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P REFACE

Chlorine, a by-product of caustic-soda manufacture,
has heen 1Ising a sericug prodblem to the fndustry in teoms
of ita disposal and profitablae exnliocitation, The present
work has beon undertaken to meot partial requirements for
cqualifying for Ph. L. degroe of Birla Institute of Technoe
logy and scicnce, Pilani. It addreases itself to the study
of sctme important agpects of chlorine marketing., It covers
the period 1965 to 1980, and also attempts - Lorecast of

chlorine demand éduring the following decada,

The opening chapter givas a brief background and out.
linos the objectives and scope of the study, <hapter II
dealg with the history of the dovelopment of cnlox-2lkali
industry in India, <Chapter IIX takes up the study of the
question of chlorine marketing and it 1s found that the pa-
ranount issue in this connection is the necesaity to make
a reliable forecast of tho demand and supply of chlorine
during a given pericd. Its outcane largely deternines most
other aopects of chlorine marketing. Chapter iV, thercfore,
concerns itaoelf with the cuestion of an appropriate methodoe
logy for chlorine demand analysis. The analysis of both
domand and supply of chlorine is attempted in Chapter V.
The end-use pattern of chlorine igs anzlysed in the followe
ing chapter. The damand, supply and logistica aspocts of

chlosrine form the subject of Mscussion in Chapter VII. The
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last chapter contains conclusiong and recoamencationg.

I am indebted to many frienGs and colleagues who have
helped in various ways in the canpletion of this work. Hy
decpast chligation and qgratitude are, howaver, due to my
teacher and culda, Dr. S. ¥. Porval who has recently retired
as Group Leader and Vialting Professor, i#irla Institute of
Iecnnology and Science, Pilani. It 1s indced a rare privi-
lege to have studied with a scholar of nis eminence and amp-
litude of easy grasp of the entire ganmut of managansnt studien.
nd now he has fimnensely added to my indebtednoess to him by
very generously guiding my work in a difficult field of re-
scarch, It was he who selectaed the topic for me fron the
field of significant relevant research which was outlined
that very yoar by the Inatitute, ut for his constant on-
couragement and inspiring guidance this work cculd never have
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CHAPTER I
INTRCDUCTION



LHTRODJICTIUN

BACHGIOUND

P gl that chioringe, caustic-coda and chenicals go
togetiier weuld no Le far {roan truth, aAlso they possess
cecstadln cunacn cnaracteristics as noted pelow :

iiign tonnage; high investment and integrated

production system; relatively low price per tong

and iittle diffecential between producers in torms

oL techno;ogyl.

Thegse cheariical:s pose siguilficant pelluticn problans attribue
Latic o tucir chemical reoscildvity, phyasical properties and

toxicoloylcal charecetar.
AQUT CHLCORIUE

Chlorine is a highly corrosive, poisonous ~-nd hazar-
doug gas. It 1ls very reactive and highly lrritaking to mu-
cous membraneg. LEven accidental release of the gas can be
very dangerous to the communityz. The gasecus form of chlo=
rine and its covpounds most freduently encountered in pollu-
ted atmogpheres include the elemental chlorine, hydrogen chlo-

ride and vapours of a number of chlorinated hydrocarbon sole

vents, pesticides and harbicidesa. There is at present a

1. Hlchell 2., Tariing, "darketing Heavy Chenicalz",
Chemigtry & Industry, December, 1974, v. 436,
2. "Acmospheric Emisgions from Chlor-Alkali Manufacturer®,

United Stetea Environment Protection Agency, Roesearch
Triangle Park, North Carolina, 1971, No., AP. 99,

3. Ctern, "dr Pollutjion”, Vol, T., "Alr Pollutants - Thelr
Transformation & Tranaport®, 1973, pp. 63-66,




congiderable glchal =onzorm ab the presence of chlorinated
pesticilas and herhicides formed in chlorine atmogpheres.
Although th~ oasunt of cuch pecticlideg present in the air
12 cmegidersbly lels than the amcvnt ingested fran regsldues
in £20@, there s orzave ¢incern that the bulld-up of these
substan~es In the oceans would adversely affect many of the
micro-orcanigns that farm dnportant link in the nitrogen,
phosphorias, aulymr and oxygdn cycles essontial for lil= on
earth.

in origin cnioriue hias ween a by-product of caustice
soda, it has oeen produced world=wlde almost without excep-
tion by electzoiycls ln a stoichometric proportion. For every
1000 2, gms. &E caustic-soda produced by thig process of manu-

facture .856 K, gns. of chlorine is produced alongsidel.

dowever, with changing technology and variations in
relative demand and supply situation of causticesoda vigea-
vis chlorine we £ind that chlorine has emerged or ig likely
to cmerge from by product atage to a majeor product stage,

making caustic-scda subgidiary one,

This can bhe evinced in the undernoted four stages

which characterise the growth of cauaticesoda indﬂstryg.

1. Scone, Jele, "chioxine, its Manufacture, Proveriies and
Uses", Relnhold Publishing Corporation, New York, 1963,1r.3

2. Sampath 5., "Some Aspects of the Utilization of Chlorine”,
Proceedings of the Saminar on Chlorine VUtilizatjion, radras
Universlity, 1965, p. 41.




STAGES OF GROWIH OF CAUSTIC=30DA INDUSCRY

-50Ca
(1) Pemand for caustic ; in bulk but for little chlorine

when chemical caugticization is indicated;

(11) bemand for csustic-sede in large cuantitiecs but consgi-
derably less of demand for chlorine when clectrolytic and
chemical processes co-exist:

(111) Balanced demand for caustic-soda and chlorine when
electrolytic procesg takes over completely; and

(iv) Demand for chlorine exceceding that of caustic-3oda when
methods of producing chlorine without caustic-soda are sought.

Thig 15 likely to come in near future,

In thig connection the useg of chlorine will also be

worth notinge.

USEs OF CIHLORINE

The applicaticns of chlorine are so varied and wide
that its producticn and demand have reached very high levels
in industrially advanced countries. ¢(ne of the major uses
of chlorine is for the bleaching purposes either in the fomm
of aqueous solution or in the form of licquid chlorine, 4the
major industries utilizing chlorine as a bleaching agent are :

(1) Rayon Grade Fulp;

(11) Paper Grade Pulp:
(111) News Print; and

(1v) Textiles.

Chlorine is also used wildely in the manufacture of

bleaching powder, ancother good bleaching agent, Gther major



products in the manufacture of which chlorine is used are

listed in the following table along with the utilization

factor, that glves the vercentage of chlorine utilized per

ton of manufanture of these products.,

PadLe 1,1
Se NO,. Prosiuct Name Utilization Factor
1. stoble Bleaching Powder .40
2, Poly Venyl Chloride (P.V,.C, 75
3. Benzene Hexa Chlorice (5,H.C.) 90
4. Dy Do Ue 1,50
5., Hydro Chioric Acid (iiCl) «30
6. Liguid Chlorine 1,00

in addition to the products mentioned in the above

table other minor chlorine based products are selected on

the basis of their chlorine congsumption,

These are listead

in the following table - along with the utilization facter.

PABLE 1,2

Y, NOo. Product Name Utilization Factor

1, Monochloro Acetic Acid
2. Carbon Tetrachloride
3 Phosphorus Trichloride

4. Chloxosulphonie Aeid

« 38
20
77
« 30




EPCONGAICS OF CHLORwW/LICALT INDUSIRY

The econornic viablility of caustic-soda plant lies
solely or optimue and profitable utilization of chlorinc.
Roughly sgpeaking, with the present day capital costs, a mi-
nimum utilization of 90 per cent of the chlorine produced
together with minimum return of fse 400,00 per ton of chlo-
rine 18 necessary to achieve aven 3 10-15 per cent DCF on
100 TPD gross roots caustic-aoda plantl. Farther, cue to
high capital costs, bullding up of chleorine consuming indus-
trice 19 difficult, Thusg, tho problem of efficient and eco-
nanic utilization of chlorine surplus assumes significance
not cnly for causgtic-soda manufacturers but also for the na-
tion ag a whole, For a manufacturer it is primarily an eco-
nomic issue, ILven if it were econamically fcasible to mar-
ket caustic-gsoda and treat the by-product chlorine as simply
an industrial waste, the problem of waste disposal still de-
mands attention ag it would involve various pollution hazards.
The problem of profitable utilization of chlorine, therefore,
has been engaging attention of persons interested in the grow-

th of chlor-alkali induastry in our country.

In order to improve economics of ¢austice-soda produce-

tion and other related problams the most important task facing

1, Kharbanda O. P., 'CHLORINGE®*, CHEMOPROFPILES s INDIA ,
Sevak Publications, 3ombay, 1979, pp. 97-101,




the chlor-alkali industry 1s to explolt the several uses

and ways of nmerketing chlorine, preferably with existing

faciilties,

inother important feature which characterises chlor-
alkall industry is that the demand for these products 1s
controlled by few major buyers., It can be concluded, thereg-
fore, that the marketing aspects of this vital industry are
concerned with a8 very large manufacturing industry on the
supply side which supplies materials to a wide range of ine
cugtry; and on the demand glde with a few major buyers,
wuite likely in the near future or at some later date demand
for chlorine may rise significantly and thugs a study of de~
mand and supply egquaticn over a time horizon is warranted

tc face the issues in proper perspective,

Any producer or marketier has to keep in mind these
aspects while dealing with distribution and transportation
of this material.

From marketing point of view one may refer here to
Keith Knowlton who divides these chemicals in the follow=

ing wayl.

CLASSTFICATION OF CHUMICALS
(1) Products developed for a svecific vurpose by the manue

facturer, usually patented =nd often us=d in sprecific tech-

1, Keith knowlton, Marketing Managers, Chemicals Divin.,
CIAA-GEGY (U.i,) Lid., "Marketing Iypeclality Chemicals®,

Chemigtry & Industry, May 1974, pp. 432-433,

o



nological flelds : for example, anti-.oxidants, light and

heat stabilizora, and corroglon intabitors:

(11) Chenical intermediaries (and ammetimea finished prow-
qucts=) remitred hy a custemer who dmes not have the manufac.
turing capacity himzelf. Examples of thisg are intermedia-
tors for phamaceuticals and plastics; such as dyes, pig-

ments, otc.

(144) Chemical additives uzed in small cuantitieg, usually
lesa than five per cent, such 2a specialised surface active

agents, chelating zsgents and so on.

There will of course be some gpeciality chemicals
that €all bhetween thesae cotegories, Hat thiz clagssification
i3 on tho haals of different types of macketing technicues
tnat are applied and the different ways in which a company

may decide to enter this area of chemical incdustry,

The above classification may be helpful in decision
making for selection of a particular markcting technique,
But again in case of chlorine this will depend upon the na-
ture of i1ts ocutput {.e, as by-product or in becween, Hence,
the importance of the study vhichn txries to Cevelyp a Model
Camputer Programme for developing estimates of demand and

supply in time perspective,

From natlonal point of view incurring of excessive

crosa transportation must be minimized if not eliminated.



Today, every caustic-goda manufacturer is taking his own
decizions vhich may lead to cross movanents of materials.
‘Thias involves added but avoidable cost of transportation
and causes straln on trangportation system too, An effort
has bren mado to study thig distributional aspect with a
view to moke some guggestions for development of some na-
ticnal policy aiming at minimizing the above narrated costs.
Probablly it will be cf interest to various chiorine produe

cers to form agome kind of prol for this purpose,

In indusgtrially advanced natlons there is wide range
ing exploitation of chlorine in varioug branches of industry
and daily life., In fact over time chlorine in these coun-
tries has gained even more importance than caustice-soda. It
should, therefore, not be difficult to visualise that in
India too the problem of fuller utilfzation and thus markee
ting of chlorine can be succegsfully tackled through proper
studies and planning, But it is disappointing to note that
no scientlfiec study so far has been undertaken to asaess

the expected availabllity and antilcipated demand for chlorine,

The present atudy is an attempt in this direction,
The study alms at the development of a scientific methodo-
logy to forecast the nature and problems of chlor-alkali
industry. %his will not only prove holpful in forecasting

the dimensions of the problems of Indian chlor-zlkali induse



try but also be useful in apnplication and study of the

marketing aspects of significance to the industry.

OBJECTIVE:; AND SCOPL OF THE STUDY

(1) To develop a forecast for the supply of chlorine
for the period 1980~1988.
(11) To forecast the nature of demand for chlorine
for the period 1980-19388,
{(141) To establish acientifically the surplus/deficit
of chlorine based on (1) and (i1).
(iv) To suggest growth products and other outlets for
effective utilization of chlorine.
(v) 7o look into the distribution and transportation

markcting aspects of chlorxine,

LIMITATICNS OF TAE STUDY

A study of this type operates within certain limita-
tions. Keeping in mind resource availability and avallabl-
lity of data the proposed study has the following limita-
tions that nced to he mentioned 3

(1) Only those chlorine utilizing compounds have

been considered that are enlisted with Diracto-~

rate Ganeral of Technical Development,

(ii) The present study covers the time period from
1965 to 1920,

(111) Since data for the year 1973 is not available
it has becn calculated by using gstatistical
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method : Regression Analysis. This method cone
sigts of extrapolating the previous years data
(1965=1972) for the year 1973; intsroolating

subseguent years data (1974-1980) to 1973; and
taking the average of two calculated values as

production for the year 1973,

(iv) 2s the details of chlorine compound manufactur-
ing processes adopted Iln india were not avallable
chlorine utilization hags been calculsted by taking
into accocunt the percentage chlorine content of
each coanpound on molecuiar basis and stochiometery
of the chemical ecuation of the mcost widely used

process of manufacture,

}
In the present study only the orgﬁised sector has
been accounted for. However, it nead not b a serious han-
dicap as almost 80 per cent of chlorine utilination i

covered by this sector.



CHAPTER IX

CHLOR=ALKALI INDUSTRY IN INDIA i
HISTURICAL PERSPECTIVE



CHLOR-ALKALY INDUSTRY IN INDIA o HISTORICAL PERSPECTIVE

The history of development of chlor~-alkall industry
in Indla i3 relatively very short., Its origin and growth
is associated with that of caustic-soda industry’. Untdl
World War II, more or legoss the entire requirement of alkalies
was being inmported, The first two chlor=alkali plants in
the country atarted practically simultanecusly at Mettur
Dam in South India and at Rishra near Calcutta in early 40's
of thigs contury.2 These aearly plants were small, each with
a rated capacity of only 5 tons a day of caustic-soda., Gra-
dually the capacity of these plants was expanded and by the
end of fortics attained a leveal of 19,000 tons per annum, DBut
the production during 1951 resached a level of only 11,000 tons.
During all these years till late forties the entire chlorine
produced alongwith caustic-soda was disposed of as waste.

During the First Plan period (1950-1955) additiocnal
capacities for caustic-soda were set up by Heavy Chamicals
Ltd,, Madrasy Delhi Cloth Mills, Delhi; Calico Chemical Divi-
sion, Ahomdabady Eastern Chemical Co, Ltd., Bombay; National
Rayons Ltd., Bambay; Orient Paper Mills, Brajrajnagary; Dharan-
dra Chemical, Triunclvelil; Jiaji Rao Cotton Mills, Porbandary

1, For Early History of Chlorine, see Appendix I,

2. Ramani, R. V., '%W‘o Decennaxy
Cammemorative Volume I, Electrochemic Iindustries in

Inala, (1965-74), pp. 152-153,
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Tata Chemicals Ltd,, Mithapur and Rohtas Industries Ltd,,
Dalmia Nagar. &s Q result of this the installed capacity
for causticwsoda became 37,000 tons by the und of the First
Plan, while actual annual production by thoe end of the plan
reached the level of 33,000 tons, During thic period only a
part of chlorine was utilized for bleaching of naper and the
reat yasz treated and disposod of in the form of waste s0id,

During the Second Five Year Plan (1856-1961) the
targets for ingtalled capacity and production were set at
150,000 tons and 135,000 tons respoctively’ . Most of the
exizting plants expanded their instailed capacity. In addie
tion new plante were ssat up by the Ahemdabad Manufacturing
and Calico Printing Co, Ltd,, Ahemdabad; Orient Paper Mills,
Calcutta; Nepa Chemical Ltd., Nagpur; Atul Chemical Ltd.,
Bulsary; Titagarlk Paper Mills Co. Ltd,, Calcutts; Andhra Sugar
Mills, Rajeshmundryy Sripur Paper Mills Ltd., Hyderabady; Century
Rayons, Bombays; Travancore Cochin Chamicals (P) Ltd,, Udyog-
mandal and J.K, Chemicals Ltd., Bombav, With this increase
in caustic-soda production capacity during the Second Plan
period it was realised that if emphasis wan laid on full uti-
lization of chlorine, caustic-soda capacity might not be built
up fast encugh and large imports of caustic soda would be re-
Quired to meat country's demand, Though the davelopment of
paper induatry during this period helped off«take of chlorine
tha percentage utilization remained below fifty percent?2,

1, "Jecond Five Year m?_ - pm?ug Rgigg;". Government of
Indta, Planning Comission, (1358-59), pp. 9699,
2, Seshion P.K., "Development of Chlorine Products and

Utilization of Chlorine in India®™ Proceadings, “"Seminar on
Chlorine Utilization®, Madras University (1965), pp. 6-9.




