lead (distance) and average freight-cost for

fertiliser materials during 197879,

Computed for dis-

Pertiliser ad Computed for freight

nater ial Actials ,g§¥fgg%ead)m1n1mif cost minimization
Ayerage Average Average Aversge Average Average
lead freight lead freight lead " freight .

cost oo st cost

(kms-) (BS&) (kmSo) (I‘St) (kms:) (BS.)

NB/NFK

complex )

fertilisers 823.48 69.45 691.11 60.55 691.62 60.39

DAD '

(Dianmonium . .

phosphate) 13%317.28 97.06 1229.11 01.57 1256.14 89.65

85P

. (single
super=-
phosphate) 492.68 41.54 42%.28 37«36 425 .54 37.18
. AS

(Anmon ium .

,9dlphate) 575«11 45,01 425f5 36.35° | 492.45 36«31

CAN

(Cal cium

ammonium L i

nitrate) 654 .13 50.64 581423 46.81 5§1.23 46,80

A1l - x c

fer@ilisers 844 .19 68.24 698.16 59.21 T23 34 57 «63

Source: Appendix Tables 6.1

o 6.VI.

425.5 kms and 581.23 kms as a result of which, the freight

costs are reduced to the level of B.62.68, B:60.55, B5.91.57,

s, 3736, R5.36435 arnd I5¢46 .81 per tonne respectively for the

respective leads.

Similarly, when the rationalisation is made with the

~
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object of minimising 'lghe total freight cost, averége freight
cost for all fertilisers is reduced to the level of, B5.57.63

ped tomne as & result of which, average lead is reduced %o the -
level of 723.34 kilometers. In this case the average freight
costs for urea, NP/NPKs, DAP, SSP, AS and CAN fertiliser
respectively are B.60.01, R5.60.39, 05.89.65, .37.18, B.36.31
and B5.46.80 and this resulte in the reduction of their average
leads to the level of 759.44 kms, 691.62 kms, 1256.14 kms,l
425,54 kms, 492.45 kms and 581.23 kms respectively.

Table 6.5 shows that urea, NP/NPK complex fertilisers
and DAP travel over longer distances compare to other fertili-
sers. Although, rativnalisation in distribution has cut down
fhé a;eragé lead significently still fertilisers will have to
cover long leads. Thﬁs is due to the prevaelance of disparity
in the fertiliser piodueing am consuming regions. Pool urea

and DAP have been moved over very longer distances.

The despatches of fertilisers from various sources to
the consuming regiouns are shown in the Appendicess Urea
fértiliser was moved from Kendle (in Gujarat) to Tamil Nadu,
Andhra Pradesh, Bihar etc. From Bombay (Maherashtra) it was
mofed to Himachal Pradesh, Jemmu & Kashmir, Assem and other.
North Eqstern States, Tamil Nadu, Andhra Pradesh,etc. From

Cochin urea was moved all the way to Punjab. From Madras it wes
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moved to Punjab, Haryaﬁa, Utta? Pradesh, Bihar, ete. From
Celcutta it was moved %o Punjab, Haryars etc., and from Uttar
Pradési it was moved to Punjsb, Haryene, M.P. ete. Similarly
NE/NPK\complex fertilisers travelled all the way from Gujarat
to Punjab, U.P., Bihar, Temil Nadu, Anihra Predesh etc. From
Tamil Nadu to Punjab, Heryana, Uttar Pradesh, Madhye Pradesh,
Andihrs Pradesh, Orissa, et®. From Andhra Predesh, it was
despatched to Uttar Pradesh, Madnya fradesh, Karnatska etc.
DAP fertiliser was moved from Gujaret to Punjeb, Haryara,

| Uttar fradesh,'Maharashtra; etc. TFrom Maharashtra, it was
moved to Himachal Pradesh, Jammu & Kashmir, Punjab, Uttar
Pradesh, etc. From Témil Nudu it was moved to Punjab, ajas-
than, Gujarat, Maharashira,etc. The appendices also show
that even aftef rationalisation, these fertilisers would move

over long distances.

Teble 6.6 compares our results with RITES results. It
skhows the recommended areas to be served by pool fertiliéers
from various ports on the basis of our results as well as
RITES Report. Our recommendations differ from RITES recommends~
tions due to three importent reasons. They are -

(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 bused on the demand for fertiliser

nutrients, leaving it for the memufacturers as well as
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\
fertiliser pool to decide the type of fertilisér 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 eost.\In other words, it is
notxbase& on any mirket research whereas, RITES recommenia-
tions are based on market research.

(3) We have selected only 17 foesl points due to limitations
imposed by the availsbility of data while RITES has
selected 140 focalgggngztailed data were supplied to it

for the purpose of working out an optimum supply plan.

