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FOREWORD

Utilisation of wastes of agriculture and foresiry and of
iby-products of industry has received considerable attention in the
industrial countries of the West in recent decades. Through
appropriate measures for utilisation of these materials, it has been
possible te conserve valuable natural resources, reduce costs of
production, and also in many cases to solve problems of public
bealth and welfare created by indiscriminate ‘dumping’ of waste
materials or discharging of industrial effluents in rivers and lakes.
In India, the subject has not received much attention so far and
large quantities of waste materials and by-products are allowed to
go unutilised.

This series of studies on utilisation of agricultural and industrial
wastes is an attempt to survey the field, and in particular to identify
the areas in which measures for utilisation can lead to appreciable
.improvements in resource utilisation and saving of materials. The
series telates to fifteen subjects in the fields of agriculture, animal
husbandry and fisheries and manufacturing industries, The studies
have been done with the assistance of the concerned specialised
agencies of the Government. [ hope these studies will help to draw
the attention of Government, organised industry, and the general
public to this important problem which will grow in magnitude as
industrial development proceeds and that recommendations will
receive the attention they deserve, and that appropriate programmes
of utilisation of wastes will be incorporated in our successive Five
Year Plans.

M. 8. THACKER
New DELHI

August 7, 1963 Member (Education)
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PREFACE

The Committee on Natural Resources at its meeting held on
24th December, 1961, approved a study on utilisation of wastes
and by-products of agriculture including forestry, animal hus-
bandry, fishery and industrial wastes. The Committee felt that
there were large -quantities of such wastes which were at present
used in an uneconomic manner or left completely unuitlised, e.g.
husk, straw, corn cobs, non-edible vegetable oilseeds, inferior
fibres, nutsheils, icathers and bones, sea-weeds, etc. In some of the
advanced countries of the world these wastes are usefully ex-
ploited and add to the national wealth. Modem advances in
science and technology have led to very profitable utilisation of
such products, and there is scope for this work in India toa.

A Working Group, consisting of representatives of the Minis-
tries of Food and Agriculture, Economic and Defence Coordina-
tion, Steel and Heavy Industries, Mines and Fuel, Council of
Scientific and Industrial Research and the Planning Commission
was constituted. The Working Group was directed to survey the
location and availability of waste products, to make a list of various
uses to which they may be put in the light of experience of other
countries and known technological possibilities and to work out
the economics of such utilisation. Where the utilisation was eco-
nomically feasible, it was to be indicated; where there was need
for further research for effective utilisation of wastes, the Group was
asked to make recommendations to that effect. Tn a number of
cases information about quantities of waste products is not avail-
able and surveys are required.

The Working Group met on 26th March and 28th August,
1962. The basic papers which were prepared by the varous
institutes and organisations as well as individual experts were
revised. The Planning Commission at their meetings held on 2nd
May, 27th and 29th June, 1963, approved the studies.

The studies have indicated that most of the waste materials are
potential sources of raw materials for various industries. For
instance, it has been established that blast furnace slag can be
profitably used for the manufacture of cement; protein rich food
can be made from sea-weeds; by-products of coal carbonisation
can be used in the manufacture of toluene and other organic com-
pounds which are vitally needed by the defence industries; utilisa-
tion of minor non-edible oilseeds like mahua, neem, karanj, undi,
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etc. would go a long way in reducing the rising pressure of demand
on other edible oilseeds which are now being used in the soap and
cosmetics industry. Full details of the products that can be obtain-
ed from various wastes and by-products have been dealt with
under each item.

Some of the obstacles in the way of economic exploitation of
these wastes and by-products are non-availability of technical
guidance to the prospective entrepreneurs, lack of a ready market,
and difficulty of collection.

The recommendations arising out of the analysis of each item
are given at the end where the agencies responsible for their imple-
mentation have also been indicated. These recommendations, it
is hoped, would lead to the formulation of specific schemes of
survey and utilisation of these wastes and by-products, to be includ-
ed in the Fourth Plan. Some of the recommendations can be im-
plemented in the Third Plan as they involve neither any foreign
exchange nor any major industrial set-up, and it is hoped that
they would receive consideration at the hands of implementing
agencies. In the end I extend my thanks to the organisations,
institutions and specialists who cooperated in this study.

New DELHI M. 5. RANDHAWA
August 7. 1963 Adviser (Resources)
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Part I

AGRICULTURAL AND ANTMAL WASTES
AND BY-PRODUCTS







I, RICE BRAN

During the process of rice milling, the layer round the endosperm’
is removed together with a portion of polishing. This separated layer
is called rice bran. The outer bran layers are richer in fat while the
inner layers contain more of vitamins and proteins. Bran constitutes
roughly between 6-10 per cent of un-polished rice and contains oil
to the extent of 15-20 per cent. In addition, it contains Vitamin B
complex and important amino acids such as cystine, lysine, histidine,
trytophanc and arginine.

