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I. Introduction
The Central Planner of the country, such as the Planning

Commission or the Industrial Licensing Authority must determine
the optimal growth strategy for an industry. The growth strategy
for an industry is the manner in which the industry is allowed to
expand over an :priord. fixed time horizon., Given the current ly
éxisting set of plants, theirp locations, process technologies, and

capacities, the Planner must decide on the following issues:

i) Which among an identified set of potential locations should
bas chosen far locating new plants? These neuw plants are required

to cater to known and growing demands of markets for the product.

ii} What is (are) the best choice of process technology
(technologiss) for each location? This is important since in most

industries a choice of various basic procass technologies exists,

iii) What should be the tapacity of each of the new plants,

and how should this be built-up aver time?

iv) How much ray material from each rau material source should
be moved to each of thg plants, This is ths question of alloeation

of raw materials,

v) What should be the allocation of product from thg plants, both
0ld and new, to the markets? Here cld plants are those in cperation
at the beginning of the planning horizon, uhfle new plants rafer to

those that are added during the planning horizon.

A growth strategy is optimal if it helps te achieve a certain
Pre-dafined ob jective or a set of objectives as well as or better than
does any other strategy. Often such camplex planning problems have
a mtltiplicity of objectives, such as minimisation of capital inyegst~
ments and other financial resources; minimisation gf consumption of
various types of raw materials and Services reguired for production;
minimisgtion use of infrastructural facilitigs such a8 transportation

for movement of raw materials and product, etec. The basic promise is



that if resource consumption for procucing a given level of autput
is minimised, the resources thus saved can be gainfully used for
other purposes, or in cases whare the resources have no alternative
uses, their use can be prolonged over longer periods, 5ince many
of these objectives are measured in mutually non-commensurate units
such as Rupeses of Capital Outlay, tons of coal consuﬁéd, ton -~ km.
of railway frieght etc, etc., it is customary while madelling such
problems to use a single ot jective, for ;nstance cost mimimisation
as a proxy of the rsal objective of minimising diverse types of
resouUrces, Tha ob jectives discussed abova are all quantlflamle,
and with some approximation tramslatable into monetary measures.
For this reason thay can be incorporated through formal modeliing,

using technigues such as those availabla in Operations Research.

The planner must in adeition incorporate in his decision
making various other objectives which may not be amenable to
straight—forward guantification. Amongst thase are included
need for regional dispersal of plants; avoidance of wasteful
investments for instance due to creation of gross gver~capacity for
the industry as a whole}; creation of employment opportunitios; avoid-
ance of excessive grouth of already developed areas of the country;
minimisation.of balance of payment deficits, etc, Since the =ffect
of planning decisions for a particular imdustry on many of these

'soft' objectives is not always quantifiable, the planner may-not

be able to explicitly incorporate them in a formal model. This doas
not however imply that objective modelling of such complicated .
problems can be dispersed with. In the absence of ob jective and
~formal models, the decision makor tends to make policy decisions that
aften appear to be arbitrary. This is not surprising, since the
enormity of the problem would rasult in his making dscisians
sequentially on the above five issues, where an integrated approach
in which all decisions on all the five arsas are made simultaneous ly

is mast appropriate. Ths seguentialk approach to decision making in



such situations in which for instance the plant locations are first
decided, followed by decisions on procass tschaology at sach location,
and so on, usually leads to sub-optimality, This is bacaueso in tha
sequantial approach, much pertinent information could be crecluded

from consideration, becauss of ths large volume of information.

Thus while formal modelling is a good defense against perceived
arbitrarinass of planning decisions, unless it can implicitiy incor-
porate the 'soft' objectives of the decision maker, it is- inadequate
as a practical tool. In this paper we prasant mothodolegy and results
of a planning modol, whare the soft objectives of tha plan%er hava beaen
incorporated into the model through policy intervontions. The wedel
is demonstrated using the Indian spange iron industry, primarily
because it is a virgin industry with substantial growth potantial in
thu coming yeers, so that some interesting and usoful conclusions
may cmerge for the planner. Thus the formulation and solution method
have madz use of certain paculiaritics of the industry. Howover the
broad framowork itsclf is goneral and can bo applied to any process

" industry.

The primary contribution of the model and tho solution procedurc
iz that the planner is able to ssg the implications of his policy
interventions. The model alse onables aexamination of the sansitiyity
of his docisions to the problem data such as demands for the product
and prices of various raw matorials. This Eiues an idaa of tha
robustness of various decisions with respect to problem uncorta1n1t1n$.
In the context of administarad pricing of various key raw matsrials -

and sorvices, this aspect alsoc has policy implications for the planner.

Optimal solution te the issuzs of plant location, procaoss
selection, capacity planning and allocation of raw materials and
allocation of tho product arc important for the viability of the
industry as well as from a resource concontration aspect. Tha latter

is bsing increasingly amphasised at various forums. Poor plant



location or an inapprapriate choice of process at a location can
hampar the viability of the plant. Poor decisions on capacity
utilisation, both of which are undesiracls, Finally poore allocation
patterns can put undus strass on an already overloadod transport
system, It is for these reassons that formal models bocome indos—

pensible,

11. Spenae Iron in Indien Stszl Scenario

India ranks amongst the lowest in the worid in topms of por
capita staal consumption. Since stesl consumption reflects invest-
ment in the capital goods industry, which must continualiy grow for
the economic developmant of a country, Lhore is substantial naed as

well as scope for increasing the steel consumption in the couuntoy.