During the Third Plan perliod (1960-1965), tho target
for production for caustic-soda was set at 345,000 tone, In
order to meet the demmond of the eonsunmers from indigenous
aources, 2 target capacity of 406,000 tons per year was f£ixzed
for 1965-661. Turther, exvansion in caustic.soda nroduction
took place at Travancora Cochin Chemical, Mettur Chemicals,
Alkalt and Cheomicals, Delhi Cloth Mills and National Rayvons
Corporation, But the actual production during the year 1965-
66 could measure upto only 218,000 tons. Neverthsless this
resulted in abundant availability of chlorine as compsred to
only a limited take-off, During this plan period Delhi Cloth
Milis established the production of bleaching~earth using
hydrochloric ecid and other factories started making minor

chemicals such as chlorinated rubber, copper oxychloride, otcz.

By the end of tho perxiod of thres annual plane {.e.
from 1966=-1969 tho installed capacity for caustic-soda produc.
tion stood at 367,000 tons as against actuwal production cf only
346,000 tons., The stress lald on complete utilization of chlo-
rine produced alonguwith caustice-soda paved way for development
of products like Venylchloride, D,D,T. and Benzene ilexa Chlo-
ride, etc, 58 a result the chlorine utilization improved con-

aidﬁrﬂbIYn

Department of Commercial Inte 1gence and Statiotica.
Calcutt;a, Governnent of Indfa (1963), pp. 236.237,.
2. Ramani, R.V., "Chlorealkali Industry in Tndia®,
E
ﬁx ::gg:; fg i:g a ’1965-74!. PP 96=93,
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In the Fourth Plan {1969-1974) tho targets for couatice
soda capacity and producticn were set at 560,000 tons and
500, 000 tons reapectivelyi. The actual inatalled capacitly
and production ramained short of expoct ion at 503,740

tons and 432,000 tons respectivoly,

At tho Dbaginning of 1976 total instelled capacity
in the 33 units was 690,000 tans., Subgtantial expansion
of the units of Mettur Chemicals and Standard Alkalles,
as well a8 marginal expansion of Sriran Chemicals, Tata
Chamiecals and Titagarh Paper Mills and inclusion of the
new unit of Gujrat Alkali and Chemicals contributaed to
the attainmont of 7,1 lakh tons of capacity installation
for caustic-soda by the ond of 19'762. However, capacity
utilization of this powsar intensive industry which had
improved to around 80 to 385 percent, during the later
part of 1975, ramained around 7¢ to 80 pervent throughw
out the year 1976 due to wido-sproad power cuts in most
of the st:at:esa.

buring the years 1977-73 ciustic-s08s production
showed n stoady increasing trend attaining a lavel of S.7

lakh tone. In 1980, howsver, causticesoda production showed
to
a f£all of 3.5 percent L. ¢. from 5,7 jakh §4,% lakh tons

1. Wm_um%» Praft, Planning
Cannission, Government of India, p. 262,

2, "The state of Chenical Industry - 1976%, Chemical Age
of India, 27th Amnual, sSection A, p. 31,

3. Ibid, p. 32.




during the previous year, Despite this downward fluctuae
tion in 1980, the installed capacity for caustic~soda ifie
creaged fran 3,9 lakh tons in 1971 to 8.0 lakh tons at the
end of 1981, Perhaps the major single factor which was
ragronsible for this £oli in causticezoda production was
the severo power shortage, The unsatisfactory power supply
advarsely affected most of the producing units in different

parts of the countryl.

The Pourth Plan period had achieved dimansionz that
all demand for caustic-soda was met by indigeancus producers,
with supplies readily and adequately available from many
units spread chroughout the countryz. The table on the fo-
liowing page shows caustic-soda installed capacity and pro-

duetion over years,

With the consequent increased production of chlorine,
its gainful utilization assumed importance. With expeacted
substantial continuing increases in the production of caus-
tic-soda and correspondingly that of chlorine in future
Years it was rather doubtful if the proper and gatinful uti-
lization of chlorine could be achieved and maintained3.

1. “Caustic-soda Output & Power", The Econemjc Timeg,

March 4, 1981, p. 4.

2. "Causticegsoda Demand Fully Met - Alkali Manufacturers
Association Report®, Chemjcal weekly, September 13,
1977' p. 63.

3, Fourth Five Year Plan (1969.7 Draft, Planning
Canmiosion, Govermment of India, p.262,



_Caugtic-goda Ipstalled Capacity and Production

(Tens)

Vear ITngtelied Capacity Iroduction
1951 27,996 14,964
1956 57,204 40, 056
1961 124,436 119,856
1966 295, 000 230, 459
1971 370, 000 376,634
19%2 428, 220 391,078
1972 439,220 41y, 544
1974 503, 740 431,550
1975 568, 800 442,660
2976 690, 000 504, 100
1977 700, 000 517, 000
1978 700, 000 543, 000
1973 765, 000 566,839
1980 803, 000 549,120

S0URCE s Statistics xelating to DGTD Units; Reporxts;
Government of Indie, Directoratae of Public
Relations & Pubiications, Udyog Bhavan,
Maulana Azad Road, New Delhi.110011,



As pointed out earlier the demand for cauaticesoda
z1d chlorine are not always in the stoichianeteric pro-
porticns and depending tpon which product 12 more in de-
mand one of them will be considered as the main and the
stiar che as mnore or less uncalled for side product,
Hence, it becomaes important to develop a forecast of the
nature of future of chlor-alkall industry and to plan
the future course of this Iadustry if it has tec truly

sarve its purnosa,.

17



CHAPTER 1III
MARKETING OF CHLORINE
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MARKETING COF CHLORTNE

To study and snalyse marketing aspects significant
to cilor=clkell indastry it 1z appropriate at this stage
to lack into the coacsst of marketing and marketing ori-
entations. <esidns voing useful in the development of
forzeazt about the naturse of future of the industry this
will provide a Lasic for marketing planning for chlor-alkali

infZastry 1n general and c¢hlorine in particular,

There were various ghades of mcecandngs atiacheé to the

concept of markeling and merketing orientaticns, To be exact

thare arc &9 many defiuitions &5 there are writurs"e. But

1. *A statement of Marketing Philosophies®, Marketing Staff

of tie Ghio State University, Journal of Marketing, Jan.
19650 p. 430

2. Alexandar Ralph S., “W“. Anarican
Marketing Association, cago, 1961, p. .

3. Kottler Phillip, “Marketing Management - Analygis, P%ggg;qg
and Control, 3rd td., Prantice Hall of India, New Delhi,

1976, DP. 4.
4., Drucker Peter ¥,, "“Ihe Practice of Management", Harper and
Row Publishers, Incorporated, New York, 1954, pp, 37-41.
5. Condiff Bdward W,, Still Richard R,, Govoni Nomman A.P.,
»rupdamentaly of Modern Merkceting®, Prentice Hall of Indis,
New Delhi, 1974, pp. 3-6,

6. Lopdgse Robert H,, “Indugirial Marketing", MeGrawsiill Book
Company, New York, 1970, p. 4.
7. Edward Mikay, "Ihe Marketing Mistique", N. ¥,, American

Management Asscolation, 1872, pp. 22-30.

8. Drucker Peter F., wmupm
wracticeg”s Neo¥o, iarper and Row Publisners, 1973, p. 64.

For M=scussion on Concept of Marketing and Marketing
Orientations refer Appendix II,
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considering the social and econonic significance of chlorine
and chlor-alkali industry, we propose to largely adhere to

Societal Marketing Concept propounded by Kotler Phillip.

The Socletal Marketing Concept as defined by Kotler is

a management orientation aimed at generating consumer satis-
faction and long-terxm congumer and public welfare as the key

to satisfying organisational goals and responsibilitiesl.

The chief merit of this concept is that it significan-
tly adds the important considerations of long run consumer
and public welfare and calls for a shift of the organisations'
perspactive to include more marketing participants and long

run effects.

The role of chlor-alkali industry calls for adaptation
of a marketing orientation that incorporates long~term consu-
mer and public welfare as the kay to satisfy induatry gosls
and responsibilities, With respect to chlor-alkali industry
this can only be schieved by planning the eccnomic and profi-
table use of chlorine produced along with caustic-scda, and
diacovering ways of enabling the industry to perform its role

in the development of the nation in a responsible mamner.

In spite of manifold sales transactions in producers’

markets (also called the industrial or business market) we

1, Kotler Phillip, "Marketing Management -~ Analysig, Plg¥gxgg
and Contxol"”, 3rd Ed., Prentice Hall of Indis, New Delhi,

1976, p. 16,
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fail to recognise the presence of industrial markets boe
cauge it {6 partially hidden from our view by the rstall-
ing structure. Desp.te this obscurity, the impact of the
industrial market on our everyday life is noteworthy. For
consumers or ugers, the performance of industrial market
will have important bearing on such quastions as what pro-
ducts are available, how sultable these products are in
relation to the needs of the uscers, and what the prica will
be for these products. 7The actions of the indistrial mare
kets and its members can have important econamic and social
implications. These may range fxum tho benefits of econo-

mic developments to the problems associated with polluuonl.

Demand is not inherent in the industrial marketing as
it is in consumer marketing. Rather, it is derived from
the demand for consumer goods and services as well as pur-

chasing by governmental units at all levels,

The demand for industrial goods and aé&ices. being
derived, is activated by ultimate consumer and government
purchasing. Frequently it can be said that industrial de-
mand takes on the appearance of what might be describsd as
“hoom or burst” cycle, Further, industrial buying is subs-
tantially rational in nature., A careful frequently exhaus-
tive study of all the objective factors is generally the

1. Robert Dodge H., “Indugtrial Marketing", McGraw-iifll Book
Ccmpany, 1970' pp. 4-5.



basis for ouying products from a particular vendor,

In some limited areas, however, persuasive pranotional
activity can be applied tenefictlally to the marketing of cheni-
cals, Publicity can be used in support of agents and distribu-
torg with the objective of anlarging the market. Finally, pub-
licity for the company, and skilled public reclations, can be
employed to maintaln and enhance its image so that its manuface
turing operations are not unjusgtifiably hampered. In general
these persuasive activities are perxipheral to chemical marke-
ting which sceks mainly to influence customer's choice by em-
phasising assured supply at the right price and quality, and
by fulfilling undereakingsl. The major marketing weapons in
the consumer f£ield, e.g. advertising, packaging, distribution
and pricing are often impotant. In conmodity type chemicals
the only way to obtain higher sales volume is by price cutting
which can be self-dofeatinqz. The manufacturer of chemicsls must
therafore rely on information relating to the pattern of demand
for the products requiring these chemicals, and on the general
statistics and trends, safety standards and so on, Hence, the
market forecasts are the most important element in chemical

marketing decisions,

1. Ketith Knowlton, Marketing Managers Industrial Chemicals Divin,,
CIDA-GEGY (U.N,) Ltd,, "Marketing Speciality Chemicals™,

Chemigtry and Indugtry, May 1974, p. 433,

2. M, R, Porter, "The Rolo of Marketiny Research in Chemical
Marketing", Chemistry and Industyy, May 1974, p. 430,



CHAPTER IV
METHODOLOGY FOR DEMAND ANALYSIS



MELIZOUCLCGY FPOR LEMALRLD SARALISIS

In industrial marketing and more 80 in ' arketing of
chemisnala moat of the decisions rejuire the anticipated de-
mand for the products thet utilizs these chenicals in thelr
manufacture. Pemand forecasting, thearefore, assumes great
importance ia the context of chlor-alkali industry as both the
products (caustic-soda and chlorine) offered by the tndustry

fall under the category of intormediate products,

The techniques of forecasting are many but the choice
of one suitable to the product or products in question depends
largely on the nature and characteristics of the product. To
a large extent it also dopsnds on the nature of the data avai-
lzble for the purpose, In economic forecasting the classical
methods use historical data in a rather rigorous statistical
manner for making future projections. There are also less for-
mel methods where judgement plays a greater part in picking,
uging and interpreting the available data and wiere scatiscical
expertigs i3 not 80 :1goxou81‘3. There are several vacriactions
of both stasistically fermal and lesa formal methods of fore-

caating . Sut in brief, thoy fali under one or the otuer of

the following catsgoriaes

1, Baiakrishna Se, "Tﬂc“ﬁi9Eﬂ2-2Z_ﬁ?néaghigsgge;:%§gzgg§
indugtria} Products”, sunder Publishers, New Delnd, 1967,p.4.
2. Butler Williom F,, Robaxt A,, Kovesh, Platt B,, ed,,

"Methods & Technicues of Business Forecagting", Prentice Hall
Incorporation, New Jursy, 1974, pp. 1129, 161189,

3. Churchill A, Gilbert Jr., "Marketing Regearch - Methodological
Foundations®, Dryden Press, Illinois, 1976, pp, 26-31.
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{i) Trend Method,
(11) Endeuse Method, and

(111) Regression Technicues,

Of the astatistical methods availlable for demand fore-
casting the one which 13 found moat sultable for chlor-alkali
industry is thc modified version of end-use method incorpora-
ting regression technique, 1In the end-use method for demand
foracasting there are four distinct steps or stages of work,.

In the firgt place 1t 19 necessary to identify and ligt appli-
cations of the product in cuestion, The second stage of the
work calls for the establishment of suitable technical norms

of the consumption of the product for which the study is made,
Normo have to be established for oach and every end-uss and can
be explained in physical terms oeither in the form of consumption
per unit of production or percentage consumption of camplete
production in terms of weight, volume, length, or suane other

relevant measurenent,

After egtablishing the technical norxmsn of consumption
the next step is their application. For this purpose, it is
necessary to know for predetermined future period/periods the
desired or target levels of production of individual industries
that mako use of these products as inputs for the production of
their final products, Simultaneously, the knowledge of the
likely developments in the econumic activities that affect the
output of those products will prove helpful because the norms

have to be applied to thess output targets,



The fourth and final step in the end-uge method is to
aggregateo the productwliso or ussuise content of utilization
of tho product for vhich the demand study is undertaken. This
agaregate rasult gives the estimate of demand for the industry
as a whole for the temminal year in question., By the very na-
ture of the process of egtimate stated above, it 13 obvious
that the end=use method rosults in what may be termed as

*derived demand’,

Thias aopproach in damand forecasting has considerable
theoretical and practical values since the forecaats made by
this method are based on the building up of the probable aggre~
gate demand in the future of the consuming industry and/or sec-
tor, It is believed that the technological, structural and
other changes that may influence the demand are taken care of
in the very process of estimation. This aspect of end-uge mo-
thod 43 particularly i{mportant as in no other method thie advane
tage 1s available,.

There are many other advantages aasocliated with end-use
anproach in Cemand forecasting studies. In the first place, it
18 possible to spell the future demand of an industrial and/or
intormediate product in considerable details such as types and
glzegs, Whereas in all other methods the future demand can be
eastimated only at an aggregate level, On the other hand by
probing into the present use pattern of the product/products
in queation the end-use method affords every opportunity to

determine the types, categories asnd sizes likely to be demanded



in future, Further, the application of ond-use approach
makes it possible to trace and pin down at any time in the
future as to where and why the actual consumption falls
below or rises abeve the estimated demand. Suitable revie
sion can 2180 be mada fram time to time based on such an

exanination,

Data Source
Tho role of adecuate, complete and relevant infore

mation cannot bz overlocked in any demand forecasting exer-
cise, Though attempts were made to coliect the primary
time-geries data relating to the production of the products
utilising chlorine and its percentage utilization per ton,
no fruitful results ware obtained., Ve, therefore, relied
upon the secondary sources of data and in this respect

made use of the information conpiled by Directorate General
of Technical Developnent (D.G.T.D,). The acquired data on
caustic-goda producticn and thus chlorine and also the chlo-

rine based compounds are listed in Appendix IIX,

Further to obtain required information with respect
to licenced capacity, installed capacity and actual produc-
tion for individual undertakings in the country we have
mainly relied upon the’Stock Exchange Directory.' For those
units that are not listed in the Directory, 'Sanctioned Ca-
pacity for None-engineering Incdustries®, 2 publication of
National Council of Applied Eccnomic Regearch (N.C.A.E.R,)
and ‘Chemical Industrial Undertakings - Licenced * a pubm=

lication of All India Chemical Manufacturers Association



have been referred,

In order to achicve the objectives of the study,
the end-uge method incorporating regression technique igs
adopted. All calculations for this purpose were performed
on IBM = 1130, Tho detailed Fortran programe is listed

in Appendi: 1V,



CHAPTER V
CHLORINE SUPPLY AND DiMAND



CHLORINE SUPPLY AND DUMAND

SUPPLY OF CHLORIND

Making use of the methods and tests mentioned here
the calculated values have been obtained for the year 19¢5
to 1980, These calculated values are listed in tables
appearing later along with cach individual ftem. In addition
to this chlorine availability is calculated by multyplying

the causgtic-soda production by the factor value .88,

Further, on the Hasis of these calculated values ex-
trapolation has becen done. 7he projected values for the
years 1981 to 1988 have been obtained. The projected values
are presented along with the analysis of each product. These
values are listed in tables that appear subsequently. Making
use of the results so cbtained, the yearwise total availabi.

lity of chlorine and its percentage utilization has been cal-
cul ated.