Availability of Rice Bran

The Government of India, set up a Committee on Rice Bran Oil
Industry in 1960. The estimates of availability of rice bran for oil
extraction and the conclusions arrived at by the Committee are given
in the following paragraphs,

The quantity of bran recovered from rice varies according 10 the
quality of raw rice used and also depends on the degree of its polishing.
On the basis of various estimates made regarding the recovery of bran
from rice in India, between 6-8.5 per cent of bran is recovered under
the present conditions of rice milling. Taking the lower figure of
recovery and on the basis of total production of polished rice in the
country, theoretically about 1.8 million tons of rice bran would be
available. The entire quantity is, however, not available for extraction
of oil for the following reasons :

(a) A large portion of paddy is hand-pounded. The percent-
age of hand-pounding, according to the report of the Rice
Milling Committee (1955), varies from 4.3 per cent in
Mysore to 97.4 per cent in Bihar, Tt is generally assumed
that roughly 50 per cent of rice produced in the country
is hand-pounded. It would be difficult to collect bran
from hand-pounded rice and in any estimates of availabi-
lity from this source has to be taken as nil.

(b) As large number of small producers get their paddy de-
husked from small rice mills and take back with them
clean rice as well as bran which is mainly used as a cattle
feed and hence is not available for oil extraction.

(c) Bran is produced in bulk only by larger rice mills which
could form a source of assured supply of bran for extrac-
tion of rice bran oil,

(d) The availability of bran is also determined by the huller
or the sheller system of de-husking being currently used
in the rice mills. While in the sheller system, the bran
and husk are separated and good quality bran is available,
in the huller system the bran and husk get mixed up and

|



2

unless methods are developed for separating bran and husk,
the bran from the huller system would not be available for

oil extraction.

The State-wise availability of rice bran, as reported by the Rice
Bran Oil Industry Committee, is given in the following table :

TabLE 1

Availability of rice

bran by Siates

[

[~

v oA

Estimated Theore-  Estimates of

vroduc-  tical avail-  availability’

tion of ability made by the

State rice on the Committee
(1958-59) basis of
69, re-
covery
Andhra Pradesh 3,616 217 20
Assam .. 1,650 99 7-5
Bibar 4,202 252 25
Bombay :
Maharashtra 1,261 J1o2 52
QGujarat 443 1 1-077
Jammn & Kashmir 236 14 Not estimated
Kerala . 881 53 S
Madhya Pradesh 3,264 196 Not estimated
Madras 3,298 198 60
Mysore 1,110 66 Not estimated
Orissa .. 2,036 122 Do.
Punjab _. 316 19 Do.
Rajasthan 84 5 Do,
‘Uttar Pradesh 2,976 178 10
‘West Bengal 4.053 243 25
Himachal Pradesh 41 2 Not estimated
Manipur 113 7 Do.
Andaman & N:cobar 5 — Do.
ToTaL 29,721 1,781

The quantity of rice bran which may be available for oil extraction
in the country in 1960-61 may be estimated as follows :—

. Total production of rice in 1960-61

Less 10 per cent used for sowing

. Total quantity of rice produced in mills

Million tons

. .. .. 33-700
3-370

30-330

. Less 50 per cent produced by hand-pounding (the col-
ection of bran from which source is un-economic)

15-165

.- 15-165

. Production of bran on the basis of minimum 6 per cent

recovery on 4 above

900,000 tons
approx,
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As compared to the availability of about 900,000 tons of bran for
oil extraction, the total of existing and licensed annual installed capa-
city of rice bran oil industry is 100,000 tons in terms of rice bran. In
addition, about 42,000 tons of rice bran were exported in 1961-62.
There is thus scope for installing industry which could make use of
the balance of about 750,000 tons of bran on the basis of its availability
in 1961-62.

A target of production of 45 million tons of rice has been envisaged
under the Third Plan. The production of rice has been projected by
the NCAER to be 47 and 58 million tons in 1970-71 and 1975-76
respectively. With the increased production of rice and better methods
of de-husking in the future years, the availability of bran is likely
to be more than double by 1975-76.

The present policy of the Government is to discourage cxpansion
of rice milling capacity and installation of mew rice mills is governed
under the Rice Milling Industry (Regulation) Act, 1958. Under the
Act, however, powers have been delegated to the State Governments
for licensing the installation of new rice mills keeping in view not
only the likely effects on the existing hand-pounding industry but also
the scope for its further development. It has already been mentioned
that the bran available from the sheller system of rice milling is not
of good quality but is available separated from husk. While licensing/
setting up of rice mills in future, it should be ensured that only sheller
type mills are licensed. The rice mills equipped with the huller could
also be allowed 10 modemise by replacing the huller by shellerss.

Utlisation of Rice Bran

Rice bran is at present being used chiefty as cattle feed. Raw
rice bran containing a high percentage of free fatty acids causes
diarrhoea when fed to cattle, Tt has been reported that rice bran from
which high free fatty acid/oil has been removed is free from bad
odour and is more acceptable to cattle. It is, therefore, advantageous
from this point of view to use extracted rice bran as a cattle feed. The
extraction of oil from rice bran would also give a by-product which is
valuable in the context of our pradually dwindling surplus of vegetable
oils. With this end in view, a target production of 50,000 tons of
rice bran oil annually has been decided upon for the Third Plan.

Rice Bran oil extraction

Immediately after the rice bran is separated from rice, it begins to
hydrolyse due to the presence of an enzyme called ‘lipase’. The free
fatty acids in the oil are below 3 per cent to begin with but increase
at a rate which may be as high as 1 per cent per hour during the first
few hours and at a slower rate thercafter when stored under humid
conditions and at atmospheric temperatures of 25-31°C. The rate of
variation of free fatty acids with the moisturc content of rice bran and
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its period of storage has been studied at the Oil Technological Instltute
Anantpur: The results arc given below :—

TABLE 2 _
Variations of moisture, oil and acid contents of rice bran by storage
periods
Sto_ra;e period____- Moistare  Qil con-  Oil con- B Free fatty
: per cent  tent per  lent acid  or
cent m.{.b.* oil  pre-
percent sent  per
cent
Ihours . R-2 142 15-5 30
15 davs 8-3 14-2 i5-5 107
30 days 85 141 15-4 18-2
49 days B-4 142 155 270
72 days §-5 13:9 15-2 443
100 davs 10-5 13-8 15-4 -5

*m.f.b. mean moisture free basis.