Tha principal route for stoel making is through convantional
integrated steel plants, whore iron ore is convertad into pig iron in
a 8last furnace, The molten pig iron is refined into stael using
gither the Basic Oxygen procees or the Open Hearth Pracess. The
‘ﬁasulting molten stuel is cast into ingots, and then rolled inte
samis such os billcts, blooms or slabs, which arsc in turn rolled into
finished products such as wires, rods and bars. With the advant
of continuous casting, the molten stesl is dirsctly cast into scais,
and then finish rolled to get usable products, while advanced indus--
trial nations have phased out the Open Haarth process for stecl
refining, and have gone in a big way into oxygen blown converters, in
India over 50% of the stesl production ig fhruugh the Open Haarth
pracess and only 10% of the stoel produced is through oxygen stocl
making, The Blast Furnace route religs on use of coking coals. In
India coking coals are of poor guality and their roserves are fast
dopleting., Morcover tha Blast Fupnace route is sconomically viable
at relatively large capacitios of over one Million toms per annum
(Mtpa), and the full economics of scale can be realised only at 3-4

Mtpa, for which demands may not ba rcadily available, This rpoutg



30 involves heavy investmants of the ordsr of saveral thousands

of grores of Rupees, and 'long gestation periods,

Tha alternative route to gteel manufacture which until racantly
has beon cone of rocycling, involvas malting and rafining of staol
scrap in an Electric Arc Furnace (EAF;, The mollen stool is formed
into ingots or is continuously cast as in the case of conventional
integrated steel plants. The £AF stgel industry, also referrad to
as the mini stecl industry has beon plagued with the problams of
lack of availability of stoel scrap and consequent prics eséslatians,
a8 well as irregular availability of slsctrie pawer. Howevar in
racent years, sponge iron, also called Directly Reduced (DR) iron
has been found to be an effective partial substituts of scrap steel
as a feed stock to EAFs. With the advent of sponge iron, the DR - EAF
route to steel making has Gocone a viabls altarnative to thz conven-—
tional Blast Furnace route, The formor does not reguire use of coking
coals; which are fost depleting in the country; requires modost invast-—
ments by comparisen, and has much shorter gestallon pariocds. More-
over capacity can bo augmented in small incroments to match the
growth in demand for steel. Given these banafits, tha Government
has begun to encourage growth of the spongae iron industry in a2 big
way. These plants will help cass the raw material problem being faced
by EAFs, and reducz imports of stecl scrap, which has bzen about 12
lakh tans in the year '83-84, if we include old ships that ags
imported for the purpose of being brokan, in ordor to supply the
resulting stesl scrap to EAFs, Intagrated DOR-EAF plants ara alsg

conceivable in tha futuro.

The demand for stosl in the cauntry, which was 8 Million tons
(M) in '79-~80 is oxpocted to increasa to over 18 Mt by '89-30. Tho
share of EAF's in the total steel praoduction, which was about 22% in
1882, is‘axpécted_to increase in the coming yoars as sponga iron
becomes increasingly availabls to EAFs, resulting in thoip bsttor

capacity utilisation, which is at present about 504, At prosent



there are two operating sponge iron plants in the country, which

are primariiy for demonstraticnal purposa.

11I. Framework of the Modol

L is in this context that planning the grouth of this industry
is a problem being currently facod by tho central plannor. In ths
conceivable future the major users of sponge iron are likdiy to be
EAFs, Sponge iren can also be usad in conventional intearatad stacl
plants, for oxample as a cgolant in the Basic Oxygen Furnacz. Thus
the creation of spongo iron czpacity showsd match tho demand for
spenge iron fram EAFs, It is unlikely that EAF capacity would
increase substaﬁtially aver theo existing level, in the coming yzars,
primarily becauses of ths shortage of powar bBelng faced in many
statos. Thus the increased sponge iren avallability in the coming
yoars is likely to lsad to buttor capacity utilisation of gxisting
EAFs. This is the basis on which damand forgcasts for sponge iron
have bean arrived at in the present study. The 189 EAF plants in
the country with a total instalicd capacity of about 4.5 Mbpa have
been agglomorated into 31 market centras for tha purposae of tha

modeal,

Sponga iron, which is @ssentially a purified form of iron
(about 90%.Fe} is producad by removing oxygan from iron ore (about
65% Fe) in a roducing atmosphore. There are tho commgrcially
successful procosses for sponge iron manu facturs 3 (i} the coal-
based rotary kiln process that uses iron orc lumps and non-coking
coal as the primary raw materials, and (ii) theo gas-based vertical
shaft process that uses iron ore lumps, iron oro pellets and Natupal
9a8s a8 the primary raw materials, Tho former is available in two
modula sizes of 1,0 and 1.5 lakh tpa. The latter is availableg in
two module sizes of E.U and 6.0 lakh tpa. Additional capacity at a
location can be had by installing more modules. Ue have also identi-

fied the sources far nan=coking coal; four scurces for ipon Jpo lumps



and two soureces for iron ore pellots, Natural gas is availablz
from Bombay High, Gujarat and Assa%: In addition: yas from
Godavari basin is also likszly to be availablo in the coming yaars.
Tha gas from Bombay High would be ‘pipad to Babrala in Uttar
Pradesh once the HBJ pipeline is commissioned. Gas would ba
avallablo at any point zlong the routc of the pipelinc. Ouing

to the large number of gas-bascd fuertilizer plants in Gujarat,

gas from Gu jarat is unlikely to ba availabls for sponge iron
manufacture, while Assam is not considered a suitabls stato for
location of spange iron plants since it doos not have any EAFs,
and additionally because of Lthe bottlenecks in rail transport in
that regicn,. Limcstone,.which is another raw material reguired
for coal basaed sponge iron manufacture was not explicitly includad
in tha modcel since it is widely asvailable in the country. Instead
it was incorporated in the conversion cost for coal-basad spenge

iron. d

Based on the above, it was possible to identify 25 potential
locations for coal based sponge iron manufacture and 8 potential
locations for gas-bascd sponge iron manufacturce. The basis for
this choice was nsarness to markots or scurcas of ray materials
or beth. Table 1 givas tho markot-contor-wise cstimatud demand
for sponge iron till the turn of tha contury, after which the
demand is oxpocted to stabilize ab that level. Table 2 lists the
sources for major raw materials and ths pottntial locations for
tha sponge iron piants. Table 3 gives tha base level pricas for

various raw materials, as used in the model.