In order to further validate the forecast, a leading
characteristic of chlor=alkali products i:;e, their great
generality of use has also been considered. Almost all sec-
tora of economy employ these products in scme fomm or the
othér. 1t seems reasonable, thorefore, to relate the effec-
tive demand of caustic-soda and thug chlorine to an aggre-
gate measure of economic activity, gpecifically to Net Na-

tional Product (W.N.P.). This has a definite advantage



because the forecasts of future values of H. N, P, are avai-
lable fram a numbcr of sourceg., It is obvicug that a fore-
casting method will be of little value Lf it reduires expla-
natory factors vhich cannot themselves be forecast with rea-
sonable accuracy. This consideration is particularly impor-
tant for periods characterised by cyclical fluctusations,

In view of this fact a study of relationship betwesn caue-
tic-soda pnroduction and N, N, P, is justified, This will
not only enhance the reliability of the estimates of fore-

cast of caustic-soda but also that of chlorine availability.

since caugtic-soda i= taken to bea the only source of
chlorine and many industrlies share the utilization of this
chlorine in the production of various products, naturally
we expect a certain degree of co#@lation between caustic-
soda and these items and also among these items, A cross

cor&lation metrix has bean developed to this effact,
A

CHLORINT PRUDUCTION AND N, N. P,

Table 5.1 shows the Net National Product from the
year 1965 to 1978 along with the chlorine availability for
the some years. The N, N, P, from a low value of 20,001 in
1965 increases to 66,885 in 1978, which is more than three
timeg the value in 1965, <hlorine production algo shows a
tremendous increase during the sane period., From a canpae-
ratively low value of 1,89,160 tons in 1965 the chlorine
production in India has risea to 4,82,240 tons in 197¢ which



TADLE 5,1

CORRELATICON BUETWZEN CHLORINE
AVAILABILITY AND N.N.P.

Yo AR NET NATIONAL PRODUCT CHLORINE AVAILABILITY
1965 20001.00 189160.40
1966 20637.00 202303.93
1967 23484.00 237020.96
1968 28054.00 269197.31
1969 28607,00 304840.01
1970 31606.00 318076 .00
1971 34462.00 331437.93
1972 36332.00 344148.68
1973 39643.00 361278,75
1974 49396.00 3797G4.00
1575 58137.00 389540.81
1976 60293.00 443608,00
1977 64279.00 454960, 00
1978 663885,00 482240.00

CORRELATION COEFFICIENT BETWEEN
CHLORINE AVAILABILITY AND N.N.P, = 0,9602
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is also a threefold increase, Y“Yhe above figures cmphasise
that chiorine prodauction 1is one of tne fmportant indices
of natici's progresse. “his fact is further substantiated
oy the hign degree of corﬁlation between N, N, P, and
chlorine avallability., Tne cof%lation coeificient happens
to ve 0.,9260U2 winlch implles more than 96 per cent cofela—

cion.

CHLORINE AVAILABILITY - CAUSTIC-SODA PRODUCTION TREND

In India caustice-soda production is the only source
of chlorine, In 1965 causticesoda production was 214,95
thousand tons which resulted in 189,16 thousand tons of
chlorine avallability (Table 5,2). In later part of sixties
and early seventies the caustic-soda induatry grew relative-
ly fast. The fast growth can be explained by the large de=
mand for causticesoda and chlorine both, The year 1967 saw
the highest growth rate in causticesoda production which
was as high as 16.8 per cent. Starting from 196S the causg-
tic-goda indusiry is continucugly growing but with a steadi-
ly decceasing growti rate, Tha steady decreasa in growth
raie 15 largely because Of the increaged production which is
coning closc to the target slowly., The teatative target for
caugtlc~3oda 13 64 thousand tong in 1932 which will be attale

ned within tnis decade,

On the basis of our forecast of causticesoda producw

tion for this decade (Table 5.3) we can say that 1983 will see



the attainment of our target in caustic-goda production.
Ihasg tinls 1s the time to shift our attention from caustic=-
s0da to cnlorine. decause of diverse uses of chliorine in
many indugtries 1t is quite likely that the demand for chlo-
rine will 90 on increasing. in the present perspective wve
won'tv be very wrong if we consider chlorine as the main pro-
duct and caugticesoda asp a co-product. As was evidenced
during the growth pattern of developed countries also, to
begin with it is causticesoda which gets more attention but
as the proceas of industrialization grows, ultimately it is
chlorine which becames more important, UTighties will see

this chenge in the scepne.

in 5961 the caustic-30da production is expected to
bo 6¢4.50 thousand tons ylelding 532,12 thousand tons of
chiorina. The growth rate will be 4,06 per cent which 1is
very 1low comparad $o actual growth rate of 16.8 per cent in
1967, 1n 1933, 573.65 thousand tons of chlorine will be pro-
Miced an? fram then oavar?s there will Be only marginal in-
cronas in its preduacticn; 1€ we éon’t go in Icr the develop-
ment ~f csltespative sourves of ohlerine, hLowever, if ve push
the tarcoet Lack, according te the zerecast i 1986, 769.85
thens-nd tonag Of ceugblaencda will bhe produced giving rise to
677,44 theousond tang of chlovine availablility, This much
chlnpine mow still £all ghort of the demand while the corres-
nonding anount of causlLic-soda may be in excess of what is

dngired, resulting in an almost revarse gsituation, without a
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TABLE 5,24

CAJUSTICSODA

CALCULATED VALUES

CQ
L

YEAR PRODUCEICN 9“&93:“?, GROWTHwRATE

(TON3) FROCUCTION (PERCENTAGE)
1965 227165.6 199905,.7 -
1966 25076C,.6 220669.3 10,38
1967 274355.6 241432.9 9.40
1968 297950.6 262196.,5 8.60
1969 321545.5 282960.0 7.91
1870 345140.5 303723.6 Te33
1971 368735.5 324487.1 6.83
1972 392330.,5 345250.8 6,39
1973 415925.5 366014.4 6.01
1974 439520.4 386777.9 5.67
1978 463115.4 407541.5 5.36
1976 486710,3 428305.1 5.09
1977 510305.3 449068.6 4.84
1978 533900.3 469832,.2 4.62
1979 557495.3 490595,8 4.41
1980 531090.3 511359.4 4.23
AVERAGE Q0427 .7 355632,4 6.47
STD. DEV. 112334.5 98854.3 1.90
THE CORRELATION CO-EFFICIENT IS 0.9902

F(1,16)

704.1104

THE CONFIDENCE INTERVAL IS 8859,2702
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TABLE 5,3

CAUSTIC-S0ODA

PREDICTED VALUES

YEAR Pn?gggg o ;i‘g:‘?,“}f‘lE ) GRGWTH-RATE
PRCDUCTION (PERCENTAGE)

1981 604685.2 532123.0 4,06

1982 628280.2 552886.6 3.90

1983 651875,2 573650.1 3.75

1984 675470.2 594413.7 J.61

1088 699065,1 615177.2 3.49

1986 722660.1 635940.,8 3.37

1987 746255.1 656704.5 3.26

1988 769850.1 677468,0 3.16

AVERAGE 697267.62 604795.25 3.57

STD. DEV. 57795.64 50860.14 0.31




changad in stretegy towards the end »of the d-aade,

CENAND ['OR CilLORINS

Chlorine produced ag & by-product of caustice
soda manufacture is used by a variety of industries like
textiles, pulp and paper and other chemical industries.
The following paragraphs discuss the production trends

in these industries and thus chlorine utilization cnd

it demand.



HYDRCCHLORIC ACID (ilcl)

Hydrochloric Acid production over the lagt fifteen
years s marked with wids fluctuationsg (Table $.4). The
growth rate was as high as 94.3 pwr cent in 1973 while it
was as low as =36.5 per cent in 1970, In spite of the large
fluctuations hydrochleric acld production is steadily increa-
sing. In 1965 the production was 33,43 thougsand tons which
came down to 23.85 thousand tona in 1966, showing a negative
growth rate of -28,66 per cent. The succeeding four years
saw a fourfold increase in production. By the end of seven-
ties 198,.7 thousand tons of iicl was being produced in India.
The game was the pattern of chlorine demanded in Hecl Produc-
tion, In 1965 only 10 thousand tons of chlorine was cemanded
by the Hel industry which became 59.6 thousand tons in 1978,
showing a sixfold increase.

In spite of the jarge fluctuations, the growth pattern
that can be filtered out from Tablcs 5.4 and 5.5 ia that of
a decreasing nature, Thus it can be said that the hydrochlo-
ric industry is growing but at a slower and slower rate, By
the end of 1984 the tentative target for Hel production, whi-
ch will be achieved, will be low, Thus in the year 1984 the
industry shall be requiring 79,16 thousand tons of chlorine,
which shall increase only marginally for the coming years.,

I£, however, the production growth of Hcl does not come to



[

a halt by the end of 1988, it will rise upto the level of
315,9 thousand tonsg and the chlorine demanded for the pur-
pose will be 94,79 thousanad tons. The growth rate of Hel
production in 1988 13 expected to be 4,30 per cent as cone-

pared to the growth rate of 7.01 per cent in 1979,
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TABL.:

HYDROCHLORIC ACID

CALCULATED VALUES
YEAR PRODUCTICN CIHLORINE GROWTH-RATE

(ToNS) UTILIZATION (PERCENTAGE)
1965 16345,1 4903.5 s
1966 29372,9 8e11.8 79.70
1967 42400,7 12720,2 44,35
1968 55428.5 16628,5 30.72
1969 63456.3 20536,8 23.50
1970 81484.,1 24445.2 19.03
1971 94511.8 23353.,5 15.98
1972 107539.6 32261.8 13.78
1973 120567.4 36170.2 12.11
1974 133595.2 40078.5 10.80
1975 146623.0 43986 .8 9.75
1976 159650.8 47895, 2 8.88
1977 172672.5 51803.5 8.16
1978 185706.3 55711.8 7.54
1979 198734.1 59620.2 7.01
1980 211761.9 63528.5 6.55
AVERAGE 114053.5 34216.0 19.86
STD. DEV. 62024.6 18607,.3 19.56

THE CORRELATION CO-EFFICIENT IS 0.8649

F(1,14) Is  41.5809
THE CONFIDENCE INTERVAL IS 2020.3493



TABLE 5,5

HYDROCHLORIC ACID

PREDICTED VALUES

PRODUCTION CHLORINE GROWTH-RATE
LEAR (TONS) UTILIZATION (PERCENTAGE )
1981 224789.7 67436.9 6.15
1982 237817.5 71345,2 5.79
1983 250845,3 75253.,5 5.47
1982 263373.1 79161.9 5.19
1985 276900.8 83G70.2 4,93
1986 289928,6 86978,.5 4,70
1987 302956.4 90886.9 4.49
19a8 315984 ,2 94795.2 4.30
AVERAGE 270386 .87 81116.04 5.13
STD. DEV. 31911.40 9573.41 0.64
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LTUID CHLORYITE

2 large nertlcn of chleorine produced iz utilized by
inductries liie textiles, rayen and nulp, etc. for bleaching
surgoses. M1l thesz2 industsies use chlerine in the lizuid
form. Undew this head we take into aczount the cunpulative
Senmand of all such induatriesg., Thug, we Aon't have to forow
Sast s2parately the derand for all thosae induztries that use

1i-n4d chlorine. The utilizatica factor for liquié chlortine
iz 1.00

The production curve for liquld calorine is a inonoto-
nic increasing one except for a few fluctuations in early
seventies. [The growth rate of iluuid chlorine industry shows
an lnitial increase which becomes almoat maximum around 1969
and then starts decreasing. ‘“Yhug, there was an accelerated
growth in iiquid chlorine production which lost its momer
tun in mid seventies. In 1965 the producticn of liquid chloe
rine was only 51.0 thousand tong whdch rose toc 152,4 thousa-

nd tona in 1971 and further to 210.8 thousand tong in 1973,

There i8 as such no upper bound on ligquid chlorine
productiocn. <he only restriction is placed by the inscalled
capacity which is 397.2 thousand tons. 7Thus, presently only
53,5 por cent linstalled capacily is being atilized., fall
capacity utilization is avt expecied in thig decade also

wat towards the end of this decade, in 1998, about 81.5



per cent of the installed capacity will be utilized. 1In
1981, 242.5 thousand tons of liquid chlorine would have

been produced which would increase to 319,33 thousonud tons

1988,

i~
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TABLE

S.6A

LICUTH CHLORINE

CALCULATED VALULS

44

YEAR pPRODUCTION CHLORENE, GROWTH-RATE
(TONS) UTTLIZATION (PERCENTAGE)

1965 67220.8 67220.,8 —

1966 78182,.3 70181.3 1€.30
1967 89141.8 $9141,.8 14.01
1968 100102, 3 16G0102.3 12.29
1969 111062.8 111062.8 10.94
1970 122023.3 122023.3 9.86
1971 132983.8 132983.8 £.98
1972 1439414.3 143944.3 8,24
1973 154904.8 154904,.8 7.61
1974 165365,3 165369.3 7.07
1975 176825.8 176825.8 6.60
1976 137785.3 137736 ,3 6.19
1977 138746.8 193746.8 5.83
1978 202707.3 209707.3 5.51
1979 220667.8 220667.8 3.22
1980 231628,3 231628.3 4,96
AVERAGE 149424.5 149424.5 2.64¢
STD, DEV. 52182.4 52132.4 3.42

THE CORRELATION CU-EFFICIENT IS 00,9633

160.,3915
THE CONFIDENCE INTERVAL IS

316.0767



BLe 5,7

LIUL CHLORINE

PREDICLED VALULS

49

PRCDUCTION CHLORINE GROWTH-RATE
YEAR (TONS) UTILI ZATION (PERCENTAGE)
1981 242588,8 242588,.8 4.73
1982 253549,.3 253549,3 4.51
1983 264509.8 264509.8 4,32
1984 275470.3 275470, 3 4.14
lags 2861430.8 286430,.8 3.97
1936 2327391,3 2907301.3 3.82
1987 ceasl.s 308351.8 3,68
AVERAMGE 280950.56 <80950,56 4,09
STD. DEV. 26847.62 26847.62 0.41
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PBENZENE HEXACHLORIDE (B,H.C.)

3.H.,C. claimed around 6.9 thousand tons of chlorine
in 1965 (Tawle 5,8). The production of B.H,C, increased
from 7.4 thousand tong in 1965 to 33.6 thousand tonsg in
1978, thereby utilizing 30.27 thousand tons of chlorine
in this vear. There have been abrupt changes in B,H.C,
production, For example, in 1968 its production shot up=-
to 18.18 thousand tons as compared to only 8.69 thousand
tons in the orevious year, & 109 per cent growth, B.H.C,
production will also reach a steady state in eighties and
then onwards there will only be marginal changes in B, H.C.
production. However, in the event that new uses of B.H.C.
are developed, causing an increase in its demand, the sa-
turation level will be pushed further. In such a case the
amount cf B.H.C. production in 1981 would have besn around

35 thousand tons which would increase to 45.8 thousand tons

in 1988,
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TABLE E5.834

BERZBNE HEXACHLORIDE
CALCULATED V2LUES

vEAR PRODUCTION CHLORINE GROWTﬂ-RATE
(TONS) UMILIZATION (PERCENTAGE)

1965 81e5.2 7366,7 -

1966 A322.9 8849.6 20,00
1967 11460.6 10314.6 16,67
1965 130998.3 11788.5 14.28
1969 14736,0 13262.4 12.50
1970 16373.7 14736,.3 11.11
1971 13011.4 16210.3 10,00
1972 19649.,1 17694.2 9,09
1973 212356.8 191538.1 8,33
1974 22924.5 20632.0 7.69
1975 24562.2 22106.0 T.14
1976 26199,9 23579.9 6.66
1977 27237.6 25053.8 6.25
1973 29475.3 26527.9 5.88
1379 31113.C 23001,7 5.55
1930 32750C.7 29475.6 5.26
LVERAGE 20467.9 19421.1 9,76
STD., BFV. 7796,99 7017.29 4.40

THE CORRELATION COLEFPICIENT IS 0.9474

F(1,14) = 122,:912
THE CONEIDENCE INTERVAL IS 147.2603



TABLE 5,9

BENZENE HEXACHLCRIDE

PREDICTED VALUES

W
o

PRODUCTI Git CHLORING CROWTH-RATE
YEAR (PN G) UTILY ZATTON (PERCENTAGE)
1981 34398 ,4 309490,5 5,00
1982 36026.1 32423.5 4,76
1933 375613.8 33997 .4 2454
1984 39301.5 35371.3 4.34
1935 40635.2 36545.2 4.16
1986 42576.9 38319.2 4.00
1987 44214.6 36793.1% 3.94
1988 45852. 3 41267.0 .70
AVERAGE 40120,35 36108,.32 4.239
sTD, DEV, 4011,52 3610,36 0.45




U

The mast gtatistice show that there have been wide
fluctuations in the arowth pattern of D.I'.T. nroduction,
vorving from @ grovth rate of 7,0 per cent in 1974 to a
growth rate of 31.16 per cent in 1975, In 1965 D.D.T, pro-
duction was 2745 tone which remained almost the same during
the next year. There was a audden increase in fits produc-
tion in 1970. Towards the end of seventies this industry
was utilizing 6.4 thousand tons of chlorine., It is envisa-
ged that with the industrial growth D.D.T, production will
algo incrcase and by tho end of 1988 it is expected to rise
to about 5.7 thougand tons and it will be utilizing 8.6
thousand tona of chlorina, But the growth rate of D.D,T.
industry in eighties will be only marginal with & growth
rate of about 2,53 per cent in 1981 and 2.15 per cent in

1998,
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_TABLE 5,102

D.D.T.