Several methods could be employed to arrest the activity of the
enzyme lipase. Storage at low temperature is said to be effective, but
is not practicable on a large scale in India. The method of de-activat-
ing the lipase and stabilising the bran which is considered fcasible con-
sists of heating the bran immediately after separation to a temperature
of 100-120°C for a period of 4 to 30 minutes. This heat treatment
or slabilisation destroys the active lipase and also dries the bran to a
low moisture content of 2-5 per cent.  Stabilised rice bran with free
fatty acid content of 3-5 per cent would keep for 8 to 10 weeks.

An important factor which affects the quality of rice is the method
of de-husking paddy. In the sheller system the bran and husk come
off separately and thus yield bran of good quality while in the huller
system, the bran and husk are mixed up. Rice is milled in hullers in
West Bengal, Assam, Bihar and Uttar Pradesh and in shellers in
Maharashtra, Andhra Pradesh, Mysore, Madras and Punjab. Solvent
extraction of rice bran which contains large proportion of husk is un-
economical and such bran when de-oiled has a high silica content.
For the purpose of export de-oiled rice bran has to be low in silica
content as required by foreign purchasers.

Development of Rice Bran Oil Industry in India

The possibility of cxtracting oil from rice bran was first exploited
in India by the Central Food Technological Research Institute, Mysore,
which also set up a pilot plant for the purpose. The first unit to
take up commercial extraction of rice bran was Messrs Ulhas Oil and
Chemical ' Industries (Private) Ltd., Kalyan. At present four units
cach with a capacity for processmg 5( tons of rice bran per day are
registered under the Industries (Development and Retrulatlon) Act.
Rice bran oil industry is seasonal and can be operated on an averape
for only 150 working days per vear and it would be reasonable to
calculate the annual installed capacity of Tactories on this basis. Thus,
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the four existing units would have a total installed capacity of 30,000
tons per annum, In addition, Ycensed capacity aggregates to 466 tons
of rice bran per day or 70,000 tons per annum on the basis of 150
working days. The total of existing and licensed annual installed capa-
city of rice bran oil industry is 100,000 tons in terms of rice bran.

Production of ricc bran oil, which began in 1960, is given
below :—

Rice Brar Rice Bran

Year treated Ol re-
(tons) covered
(tonsy
1960 . .. . . .. - .. 1,633 210
1961 'c‘-lll‘nd(\.d) .. .. .. .. . .. 11,000 1,700

Considerable quantities of rice bran are exported. Given below
are the figures for the last two years :—

Quantity Value

Year (tons)  (Rs, lakhs)
1960-61 .. .. .. . ae e .. .. 12,597 19-72
1961-62 .. . .. .. 41,615 72:37

Steps have been taken by thc Govemmcnt of India to develop indi-
genous fabrication of rice bran oil extraction plants. The capacities of
the plants would be in terms of rice bran of 25 tons per day and 50
tons per day and their capital cost would be approximately Rs. 4 lakhs
and Rs. 6.5 lakhs respectively. Indigenous fabricators are being per-
mitted nitially such cssential parts (not exceeding 1/3rd of the total
valuc of the plant) as cannot be fabricated within the country, A
rotary type of drier for stabilising rice bran can be constructed indi-
genously at a cost ranging from Rs. 5.000 to Rs. 10,000 inclusive of
the stcam boiler.

Uses of Rice Bran Oil and De-viled Rice Bran

Japan is the pioneer producer of rice bran oil in the world. The
pattern of utilisation of rice bran oil in Japan in 1959 was as fol-
Tows :(—

As edlble oil .. .. . . 5,820 ons
For use in the manufaclure of marganne . . i 2,480
Soap manufacture . .. .. . . .. RA00
Resin industry . .. .. .. .. .. 13,160
Miscellancous industrial uses . .. .. .. .. 2,200,
ToTaL .. 32,040

In Japan about 90 per cent of de-oiled bran is used for cattle feeding
and 10 per cent as fertilisers particularly in tobacco and onion plant-
mngs.

In Chile, rice bran oil is refined and used as salad oil and for
cooking purposes.

Rice bran oil is used in the U.S.A. as an edible oil after refining
and is considered particularly sultab]e for salad dressings and nther
LYPCl63.- 2
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emulsified products. 1t is also used to a small extent as carricr in
insecticidal formulations. Extracted rice bran is used s the manufac-
ture of compounded cattle feed.

In view of the likely high free fatty acid content in the initial
stages in India, rice bran oil can be expected to be used for industrial
purposes only. Manufacture of soap and as a raw material for split-
ting fat are two important uscs. Experiments were carried out for
the use of rice bran oil in the manufacture of soap and it was concluded’
that rice bran oil produces a barder soap than groundnut oil and can
be used to the extent of about 20 per cent of the weight of fatty com-
position for a good washing soap produced by ‘fully boiled’ process.
Further investigational work would have to be carried out for chemi-
cal bleaching of rice bran oil and removal of its wax and unsaponsifi-
able matter so as to make it a suitable raw material for the manufac-
ture of quality soaps.