Tho model does not assame any capacity limitatiuns faor
transport of mezterial from source to dostination. Howover this
is not restrictivs simce any sectirs whors transportation bottlonogks
are present can be taken care of by incorporating approximato
transportation constraints, Market prices are assumed to roflcet
the worth of gach rosource to the nation and ars usad in the abjoactive
function. If social costs are aveilable, thase can ba uscd instoad.
The problom in using social costs is the inability in most cascs to
guantify them. Such a guantification requires asssessment of Lho
total costs and benefits to the socisty for sach rosource ewployad.
Thare are two problems associated with such a quantification., The
first is in identification of the costs and bonefits, zspocially
in the prescncg of oxtornalitios., A second problam is thair
measurement. A single indistinguishabls product rosults from al:
the processes, sa that each market may Le sdpplicd from ona or morc
location=pracess combinations, Plants aro sot up during the pianning
horizon, which is divided into three sot—up periods of five ycars
@ach; corresponding roughly to the gostation periog for setting
up thosc plants. Plants set up in a particular sot-up period bacona
oporative at the end of the set~up poriod and are available for
full stream produetion, Annual allocation of product fraom plants
ta markets romain unchangod until the system undergues a perturkaticn:
through addition of now plants at the end of satlup pariods, | Sugh
periods of unallerod allocation are roferred to F-pe as production
periods, Figure 1 shows a.schomatic of the set=-up and pruduction
Periuds, where the lifs of a module is assumad as twenty yaars from

the time of commisgioning.
-



First sgt
of plants

dacond set
of plants

Third set
of plants

Set-Up - 4»Product10n _*?roductlongp Production
eriod 1 Perlod 1 . . Period 2 _Period 3 3
- 10 15 20
Sek-up Production. Production
lperiod 2 4Far10d 2 ¥ Pericod 3
L - S 10 75 TR T T

* These numbars ruprosent years.

Figure 1. Schematic 1llustration of Pi aning & Prodyctin P

13

:
g

s

15

: ,_.Set-up -,!»(— Praduction ___ —
ommooi Poriod 3 Periag 3
1] 5 10 15 20

' { 1

? | |

i ¢ . Planning e |

P herizon ;

| b s

‘ oo o Pret.}uc_mn e

! horizon

}<‘ - -v—uPraductlon considerss in the modol ———

—

~Phasing doun of

firgt met cf_plant§
35 |

{

!

Phasing doun of

sacond seft of plants

30 35 i
1
lI
'

Phaéing domn

5’,-01" third set

s« = — _ .y of plants

30 35

ariods




10

Oemznds for- sponge iron from ¢ach markst in sach production
puariod is givan. Thasc duemandsemay not changs during a production
period but may increaso to now lesvels at thoe end of oach production
period. The existing small capacity af sponge iron plants, mainly
in the farm of exparimental and demonstrational plants are. ignorad
in th2 model zlthough this can be readily incorporated in the
moccl, Capital costs for the 2nd, 3rd and 4th modules of a parti-
cular process and size at a location cost rospectively 754, 707
and 65/ of tha corrasponding capital cost for the first module. This
accounts for zconomios of scale in the investment cost, since some
commany infrastructural facilities such as wtilities, housing ste.

will require only less than proportivnal incremental investmont.

With these assumptions, the model which is describsd in Agpendix
was devzloped. Tho peculiarities of thoe particular industry havs laad
to certain modifications of the model, Sincc ths anvisagad peak
production of sponge iron of 2,5 Mipa is much lass than the reservaos,
tha constraints ropresenting supply of ras materials become radundant,
This enables for each potential location, supply of raw matsrials from
that source which is closest to it. Consequently torms representing
raw material cost plus fricght and handling cah be included in the
cost af convarsion and transportation of the pgoduct aftar suitable
incorporation of the specific consumption norms, Thiz composits cost
is refarred to hora as convertation cost. The constraints rupresenting v
material balances can also be dropped nou s&nce this is implicitly .
incorporated in tha convertation cost. Since the worlduide capacity
utilisation for tho sporge iron industry is oniy about 3G/, rapresnting
surplus capacity creatad, sxport of sponge iron is discarded as a
possibility. [Marcover since Indiz has an abundance of all thu raw
materials required for sponge ironm manufactura, import of sponge iron
is also nd considersd worthwhile, given the policy of so0lf reliancs
of the country. TYhese modificatlons give a closod sconamy vereion

of the modul praesented in tho appendix. Conseguantly the mode of
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transport for r~w materials and product has hsen assumsd az
railways, although other modas can he incorporsted in . the madel

if found apprepriate.