Qur recommendation for the sqyp&y of different fertilisers
from factories/porté/buffer gcdcﬁns to the respective consuming
arecas have been shpwn in the Appendices of this chapter. An
important finding of cur study is that, whether the ratiomlisa-
tion in distribution gystem is done with the objective of total
lead minimisation or total freight cost minimization, in both
cases, total lead as well as total freight cost get reduced.

In the lead mimimisation 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 réduction in lead which is
more important as it will reduce the burden on the transport

system e
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Table 6.6 ¢ Regions to be served by ports under rationalisation
plan.

Name of the port RITES RECOMMENDATIONS  OUR RECOMMENDATIONS

Kandia Jammu & Kashmir,Himachal Punjab, Chaniigarh,
" Pradesh,Punjab,Chandi=~ Haryeana,Delhi,Ra jas-
garh,Haryana,Delhi,Madh~ +than and Gujarat.
ya Pradesh,(West of
Ketni),Western U.P.,
Gujarat (except South
of Vadodara)

Bhavnagar Ueter Guage(MG),destina~ Punjab, Chandigarh

& Navlakhi tioms in Gujarat lying and Gujarat.favliakhi
south of the Kandla, would also serve
Ahmedabad seetion. Re jesthan.

Rozi (Jamnager) N.A, Punjab,Chandigarh

‘ and Gujarat.

Bombay Maharashtre Broad Guage Punjab,Chandigarh,

(BG) amd NG, Gujarat BG MP and Meharashtra.

South of Vadodara, MP
destinations West of Katni
and West of Nagpur,Punjeb
Chand igarh,Haryans ,Western
UP, J&K,Himschal Pradesh,
and Rajasthan.

Marmagoa Karnataka(MG ),And hra Rejasthan, Gujarat,
Pradesh(MG) except Kat- emd Goa,Daman and Diu
padi,Gauntkal section. and Punjeb and

Chand igarh.
Mangalore Karnataka(M¢),Kerala(MG) UP,Karnataka,Himel=-
and Temilnadu(BG) chal Pradesh, J&K,
Tem ilnadu, Pondichery,
and Commod ity Boards
(South).
Cochin Kerala(BG),Temilnadu(BG¢) MP, UP, Kerrateke and
Andhra Pradesh.
caldicut WA - Temilnadu, Pondichery
) and commodity Boards
(South)
Madras (BG) distinations of MP, UP, Tamilnadu,

Tamil Nadu and Karnata-  commodity Boards(South)
ka and A.P.(except stati- Pordichery, Andhra
ons east of Vijayawada) ©Pradesh and Karmtaka.

eontess
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Yeme of the
po;t

RITES recommendations

Our Recommendations

Tuticortin
Nagapatitinem
Cuddalore;{ /
Pond ichexry

Visakhapatnan
and Kskinada

Mébhlipatt&nam
Pradip Port
Haldia Port

Calcutta

MG destinations of
Tamil Nadu, Kerala,
Karnataka and Andhra
Prodesh upto Guntakal

¥MP and Maharashtre,
destination east of
Katni and east of Negpur,
Orissa(except Kharagpur-
Cuttak section),BG desi=~
nations in AP upto Vijay
aweda .

Tuticorin and Nagapa-
ttinem ports to serve
Tamilnadu, Pond ichery &
commodity Boards.
Tuticorin port would
also serve Andhre P.

and Cuddalore and Pondi-
chery portsto serve
Andhre Pradesh &
Karnataka.

Viasekhapatnam port to
serve AP, Orissa,Biher
West Bengal, Assam,

S ikkim,Bhutan,Meghalaye,
Himachal Pradesh,Naga= .
land,Manipur,Tripure,
Migoram,Kernataka,U.P.,
Haryana,Delhi,Punjab &
Chardigarh,Kakinada port
to serve U.P., &LP.,
M+Pe, Karnataka, Harya-
na and Delhi.

Andhra Pradesh and
Madhya Pradesh.

Andbre Pradesh,0Orissa '
and Uttar Pradesh. '

Orissa, West Bengal,
and Uttar Pradesh.

Uttar Pradesh and
West Bengal,
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Conclusion 3

_ The distribution of fertilisers, although, made by the
Goverrment of Indis (i.e.'}ﬁ’er'tiliser Pool) at the ECA zomml
Conferences, oross-movement of fertilisers is still contimuing.
This results in higher transport, cost as well as lead of
fertilisers movement in the country. The bottlenscks of trans-
portation caused due to scarcity of wagons and, the burden of
subsidy which is incurred by the public exchequer by subsidising
the fertiliser transportatioﬁ,\ can be reduced substentially by

rationalising the pr‘eva“il ing system of fer tilisei' distribution.

i
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