Rice bran oil is edible only after proper refining. Initially it may
not he found possible to produce rice bran oil of edible quality. Gra-
dually, however, as experience is gained, edible rice bran oil may be
produced.  Until sufficient cxperience is gained in refining and stan-
dardisation of rice bran oil, it should be sold only in the internal market
and expori should not be permitted.

De-oiled rice bran may be exported and tor this purpose standardi-
sation is very desirable. TInternally. it can be used for the manufacture
of compounded cattle feed containing de-corticated cottonseed cake.
wheat bran, dc-oiled rice bran, etc.

Rice bran occupies much space because of its fluffy nature. For
reducing storage space and packing for tramsportation, it should be
compressed.  In order to prevent infestation in extracted bran, suit-
able preventive measures should be taken.

TABLE 3

Distribution of rice mills in various States of India

No. of No. of

Sl. Name of Statc mills re-  licensed
No, gistered  rice mills
under
Indian
Factorics
Act
1. West Bengal .. .. .. .. . .. .. 372 435
2, Bihar .. .. . .. .. .. .. .. 116 148
3. Onssa .. .. .. .. .. .. .. .. 97 114
4. Madras .. .. .. . . .. .. 285 795
5. Andhra Prodesh .. .. . . .. .. 568 796
6. Madhya Pradesh N . .. e . .. 157 457
7. Uttar Pradesh . .. .. . .. .. 49 510
8. Assam .. .. .. .. .. i o 79 375
9. Maharashtra .. .. .. .. . . .. 17 179
10, Mysore .. .. .. .. . .. . 9 87
11. Kerala . .. o N . .. .. 408
12. Punjab .. . .. .. .. .. .. 16 182

ToTaL . 1,747 4.731
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TaBLE 4

Yield of products from the milling of paddy

per cent

Hulls .. .. .. ve e .. .. 174209
Bran .. .. .. . .- .. .. R0—-13-6
Polish .. . .. . .. . .. 1-8— 4-0
Head Rice .. .. .. .. . .. 39-4-65-0
Screenings L. . .. - . .. 30— 9513

TABLE 3

Composition of Rice Bran per cent

Water .. .. . .. .. .. .. 8:-9-12-5
Protein .. .. . o . .. .. 10-6—13-4
Fat . .. .. .. .. .. o 10-1-22-4
N-free extract .. . . .. .. L. 3R-7T—443
Fibre .. . .. .. - .. Lo 9-6—14-1
Ash . .. .. .. .. .. . 93—14%
Starch .. .. .. .. .. .. .. —
Pentosans .. . .. . .. L 2 T—11-4
B-Vitamins (microgram) .. .. .. . 544

TABLE 6

Characteristics of Rice Bran

Raw Rice Parhoiled

Bran Rice Bran
Yield ( % rough rice) .. .. .. .. .. .. 69 69,
Bulk density (Ib,cu. [t} .. .. .. .. oo 2225 153
Sieve Analysis
Per cent passing

16 mesh ., .. . . .. . .. 98-2 95-4

30 mesh .. .. .. .. .. .. .. 79-R 61-7

60 mesh ., . .. .. .. .. .. 225 111

100 mesh .. . .. .. .. .. .. 4-7 2-3
Moisture per cent .. .. .. .. .. .. 17 7—10 7-5—12-5
Oil per cent (m.f.b.y . .. .. .. .. Lo 139230 12 1—26-4.
Meun |, .. .. .. .. .. .. .o 21l 216
N-frec extract per cent . .. . . .. 38—44 3844
Protein per cent .. .. .. .. .. .. 10—13-5 10—13-5
Fibre per cent .. .. . . - Lo 914 914
Ash percent .. .. .. .. - .. e 55—14-4 9—15-2
Sitica ash per cent . . . .. .. oo 11-5=29 20—30
sugars .. .. . .. .. .. .. .. 3--5 0—1
Pentosdans .. .. . .. . . .. 8 B
Vitamins (B) g/g .. .. .. .- .. .. 533—512 533—542

Vitamin E g/g .. .. .. . . .. 30
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TaBLE 7

Characteristics of Rice Bran Oil

Specific Gravity 25°C
Refr. Index 25°C
lodine No. ..
Sapon. val, .. .
Thiocyanogen val. ..
Titeric .

‘e

Unsapon. matter per cent

Acetyl val. .. ..
Saturated acids per cent
Smoke point

Colour o

‘Tocophero! (Vit. E) per cent

TaBLE 8

e

0-912—0-920
1-409—1-470
03—104
174—184
68—70
2729
3-0—5-7
8-0—10-0
15—138

415 °F
Brown to green
0-029—0-16

Compostion of Rice Bran Oil

Fatty acids

Per cent glyvcerides in the
oil

Myrisitic

Palmitic

Stearic

Arachidic

Behenic

Lienoceric

Qleic ..
Linoleic e .
Unsapaniable matter

.o

-

”»