Excessive gz2ographic concantration af sponges iron capacity
is avoided by prevanting no more than one gas-based moduls at a
location from being set up. From an implementation point u% vioyg
an average of no more than two coal basad modules par set-up pzriod
are parmitted, Basad on experience with coal-hasad modules world-wids,
no moras than a total of four modulaes at a location are allowszd,
ThBSE'deificatioﬂS, when incorporated om the modsl in Appendix
result in a large sized mixed (0-1; integer lLinear program with
3069 continugus variablas, 548 (0-1) integar variables and 721
constraints, The (0~1) integer variables represant non-seisction
and selaction respectively of various maodules at each location
during sach set-up period. The continuous variables repraesent the
amount of product manufactured from a particular technology, that is
movad from each piant to each markest during each preduction pericd.

This can be us=d to back-calcylata movements of rav materials.

The objactive function in the model is the sum of Fixad cost
and convertation cost., This can be interprefted as tha valua of all
the resources consumad in order to make sponge irom available in ths
demanded quantitiss by the FAFs oyep the next twenty~five years,
which is the horizon for the model, The fixad cost includes fixed
investment cost less salvage value at ths endiof tho model horizon,
salaries and wages, fixed ovarhead costs and an appropriate companent
of the working capital requiroments. The convartation caost raprasents
the present value of the cast of transporting raw mateorials fram
respective nearest sources to plants and of product from plants to
markets plus all other variabla costs of production. ALl costs areg
taken at thaeir present valueg, and a discounting factor of 3% has tecn
usad aftor assuming prices at constant monay value, to account FPap

tho time value of money. Tho maximum zllowabls oxconss capacity fop



12

the industry as a whole was sat at 10/, and at most 10U locatians out
of the 25 potential locations wore allowed to be sslectad to provent
toe thin a spreading of resources. Atmost ana tacbnﬂlagy was allowad
at locations wherz both technologics wars feasibls, to enable regional
dispe:sal. Only one modular sizs within a tochnalogy was pefmittud

at a location to avoid ksoping sparss for various module sizos.  This

was done frem an operaticnal point of visw.

The model was solyad using an algorithm spacificaliy designed
for th2 purpose. This is hased on a suitable decomposition schome
and provides good solutions very rapidly. The algorithm was coded
in FORTRAN 1V and implemontsd on a PDP 11/10 comput:r. Thz solutions

discussod in thz following scction resultad after hotwazsn 90 to 150

minuktes of CPD timn.

IV. Jolutions under vari-us Govornmental Policios

Four different policies have baen considerad, and tho solution
obtained in cach casc. Thesz policies are iliustrotive andg not
axhaustive, Tha purpcse bf using thoem is to demanstrate how various
gDuarnméntal policies can be handled by the model. ALl the poiicios
can be handlad 5y the model, AlL the policies wors soclved far the

basz level of prices and damands,

Palicy 1 is ono of no intzrvontion, which implies that the
Planour does not restrict ths sclution in agy mannsr. This is
opposad to the remaining three policies, whare based on certain
governmontal consideraticns, certain options are straightaway ruled
out. Peliey 2 reguirss rogional disparsal of plants, which wauld
rasult for instanco by allowing no more than two coal baswd modulae
at a location. Thus all variables currespoﬁding to tho third and
fourth coal based modulas at a location are set to zero to start with.
Poticy 3 disallowss gas-basod sponge iron plants in tha gauntry. This

policy may bc requirad if the Government cnvisagus othor nore  impartant
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uses for Natural gas., In poiicy 4, satting up spongoe 1ran plants
in the £astzrn zone is disallowed. This may 3 necaessary, since
a large percentage of steel making capacity today is din Castorn
India. Since the stoel cansuming centors arc sproad all over the
country, it is meaningful from a natiocnal point of viow, to
preovent through deliberate policy, now stosl-rolated capacitices

from being sat up in Eastern India.

Tabla 4 summarises the solutions sbtained by soiving tha
modal undsr the abovae four policies. In all tho four policise,
no gas=based module was chosan. Thuws tha solutien to policy 1
and policy 3 are identical, In-both casas only six locations wcore
selectod,  If the maxinum number of wodulos is reostricted to two,
thus forcing regional dispersal, ten iocations arz chosen. The
objective function value for this alternative is Rs 2975.5 crores,
which is only Rs. 42 crores more than ths osbjective function value
for tha policy of no intervention. This is not a large diffceronca,
and thus tho policy of rogional dispsrsal may be worth-whiiao, Palicy
4 rooults in a total cost of Rs. 3200 crores, which is zbout Rs. 250
crores mirge than the total cost of policy 1. The Planner .way
nevarthoeless pursue this policy should be fool that roversing the
concentration of stoal-making capacity in Eastern India is weorth

aven though it cousts the country about Rs 250 cpores mura.
. 1

V. Sgnsitivity Parametors

We now discuss solutions to the model under various lavals of
prablem paramcters for which therc was some uncartainty. ALl thosc
solutions correspond to the palicy of no intcrvention. Such a
sanaitivity amalysis wnablos the planmer to determine if the solutisns
to the modal are fobust with rospect tu changes in the valugs of
varicus problem parameters. These include changa2s in demands,
changes in costs of raw matorials, changes in freight rates and

simuitansous variation of savaral of thoso,
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The base lzvel demands for the third production poriod shown
in Table 1 have besn estimated on ths assumption that 50% of the
Ferrous input to EAFs would be spunge iran and that all the existing
EAFs would rocach full capacity wtilisation by then. For the first
two producticn periods tho market=-wise yearly dumands would be ros-
pectively 25/ and 507 of the corresponding baso level demandé for
the third pericd., In this way the growth in sponge iroun usage
would match the increasing acceptance ta use sponge iron amongst
EAF oparators, Three othor demand sconerios wero considorede. Tho
first is en optimistic scencrio where the yearly damands for the
three periods respectivaely are 25%, 604 and 72% of the basa luvol
demands for the third period. The sacond is 2 pessimistic scsnerio
whers the percentages are respectively 25, 40 and 754. Finally the

third scencrio assumss that the doemands for the three perisds

o

respectively are 15, 30 and 5073 of tho third period basc loval domends,
A1l thé these demands sansitiuitiés warae mads using base lavel raw
matarial prices and freinht rates. The results are shoun in Table 5.
At all locations only coal basad medules have hesn picked up., The
logations Ourg, Asansal, Tadali and Karbo appear in all the sgensrios

and are thus fairly robust with respesect to domand .