Laubaind VALURS

_— PRODUCIT Ui  CALORTUE. GROWTH-RATE
oG ) UTLILL 240N {FERCERTAGH)
1965 28570.6 43N6,0 -
1966 2037.,9 4431.¢ 4,08
1967 3105.1 £657,6 3.92
1962 3222.3 4233.5 3,77
1969 3339.5 5009.3 3.63
1870 3456.02 5135,2 3.51
1971 3574.0 £361,0 3.39
1972 3691.2 5536.8 3.27
1973 3R08,.4 $712.7 3.17
1974 3925.7 5888,5 3.07
1975 £042.9 6064.4 2,98
1976 4160.,1 6240.2 2,69
1977 4277.3 6¢16,0 2.51
1978 £394.6 6591.9 2.74
1979 4511.8 67677 2.66
1980 ¢629,0 $943,6 2.59
AVERAGE 3749 .87 £624.81 3.23
STD. DEV. 558,10 837.16 0.47
THT CORRAPLLTIUN COLEFFICIENT I3 (.8485
¥(1,14) = 35.9274
THE CONPIDENCE INTERVAL IS 19,5385



_TADLE

5.31

SRULICTED VALJULES

o1

o

o~ PRODUCTION CRLORTNE CROWIH-RATE
e Kt {ronNs) UTILIZATION (ORRCENTAGE)
1931 4745.3 7113.¢ 2.33
1332 4282,95 7295.2 2.46
1993 A4930,7 7471.1 2.41
1934 53037.9 7646,9 2.35
19135 E215,2 7922,.82 2,29
1936 5332.4 7908.6 2.24
1507 5449.6 2174.4 2,19
1988 55465.8 2350.3 2,15
AVERNIE 3155,.89 7724.82 2.33
STD., DZV. 237.14 430.71 0.13
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STABLE BLEACHING POWDER

In early sixties stable bleaching powder was utili-
ing in its manufacture only a small fraction of totcs

chlorine producad in India, In the year 1965, 7.3%5 tons of
the stable bleaching powder was produced which utilized
only 2.9 thousand tons of chlorine, But in the caming year
its production increased to the level of 10.80 thousand
tonsg, a 46.8 per cent growth over the previoug year. By
the end of 1978, stable blecaching powder was one of the
major chlorine consuming industry. In 1978, stable bleaw
ching powder was produced to the tune of 30,9 thousand tons

which utilized 12,36 thousand tons of chlorine,

By the end of 1980 the tentative target for stable
bleaching powder would have been achieved. Then onwards
the growth in this industry will be vexy silow., The produc-
tion is expected to stabilize at around 48 thousand tons.
By the end of 1988 the production is expected to reach the
lavel of 47.8 thousand tons, At that time the growth rate
is expected to be only 3.8 per cent and the industry will

be consuming 18.99 thousand tons of chlorine,
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T:DBLE 5,124

SONBEYE RLUACHIRG POWDER
CALCULATED VALURS

YEAR vnyvgc;zpn CrLCRINY GRACHTHaRATE
(TONS ) U ILICATIC (YERCENTAGE )

1565 6954 .9 27€i.3 -~

i%66 3731,z 3452.4 28,53
1567 1C5G7,.4 44Cz2.3 2C.34
i563 1223346 4313.4% 1€.50
1965 16053.8 $€23.2 14.46
1570 i5836,.0C G334.4 12.€3
1971 176812.3 ”"44.> 11,21
1972 183%3,5 7755.4 1C.C8
19%3 21154.5 Ba62.5 2.16
1973 22240.5 0176,32 £.39
1975 24717.1 S2La..E T.74
1976 2€493.35 1C597,3 718
1977 28269 .6 11307.8 €.170
1978 3CC45.8 12618.3 6.28
1979 51822,0 12726.98 .21
1980 33593,2 23439,3 5.58
AVLRAGE 20276,62 8110.64 11,20
STD. DEV. 845G.48 3382,59 5.83

THE CORRBLATION CU-EPFICIENT IS 0.9352
F(1,14) = 465,5099
THE CONFIDSNCE INPERVAL IS 82,3304



TABLE 5,13

STABLE BLEACHING POWDER

PREDICTED VALUES

[
-

Tt PRCDUSTION CILARINE GROWTH..RATE
‘ {TONS) UTILIZATION (PERCENTAGE)

1981 35374 .4 14149.7 5.28

1982 371590.6 14850,2 5.02

1983 38926,9 15570.7 4,78

1984 40703.1 16281,2 4.56

198% 42473.3 16951.,7 4.36

1986 44255.,5 17702.2 4,18

1987 46031.7 18412.7 4.01

1988 47208,0 19123.1 3.85

AVERAGE 41501,22 16636.48 4.50

s7TD, DEV. 4350.82 1740.33 0.49
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POLYVINYL CHLORIDE (P.V.C.)

P.V.C, industry has cone up as one of the major chlo-
rine consuning industry and with the increased uses cf P,V,C.
the industry will utilize more and more of chlorine in near
futurec. The tentative target in 1983 for P.V.C. production
is 75.3 thouzand tong. on the baaslpg of the forecast we can

say that the precent target will ke achieved by 198384,

In 1965, F.V.C, production was only 12,17 thousand
tong which decreased to 10,79 thousand tons in the very next
year, P.V.C. at that time was demanding only 8.1 thousand
tons of chlorine. But gradually the P,V,C, production increa-
gad demanding more and more of chlorine in the succeeding
yearsg, In 1969, there was a growth rate of 92.4 per cent in
chlorine utiiization by P.V.C, industry which rose to 25,39
thougand tons from a value of 13,19 thousand tons in the pre-
vious year. By the end of 1978, 59,0 thousand tons of P.V.C,

wag produced utilizing 44,3 thousand tons of chlorine,

f14th the increased and varied applications of P,V.C.
1t i very likely that the present target for P.V,l, produc-
tion may have to be revised. In that case the saturation
level which is expected to come in 1983-84 will be delayed,
If the present growth trend in P,V.C, industry prevails, by
the end of 19088, the industry will be utilizing 73 to 75 thou-
gand tons of chlorine. P.V.C, industry i3 peised to emerge
as one of the major chlorine utilizing industrieg in the

neaxr future,
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TABLE 5,144
POLYVINYL, CHLORIDE

CALCULATED VALUES

YEAR PRODUCTION CHLORINE GROVTHRATE
{TCus) UTILIZATION (PERCENTAGE )

1965 16281.9 12211,.4 -

1366 19206.6 14404.9 17.96
1967 22131.2 16598.4 15,22
1968 25055.9 18791.9 13,21
1969 27980,5 20985.4 11.67
1970 30905.2 23178.9 10.45
1971 33829.8 25372.3 9.46
1972 36754.5 27565,.8 8,64
1973 39679.1 29759,.3 7.95
1974 42603.7 31952,8 7.37
1975 45528.4 34146.23 6.86
1976 48453.0 36339.9 6.42
1977 51377.7 38533.2 6.03
1978 $4302.3 40726.7 5.69
1979 57226.9 42920.2 5.38
1980 60151.6 45113.7 S.11
AVERAGE 38216.80 289662.59 9.16
STD. DEV. 13924.07 10443,05 3.86

PTHE CORRELATION COEFFICIENT XS 0,8483

F(1,14) = 35.9506
THE CONFIDENCE INTERVAL IS 487.,7775



PCLYVINYL CHLCRIDE

PREDICTED VALUES

b1

- PRODUCTION CHLORINE GROWTHwR .0
YEAR {1Cus) UTILISADION (PEQCENL/G5)
1981 63076.2 47307.2 4.56

1382 COGLL.S 495LC.C 4,83
1983 68925,5 L20T4.2 £.43
16584 71280, 2 $3887.6 4.24
i9¢eS 74'7'14,8 L eU51,1 4,07
1556 77659.% 58274.6 3.51
35687 BCE24.1 604621 3,76
1588 63548.7 62661,5 3,62
AVERAGE 73312.51 54984, 38 4,19




b2

PHOSPHORUS _TRICHLORIDE (PClg)

Ags far as c¢hlorine utilization 13 concemmed this
inductry utilizes cnly small cuentity, In 1965 only 200
tons of phogphorus trichloride vas produced eccnsuming cnly
154 tons of chlorine, a very sma2ll fraction of total chlo-
rine produced, Its production steadily increased and in-
creased from thisg small value to the tune of 2.25 thousand
tons in 1978, The maximum growth rate in this industry
occured in 1970 when itgs production increased from 316 tons
to 786 tons, a growth rate of 148,7 per cent, The tentative
production target for phosphorus trichloride ia 2600 tons
which is expected to be achieved by 1983, In steady state
2754 tona of phosphorus trichloride shall be produced which
will utiitize 2120,80 tons of chlorine,
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TABLE 5,164

PHOSPHCRUS TRICHLORIDE
CALCULATED VALUES

YEAR PRODUC'{‘I ON wilLORINE GROWTH-RATE
{TONS) UTILIZATION (PERCENTAGE)

1965 7.5 5.8 -

1966 146.4 112,.7 1829,23
1967 285.2 219.6 94.81
1968 £24,0 326.5 48,66
1969 562.8 433.3 32.73
1970 701.6 540.2 24,66
1971 840.4 647.1 19,78
1972 979.2 754.0 16,51
1973 1118.0 860.9 14.17
1974 1256.9 967.8 12,41
1975 1395.7 1074.7 11.04
1976 1534.5 1181.5 9.94
1977 1673.3 1288.4 9.04
1978 1812.1 1395.3 B+29
1979 1950.9 1502.2 7.66
1980 2089,7 1609.1 7T.11
AVERAGE 1048.68 807.48 143 .07
57D, DEVe 660,88 508.87 467.02

33140
r(1,14) = 133.
THE CGNFIDENCE INTERVAL I8 12,0226



TABLE 5,17

PHOSPHORUS TRICHLORIDE

PREDICTED VALUES

YEAR PRODUCPION CHLORINE GROWITHeRATE

(TONS) UTILIZATION { PELRCENTAGE)
1981 2228,6 1716.0 6.64
1982 2367.4 1822.9 6.22
1983 2506,2 1929.7 5.86
1984 2645,0 2036,6 5.53
1985 2783.8 2143,5 5.24
1986 2922,.6 2250.4 4,98
1987 3061.4 2357.3 4,74
1988 3200.2 2464.2 4,53
AVERN;E 2714.44 2090. 12 5.47
340.02 261.81 0.73

STD- DEV'




CHLOROSULPHONIC ACID
Avcut 2,5 thousand tons of chlorosulphonic acid
wag produced in 1966, From then onwards its production haa
been tncreasing with retarded growth rate, In 1972 the
growth rate was 26,3 per cent which gradually came down to
12 pecr cent in 1978 wiadle its production rose fram 2.5
thousand tons to 17.1 thousand tons. The same 1s the pro-
file of increase of chlorine utilized by the industry which

increzsed from 756 tons in 1965 to around 5,7 thousand tons

in 1980,
A forecast on this statiatics which is coé?lated

to the given data ahows 93.4 per ceat coﬁélation. This ime-
plies that >y the end of 1981 this Andustry would have been
utilizing 6.0 thousanad toas of chlorine, TYThroughout this

decade chlorosulphonic acid industry will be showing a grow-

ing “rend. The target for this indastry which is tentative.

1y fixed at 32.4 thousand tons will not be reached in this

decade, By the end of 1983, chlorine utilization by this
tndustry will be of the level of 8.3 thousand tons but the
growth rate will) be cnly 3,97 per cent which tndicatea a

near gaturation airuation towarde the ond of eighties,
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TABLE _5,18Aa

CHLORCYSULPAONIC ACTD
CALICULATED VALURS

-

oEaR PRODUCLION CHLORTNE CROWTHWRATE
(TCns) UTILIZATION (PERCENTAGE)
1966 4403,3 1321.0 -
1967 5462.2 1638,6 24,04
1968 6521.1 1956.3 19,38
1969 /300.0 2274.0 1623
1970 8638.9 2552,6 213,96
1971 G697.8 2909.3 12.25
1972 1075€47 3227.0 20,91
1973 11815.6 3544.6 .8
1974 12874.5 3862.3 6.96
1975 13933.4 4180.0 8,22
1976 13992.3 4487.7 ‘7.59
197 16051,2 4815.3 7.06
197:, 17110,1 5133.0 6.59
19% %5 18169.0 5450.7 6.18
1980 19227.9 5762,3 5.82
AVLRAGE 11815.66 3544,.69 11,22
4735.53 1420.656 5.45

5TD. DEV.

THE CORRELATLON CO-ETFICIENT IS 0.9340

THE CGNFIDENCE INTERVAL IS 112.2764
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TABLE 5.19

CHLOROSULPHONIC ACID
_—-_—““-_“

PREDICTED VALUES

YEAR PRODUCTION CHLORINE GROWFH-RATE

‘ {(TCNS) UTILIZATION (PERCENTAGE)
1981 20286.8 6086,0 5¢50
1982 21345.7 6403,7 5.21
1933 22404.6 6721.3 4.96
1984 23463.5 7039.0 4,72
1985 24522.4 7356,7 4.51
1986 25501,3 7674.4 4,31
i988 27699,1 8309.7 3.97
AVERAGE 23993.00 7197.89 4.66
2593,76 778,12 0.53

STD., DEV.




-7
=

MCROCHLORC ACETIC ACID
Cnliorino congunmption in the vroduciiona of monQw

chioro acetic acid i1z marked with very wide fluctuations,
In 1966, it utiriized 243.8tons of cllourine wnich further
fei: to only 16 toens in the next very year nhowing & £all

of 33,2 peor cent. In 1561, vhere vas @ tremendous growthn

in thig indusixy, as ruch ag the roducticor attained the

1033 tens showind 2361 rer cent increase, In the

level of
gucceeding years the production steadily increased and by

the end of 1976 this ipdqustry vas using 1.78 thousand tons

of chiorine. AT rnip rate it is expected that the industry

= its target by th
of chlorine. On the othar hand, if the

wiii a~hi a end of 1922 vhon 1t will be

stilizing 2551 tons
demand f£or tne 2eid continues to arow =ven at the spame rate
by the end of 1988 this industry shall be demanding 3273

tons of chlorine. The growth rate is expected to decrease
from 6.8 7er cent in 1981 to 4.61 par cent in 1988,
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TABLE 5,202

MONOCHLORO ACETIC ACID
CALCULATED VALUELS

- . ——— —— = —T3 Y -

YEAR PRODUCTION . ?S'IPORIIj’n.: GR?::"I‘H-RATE
{(TONS) UI'iolZATION {PERCENTAGE)
1966 2582.2 a5.2 -
1967 £22.3 210.2 150,66
196e 1012.4 3se .7 60,10
1969 1202.5 529.1 37.54
1970 1772.6 £73.8 27.29
1971 z1e2.6 €3iB.0 21.44
1972 2£32.7 962.4 17.65
1973 fe2.8 1166.8 15,00
1974 S802.9 1252.3 13.04
197¢ 2673,0 1305.7 11.54
1976 4053.0 15¢0,1 10.34
1977 £423.1 684 .6 9.37
1978 £00.3,2 1829.0 8.57
AVERAGE 2532.76 $62.45 31.88
STD, DEV. 1480,20 502,47 40,26

THE CORRELATION CO-EFFICIENT IS5 0,9587

WHE CONFI DENKAE LIPERVAL IS 3 3.9088
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CARBON TETRACHLORIDE (CClg)

Only a limited data is available for this induge
try. ©On the basis of the production profile it is evident
that the industry is growing. But the growth rate does not
reveal any pattern.lt oscilates between a maximum of 75,7
per gent in 1969 znd 3.9 per cent in 1973, The forecast
shows that the industry will grow further in the caming
years, It will be utilizing 2208 tons of chlorine in 1981
vhich will increase to 3027.5 tons by the end of this deca-
des. The growth rate is expected to show a steady marginal

decline, from a value of 5.5 per cent in 1981 to a value of

4.01 per cent in 1988,
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TABL)E 5 » 2 2@‘.