0-2
12-=17-3
1-8—-2-6
0-5

0-5

0-7
41—45-6
276—36-7
4-—-5-7




Il. OIL BEARING TREES—NON-EDIBLE MINOR OILSEEDS

Besides the annually cultivated oilseed crops, India possesses about
k6 different oilseed bearing perennial trees.  These trees are either
grown for timber or planted as avenue trecs on roadside or grow in
the forests etc. Because of the current shortage of vegetable oils, it
has become necessary to search for other sources of vegetable oils.
~Non-edible minor oilseeds are a potential source of supply of these,
lhese non-edible oilseeds have net been properly studied or surveyed
m the past. At present no precise information is available with regard
10 the number of trees and production of seeds, but according to esti-
mates the production of all the minor oilsceds combined together
approximates about 10 lakh tons annually. The most important of the
minor oilseeds are :

1. Mahua (Madhitica indica)
Local names—Madhuka, Mawrah. Hlupi, Nlupai, Ippe.
2. Neem (Aczadirachia indica)
Local names—Limba, Nim, Nimba, Vepa, Veppam, Bevu.
3. Karanja (Pongamia pinnata)
Local names—-Pongam, Kanugo, Honge.
4. Pisa (Actionodaphne hookeri)
Local namc-—Galawara.
5. Kokum (Guarcinia indica)
Local namc—Amsul.
6. Kamala (Muallotus philipensis)
7. Undi (Calophyflum inophyllum)
Local names—Punna, Pmiai. Surahonne.
¥. Khakan (Salvadora olevides)
Local names—Pilu, Gore.
Y. Kusum (Schleichera oleosa)
Local namc—Poovan.

10. Nahor (Mesue ferrea)

Local names—Nageshwar, Nangal, Churuli.
1t. Sal (Shoreu robusta)
Local name—Sakkhu.

A brief account of the availability und potential oil vield fromr

these trees is given below :

I Mohua (Mudhuca indica) :

Mahua tree grows wild in foreste and along the roads in most of
the States in India.  The oil content of the sced varies from 33-43 per
cent of the weight of the kermel.  According to the report of the Panel
of Soap [ndustrics, of the Planning Commission, about 50,000 tons
of Mahua secds are estimated to be collected annually for crushing.
yiclding about 20000 tons of Mahua oil.  The Indian (zcntral Oilsecds
Commidtee (HOOCH has collected information regarding the pumber ot
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trees, actual collection of seeds, and potential production. This is
given balow.

TABLE 1

Number of trees, vield per tree, production and collection of Mahuu
Qil by States

No. of Total Actual
States trees Yield per tree cstimated colicc-
produc-  tion
tion (tons)
{tons)
1. Andhra Pradesh .. 920,700 70-100ths. inold Madras 6,339 4,026

State area, 28 Ibs. in
Telangana area.

2, Bthar .. .. .- N.A. N.A. 4,220 N,A.
3. Gujarat .. .. 5,48,826 32-80 lbs. in Saurash- 15,162 6,044
tra area; 82-1bs.
Bombay area.
4. Madhya Pradesh .. 22,23,513  60-80 Ibs, 23924 6,071
5. Madras s .. 240,000 70-100 lbs. 4,700 3,200
6. Maharashtra .. .. 2,25,272 82 lbs. 5,046 2,294
7. Mysore .. .. .. 66,300 35 lbs. in  Karnatak 1,896 1,235
arca; 82 Ibs, in the
rest,
8. Ornssa .. .. . N.A. N.A. 1,800%* N.A.
9. Rajasthan .. .. N.A. N.A. 1,838¢ N.A
10, Uttar Pradesh .. 49,95,627 MN.A. 1,49,720* 18,000
11, West Bengal .. .. 1,61,700 20-80 lbs. 2941 N.A.
ToraL 94,41,938 2,17.566 41 ,8’{9

*Estimates by Khadi and Village Industries Commission.
*+Estimates by Directorate of Economics and Statistics, Ministry of Food and
Agriculture,

The collection of the seeds is carried out mostly by private parties
either under a permit system or by auction and the cost of collection
varies from Re. 1 per maund in Maharashtra to Rs. 10 per maund in
Madhya Pradesh. The season of collection of seeds which coincides
with the fruiting season, however, varies with ¢limatic conditions. In
the North it is April to June, in the States of Gujarat and Madhya
Pradesh it is June-July, and in the States of Mysore, Madras and
Kerala it extends from August to September. It will be seen that
there is large scope for increasing production of Mahua oil provided
the collection and extraction of oil from sceds is organised in a proper
manner. The scope is particularly large in Uttar Pradesh and Madhya
Pradesh in which there is a large gap between potential and actual
production.

2. Neem (Azadirachta indica) -

Neem trees are also grown all over the country along the road sides
and paths; but are found mostly in areas of U.P., Madras, Maha-
rashtra, Orissa, Rajasthan, Madhya Pradesh, Punjab, Delhi and
Bihar. The chief problem in the case of utilisation of neem seeds is



3

-organisation of collection and crushing of seeds. Information regard-
mg cstimated production and collection of neem is given below :—

TABLE 2
Number of trees. vield per tree, production and collection of Neem il
hy States
State No. of Yield per tree Total Actual
trees estimated collec-
produc-  tion
tion (tons)
(tons)
1. Andhra Pradesh .. 634,855 141bs.in Telangana 11,473 3,128

area; 40-60 lbs. in the
Madras Siate area.

2. Gujarat . .. 6,17,632 26 lbs. in old Saurash- 19,697 139
tra area; 120 lbs.
in old Bombay State

area.