Thae base level price of gas was assumed to be Rs 1400/1000 No-
at saurce, and tha hase-lavel pumping cost as Re0.5/1000 NmS/Km. For
base level demands as well as prices of all sther raw matorials, the
gas price and pumping cost wers varied dver a rango, as shown in
Tabls 6, t3 sce tha offeet on tho solution. The prics of Rs 143¢/1000
Nm3 reprusgnts the Naptha roplzcemsnt prico of gas, while the price of
gés. Finally a pricc of Rs, 0/1003 Nm3 Wwz28 also considerad, sincs at
presant much of tho gas praduced is being flared away for want of
-alternative usos for it. Apart from the basc lavel pumping cost of
Rs 0.5/1000 Nms/Km, a pumping cost of Rs 0.1/10C0 NmS/Km was also
considorad to sec if thoe saluticn changod. The tesults are prosent.ad

in Table 6. Theeo rosults indicate that even a2t a price of
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Rs -700/1000 Nm”~ for Natural 9as, N3 gas—based plant is profarred,
For the gas price of Rs 0/1000 Nmsg only one gas-bascd moduliz is

ickod up, and that tos in the thirg nericd.
P F

The Governmont has tsen considaring a gas price of Re 210G/
1000 Nrﬂ:5 for tha Fertilizer industry, which falls in ths priority
sgctor. Fur sponge ireon, even at prices as low os Rs 7DD/{DDO Nm3,
gas=bascd process doas not appear very suitable from the perspective
af the country as a whois., Thea price at which gas would be mado
available to the sponge iron industry is yet to bg finalised by the
Governmant,  Howover it is unlikely to bo loss  than Rs 1400/1000 ng.
One reasan why gas-based modules are not picked up in the solution
even when the gas price is reduced is tihat having relatively largs
modulor capacitiss, concentration of capacity at a locatiocn is in=-
built into them, resulting in need for considerabla mavement of ray

material, finishei! product ar both,

For the throo cases of a doubling in the prico of coal; a 50%
reduction in the price of iron ora pellets, and a doutling in the price
of iron ore lumps, and in each case kKaaping all other paramsters at
their base levels, the location of plants and location-~wisesst-up
pericd-wise process salgction and capacity buil=up ara same as in tha

base casa.

fpart from thg baso lavel freight costs, which was based on
prevailing Railway tariff ratos, three otharelauals of freight costs
roepresenting raspoectively 5074 incraase, 25%4 incroasc ang 255 decruase
compared to tho basc lovel wers used to salve the msdel, keeping
prices of all raw materials at their respoctive base levelis, The
rosults, presonted in Table 7, show that the solution shanges quite
‘marked by for inersase in freight costs, Thus for instance Bara Jamin
was picked up by the solution only in the third period for baso froight

casts, at higher freight costs it e pickad up cerlier. This isg
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to be uxpected since Bara Jamda is locatod vary clouss to ras materials
frr tho cozl=basod process, so that when freight costs bascoma high,
the locatinns shift closer to sourcas of these raw materials whosa

spacific consumption is argatar than unity.

Simultanesus variation in ssveral problem paramgters was cunsidaraed,
by iduntifying six scenezics for tha prices of vericus raw matoerials.
Bass lsvel demands and freight rales wers maintained in all casus,
The six sceneriss are listeod in Table 8. The solutivns to ths model
for thesc cases are presented in Table 9. Scenagria the basc case
doss not yield any gas baged plants, Scenerio 4, which is thz worst
scanerio fur both procossss yields a gas=based plant in Bombay in the
third pericd. For ths remaining scenarivs rapressnting tho bost on
ruaiistic best sceneriss for the gas—based Frocess, 8o that the price
of gas is Rs 700/1000 Nm3 or less, one or more gas-basaod madules are
picked up by ths solution. Tho coal~basad lucations are very robust
with respect t5 various sceneriss and thus thosa locations are not

very sensitive to the prices of various rau matariazls,

VI Concluding Remarks

An important problem . f concern to the Central Planner that of
planning for optimal growth strategy fur an industry wes discusscd
abova., An opentional Ressarch model is Formulated to aid tho decision
maker to orrive at the best combination of plant locatiom, location-—
wise prceoess technology, location-wise process tuchnology-wiss capacity
and its time phasing, and allccation of raw mataerials a;d product.

The model has znabled incorporation of policy, decisicns, and alsa an
axtansive sensitivity analysis of the solutisn to various probiom
parametors over which theore was some uncertainty, fpplication »f

the model to India sponge lron industry and policy implications

provides the Plapner the rational basig for aptimal grouth stratugy,
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Near optimal or gosd solutions to models such as the ong
proposud herc in tha cuntoxt of the Indian spongo iren industry
could provide 'a rational basis for crucizl decisions regarding in
industrial planning.  In the spucific oxampls of this industry for
cdnstanco we find that whilae tha Government has licsnsod gas~basad
plants at Sombay and Hazira, as Tahle 10-shows, gas~tasad plant s
do not appear in our rosults under eonditicns of likcly prices of
various raw materials, & review and rethinking Fop optinial growth
strategy for Sponge iron industry thus is needad and the cantral
planning from tho national view point can be sidad by the framework

pPropased in this papsr.