CHREBON QLT3 ACHLURINE
CALCULATEDR VATLYUES

— i — o — - —

———

PRCLUCTION CHELORINE GRUNIN-RATE

TEAR (RONS) VITLTZATTON (PERCENTAGE )
la68 24338.2 637 .G -—
1969 4023.2 £04.6 17.01
197¢C 4603.2 92%1.6 14,53
1371 5193.2 103e.56 12.69
1972 577642 11856 11,26
1973 53€3.1 1272.6 10.12
1974 6942.1 1229.6 9,19
1975 7523.1 15056,5 8.41
1976 8118,1 16232,6 7.76
1977 B7G3.1 174C.6 7.20
1978 926540 1857, 6.72
PVERAGE £263.17 1272.63 10,49
STD. DEV. 104n.16 R, 03 3,30

THE CORRELATION CO-EFFICIENT 1S G.9316

PHE CONFIDONCE INTERVAL IS 76.0460



TABLE 5.23

CARBON TETRACHLCRIDE

PREDICTED VALULS

PRODUCTICNH CULURIIE GrTHWTH-RATE

{EAR (TONS) UTILIZATION (PERCENT AGE)
1979 9873.0 1974.6 6529
1980 10458.0 2C691.6 5.92
iyel 110¢43,0 22U8.6 5,59
1332 11625.G 2325.6 5429
1983 12212.9 2442.5 £.03
1984 12797.9 2559.5 4,78
1085 13382.9 2676.5 4,57
1986 13067.9 2793,5 4.37
1987 14552.9 2910,5 4.18
1771.11 354,22 0.76

STD. DEV .
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CHLCRINE AVAILABILITY AND UTILIZATION

Table 5,24 shows chlorine availability and utili-
zation from the year 1965 to 1978, In the beginning only
46,4 per cent of chlorine was utilized, In 1966 the chlo-
rine utilization became 94597.8 tons from 84113.,7 tons im
1965, showing & growth rate of 12.4 per cent. Chlorine
supply also increased during the same pericd fram 1891G60.4
tons to 202803.9 tons indicating a growth of 7.21 per cent.
Thus we seec that right from the beginning the chlorine con-
suming industries have been growing faster than the caustic-
soda t{ndustry, which ylelds chlorine. The utilization factor
in 1966 improved marginally at 46.6 per cent, There was
37.13 per cent growth in chlorine consuming industries while

the supply increased only by 13,24 per cent in 1969, Thus

we can say that the chiorine utilization is catching up with

chlorine production. In 1972, 482.2 thousand tons of chlo-

rine was producea while 334.5 thousand tons of chlorine was

utilized, 4 weillzation factor of 79.1 per cent as against

44.4 per cent in thoe year 1265,

with the growth of industrialigation, as has been

ohgerved in many other countries, in India alsoc the chlorine
utilization factor will improve and will approach unity. A
time will come when the caustic-soda industry will grow only
such a aituation will arise around 1983 and

marginallye.

Cal



chlorine avallability wil) reach a steady state value of
573.6 thousand tons. At the same time the chlorine can-
suming industries will keep on growing. In 1981 itself
§32.12 thousand tons of chlorine would have been prodiced
while 421.82 thousand tons was expected to have heen effec-
tively utilized which i1s about 79.2 per cent, The actual
problem will be evident in 1987-028 when the demand for chlo-
rine will become 562.5¢ thousand toms reaching the utiliza.

tion foctor of £3.0 per cent, Keeping in mind the unaccoun..

ted block, ot that time any further tnereass in chlorine
requirements to be met by the same method vould mean a surt-
1ug caustic-soda production posing a serious problem of

plso, if the chlorine production is not incressad,

marketing.

i1t will mean hampering nation's industrial growth, This

requires planning in advance to meat the cxpected situation

effectively.
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TABLE 5,24

TUTAL CILORINE AVAILASILITY AND UTILYZATION
ACCUIRCD DATA

YEAR AVAILABILITY UTTILEZATION i i )
1965 189160.40 84113,73 44.46
1966 202803,93 94597.81 46.64
1967 237020.96 119645.54 50,47
1968 269197.21 154666,12 57.45
1969 304840,81 212100.09 69,57
1970 318076.00 223978.93 70.41
1971 331437.93 248516,81 74,98
1972 344148,68 240506.93 69.88
1973 361278, 75 279231.12 77.28
1974 37976400 258314,25 68,01
1975 389540.81 297708.68 76,42
1976 443608.00 332337.06 74491
1977 45496000 344442.93 75.70
391714.62 79.15

1978

4$82240.90
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TABLE 5,25

TOPAL CHLORINE AVAILAJILITY AND UTILIZATICGN

EREDICTED VALULS

YEAR AVAILABILITY UTILIZATION 5§¥§§§§$ggm
1970 490555,.87 381607, 37 77.78
1980 511359,43 401736,00 718.55
1921 532123,00 421824.56 79,27
1992 552816,62 441933,06 79.93
1923 572650.12 462041,68 80.54
1984 594413.75 482150,13 81,11
1985 615177.25 502258,63 81.64
1986 $35940,87 522367,31 82.14
1987 656704.50 542475.75 82,60
562584.25 823,04

l9ge

677468.00




CRUSS=CORRELAPION BETWIEN CAUSTICWSODA SUPPLY
AND CULORING CONSUMING INDUSTRIES

Presently caustice-soda production is the only
source of mass chlorine producticn. Many industries
like Hel, Liguid Chlorine, Be He C.p Feo Vo Co, etc,
share the chiorine so produced, Naturally, we cxpect
a ecertein degree of correlation between caustic-zoda
production and production of these items., Table 2427
csa=correlation metrix for these items,

lists ths Cr
ng expected caustic-gsoda i3 highly correlated to almost

alli these 1tems.
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CHAPTER VI
END-USE PATTERN



_ENDaUSE _ PATTER!

Besides studyling aggregate demand and supply of
chlorine a study of end-usge pattern of chlorine hag boen
conducted. The end-use pattern is obtained by finding the
percentage of chlorine utilized by various chlorine consue
ming chemical3s as against its total availability over years.
Such an attempt would help in predicting use patter:: of chloe

rine and also in €etermination of future growth products,

These chlorine consuming chemicals can be put under
three categories depensiing upon the percentage of chlorine

utilized by them. The categories being 3
(a) Heavy users ¢ chemicals that utilize five or more

than five percent of total available chlorine,

(b) Medium users : chemicals that utilize one or more
than one but leas than five percent of total avaie
1able chlorine.

(¢) Light ugers 1 chemicals that utilize less than
one percent of total available chlorine,

ANALYSIS OF ENDwUSE PATTERN

The end-uge pattern of available chlorine over years

{i.8, 1065=-2970 actual and 1979-1988 predicted, is given in

Table 6,1 and 6.2.
The study reveals that liquid chlorine accounts for

nighest utilization and the percentage utilization of 1icuid

chlorine i9 expected to increase from 26,98 percent in 1965
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to 51,53 percent in 1935, For hydrochloric acid the second
largest ~hlerine utillising charilcal the utilizaction percone
tage is expacted tc increase abwut threefold i.,e. from 5,30
nercant in 1965 to 20,34 parceat ia 1985, Also the percen-
tage atilization for poly venyl chloride and benzene hexae
chioride is expected to increase from 4.82 percent and 3,54
percent in 1965 to 10.68 percent and 2,93 percent in 19a%
All thege four chendcals with more than S

respectivel Vs

percent of available chlorine utilization have been clagsie

fied@ ag heavy Users and growth products for futura as well.

in the mediun users group i.c, items utiliczing chloe

rine hetween 1=5 percent of the total chlorine available are

jncluded stablie bleaching powvder and D,D,T, Stable bleache

ing powder with an {nitial start of 1,55 percent in 1965 at-

tained itas hcighest jevel at 2.66 percent in 1974, OBy the

year 1988

ing powder 1s ol
DD, T In case of D,D,Te its percentage uti=

percentsge chiorine utilizaticn for stahle bleach-

aced at 3,71 percent., Ths second item in

this group 18

1ization was placed highost in 1965 at 2,17 percent. UJut

cted that the percentage utilization for L,D,T.

it is predi
will decrazse slowly and gtabilize at arcund 1,25 rercent

in 1988.

gn the third group are included light usors {.e, jtens
that account for leas than one porcent utilization of the
total cnloring available. This group includeas chemicals like
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phosghorous trichloride, chlorosulphonic acid, monochloro
acetic acid and carbdon tetrachleride. The percentege utie-
iizatinon of these chemicals 48 oxpected to rise only margi-
nolly 1.8, from 0,08 percent in 1965 to C.67 percont {n 1988
£or phoschorou9 trichlioride, fram (,34 percent in 1966 to
0.50 percent in 1938 for chlorosulphonic acld, from 0.12 per-
n 1966 to 0,59 psrcent in 1969 for monogchlere asgetic

cent 1
aeid, and from 0,18 percent in 1969 to 3.987 parcent in 1988

for carpon tetrachloride respectivoly,

The study shows that the percentage utilization of

total avsilable chlorine will continue to increase for heavy

Users L.Ce hydrochloric acid, liquid chloxine, ¢,V.C., and

B, H,Co UM the other hand the percentage utilizetion for mes

dium and light users
important tO point out that the unaccountaed block L8 showing

will increese only marginally. It ia

a continuous downward trond {.o, from 55,56 parcent in 1965

to an expected jevel of only 2.25 percent in 1984, This

shows clearly that b
avatlability of chlorine all the chlorine

y the turn of the decede in spite of

i{ncroase in the

available will be fully utilized,
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~TABLE 0.2,
PERCENTAGE UTILIZMION QF CULORINE FOR PREDICTED DATA

—— ITEM/YEAR 1979 1980 1981 1982 1983 1984 1985
1. Bleaching Powder 2,65 2.75 2.86 2,97 3.08 3.19 3.32
2. Phosphorus Trichloride 0,39 0.42 0.46 0.51 0.56 0.61 0.67
3, Liguid Chlorine 46,18 47,03 47,90 48,78 49.68 50.60 51,53
4, Hydrochloric Acid 13.26 14,24 15,29 16.42 17.64 18,94 20.34
5. Poly Vinyl Chloride 9,38 9,58 9.80 10,01 10.23 10,45 10.63
6a Do Da Te 1.29 1.26 1,23 1.20 1.17 1.14 1.11
7. Chlorosulphonic Acid 0.87 0.88 0.88 0.88 0.89 0.89 0.89
8, Carbon Tetra Chloride 2.13 2,28 2.43 2.60 2.78 2.97 3.17
9, Monochloro Acetic Acid 0.37 0.39 0.41 0.44 0.46 0.48 0.51

10, Benzene Hexachloride 6.60 6.94 7.30 7.68 8.07 8.49 8.93

TOTAL CHLORINE UTILIZED 83.12 85.77 88.86 91.49 95.10 97.75 101,15

UNACCOUNTED CHLORINE 16.88 14.23 11.44 8.51 4.90 2.25 -




CHAPTER VII

DEMAND, SUPPLY AND DISTRIBUTION LOGISTICS
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DEMAND, SUPPLY AND DISTRIBUTICN LOGISTEC:

The importance of right price and cuallity and
assured supply in industrial marketing has alrezdy bheen
mentioned. Desidea aggregate demand and supply position
of chlorine, the exact phyaical location of the undertake

ings engaged in the producticn and consumption of chlorine

will certainly prove ugeful in the understanding of the

problem dealt vith in this works For this purpose the locae

tteng of aforaaaid undertakings and statewisze deficit and

surplus hap ooen found out, Thim information appears in

Table 7.3 « & 1ogistics model for trangportation of chloe

rine hag oeeh developad based on its demand and SUpPply pPow
sitione

The model consists of m depots (surplus centres), the

location in coordinatea of depot 4 (where & = 1, 2, ceceqs,m)

being given asg (x"o

(consunption cantres),
......-n) being (xj' Yj) e I1f the cost of transg-

Yi" The depots aupply n customers

the coordinatea of customer j (where
=13 2
¢ the chlorine supplied to customer § “ram depot
then the total distrilution cost is

portation ©

i 19 denoted bY C4q4
ne » 2
I=1  3=1

then the 2 penspOrtetitn coat Jdepends linearly on the weight
of ehloring deifverad and tho distance traveiled, then i
ey * s " %W



whgreﬁJij = gcost par uait welgnt and distance;
wij = weight transported fram depot 1 to customer Jj;

dij = ¢he diatance from i to j; if straight line
distances ara considered.

For a given set of customers and depots, the coat

matrix (4 112 and the distence matriy (‘1j) are known,

the problem can be formuloted as a standard transportation

model with the cbject of detennining “ij to minimize the

total cost functicn. The conputer programme for this pur-
pose was run oL {i1~-1130 and the results vegarding this

agyct appear in the nexi chapter. The listing of the pro-

gramme 13 attached 1in dppendix V.

because of nonavailability of actual production data

of individual undertakings, this part of the study has been

conducted based on the installed capacity data (capacity

1imit to which the unit can produce with existing infra-
{as) and not with licenced or actual pro-

structural facilit

duction data. SC 3 vory optimal case is considered for this

analytiiﬁn
ANALYSIS OF OPTIMUM STRIBUTION CF CHLORINE
_'_.,_._—--'_.—__‘_‘-- —————

The analysis of individual as well us states for

determination of deficit and surplus units is shown in

this gootione ¢ 42 found that the individual units can
bs divided into three categorics based on production and/or
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Consumption of chlorine by them. The Categories being s
(a) Units that produce as yell as congume chloring
but whoge congumption of chlorine exceedstheir
production i.e.they are deficit of chlorine,

(b) Units that produce as well consuma chlorine but
whose consumption ig less than their Production
i.e. they have surplus of Chloring,

(c) Units that only Consume chlorine,

In all fortynine units were considered for thyg study
which either produce or consume chlorine or go both, on @a.
tegorising these units on the above mentioneqd bagis, 1¢ is
found that

Category (a) has 12 units,

Category (b) has 21 unitg,

Category (c) has 16 units,

S0 out of the 49 units considereq, there are 23
units in the country that have surplus of chlorine anq 2g
units that are deficit in chlorine, Both deficit ay well
s surplus units are situated in nineteen diffarent Places
in the country. All these units are scaticrag throughout
the fourteen different states and one unien territory; ex.
Cept for northern-eastern region where no unit dealing wieph
thege chemicals is situated. The maximum number of thege
units j.e, 15 is in Maharashtra state, out of these fourteen

stotes and one union territory, five statey and one unjon



territory are deficit of chlorine while nine states have

surplus of chlorine.
state with maxiuum deficit of chlorine is Maharaghtra
and the Geficit is 29,286 tons while the state with maximum
surplus of chiorine is Madhya Pradegh, surplus being 38,970
’

tong, The net surplus of chlorine in the country is 20,398
[4

tonge.

Unit that produces the maximum amount of chlorine {,e

63,999 tons i3 D.C.M, Chemical Works Delhi, while the unit

that has the maximum amount of surplus of chlorine {i,e,

36, 300 tons is Gwalior Rayons, Nagda, This unit is mainly

respongible for making Madnya Pradegh as the state with lar-

gest chlorine surplus, Kanoria Chemical & Industries Ltd.

has the maximum deficit of chlorine and defilcit being equal
to 24,349 tons.

rable 7.1 shows straight line land routes distances

between surplus and deficit centres. The optimal solution

of the transportation

s that gupply chlori
orine not peing utilized are »

ran chemical tndust:ries, Kota, Rajasthan

problem 48 shown in Table 7,2. The

source ne to the dunmy destination {,e.

surplus chl

(1) shri

Travancore Cochin Chenical Ltd., Udyogmandal,

Kerald

(44)

a Chemicals, Porbandar, Gujrat

(111) gauraghtr

(iv)

Tata chenical 9, Mithapur, Gujrat,



1 2 3 4 5 6
A 1,000 860 300 800 4,030 1,259
B 430 200 690 200 850 1,140
c 970 810 90 700 670 900
5 1,470 1,330 940 1,230 220 130
£ 1,260 1,150 700 1,190 1,440 1,640
o 150 240 1,000 3¢ 1,200 3,520
G 130 120 920 is0 1,100 1,400
H 1,260 1,100 250 1,000 820 280
I 1,800 1,420 600 2,320 1,130 1,200
J 23,630 1,450 620 1,370 1,310 1,250
K 1,350 1,320 1,420 1,360 2,050 2,300
L 650 580 900 510 700 1,010
M 1,420 1,370 1,330 1,390 2,050 2,300
N 3,380 1,200 420 1,100 570 670
o 1,210 1,060 420 280 1,150 1,340
P 450 520 1,290 se0 1,270 1,590
G 350 550 1,100 550 1,000 1,280
R 360 360 1,210 s00 1,250 1,550
s A50 700 280 600 970 1,210

ALS, DIGTANC

s IN KILOMETERS



TABLE _ 7,1

DISTANCES BETWEEN SURPLUS AND DEFICIT CENTRES

7 8 0 10 11 12 13 14
1, 000 500 290 400 350 1,000 920 1,030
280 760 920 920 920 1,350 1,100 1,..70
750 740 340 320 320 1,330 1,200 1,380
900 1,590 1,100 970 1,030 2,200 2,010 2,250
1,390 860 570 700 610 790 800 750
520 880 1,290 1,300 1,300 1,370 1,100 1,530
430 490 1,150 1,360 1,150 1,300 1,050 1,46Q
1,050 900 130 0 80 1,400 1,300 1,40¢
1,430 1,200 400 380 380 1,650 1,600 1,65¢
1,450 1,220 430 390 400 1,710 1,620 1,89¢
1,800 760 1,360 1,500 1,420 150 410 13¢
70 1,100 31,150 1,100 1,110 1,700 1,470 1,82
1,800 750 1,270 1,390 1,310 260 500 6¢
1,000 1,150 460 330 400 1,700 1,600 1,71
1, 200 640 250 390 320 1,050 1,000 1,02
sg0 1,260 1,520 1,520 1,510 1,640 1,400 1,80
300 1,180 1,360 1,340 1,350 1,710 1,460 1,71
s3c 1,000 1,460 1,470 1,450 1,550 1,300 1,72
630 460 430 470 430 1,050 900 1, 10¢
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:51-line 6 fotter Na. ¥ 0.6 06 /62 -A-3/213 dated 28-2-1.
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CENTRES

Ahmedabad, Gujrst
Baroda, Gujrat
Matturdam, 7, N,
Madras, T. N,

Alwaye, Kerala
Thana, Maharaghtra
Bombay, Maharashtra
Rasayani, Maharashtra
Rtshra, ¥, B,



6.
7.
8.