3. Madhya Pradesh .. 7,14,187 40-60 bs. 17,060 368
4, Madras ‘. .. 24,770,000 40-60 Ibs. 53,555 15,451
5. Maharashtra .. .. 689419 141bs.inold Marath- 26,397 210

wada area; 120 lbs. in
old Bombay State

_ area.
6. Mysore .. .. .. T,67,581 20-81 Ibs. 18,804 3,700
7. Orissa .. .. .. — — 1,103@ —
8. Pupjab .. .. .. — — 11,287 N.A.
9. Rajasthan .. .. — — 3,676* N.A.
10. Uttar Pradesh .. 17,40,393 — 2,49,242¢ N.A.
11. West Bengal .. .. 2,65000 50 lbs. 2,339 615
ToTAL 1,38,99,067 4,14,633 23,617

Source: Indian Central Oilseeds Committee,
*Estimates of Khadi & Village Industries Commission,
@Informaiioa from chief conscrvation of Forests,

It will be seen that at present a very small fraction of the annually
available oilseeds are utilised.

3. Karanja {Pongamia pinnata):

These trees generally grow wild in the forest areas of Orissa,
Mysore, U.P. and Andhra Pradesh. In this case also, the major
obstacle in the way of utilisation of seeds is lack of systematic collec-
tion. The Karanja seeds yield an average of 28-30 per cent oil, and
the oil cake can be used as a manure for paddy and for rabi crops.
According to the ICOC survey, carried out in various States of India
in 1949-30, the production of Karanja oil is about 34,000 tons and
that of oil cake 7,900 tons. The State-wise distribution of trees, poten-
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tial production of seeds and their actual collection data collected during
this survey is given below :—

TABLE 3
Number of trees, yield per tree, production und collection of Karanja oil

No, of Potential  Actual

States trees Yield per tree produc-  collec-

tion of tion of

Seceds Seeds

(tons) {tons)

1. Andhra Pradesh .. 19,172,710 26 lbs. in_ Telangana 39,432 2,675

region; 530 Ibs. in
Madras region.

2. Gujarat .. ..o 1,12,201 60 lbs. in Saurashira; 3,121 399
82 Ibs. in Bombay
region.

3. Madhyua Pradesh .. 89,261 30-60 lbs, in Bhopal: 1,044 176

20 1bs. in Madhya
Bharat: 16 Ibs, in
Vindhya Pradesh.
. Madras .. .. 18,50,004 50 Ibs. 41,112 2,657
. Maharashtra . .. 1,53,020 40 Ibs. in Marathwada 4,211 1,326
area and 82 lbs. in
Bombay area.
6. Mysore .. .. .. 2,62,161 20 lbs. in Marnatak 5,987 1,061
region; 30 lbs. in
Mysore region.

R

L

7. Orissa .. .. .. — — 59+ —
8. Uttar Pradesh .. - —_ 7* —
9. West Bengal .. .. 51,600 30-40 Ibs. 734 26

ToraL .. 44,35933 95,711 11,320

* Estimates from Chief Conservator of Forests.
4. Pisa (Actionodaphne hookeri) :

Pisa is a small tree found in the warm moist forest of the lower
hills of Eastern and Western Ghats and in Sikkim. In Maharashtra
State, it occurs mainly in Ahmednagar, Nasik and Satara districts and
in Mysore in Kanara and Shimoga districts. Pisa trees flower in the
months of December and January and the cellection of seeds is done
mostly from the middle of May to the middle of June. Along with
the difficulty of organised collection, Pisa trees have a peculiar diffi-
cuity of their own i.e. the trees being at high altitudes become inacces-
sible during the tainy season.  No statistical data are available for this
free.

5. Kokum (Guarcinia indica)

Data relating to this tree are available from the survey of the
Indian Ceniral Otlseeds Committee. only for the arcas of the former
(Pre-195v). Bombay State only. The tree grows ainly in the coastal
districts, from Surat in the north to North Kanara in the south. Accor-
ding to the survey carried out by Indian Central Qilseeds Committeg,.
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the total number of Kokum trees in the former State of Bombay were:
estimated to be about 56,600 distributed mainly in the districts of
Ratnagiri, Kanara and Surat. A Kokum tree yields about 12 seers
ol seed annually and the cost of collection is estimated at Rs. 3 per
maund. The oil percentage is about 20, State-wise distribution of
trees and potential production of oil sceds is given below :—

TaBLE 4

Number of trees, vield per tree, production and colleciion of Kokume
0il Seeds by States

No. ol Yield per  Potential  Estimated

State troes tree produc-  collec-
tion tion
(tons) (tons)
]. Guyarat (Area trom old Bombay 1,278 25 1bs, 10 10
State),
2. Mahatashtra (Area from old Bombay
State) .. .. .. 42,997 25 Lbs. 357 337
1. Mysore .. .. .. .. 2,332 25 ibs. 104* 19
ToraL .. 46607 A 38

Source: Indiin ceatral Oilseed; committee,
*Chief Co.aservator of Forests, Mysore State,

6. Kamala (Mallotus philipensisy :

The Kamala trees occur in the forest areas in various parts of
India but estimates of their numbers have been made by the Indian
Central Qilsceds Committee for only two States, West Bengal and the
former Bombay State. The number of trees in West Bengal (Jalpaiguri
and Darjeeling districts) were estimated at about 93,600 and in the
former Bombay State at about 15.000. The yield rate of seed per
tree was cstimated at about 8 seers in case of Bombay and from 1% to
3 seers in case of West Bengal. In Bombay. the sceds are generally
collected by a tribal people. the Lamanis, and sold to merchants.
Kamala contains about 50 per cent of Komolenic ucid which is &
sood raw material for industrial products. The National Chemical
L.aboratory have done a considerable amount of work on its chemical
and technological properties.  But extraction of oil on o commercial
basis is not yct organised.