Tabls

—— s

farkat center-wisgs damand far Sponge irnon

B e o s Py ————— e 30 AP o i

H

&

Demand far Sponga iron ( 10% tens.

No . Mlacket Lonter T990-571 T0Y5-5 6 5003-2001
1 Dalni 53,8025 17. 605 35,21
2 Hisar 1 e DTS 2,072 4,15
3 Ambala 1. 885 1477 3.54
4, tudhiana 33,8475 7,695 15,39
5 Jaipur 24,475 4,95 9.9
B Lackriow 3.43%25 6.365 13,73
7 Myzaffarnagar 1,737 3.475 5.93
8 V{atwnagar 2.0275 4,055 8.11
G Ranchi 1179 Z2.35 4,7
10 dara Jamda 02,0525 0.105 0.21

11 Ca.cutta 10,708 21=41 42.82

12 R:oikot 0D.,4125 0.825 1465

13  Ahmcedabad U.3845 1.69 3. 38

14  Haorada 1, 3075 2.615 5,23

15 Raipur e 7775 3.500 7311

16 Gualiior U.565 1.13 2/26

17 Indare 1.912% 3.825 7,65

18 Jaialpur 0.,1828 0.355 0,73

19  Hambay 9,37 18.74 37.48

20 Nagpur 2,485 4,97 9.84

21 Aurangabad 0.35 0.70 1.40

22 Holhapur .B775 1.355 2,71

23 UWaltair 0.BG75 12615 3.25

24 Hacuyndarshad 1.16 2,32 Aabd

2% Hothazgudam 2,404 4,088 2,76

26 Hangalara 2462 3.3 13.6

27 Haspoat 0.5575 1,115 223

24  Bhadravati 1.45 2.98 5,92
20 Calicut 1.275 2,55 5.1

30 Madras 2.1179 - 4,235 .47

31 Tiruchirapalli D.245 0,49 0.94

Total 90,795 137,59 275,13

o m———
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Tablz 2

List of sources for Major Raw Matorials and List of Potzontial
Locdtions for Sponge Iron Plants

List of sourcas of Major Raw Materials:

1. Nen=caking coal:
Mamguru; Taicher, Tadali, Asansol, Noeyvoli
Korba, Aenla, Anuppur, Mahdaiya, Briakara
2. Iron ore lumps:

Bara Jamda, Vasco da Gama, Ballary, Dalli-Rajhara

S« Iron ore pellets:

Vasco da Gama, Dalli-Rajhara
4, Gas:
Bambay High, Godavari Basin

List of Potential Locations for Sponge Iron Plants @

Kothagudem (c}*, Bara Jamda (¢}, Chandil (c), Hazira (cyg)*
Bombay (c,g9), Hospst (c), Purulia (cj, Delhi (c,, tudhiana (o,
Caleutta {c), Bhadravati (c;, Madras {c} Unnao (c,g4, Baroda
(c,97, Ujjain {c,9), Shahjahanpur (c,0i, Babrala {c,9), Narasapur
{c,a}, Vasco du Gama (c), Durg (c;, Asansol (s¢), Tzlcher e,

Tadali (c), Noyvoli (c;, Korba (c).

*

(¢) indicatoes that only coal-baszd plants are possibla ot that
locationg : !
(c,9) indicates that both coal-basad and gas~bascd plants arc
possiblo at that location.



Table 3 Pricos of Raw Matcrials
at Respoctive Sourcos#*

Sl.

No. Raw Material Price of Raw Materpial (Rs)
1 Non Coking coal 370/T

2 Iron ars lumps 85/T

3  Iron ors pellets 400/T

4 Natural Gas+# 1400/1000 Nm3

5  Limestone 270/7

6 Electrie Power 0,45/Kuh

7 UWatpprex ‘?.S/m3

* %

a

Sourccs Discussions with Ipitata Sponge Iron Limitod
Jamshedpur and MLCON, Ranchi

&
Considarable uncortainty in the price of gas sxista,

Moraover, the cost of pumping gas may rangs from
Rs. 0.10/1000 Nn®/Km to ss high as Rs. 0.50/1000 Na /K,

*** Includes cost aof pumping thoe watar.



Tablo 4

Solution to the DMMSLPA Problem? Poiicy-wise Comparison
(Basw Prices and Demands )

Policy 1 Palicy 2 Policy 5 Policy 4
No Intervention  Regicnal dispersal No gas bosed  No plants in
of plants piants Lastsrn India
Fro- Pro- Pro- Pro-
CBSSt=1 t=2 t=3 CGSBthI t=2 t=3 CBSSt=1 t=2 t=3 Coss t=1 t=2 t=3
1. Locations
Kathagudoem c 1 C 4
Bara Jemda C* ) 4k% £ 2 C 4
Chandil C 2
Hospat c 2 C z L 1 1 2
Laleutta € 2
Madras [ 2
Unnaco [ 3
Vasco C 2 G 2z 2
Durg c 2 2 C 2 C 2 2
Az ansol C 1 1 2 C 1 1 C 1 1 z
Tadali & 1 c g 1 c 2 2
Korba C 2 2 C 2 C 2 2
2. Z (Rs. Cr) 2934.8 2976.5 2934, 8 3200.3
~v¥ (Re. Cr) 2089.5 2067.9 2069.6 2360.9
~£*"(Rs. Cr) B45.2 902.6 545,2 B839.4

* Reprosonts Coal baSod  procoss) size of modules 1.5 lakh tpe
** This ropresonts tho no., 0f modules of the process installed at a lacstion during pdricd t.
4+ Ui Variable Cocst Component of Z3 -+ F& Fixad Cost Companont of £



Table 5

Sclution to tho BIWSLPA Problom under Jarigus Sponge Irsn Damend Scencrigs

(9asa tevei Pricos for all Inputs, No Folisy Intsruontionj

Basg

leval domands

—t_y.