9.

10.
11.
12«

i3.
14.
15.
16.

17.

186.

19.

DEFICIT CENTRES

Jayaghree Chanicils Ltd., Canjam, Orissa

Orient Paper Mitlloe Ltd., Jrajrajnagal, SLissa

dNational dewsnrint & Paper Miils, Nepanagar

Dhanaal forarid Cheme COop Fumhari, MaF.

D.Caile chenici'ls Works, Pelhi
ilindugtan tncecticidts,

N & B3NS Maritsar

= & Ind. Ltd., Mirzapur, u.P,

Shambhu ijat

Canoria cheridcal

ad Chem. & pext, Hyderabad, A. P.

Ltd., Atul Gujrat
e 'Atul.'sulur. Gujrat

Hyderab

Atul prrodu 2
Sardesal arothekss

Cellulose products of India Ltd.. Ahmedabad
Ltd,, Baroda, Gujrat

Gujrat Alkali. & Cheme,

i & Indo
roveus ool £l

Ltde, Madras, TV

Corpe. ktde. Metturdam
Matturdsa, T.N.

m chemical
qecticides Led., ALwaye,

Mico F3

Hindustan in

Chemi.dals I‘td.‘
ntra

- co., Lties Thana, Maharas

Standagil %ﬁéﬁi Chemi.cals. ThonA

Pl rari Chamicala. Thana

"t Rofrigerantg Ltd., Thand

calco Printing 0.

Karala

Kalyan, aharashtra
J. K.

Armedabad M2n Led., Bombay
£z Brwers ¢
Pestic"a ’anj, ChefMes g‘bggy
Ia?cg.‘,i‘" Fagtrios Ltd s
d. ragayani,
ani.c Chems Ltd.,
Hindust3? Grg
Mahara.htr

of India TLt3es rRighrsa,

¢

1

6,474
30
210

1,080
8,303

58
24, 349
1,500

7.854

1,140
4,566

17,807

2,700
2,700
1,326

27,401

18,679

2,700

4,039

ALL: FIGURFES IN TONS

i
/

(!



SWNG, NAME

LOCATION

3.3, Ahmedabad Mfg., & Calico
Printing Co. Ltd.

B,4, Sauraghtra Chemicals

B,5, Tata Chenicals Ltd.

Ceb6. Celluloge Productg of
India Ltd.

C.7. Sardesail Brothers
M2ADHYA PRADESH

A1, National Newsprint & Paper
Miils Co.

B.2, Hukamchand Jute Mills Ltd,

B,3, Cwalior Rayon 841k Mfy. (Wvg,)
Co. Ltd,

C.4., Dharamsi Morarji Chem. Co,

QRISSA
2,1, Jayshree Chemicals Ltd,

2,2, Orient Paper Mills Ltd,

Ahmedabad

Porbandar

Mithapur

2hmedabad

Bulgar

Nepanag. ¢

Anmlai

Nagda

Kumhari

Ganj am

Brajrajnagar



ITEM

C. Soda
Lig. Chlorine
FICL

Co SO0Ox

Ce Soda

Lig, Chlorine
HCi

BHC

Mono Chlord a, A,

Mono Chilord 4, 2,

Ces S0da
Lic. Chlorine
{1C1

C. Soda
Lig, Chlorine
HC)Y

C. Soda

Chloro sulph, A,

C. Sode

Lig, Chlorine
Bleaching V.
HC1

C. Soda
Iig, Chlorine

LICENSED

——— . — ——

——

INSTALLED LOTU.
CAPACITY CAPACITY PRODUAé‘TI oN
20 333 2' 333 =
10541 1‘541
604 604 -
20, 400 20, 400 _
15,700 5, 700 6,453
9,650 9,650 4,177
7: 200 7: 200 6. 644
3,000 - -
9¢0 960 -
8,928 4, 025 3,062
9,910 3,572 3,427
1, 200 600 139
22,680 22,680 16, 000
18, 700 12,758 7,250
8,640 10,800 4,815
33,000 41, 250 39,914
42, 60O 16, 764 -
25,200 13,411 -
8,332 8,400 -
25, 000 14,850 .
3,292 3,292 2,855
2,926 2,926 2,512



TABLE 7,3

JETERMINATION OF DEFICIT AND SURPLUS CENTRES

SeNCe NAME LOCATION ITEM SENSE NSTALLEY S c s
- o D Moo Skl SREDSY o vmey
ANDHRA PRADESH o o
8.1, Andhra Sugars Ltd, Tanuku Ce. Soda 46,200 36, 300 33,762 31,945
Acetic Acid 1,080 1,080 719 410
Lig. Chlorine 29,730 22,615 17,976 22,615
HCl 7, 100 6,800 12,916 2,040
Chloro Sulph, A, 10, 000 5, 000 4,856 1,500 + 5,380
B.2, Sirpur Paper Mills Kaghaznagar C, Soda 6,037 7,024 5,206 6,101
Lig. Chlorine 5,122 6,144 4,076 6,144 + 37
C,3. Hyderabad Chem, & Fert. Hyderabad Chloro Sulph, A, 5,000 - - 1,500 - 1,500 + 3,017
BIHAR
B.1. Rohtag Industries Ltd. Dalmianagar C. Soda 7,800 5,400 2,508 4,752
HC1 720 720 488 216 + 4,536 + 4,53
DELHI
a,1, b.C.,M, Chemical Woriks Lelhi C. Soda i, 15,500 72,600 48,968 63,888
HC1 79, 750 55, 250 34,860 16, 575
Bleaching P. 33,000 25, 000 18, 365 10, 000
Lig, Chlofine 75, 180 41,250 1,513 41,250
Chloro Sulph, A, - - 832 250 - 4,187
C.2, Hindustan Insecticides Delhi D, Do T 2,744 2, 744 - 4,116 - 4,116 - 8,303
GUJRAT
A.1. Atul products Ltd, Atul C. Soda 6, 200 - - 5,456
. HCl 11,400 11,400 - 3,420
Phosph, Tri, Chl. 800 800 - 616
Chloro Sulph, A, 4, 000 4,000 - 1,200
Mono Chlo. A, A, 750 750 - 285
Liqg. Chlofine 7,425 7,425 - 7,425 - 7,490
A.2. Gujrat Alkali'& Chem. Ltd. Baroda c. Soda 70, 425 37, 425 48, 8” ww. “MN
Lig. Chlorine 64, 000 33,000 16, 32 ' %ia
29, 000 15, 000 26,898 4,500 "

HC1



S0, NAME LOCATION

PULITAB

C.1l. Shambhu Nath & Sons 2mritsar
RAJASTHAN

B.1, 3hriran Chemicalgs Kota

TAALLNADY

2,1, Mettur Chenical & Ind.
Corpn, Lxd.

Mettur Dam

B,2. Chrangadhra Chem, Works Ltd, Sahupuram
C.3, Mico Farm Chemicalas Ltd, Madras
Mettur Dam

C.4, Chemical & Plagtics India
UPTAR PRADESH

v p—r

A,1., Kanoria Chem, & Industries Ltd. MNirzapur

2.1, Alkali & Chemical Corpn, of
india Ltd. Rishra



—

LYCENSED INSTALLED ACTUAL

ITEM )
CAPACITY CAPACITY PRODUCTION

1kC1 194 - -
C. Soda 33, 300 - -
HC1 2, 400 - -
PVC 15, 800 15,800 -
C. Soda 46, 600 46, 600 47,650
Bleaching P. 17,460 17,460 6,820
HC1 18,810 19,810 -
Lig. Chlorine 30, 000 30, 000 -
Carbon Tet. Chl. 1,080 1,080 -
¢. Soda 60, 000 50, 000 -
HC1 39, 600 33, 000 -
PVC 20, 000 - =
. Soda 33, 000 33, 000 20, 057
I:4¢. Chlorine 21,720 21,780 21, 730
Ficl 49, 365 49, 365 13,434
Pleaching P. 15, 000 15, 000 6, 045
BHC 12, 000 12, 000 12, 329
C. Soda 7, 041 8,801 8,260
DHC 5, 200 5, 200 1,889
HCY a, 396 4, 300 1,748
Lig. Chlorine 5,014 5,814 5,814



ITEM

S0, NAME LCATICN

3,2, Hindustan Heavy Chem, Ltd. Khardah

B.3, Purgapur Chem, Ltd, Durgapur

B.4, Titagarh Paper Mills Ltd. Titagarh
HARYANA

3.1, Ballarpur Paper Mills Yamunanagar
KERALA

B.1, Travancore Cochin Chem, Ltd. Udyogmandal

C.2., Hindustan Insecticides Alwaye
KARNAT AIKA

3,1, Ballarcur Paper iMHills Karwar
MAHARASHTIRA

B,1. JoK, Chemicals Ltd, Kalyan

A2, Standard iMills Co., Ltd,. Thana

C. @20da
HC1
Lig. Chlorine

C a Soda
Lig, Chlorine

C. Soda

Cs Soda
Lig, Chiorine
HCY

C. Soda

HCl
Lig. Chlorine

BHC

Ce. soda
Lig. Chiorine

HC1

C. Soda

HCl
L1qg, Chlorine

C. S0da
HCY

Carbon Tet. Chl.,

Lig, Chlorine
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LICENSED INSTALLED ACTULL
o - - Cl USED/  Clp DEFICIT/ NET Clp DEFICIT/
CAPACITY CAPACITY PRODUCTICN PRODUCED SURPLUS SURPLU% IN STATE
2,010 1,100 - 330
5,690 2, 350 - 2, 350 + 3,221
f
8,916 = - 8,916 . 324
6, 696 6' 696 an 5' ag2 + 5' 292 + 5, 398
62,709 62, 700 - 55. 176
48, 500 a8, 500 - 28, 500
[
3,450 3,450 - 1,035 + 5,641 + 5,641
[ 4
25,300 25,800 = 7,740
13,200 13,200 - 12, 200 +10, 226
3, 000 : - 2, 700 - 2,700 + 7,626
16,500 - 16,976 14,595
- 9,037 9,037
1,016 1,016 - 394
1,770 1,770 - 1,770 - 1,236
51,950 51,990 - 45,751
15, 560 15, 560 - 4,668
2,100 - - 2, 310
45,036 - 6,236



5]
-

NG WNAME

LOCATION

ITEN

AeJe

B.4.

Ba5,

8060

CeBa
.9,

L™~
- ke

C.11,
Co12,
C.13,
C.14,
Co15,

Ahmedabad Mfg. & Calico

trinting Co.

Century Chemicals

‘laticnal Rayon Co. Litd,

3allarpur Paper Mills

Shree Gopal Unit

National Organle Chemicals

Hinadu
resticides

“nadian Organic Chemo.
Morarji Chem.

Dnaramsl

Ruxoel industries Ltd,

Eve

Titaga

stan Grganic Chemical Ltd,

& Brewers Ltd,

reat refrigerants Ltd.

rh Paper Mills

Bombay

Kalyan

Kalyan

Ballﬂrpur

Ballarpur

Thana
Rasayani
Bombay
Kolaba
Thana
Bombay
Thana

Daul atabad

C. Soda

Hgel

Lig. Chlorine
PVC

C, Soda

c., Soda
Liq. Chlorlne

FOL
carbon Tets Chy,

c, soda

HCL
Liq. chiorine

¢c. Soda

HC1

Liq. chlorine
PVC

BHC

BHC

dono Chle M a
chloro SulPh,
phosphoe T ¢y,
carbor Tete Cny,
¢, soda

4‘/\._\

ALi. FIGURBS IH TONGS
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LICENSED 4STALLED ACTUAL Clo USED/ Cls DEFICIT NET N,
CZRACITY CAPRCITY PRODUCTICN PRODUCED SUF%PLUS v/ éURPE%Ié ?E?F;%;;'é
24, 752 a 2 2,752
20, D00 20, 000 - 45,000 ~16,113
+ 8,
9,900 9,900 14, 668 8,732 o722
26, 400 31, 000 19,925 31,280
15, 140 15, 140 10, 796 g5, 340
10, 20¢ 10,800 17,604 "2;2 7. 967
1,680 1,030 1, 269 33
42
- - 4,025 ";3
a2 - 1,145 530 + 2,369
4
‘021
i 5 1 eos N R
- - ‘ 00 1S, 000
20, 000 20, 000 - ”'700 - 2,700
2 7
3,000 = 7 - 2,047
710‘
2,275 - o =
00 - = -
1,0 , 960 3,960
13, 200 13, 200 - 18 - 138
180 180 = it - 2,178
& 2
1'980 10990 d 2 4 1"52 -27,834
- 3,4

1,650 e
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PACKAGTING, DT STRIBUPTON AnD TRANCOORTATTOM
R T TSR _OF, CHEORT R

“hilcrine in < SMatry an? coawmgian i clessifled a
23
3 non~Llanehle consraised gag, I is a liquified gag

nday
Dessurz, Tne chlorine 4n containerg

has both g liquia and

vith chlorine handling are
attributakle to its chemical reactivity,

A gag phase, Mazngdardz 2ssoclakad

physical PXopertieg
Though neither liguid pop
cus chlorine is explogive or flamabla,

e, leal o acter,
&nd toxicolonical charac ——

both react Chemicaij.,
ly with many inorganic and organic substanceg; Usually vy,
the evoiuticn of heat. Chlorine also supports combustian,
At coriinary tenperatuxe, dry chlorine, does not react with
mauy metals Lbut 1t 1s very reactive in the Presence cof mod gu
ture. uUne vclume of liquid chlorine vaporises into about
450 volumes of gas, & significant fact that shoulgq be reck.

ocned with in handiing of chlorine,

wicuid chlorine is a skin irritant and can cauge

damege to skin tissues, It vaporisee rapidly to gas at

normzl etmospharic pressure ond temperature condd tlons,

In low concentration chlorine gas, irritates the mucous
mombranes, the respiratory system and the skin, 1In extre.

me cases the difficulty of breathing may increase to the

int where death can result from suffocation,
poin

All these factors require careful and gafe handling

nlorine, specislly with respect to its packaging ang
of chio N

transportation.
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_TABLE 7.4

PHYSTOLUGICAL RESPONSE TO VARIOUS CONCENTRATIONS

OF CHLORINE GAS

Parts chlorine gas
per million parts

Eéfect avi, )by volume

(a) Least amount recuired to produce slight

gymtcms after several hours exposure 1
(b) Least getectable odor 3.5
(e) Maximum amount that can pe inhatled for
one hour without gerious disturbances 4
(3) Noxiousness, :l.mpossi.ble to breathe several
minutes 5
(a) Least amount recuired to cause irritation
15.1
of throat
(£) Least amount prequired to cause coughing 30,2
(g ) Anount dangerous 4n 30 minutes to one hour 40 to 60
o
’ 19000

(h) Kills most animals in very short time

p.p.rment of Scientific and Industrial

‘ ’ Research. sMethods for the Detection
of Toxic Gases in Industry ~ Chlorine",

London, 1955.

plants in India p
£ chlorine gor the manufacture of

roducing caustic.
the
Almost all

aptive uge ©
ac‘d. Pov-coo D.D.T.. m“cl'l.‘lng

chlorine is also utiligzed

soda make €

prodncts

powder, €tc’ Ag
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directly for bleaching purposes. Only about 40 percent
of the total chlorine produced requires packaging and trange
portation from producing centres to consumption centres. In
India chlorine is packed in cylinders and tin containers
that must comply with Indian standard Institutions® stane

dards. The mode of transportation of these chlorine con-

tainers is basically road transportation mainly through

trucks. Tin containere and multi-unit tank cars can also
be used for chlorine transportation, but these are not much
4n uge in Indla. Chlorine should be handled according to

the Indian standard Ingtitution's specification so that no

untoward incidont oCccurs.

"pBCIFI("ATION OF CHLORINE GAS CYLINDERS (WELDED TYP
DL -

(A) SPECIFICATICND
64 Ltre,

(1) volunetric water capacity ..