7. Undi (Calophyllivm inophyllum :

The tree grows over large arcas in the coastal and central regions
as well us hilly tracts of Peninsular India.  There are two specics—
Inophyllum and Wightiana, the trees and seeds of the former are larger
m size and bear fruit twice a year, while the latter bears only once in
two or three years. The oil content of both the species is about 60
per cent; though varietics yielding even higher percentages are found
in the Northern part of Kerala State. These trees are also used as
standard for pepper vine cultivation and for honey extraction as the
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‘Calophyllum flower attracts honey bees in large numbers. The average
adult tree yields about 12,000 fruits at each of the two seasons from
February to May and September to November. Table 5 gives state-

wise distribution of trecs. yield per tree, potential production of seeds
and actual collection.

TaBLE 5

Number of trees, yield per tree, production and collection of Undi Seed

State No. of Yield per tree Potential Actual
trees produc-  collec-
tion tion
(tons) (tons)
1. Kerala .. .. .. 1,56,220 48 Ibs. in Travancore 2421 230
Cochin. (Madras area)
35 Ibs. in Madras
Area.
2. Madras .. .. 47,000 35 Ibs, 705 470
3. Maharashtra .. .. 8,596 25 ]bs. Ti 57
4. Mysore .. .. . 41,019 35 lbs. in Madras area 542 k¥L
25 lbs. in Mysore arca
5. Orissa .. .. .- — - %@ —
ToraL .. 2,52,835 3,798

Source : Indian Central Qilseeds Committee.
@Chief Conservator of Forest, Orissa State.

8. Khakan (Salvadora oleoides) :

The Khakan tree grows in dry, sandy and saline tracts of Central
and Western India, Northern Gujarat, Rajasthan, Madhya Pradesh
and the Punjab, The fruit is harvested from June to July. According
to the survey carried out by Khadi and Village Industries Commission,

the total availability of Khakan seeds is about 46,000 tons as detailed
below ;

Potential produ}:-
tion of Khakan

seeds (tons)
1. Gujarat .. .. .. .. .. .. . . 44,118
2. Madhya Pradesh .. . . .. .. . 720
3. Punjab .. .. .. .. .. .. . ig*
4. Rajasthan .. . o .. .. .. .. 1,087
45,943

*Chief Conservator of For&ﬁ-f, Punjab,

9, Kusum (Schleichora oleosa) <

The tree is found in dry forests in most parts of Indiz, Borma and
Ceylon. It occurs in the sub-Himalayan region of N. India from
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Punjab to Nepal and throughout Peninsular Indin, Central India, the
East and West coast regions, the Deccan and Karnatak. The infor-
mation collected by the Indian Central Qilseeds Committee regard-
Ing quantities of sced available, and actually collected. is given below -~

TABLE &

Quantity of Seeds, area where available and qua:tity of Kusum Seeds
by States tons

State Quantity Area where available Quantity
of seeds of seeds col-
available lected
1. Bibhar .. .. .. N.A. Data not available
2. Kerala .. . - 3 Nilambur area. —
3. Madhya Pradesh . 149 Kanker, Drug, S. Bastar, —

Raigarh, S. Raipur., N.
Raipur, Bilaspur districts.

4. Mysore . . .. 197 Sirsi, Siddapur and Kumta —
ranges.
5. Orissa .. .. .. i84 Mauyurbhan) & Keonjhar dis- 92
Iricts,
6. Uttar Pradesh . .. 0+5 Bahraich & WNorth  Kheri —
districts.
7. West Bengal . .. 401 N.A. 59
TotaL .. 934-5 151

Source: Indian Central QOilseeds Committee,

Since the Kusum tree serves as a host for lac insect it is being cul-
tivated in compact blocks which makes its cultivation easy and econo-
mical, The oil content in the kernel is about 57 per cent.

10. Nahor (Mesua ferrea):

Nahor trece occurs in abundance in the forests of the Himalayas in
Assam and West Bengal, along the wetter slopes, Western Ghats espe-
cially in Kerala and in the Andaman islands. In the plains, it is found
chiefly as an ornamental tree. under various local names. The total
number of trees in Assam State alone are estimated to be about
6,20,000 with an average yield of about 10 seers of seed per tree. The
potential production of oil therefore, works out to 5,698 tons. Dr. J. A,
von Monroy in his report on Integration of Forests and Industries has
uggested establishment of a Nahor oil plant in Assam.

11. Sal (Shorea robusta):

Sal tree is found in the sub-tropical sub-Himalayan region from the
Punjab to Assam; in the forests of Eastern India in Bihar, West Bengal,
Orissa and Eastern Madhya Pradesh. Information regarding availabi-
tity of Sal seeds in different States is summarised below : —
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TasLE 7

Quantity of available, areu and quantity collecred of Sal Seeds

State

1. Assam

2. Bihar

3. Madhya Pradesh

4. Orissa

v

6. West Bengal

. Uttar Pradesh

Quantity  Area where available Quantity collec-
available ted (tons)
(tons)
1,72,478 Goalpara East and West  Collected for re:
Division. generation
Sal.
N.A. N.A. N.A.
36,811*% Surguja, Raigarh, 8. MN.A.