Seenario 1

Yoarly marketuwise
domands in the throeo
periods ere raspoc—
tivaly 25%, 60% and
125% of hasa damands
for thizd pariod

Sconorio 2% Scenoriq.'j‘* )
Yaarly markstwizo Yaarly markctwise
damands in the throo demands in tho thras
poriuds are re3peocti- periods are rvespeochti-
valy 25%, 4034 and 75% vely 154, 30% ond S0
of taso domands for  of basa domands For
the third poriad the third period

1. Locatign Frocuss t=1 £=2 t=3 Process t=] t=2 | -3 Pracess t=1 t=2? t=3 Procoss t=1 t=2 t=3
Bara Jomds C 4 C 4 C 2
Haspot C 2 c 1
Madras c 1
Vasco c 2
Jurg c C 2 2z [ 2 2 £ 2 2
Rsanszol C y| 1 2 C i 3 C 2 2
PR K C 1 C 4 1
Korba C 2 4 L 2 2 C 2 2 c 2 1 1

2. 7 {Rs. Cr} 2G34,8 3515,1 2394, 4 1642.5
-v {As. Cr) 2089,7 2519,0 1663,3 1143.6
~F  (Rs. Er) 845,48 C96,1 731.,1 435 ,.9

* For theso tws sconerios the constraints on over capacity for the country 28 & whole wore rewovad

. sincs using @n over éépﬁcity factor of 104 luad to no feasible solutians,

-



Table B

folution to tha DMMSLPA Problem undaor Yarious Levals of Gas
and Gas Pumping Rates

Fricas

(Base leval markct—centor—yiso demands for all the thrae

base level pricaos for all raw me'
intervention)

poriaod,

~inls oxcept gas, No policy

Price of gas 1400 1400 700 0.0 0.0

(Rs/1000 Nm3)

Gas pumping _ 0.5 0.1 0.1 0.5 0.1

Rs/1000 Np/Kn.

1. Location Pro- Pro- _ Pro- Pro-- Pro~ -

coss D=1 E=2 t=3 coss b=l t=2 t=3 cess =1 t=2 t=3 coss U1 t=2 t=3 coss F=1 t=2 t=3

Bara Jamda C 4 C 4 C 4 C 4 C 4
Bumbay G 1 G 1
Hospot C 2 » 2 C 2
Ourg c 2 2 C 2 2 c 2 C 2 2 c 2 2
Asansol C i1 2 c 1T 1 2 C 1 2 C 1T 1 2 C 1 102
Tadali C 1 c 1 C 1 c 1. c 1
Korba C 2 2 C 2 2 C 2 C 2 2 c 2 2

2. 2 (Rs. Cr) 2934,8 2934,8 2934,8 2923,4 2919,0
~¥ (Rs, Cr) 2089,7 2089.7 2089.7 2U66,7 2062.4
- (Rs, Cr) 845, 1 845, 1 845, 1 855,7 856.6




Tabla 7

Suiution to the DMMSLPA Problem for Various Froight Costs
(Basc lovel demands, basa lsvol pricas of all raw matarials:
' No policy intorvention)

Basy Fraight Freight rates ~ Freight rates Froight rates 25%
ratos 50% higher than 25% highar_than lowsr than Base
: Base froight v~luos baso valygs valuos
le_location =1 t=2 t=3 =1 t=2 =3 E=1 t=2 =3 =1 t=2 t=3
8ara Janda 4% 22 2 2 4
Chendil . 1
Hozpat 2 ‘ 2
Madras 1 - 1
Vasco 1 1
Uurg 2 2 2 2 2 2 2 2
fsansal i 1 2 4 4 1 1 2
Tadali 1 1 1
Korba 2 2 1 1 2 1 2 2 2
2. Z (Rs, Cr) . 2934.8 3327.3 3120,5 2735,8
~V (Rs. Cr) 208947 2470.6 226€,2 1650,6
~F (Rs. Cr) . B45.1 836.6 35444 B45.2

+ All modules are coal-bassd modules



Tanle 8

S5ix Scenarios when morpa than cne Problom Paoranctoer is
cheangod for which tho DAMSLPA Problam was Solved

Pricgc of Cost of Prige of Price of Price of iron
= : . P Natural gas pumging coal at iron arg ore lumps al source
arie Duscript : g ]
Reonerio gscription oL sourcc gas BCTEIE N o polists at
3 . sburce
Rs/1000Na Rs/10f Rs /T Vi Re/T
‘ ' T um3 /K
i Bzge Prices for all
ray matorials 1400 0.5 376G 460 85
11 fBast scenoric for gas-— 0.0 0.1 740 200 85
basad processi worst
scenerio fur coal-
bhased proccssos
I11 Best scenorio for both 0.0 8.1 370 200 85
coal and gas-basod
Procossas
1y Worst scenerio for both  1400% 0,5 740 4060 170
coal and gas-basgd
procasses
-
v Raoalistic kost scencrio 700 D.5 T40 200 85

fpr gas-based procoss;
worst sceneric for coal-
basoed process

VI Realistic best sconorio 700
for gas~basod procossi
best scenorio for coale
bcasod pracoss