(14) Filling ratio e 1.15
es 100 Kgs

(111) Gas capacity
re at 65°C .. 19.90 kg/cm? (max)

#111ing pressyd

(sv)
(v) Test preasure (hydraulic) .. 29.85 kg/em® (min,)
(vi) Leakag® test pressure ve 20 kg/cn® (min.)
(vii) Tare weight ee 65 kgs. (approx.)
VALVE
(B) ee 158322431971

valve a8 per



139

(C) DESIGN

(1) Nominal diameter of cylinder ., 368 mm

(11) Nonrinal wall thickneass .o 6 mm
(144) Length excluding valve & cap .. 9898 mm (2p
(1v) Number of weld joints .o 3 e
(v) Manufactured according to oo 1517681:1975
Hoviag

Loaded cylinders may be moved ¢n & properly balancegq
(]

trueks., If they are to be lifted and an elevator i3 not
availobla, e crane or holst having a speeial cradle or ca

Cylinders should not be lifted by

rrier should be usecd,

valve protection hood. Unloading docka pre

means of the
ferably should be at truck«bed level.

Cylinders containing chlorine being trucked should

clanped, or otherwisc suitably suppor

pe carefully chacked,
ent shifting and rolling. They should not be

ted to prev
permittad to dLopPe and no objact ghould be allowed to strike

them with forcae

Storage
Cylinders, whether empty or full, should be stored

in a dry, welleventilate
Fire-resistent storage areas are racamnmended and

Cylindarg should be

& area, protected fram extarnal heat

Pe Lo} § awdctg
are to be avoided.

areas
ght position. storage should be arrangeq

sub=gurface

gtored in an up~ri

so as o facilitate moving.
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CONCLUSIONS AND RECOMMENDATIONS

In Inadia the basic aim 1
n the initial
stages was tb
e

preduction of caustic-soda
- normally at the
expense of chl
O

rine which vas considered as a waste product. It
. was mainly

disposed of t+hrough cdeatructi
atruction by lime or sal
€. In optimi

sing operations of caustic-soda un
ad its, the most 4
st impertant

tor is to achieve a very high lcvel of captive chl
orine

fac
1.2 heyond 90 per cant, Chlorine in atmosuvh
nosvhere

utilization

ig the main factor fo
r indirectly.

r all the 1lls of chlor-=alkall indust
ry

directly ©
studies carried out and described in the previcu
: 8 chapw.

tors suggest that the demend for chlorine as well as caust
atic-
{11 continue€ to

1opmnent in the ¢
st that the production of chlorine utiljg

jncrease with an increasing pace of {
n-

aoda ¥

augtrial deve

ountry. This fact is also sup

morted by the foreca
cals like Pe

on account of the
P, V. Co being the cheapest thomm

v, C. and B. He Cs 13 going to increase

zing chemi
large demand fram all auarter
' 5

treuendouely
ndustry £0F
rial and not b
ady found use

theme

of the 1
eing soluble in most of the organg
¢

plastic mate
a asg diverse as showar-curtain
S

solvents has alre
and heavy steuctural pipes. With the development of pulp ang
ry in the countr¥e 1iquid chlorine will find more
zation. GCreater utilization

ortant and easential from economic poj
+& polnt



The demand for caustic-scda ang chlorine both will

be well met indigenously in future, The following Projece
a

are under different stages of finalisation,

Name of the undertaking Caustic-soda
p§§§§é§1§§::g
TPD

GACL ~ Expangsion alrcady under

implementation 100
P5IDC 100
liindustan Paper Corpn. 110
Bihar Caustic & Chemicals 100
Modi Spinning & Wvii. Mills 100
Bharat Aluminium Co. Ltd. 250
Shriram Chemical Industries Expansion 150
Kothari (Madras) Ltd. Expansion 100
TCC Expansion 70
——
Total additional capacity 1,080

Chlor-alkall industry is a power intensive industry,
In addition to the cost of power which has become the single
highest element of the cost of production of caustic-soda,
costs of other inputs have also gone up by about five to S1x
times while the price of caustic-soda has increased only by
four to £ive timesio In the light of these facts it becgmes

“OPTIMIZATION OF CAUSTICSODA/CHLORING

Se Fav TN P
1, Srivastava WITH SPECIAL REFERENCE TCU ENERGY SAVINGw
PLANT opsﬂhggﬁs Ltd., Engineering Division, Bombay,
GACL, Udhe,"

1980, p. 4
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nececssary t
phaaise‘i;ei:: :he optimisation process should not
e nimigation of power consumption bu e
agation of chlorine utilizaticn., any st oo e
rection will lead to justify a responsible e e
alkali industry in the industrial developmezzljféz;Chlor-
€ naticn,

Though the industry 13 not likely to fa
culty in marketing its products in future, theCe any diffi.
distribution of chlorine denand has some 1ntere:::graphica1
Thus, the strategic decision on the location of ca:g featureg,
plant hag to be made based on critical evaluation o:tic-aoda

economica

and problems concexrn
since transportation of large quantities of ch
chlorine

is

and risky, integration of ch
lorine plan
ts with
the

i
ng transportation of chlorine and
Caustic

goda.
expensive

major chlorine con
a as lye or golid appear
grvation that needs mention is th

” at

suming centres and the transport of
sod 8 to be th -
e realistic solution

An imp ortant obs

ge in demand for chlorine will lead to a sit
uation

the increa
beyond 1985 when demand foOX chlorine is likely to exceeqd
availability. such a situation would require manufactureits

at would bms avallable as a result of

i{n excess of wh

ga production.
et by cither of the following methodg
H]

chlorine
The additional requirements £
or

of caustic=80

chlorine could be W
) production of
n of caustic-soda.

chlorine through increased prog
UC -

{a
tio

auction of chliorine by maana othor than

(p) Pro
cegodad productian.

caunstl
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Ag we have already secn that fran economie as well
¥

as industrial point of view, it is the formexr method that
13

15 preferred.

Thus, wWe C€an conclude that after another flve ye
arsa

the chlor-alkall industr
se of what 1a existing today. Therefore, it

chlor-alkali induztry should bring about

y would enter the situation which

ig just rever

ig time that the

ift in thelr orient
for controlling pollution and chlorine dig

a sh ation and efforts. Rather than fin
ding out means

as at present, attention should be directed to fur.
r develop and discover means tc enhance demand for caus

tic~-acdle guch an attempt 18 imperative for the success ang

growth of the industrye
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APPENDIX 1

EARLY HISTORY OF CHLORINF

‘he nistcry of elemental chlurine is relative)l
short, enbracing less than two hundred yearg, jJot th t
- € ItTO-
ry of chiorine campounds reaches far back into prohighord
«~gtorie

Yo find the proper perspective for eveluating the

tines.
ruole of chiorine in modern goclety it is important to
o:amine
briefly the pare of bogle rav matexrfal for chlorine, salt
r 2 j

i.c. odlum liloride,
Long before any other iineral resources of the earth

had bcen utiiized for human endeavours, salt was a detemrmq
ning factor i{n the organisation of primitive society. Thou
ars ago, the Chinege, the Egyptian, and the Hingy

gands of ye
sh the time and place cf the dig

scholary tricd to egtabli
of sualt, but heczuge it had boen in 12eg long beforg

covery

man lean

od to ruport events, their effHrts weréd unsuccess.
It is, thcrefore.'reaaonablc to assune that the firgs

ful,.
arch for and aexploltation af patural a3lt re.

organised se
th the first tentative fometion of agpy

sources coincides wi
presumably by Manolithic peonls heforg

cultural gocieties,

6000 B. C.
since 211 bedy £lutds contain chloride compounds,

250 in hwnan blond, 0,146 = 0.2% an hydrcchloric acid in
¢he maintenance of the proper chloride

the gastric juices,
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level is egsential for ilife. So long as the human ra
ce

was regtricted to = nomadic existance vhere man primari)
¥

tived on wilk and flesh which contain adequate amount of

sodium chloride, the addition of salt to diet was not ne

cegsary. On the other hand, a cereal or vegetable diet

calls for a auppliment of salt.
of zait, %the most cauaon cnaorine canpound became intima

Thua, the habitual uge

vely related to the advance fram naradic to agricultural

An adequatoe supply of salt was a prerequisite for

lifa,.
mation tran the demanding life of the hunter,

Ltne transfor
sgsivle sources of galt were an essential fac

Reaully acc
gtage for the rise of civilization in hig.

tor in setiing 2
torical times. it i1s undoubtedly no coincidence that the

cradle of many civil
ccovery of sea salt could be achieved conveniently,

{zations is found ir coagltal regions

where ©
rising, tiot in the fuce of the important

Thus, &t i X
e to azgune in zarly soclety, scienti.

role comnoa atlt €@
gation of thiz coarcdity was takin up so late,

fic investd
ona Eirst wricten records of rock salt are ascribed

o Herodot (5th century Se C.) who has mentionea about the
in Lebia.
the aarly scholars naned the mineral as

ok selt deposits sincz that srea was generally
Ammoni 3,
sication of ook salt was first suca.

iihe puris
y Gaber (8th Century’., The process of

nration of the filtered

mown as
s2lt annonide
ully attempted B
filteration md ayen

7)1 to them.

capgst

g1 zgolution,

1iquid was well kno

™
'

J
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R
ock salt had already been put to technical u
se by

iogical problan of the times ~ the separation of sil
| ver fram
gold, PLinY’ (77 2.D.) described their manner of purif
rifica-

ticn of gold by heating it
This mixcuce gave off fumes of Hydrow

with galt {iron or copper sulphate)

and goniscos (clay).
gen calorlice; powsver the actual mecheni
g of this puri
fica=
mu the natuie Ui wne eriluvia was not roecognized
or
\‘-,.:.gatad gt tiat tius.

dilute agueous hydrochloric acid

‘-i et
furichey inves

The P reparation of

j1ation of comnmon sal
sulphates of bivalent heavy

t with vitirol (the com-

py the distil
mon name fOr all water goluble
ron, copper, mangancse and zinec) was

in particuldf

firast mentioned by Basild
ptioas and include

metals,
us Valentinus. Libarius gives

g alun as a possible ine

several prescri
Although these are the

gient of the st

1'63 o the P
iat 1

arting mixturee
greparation of
¢ was made repeatedly by earlier

grea
[ »
hydrochloric acia', it

flrst reco
1ikely ¢
. as & polat of in

requently accorded to new

tha overanphasis noC .
srochloric acid was actually recanmended as

for salting roa-

ic more Lhah
teraat 1t might De mentioned

iy
ané lenon juice,

t and as & pasic ingredient

rving £70%
e scid with hoaey anc

ared £ram th

atad neals for pEess
for @ soft Grink prep

sugar.
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Glanber i t cessit
emphasized the necessity for the presence
ese
of water in his preparation of hydrochloric aci Boyle
acid v
observ v .
ed the evaluation of the gas upon contacti
ng alkali
galts of this agueocus acid with strong sulphuric
acid,

Hales noticed the form
ation of a readil
y water soluble
gas

on heating ammonium chloride with oil of vitriol
- It was

ieft to Priestley, however, to collect hydrogen chl
oride

gas over mercury and to describe its propertiesy he
cal
it marine acid air. o

There can be little doubt that the corrosive, suf
s SUEfO-
1low fumes of chlorine actually have be
en

cating grecnish-ye
ochserved ever since the thirteenth century when the kn
@ Know-

e of Acquaregia became wide sprea
eele's merit, however, to have started a clo
ser

48 Co We Sh
exanination of this gas. He described it in much detail

n his treatise on pyroluste.

oxide) with hydrochlori
In investigating the source of this

as and taested it with seve

led
. 4 among alchemists, It

. On digesting pyroluste (manga

nese Ai

¢ acid, he noticed an odour re

of aguaraglde
ed the evolved g
d the yaIIOw-greenish colour of chlow

miniscent
he collect
He notice

odour,

ral agents-
a discoverd its blea

n with mercuric gulph

ing effect upw inse
Cc.W. Scheile congidered this

rine an ching effect on vegetable matter
ide to give mercuric chlo=-

the reactic

its guffocat cts and its attack
g noble 2 motal 39
ciatic acid fre

accordingly in th

rice,
gO].do

upon 2
ed of its combustible property

gas toO be M4
e language of his time, he

(phlgglstOD)o



dephilogisticated marine acid air, B, Pelletier

called it
Karsten (1786) observed the formation

(1785) and Vie Je Go
g moist chlorine. Until 1810

dry chlorine and

of yeliow crystals on coolin

these crystals were not formed by bure,
resence of water in chlorine hydrate
»

demonstrated the p
day getermined the quantitative composition in 1823;
2 sugyestion by br
ealed yessels and thu

scence di splayed by sever

Fara
ay he axamined the termal de=

following
g obtained liquid

composition in S
al metals and

The incande

chlorine.
ith chlorine was discovered by

metal sulphides 4n contact ¥

westrunb in 1799
ot until the representatives of the chlorise

it cleart that cxXce
until todine had bee
11 the cyanolsg were analyzed

ay-bassac 1815) that chlo=

¢t was 1
ptional gtatus was

ol had made

chl orine.
scriboeds unt
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n discovered and

claimed for

s¢5 properties 9°
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THZ EARLY HISTORY OF CHLORINE

Egtablishment of agricultural societies.

6000 3,.,C.

3000 Bl.Ce Archaeological evidence for the ugse of rock salt
400 B,C, Written records on sélt. .
100 A.U. ryngustriai’ use of salt in purificstion of

noble metdlse.

purd £lcation of rock galt.

8GO

1300 presumably first observations of ¢lorine gas.

160C preparation of diiute hydrochloric ucid,

1650 preparation of concent:iated hydrochlorie aciad,

1772 preparation of gapeous hydrogen ¢hloride,

i773 yge of hydrogen chloride fumes as a cisinfectant,

1774 preparation of chlorine gas. vefinition of chloa-
rine as dephlogisticated.murietic acld.

1785 observaticn of chlorino hydrate, use of chlorine
as a pleaching agent ~ Jefiniticn of chlorine as
auymutiatic acic.

1798 #{rot patent of chlcrine hleaching solutions.

1300 Uccompositicn pf hydrogen chloride electric parts,

1801 nevelopmeﬂt of chiorine generator for sanitation
purposess

1809 consiﬁeration of clement chapacter for chlorine,

1010 Definieign a€ chlorine A8 a chemical element -

saertained for chlorine hy-

hydrate sharacter 8

Aratoe.
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Coinage of the temm ‘chlorine’,

1813

1:15 Genercl acceptance of the elament character
for chlorine.

1419 aydrogen chioride defined as a hydrate of the
hypothetical muriatic acid,

1823 cuantitacive determination of the composition
of chlorine hydrate - insgtailation of disinfec-
ting cguipment using chlorine in hospitals,

1826 Cinlorine water used in obstetric wards for the
poerention of puerperal fever.

1851 Pundgetion with chlorine during tne great Luropean

cholera epidemic.
and Seionlar, L.R. "Digcovery And

rebBea, LeTe
Bariy work”
sconce, Jo D “Chiorine, 1ts Hapufacture,

gurce
. propertics apd Useg", Reinhold Publishing
R ion, Ney York, 1968, pp. 3-9,

Corporat
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CONCEPT OF MARKETING



APPENDIX II 1 Z 1

CONCE UF MARKETING AND MARKETI ENTAT,

There cre about as many definitions of marketing

as there are writers -€ 1t has been varicusly cescribed

"buginess activity®, as @ ngroup of related business

nerade phenanenon",
function in policy making“,

a9 a
as a "frame of minda®,

activities”, o8 @
»coordinative sntegrated

os a
£ business purpose”,

[, ]
sg an "“economicC process%,

ag a "sense O
£ 1nst1tuuons". as 2 "proceas of exchan-

»geructure 9O
ownership of products”, as & “process

zation and dispersion®, as a "cre-

as a
or transfeti.ng

ging
equall

of canccntratiah

place and pos
1y adjustments”®, and many other

session of utilities”, as a

ation of time,
demand and supp

e of these definiti

nto it. However,
sMarketing 18 human ace

"process of
gach on

ons has a core of sig-

thingse.
the one provided by

nificance irnb;i.bed b

exchange p:oc“"
University, "A _State-

of the onio State
ournal of Marketing,

___#--—v
1. Marketing staff “ g
it .
ane 962, P *
4 the Conmittee OD Defini tione,
’ marketing Association,

., an
chicagor 1961, P- &5.
sMagk H - »
3. w&:’péd £d., prentice Hall of Tndl m—"m,, TR
P ”M ®, Harper &
petsr ;;ncorporatOd, New YOrks 954, pp. 3741,

ptuckﬂf
4. O publishers:
W

5. C

Richard Re Gov
, st:!.llu n" prentice Hall of
1974' PPe 3-6.