©
.
Lo

370 200 85

* Bincc tha Government has met yet decided tho prices =zt which Natural Gas would be made availabls
for the sponge iron industry, a price of Rs,1400/1000Nm3 has boon takan as the price for tho worst
scanerio for gas-basod sponge iran manufacture. Beyond this price, for instancc at a pricz of
Rs. 2100/?600Nm3, gas besed sponge iron manufacture bucoames unviablo zven fram the point of view of
the individual investor. '



Tabls 9
Sclution to the OMESLPA Problem fer Varisus Scanzrpigs of Tabls 8
(Joint Scnsitivity fnalysis)
(Base lovel markct—centar~wisec demands for all three periocds, over
capacity factor of 10% fur cach productiosn peripd, No pclicy inter-

vention)
Sceneriol Scenorio? Sccnerio 3 Scanoric 4 Sconerio S scenerio 6
Base prices Bust Scensrio Bastsconerio Uorst sce=- Realistic best Reslistic bast
for all raw for gas-based for both coel nerio for scanario for scenerin for gas-—
matorials procoss,worst and gas both coal gns—bascd pro- based processs
sconerio far based and gas=- =@ss; worst bast scanerio
coalw-yas ad procgsscos basat pro- sconeric for for coal-based
process CoSs0s coal-basod process
process - ,
1. bocation Pro- . Pro= Pro- Frao- ) Pro=-, ..7, . Pro- -
COSSt=1 t=2 t=3 CgSSt=1 t=2 t=3 CQSSt=1._.t=2 t=3 Gjﬁ§5t=1 t=2 t=3 CESS‘;t:ﬂ E:{ 3 cﬁssﬁ'tﬂ t=2 t£3
Kathagudem
Bera Jamdiz C 4 C £ 4 £ 3 C 4
Hazira G 1 & 1 G 1 G 1
Homboy G 1 G 1 G ] PR G 1
Celeutta
fiadras
Unn za G 1 G G 1
Ujjain G 1 G 1
Curg c 2 2 C 2 2 C 2 2 C 2 2 c 2 2 C 2 =2
Asansol C 1 1 2 ¥ 3 E 1 1 2 c 1 1 2
Tadali € 1 C 1 C 1
korba c 2z 2 R C 1 C 1T Cc 2 2 C 4 cC z 2
2. Z (Rs. Cr) 2934,8 2B96.6 2642,1 3962,7 3352.4 2934,6
-V (Rs, Cr) 2089.7 - 2079.7 1835 .1 3106,1 2543, 4 2078.0
-f (Reo Tp) 845.1 806,39 807.0 856.6 809.0 856.6




Table 10 Datails of Liconses issued for

Sponge Iron Manufacture in India*

af Maharastra
Limiteg

51, Campan Locat ion Pro-  Installud
. No, pany ea coss Capacity Remarks
tpa

1 Sporge Iron India Kothagudem SL/RN 30,000 In Operation
Limited (Andnza

Pradesh)

2 Orissa Sponge Iro de@on jhar  ACCAR 150,000 In Operation
Limited : (Orissa)

3 Ipitata Spongs Iron Joda TOR 90,000 Project being
Limitod (Orissa) implementad

4 Bihar Sponge Iron Chandil SL/RN 150,000 i
Limitad - (Bihar)

5 Gujarat Industrial Hazira Gas- 400,000 Gas ta bg
Dzvelopmont Corp. (Gujarat  based obtainad from
Limited Bombay High,

To ba imple
mented,

& State Industries & Alibagh Gas- 400,000 Gas to bag
Investment Corp. (Bombay) based obtainad from

Bambay High.
To bo imple-
mentgd,

%

* Source 2 Discussions with Department of Stusel, Government of India



APPENDIX -

The Operational Rescarch model that was saolved 1% o mathe-

matical translation of ths following physical modal.

Minimise the following sumi

Fixed cost + cost of raw materials,; freight and hancdling +
conversion caost at plant + freoight of product 4 cost of
import of sponge iron - (Revenue from oxport of sponge iron -

cost of export of sponge iron).

The following constraints should be satisfieds

1. Docmastic demand for sponge’ iron must be met through indigsnous
production and imports.

2. Export commitments must be met from indigenous preduction.

3. Indigenous production cannot oxcaod installed capacity

4 Imports cannot excood availability in ths farclgn markots

5. There can be atmost ong first modulz for each technology,
size and location, although this first module may havo boon
installed in any of the three sst-up periods. Likawiss
atmost one sccond, third and fourth modules are possibloe.

6. The modules instalied must follow presedence constraints,
Tho secaond module cannaot be installed bofore tho first, for
instance. This is necessary since we assume the socond modulo
capital cost is 75% of that of the first modulc. In the absaence
af this constraint, cost minimisation will atteﬁ;t Lo instal
tha 'second module before the first,

7. Thare can he atmost four coal-based and atmos% anz gas=hasead
madulos ot a location

8. Only one technology - size type is allowed =2t a location

9., To prevent too thin.a spreading of resources (and incidentally
to help fastan secarch for ths optimal solution), atmost 10
location from ameong 25 potontial locations may bélchasan.

10. N0 maore roaw materianl than is availabla at cach sourcy can do
supplind to the plants,.

11. The raw matcrials rgaching ©ach plant must ba in proper propor-
tion to the output of sponge iron from tho plant This propor=

will depend on tho spoeific consumotiun norems for thalt tachnoloav.
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