In this exchange process it 1s important b0k
the zelacive walgnt given to the interests of ths on
sation, the zustomers =2n4 the socisty.  Very oftan t::n i-
conflick, Pour alternative cencepts under which buav.tl':'°
and othor crganisations can conet thesa marketing ac-“

tivities can be deseribed® as i
(2) The sroduce Congept 3 a management orientation that
dassunes that consumers will respond favourably to gooa

products that are reascnably priced and that little con

pany marketing effort is required to achieve satisfact ory

sales and profits,

(b) Tho Selling Concept s a management orientatiog that

agsumes that consumers will nomally not buy enough of the
Sllb.-.

cempany's products unless they are approached with a
tantial gelling and promotional effort,

(c) The Marketing Concept s a management orientation that
holds that the Xey task of the organisation is to deter..
mine the needs, wants and values of a target market ang

to adapt the organisation to delivering the deaired satig.
factions more effectively and efficiently than its campe.

titors.
» HcGralﬁ-Hi.l]_

Robert H., »
6., Dodge New York, 1970, p. 4.

Pook Company,
na Mana

Kotler, "Mark
7. f,’i"'nﬁfg and ng' trol®, 3rd Ed.,
In a‘"‘ 970; Pe 5.
8., Ibid., Pe Se

FPrentice Hall of

=



In recent years a number of quegtions have b
een

raised about marketing concept. One of the major qu
QB

tions is whether the marketing concept i really bei
ng

practised by business firma. The marketing concept h
as

such a nice sounding rhetoric when used by businessmen N
n

their speeches. Though they may perhaps even mean vhat

they say, yet there is a great dcal to do in betwcen th
e

utterance and the deed, Establishing the marketing con

cept in an organisation is an extromely difficult task
(4

and it takes considerable planning, persuasion, education

and reorqan.tsation".
Drucker considers consumerism to be an evidence of

this t "That after twenty years of marketing rhotoric con
sumerism could became a powerful and popular movement pro-

ves that not much marketing has been practised. Consumea
rism is the "shame of marketing® °,

The other disturbing question about the marketing
4{ts validity rather than its practice,
ared with such titles as "The
and "Societal Adaptation : A

concept relates to
Recently articles have appe

Faltering Marketing Concept"

1, Edward Mikay, 'Wﬂ%'. New York,

American Management Asgsocia on, s+ PP. 22-30,
Drucker Peter F. -W%

e York, Harper & Row Publishers, o

2
" practices”, New ¥

p. 6‘0
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Rew Challange f£or Mark nl
eting" . These articles essentially

raise the question of whether the marketing concept 1
8 any

lenger an approprilate organisational goal in an age of d
Qe

teriorating environment, population growth, resource si
b {n) Y

tages, world-wide 4pflation and nealaected social servic
3.

The marketing concept overlooks the individual wants gati
=

erm publilc snterest. There have been

faction and icng <
rqges levelled against industry and

geveral instances of cha
business in this regazd by ccnsuners and environmental

groupse
take the detergents. The detergent

vor exatFlee
to the passion for whiter and clearner

ry has catered
oduct but at the saume time it

offering the pr
and gtre amnse

indust

clothes DY
killing fish and injuring the

pcliutes rivers
such other instances

recroational possibilities. various
can be cites in ¢his regarde Those situations have led in
revine or replace the marketing

o the call to

recent Yedrd t
wsghe human concept”, "the

among the
t consumpti
a1l of

prqposals are

sehe ecological im-

concept.
and

{ntelligen

an concept®s

which get at & ai fferent aspect

wThe Faltering

i Mmartin Le pell lne Eme 2 g
* qarketing concept”e , Octobe

37~4 an Laurence P. Fe an, "3 etal

tzan for Marketing®. Journal

5460
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1-3
of the same problem . Kotler's socletal concept seem
3

to suggest an answes to the prevailing dilemma 3

(3) The Soczictal Marketing Concept : & nanagenment orientati
m 2 on
congwaer satisfaction anfd isng-term con

aimed A€ generating
walfara

responsi Mlltioa‘.

sumer and rvubllc 28 tha Koy Lo gatisfying organica

tiunal gosls and
Tne cnief merit of this concept 13 that it asignifl
rationg of long ITun ConsUle

he important con side

cantiy adds €
fare and calls for a ghift of ths organi-

mer and pUblic wel
more marketing participants

gations’ porspective o inciuce

and iong run effectas
le of chlor-alkali industry in this

Reviewing tne ¥o
on of & marketing orientation that

gor adaptati
r and public welfara as the

satisfy indust pcnatbilidu. with
o chlor-alkali

o econamic
caustic-sodao

Key tO
can only be achievad

respect ©
and profitable use of chlorine pro-
s Of ena.

py planning th
and dL scovering way

pexfomm its role in the davelopment

" @ C -N
Lo 969, PP- -0 a

___;mau ngg ¢
and Lissé Benson, "Intolnqaat Consumpcion =
i to the Marketing Concept®, MSU

2. Rothe James T
' tive ati
B\uf::; Topics. Winter 1974, PP 29-54. s
_ o Theory of Respon e cons
Fish, “Cﬁteua !:'or a A;;x:il, ot Sesps ible ¢

3, Georg®
", Journal

4, Ko
and_contxel™
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BLE_ 5.2
CAUSTIC-SODA
ACLUIRED DATA
YEAR PRODUCTION CHLORINE GROWTHwRATE
(TONS) PRODUCTION (PERCENTAGE)
1965 214955.0 189160.4 -
1956 230453 .0 202803.9 7.21
1967 269342.C 237020.9 16.87
1968 306906.0 269197.3 13.57
1369 346420.0 304840G.8 13.24
1970 361450,0 31807640 3.34
1571 376634.0 331437.9 4.20
344148.6 3.83
391078.0 344148, .
1972 v
1973 420544.V 361278.7 4,97
1;74 4315560 379764.0 S.11
- ] 4 1"66{}00 389540.3 2.57
1975
| 5’ AT e ‘43608.0 13.8"
1976 Ry |
5370000 454960.0 2,85
1977 ' : ’
1078 5480000 43224040 5.99
1;79 §66335+0 459618.3 3.43
o 632.31 6.57
ACE 40412849 355
AVER " =
99832,51 5,42

STD. DE‘V .

113446.0

e

/
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FOR A STRAICHT LINT LAsT SOGIRE T

REGRESGSION CO=-EFPICIENT = 23594,9766

~ro TSP ANT = 203570,7191



HYDROC HLORIC

124
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TABLE _ S.4
HMYDROSHLORIC ACID

MOCUIRED DATA

o TR R CERAS
1965 33435.0 10030,5 _
1066 2365C.0 7154.9 28,66
1967 37718.0 11315.3 58,14
1568 £4861.0 13458,.2 18,93
1969 85039.0 26751.6 91.34
1970 54487.0 16346.0 -36,52
1571 69109.0 20732.6 26.83
1972 74000.0 22200.0 7.07
1973 143818.0 43145.3 94.34
1974 120000.0 33000.0 -23,51
1375 193400.0 58019.9 75.81
1976 235000.0 70500.0 21,50
1977 1650C0.0 49499.9 -29.78
1978 198740.0 59621.9 20.44
1979 223600.0 67080.0 12.50
1690 132000.0 39600.0 -40,96
_~____-r_"‘______,.__,nhﬁ.
AVERAGE $14053.57 54216.0 17.23
. DEV S 21513.0 45.54
e m——



FOR A STRAIGHT LINE LEAST SQUARE RIT
REGRESSICN CO-EFFICIENT = 13027,7351

CONSTANT = 3317.4067

13
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TABLE 5 -G
LIQUID cyorpye

ACQUIRED para

133

v o Ay (Pepariae
- =5 e ———
1555 52¢37.¢ 51037,0 -
1956 52234,0 $2324.0 22,23
1957 06,0 21026, 0 29.88
1968 1¢0038,0 1¢0038, 0 23.46
1359 139252,0 123252,0 29.30
1670 i147045.0 147C45,0 13,67
1571 1524642,0 162¢42,0 10.47
1972 147¢65,0 1¢74s5,0 ~9,21
1973 157004,0 187904,0 7.07
1074 147600, 0 147600,0 «6,52
1975 161900.0 161900,0 9.68
1R0300.0 180300, 0 11,36
i;;: 20N600. 0 200600, 0 11,25
;;73 218200.0 218800.0 9.07
1979 215600, 0 215600,0 ~1,46
1980 227300,0 223300.0 5.42
AVERAGE 149424.59 149424.59 11,04 3
54169.60 11,66
STD, DEV,

54169.60




A STRAIGHT LINE LEAST SQUARE FIT
= 10960,5039

FOR
REGRESSION CO-EFFPICIENT

CONSTANT = 56260, 3047

o

L

ey
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TABLE 5.8
BENZENE HEXACHLORIDE
ACOUIRED DATA

YEAR *’R?,?‘éﬁg"“ UTTLAZATION (PERATAGE)
1965 7441,0 6696 .9 -
1966 8277.0 7449.2 11.23
1967 866940 7802.1 6.73
1968 18182.0 16363.8 109 .73
1969 17800.0 16020.0 -2.10
1970 16500.0 14850.0 =7.30
1971 16517.0 14865.3 0.10
1972 17730.0 15957.0 7.34
1973 21819.0 19637.1 23,06
1974 22738.0 20464.2 4.21
1975 24298.0 21868,.2 6,86
1976 23956.0 21560.4 -1.40
1977 27205.0 24484.5 13.56
1978 33643.0 30278.6 23.66
1979 34300.0 3087040 1.95
1980 28413.0 25571.7 -17.16
-.:VERAC;' 20468.0 18421.19 11.89

8229.87 7406 .88 29,05

STD. !}EV e



FOR A STRAIGHT LINE LEAST SQUARE FIT
REGRESSION CO-EFFICIENT = 1637,6970

COHSTANT = 6547.57C1
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TABLE 5,10

D.D,Ts
AGQUIRESD DATA

oo oot SRR, Cancnanen)
1965 2745.0 4117.5 —
1966 2723.0 4084,3 =-0.80
1967 3132.0 4698.0 15,02
1968 3012.0 4518.0 =3.83
1969 3200.0 4800.0 6.24
1970 4000.0 6000.0 25,00
1971 4116.0 61740 2 .90
1972 3838.0 5757.0 -6.75
1973 3578.0 5367.0 -6.77
1974 3324.0 4966.0 «7.09
1975 4360.0 6540.0 31.16
1976 4527.0 6790.5 2,83
1677 4243.0 6364.5 ~6.27
1978 4284.0 6426,0 0,96
1079 48280 7242.0 12,69
680 4038.0 6132.0 -15,32
___—________________—__ =
AVERAGE 3.7741 f?,.... = 5624.61 3,39

986.61 12.83

2D, DEVs 657,74
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STRAIGHT LINE LEAST SQUARE FIT

FOR A !
REGRESSION CO-EFFICIENT = 117.2264

CONSTANT = 2753.,4506
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nLEACHING



1
_TABLE 5,12
STABLE BLEACHING POWDER
ACQUIRED DATA

sz ROMTION pEOE cromniy
1965 7359.0 2943.6 -
1966 16809,0 4323.6 46.88
1967 9249.0 3699.6 -14.43
1968 10500.0 4200,0 13,52
1969 15693.0 6277.2 49.45
1970 13744.0 5497.6 -12.41
1971 16718.0 6687.2 21,63
1972 18330.0 7532.0 12.63
1973 22724.0 9089.5 20,67
1074 25300.0 10120.0 11,33
1975 25300.0 10120.0 0.00
1976 24700.0 2080.,0 2,37
1977 2670040 10680,0 8.09
1978 399000 12360.0 15.73
107 42100.0 12940.0 3.88
1980 33800.0 13520.0 5.29
AVERAGE 20276.62 8110.64 11,99

4582.72 3433.08 18.08

5TD. DEV.

o

SN
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FCR A STRAIGHT LINE LEAST SQUARE FIT
REGRESSION CO=EFFICIENT = 1776.2177

CONSTANT = 5178.7783
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iJwLE 5. 14

POLYVINYL CHLORIDE

ACQUIRED pama

Sl nLD _DATA
AR zon " UTTLT oRE (Eéﬁgéﬁ;ﬁégf
1965 12179,0 913¢,2 = -
1966 i0796.0 8097,.0 -11,35
1967 13611.0 10203,2 26,07
1968 17595.0 13196,2 29427
1969 33957.0 25392,7 92.42
1970 38678.0 29008,5 14,23
1972 42320.0 31740.0 9.41
1972 46189.0 24641.7 9.14
1973 43996,0 36747.0 6.07
1974 46290.0 34717.5 ~5.52
1975 41524.0 21143.0 =10.29
1976 45854.0 31390.5 10,42
1977 56993.0 42744,7 24.29
1978 59077.0 44307.7 3.65
1979 59246.0 44434.5 0.28
1080 18264. 0 28698, 0 -35,41
AVERAGE 38216.82 28662.61 10.a4
Gubre LEV. 164i2.87 12309.65
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FOR A STRAIGHT LINE LEAST SCUARE FIT
REGRESSION CC-EFPICIENT = 2924.6430

CONSTANT = 13357,3535
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~TABLE 5,16

PHOSPHORUS TRICHLORIDE

YEAR

PROTAUCTTON

I —————_——

148

. ~——
(ToNs; UTTLY ZAPEON (PERO BT
1965 200.0 154.0 -
1966 217.0 167.0 oo
1967 16€.0 123.2 _26.26
1968 232.0 179. 4 .60
1969 316.0 243.3 35.62
1970 796.0 605.2 148. 73
1971 8493.0 683.7 12.97
1972 1039.0 800.0 17. 00
1973 1131.0 870.8 8.85
1974 1121.0 863.1 ~0.98
1975 1595.0 1220.1 2.2
1976 1445.0 11125 ~9.40
1977 1898.0 1461.4 31, 3¢
1978 2250.0 1732.5 18.54
1979 1500,0 1155.0 -33.33
1980 2000.0 1540,0 33.33
AVERAGE 1043.68 807.48 22.19
STD. DEV. 694,71 534.93

42,09
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FOR A STRAIGHT LINE LIEAST SQUARE FIT
REGRESSICN CC-EFFICIENT = 138,8132

CONSTANT = =131,2246
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TABLE .18
CHLOROSULPHONTC ACTD
ACQUIRED Dapa
, .
e s Somme PR
1965 N.A, N.A, -
1966 2305.0 691,5 :.
1967 2521,0 756, 2 9.37
1968 5905.0 1771.4 3134.23
1969 9576.0 2872,7 62,16
1970 9291,0 2787.2 -2,97
1971 10264.0 3079,1 10,47
1972 12967.0 3890.0 26,33
1973 14187.0 4256.0 9.40
1974 14253,0 4275.8 0.46
1975 14501.0 4350.2 1.73
1976 15265.0 4579.5 5.26
1977 17100.0 5130.0 12,02
1078 14100.0 4230,0 ~17,54
1970 16000. 0 4800.0 13,47
1980 19000,0 5700,0 18,75
AVERAGE 11815,.66 3544.69 20,22
— 5269.80 1520.94




FOR A STRAIGHT LINE LEAST SQUARE FIT
REGRESSION CO-EFFICIENT = 1058,8994

CONSTANT = 2344,4731
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TABLE 5,20

MONOCHLORO ACETIC ACID
ACQUIRED DATA

154

STDe DEV.

e

PRODUCTION CHLORINE CGROWTHRATE
YEAR (TONS) UTILIZATICN (PERCENTAGE)
1965 No 2, Hed, -
1066 647.0 245.8 -
1967 44.0 16.7 -93,19
1968 1083.0 411.5 2361 .36
1969 1210.0 459.8 11,72
1970 2155.0 318.9 78.09
1971 2545.,0 967.1 18,09
1972 220040 1064.0 10,01
S 2792.0 1060.9 -0.28
1974 290040 1064.0 0.28
1975 2998.0 1311,2 7.07
1976 3652,0 1387.7 g1.31
1977 5100.0 1938.0 39.64
1976 5100.0 1938.0 0400
1979 NoBe :t:t _
1980 o
PVERAGE 2532.76 962,45 204.53

1543.93 586.69 680,33
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FOR A STRAIGHT LINE LeAST SQUARE PIT
REGRESSION CO-BFRICIENT = 380,0821

CONSTAIT = «127.8051



.
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TABLE S,22
CARBON TETRACHLORIDE

1965 Wele Ko Ae _
1966 Metle S As _
1967 Pie e Nehs -
1963 26470 526 .4 .
1969 46530 93C.5 75.73
1970 5102.0 1620.4 9.64
1971 §72¢.0 1145.6 12.26
1972 Eulle0 120C.1 4.76
1973 576600 1153,.1 -3.91
1974 £218.0 1223.6 6410
1975 70,000 1400.0 14,41
1976 g14Ce0 1636.0 31,14
1977 77¢C.0 1540.0 -16,12
1978 1010040 2020.0 31,16
1979 1o Pe NebPe -
N.Be NeBe —
1580 'wﬂm'_m__r,‘_,_,_.__._..-ﬁ_.....-n-.__“".
416 .49 25,25
grDe DEVe 2082.48 P
e



TOR A STR2TCGHT LINE LEAST SOUARE FIT
RPRERFARTICON COLRPRTOTRENT = GR4.0216

CONTPANT = ?RR3,2029

Y'a



APPENDIX IV

LISTING PROGKAMME 3 FORECASTING TECHNIGUE
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