Raipur, Balaghat, Bilas-
pur. and N. Raipur.

2,206 N.A. N.A.

735 N.A. Coliected only
for  regenera-
tion of Sal.

N.A. N.A, N.A.
2,12,230

*Sonrce: Indian Central Qilseeds Committee,

Since afforestation work is being carried out in certain parts of
the country, the seeds are not collected for oil extraction purposes.

Availability of non-edible Oilseeds

According to information given above and compiled on the basis
of data furnished by various sources to the Indian Central Oilseeds
Committee, the total potential availability of more important non-cdible
oilseeds is estimated at one million tons, distributed as follows :

Qilseed Quantity
(tons)
Mahua ; 2,12,566
Neem - .. 4,14,633
Karanja 95,711
Undi 3,798
Khakan 45,943
Pisa 340
Kokum. . 471
Kusum 934
Nahor .. 5,690
Sab 2,12,230
ToraL .. 992316=10,00,000
— (approx.}.

Present uses of non-edible oils -

_Tht? greater part of the production of non-edible oilseeds is crush-
cd in village ghanis and the oil is put to such uses as burning in lamps.
manofacture of soap. use in folk medicines etc. Besides this, therc
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is a certain amount of commercial crushing by mills. The quantity
of seeds crushed and oil and cake produced by mills are given in
Appendix 1. Recent studies conducted at the National Chemical Labo-
ratory. Poona, the Regional Research Institute, Hyderabad, the Har-
court Butler Institute of Oil Technology, Kanpur, the Forest Research
Institute, Dchra  Dun, the Oil Technology Institute, Anantapur and
the All India Khadi & Village Industries Commission show that besidcs
yielding oil, these non-edible oilseeds could also be source of supply
of a number of other useful products. The major uses of each of thesc
oilseeds are indicated in Appendix IL

There are certain other fats which can be conveniently separated
from the component acids and used for various industrial purposes.
like manufacture of soap. varnish, textiles, rubber, cosmetics, and
cleansing agents. Next in importance to fats and fatty acids are the
non-glyceridic by-products which could be conveniently separated from
the Iipids and uvsed for preparation of medicines and fungicides.

The Indian Central Oilseeds Committee and the Khadi and Village
Industries Commission are the two principal organizations concerned
with utilization and economic cxploitation of these minor non-edible
oilseeds.

The Khadi and Village Industries Commission which has a special
unit to look after both the tcchnical and cconomic problems pertaining
to utilisation of these oilseeds, had. during the Second Plan period,
undertaken a development programmce with 2 two-fold objective, viz.,
collection, storage and crushing of non-cdible oilseeds and utilisation
of the oil obtained from them for manufacture of soap. The programme
envisaged financial assistance for organisation of production centres of
different capacity graded into “A”™ (with an annual productive capacity
of 30 tons), “B” (15 tons) and “C” (8 tons); training of personnel
for newly established centres and technical and other assistance to
schools for introducing manufacture of soap with non-edible oils as
one of the crafts. The quantities of oilseeds collected and of the oil
produced from 1955-56 to 1960-61 under the programme of the Com-
mission are given in Appendices I & V. The production of soap
increased over six-fold, from 5.35 lakh lbs. to 34.29 lakh ibs. between
1955-56 and 1958-59; Bombay accounting for 9.10 lakh lbs., Punjab
5.05 lakh lbs., Rajasthan 3.6 lakh lbs., Mysore 2.53 lakh Ibs., and
Madras, Uttar Pradesh and West Bengal for over 2 lakh lbs. cach.

During this peried, sales of soap also cxpanded from 2.3 lakh Tbs.
to 30.19 lakh Ibs.

The programme undertaken during the Third Plan period is based
on the results of research and experiments initiated in the earlier years
particularly in respect of storage and preservation of seeds, and pro-
cesses for more efficient extraction of oil.  The quality of the soap has
also improved as a result of adoption of the Indian Standards Institu-
tion’s formnla. By and large. ‘C’ type of production units have been
found to be more popular than the larger ones. As against 34.29
lakh ibs. in 1958-59, the production of soap had increased to 58.5
lakh Ibs. in 1961-62. The quantities of non-edible secds and oils
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proposed to be collected under the programme of the Khadi and Vil-
lage Industries Commission during the Third Plan period arc indicated
in Appendix V.

The Indian Central Oilseeds Committee did pioneering work in
carrying out a Survey to collect basic data about the availability ot
these oilseeds throughout the country. Recentiy the Committee in
coltaboration with All Indian Non-editle Oil Industry Association,
Poona, have drawn up a scheme for promotion of collection of non-
cdible oilseeds. The annual targets of collection of important oilsecds
non-¢dible oilseeds under this scheme are given in the Appendix VI

Problems of Ulilisation

The major problem in utilization of most of these non-edible oil--
sceds is the cost and difficulty of collection.  Several of the trees are
found in forest areas, often scattered among a large number of other
species, or arc located in areas having diflicult communications. Even
trees like Ncem and Mahua which are found mainly in non-forest areas
are scattered along roads and in cultivated fields, and are not found
in compact blocks. As a result, collection has to be made over large
areas. Moreover in casc of forest trees it is generally done by back--
ward and tribal people and is not organised. [n case of Mahua there
is the further difficulty created by the fact that Mahua flowers can be
fermented and used for distillation of liquor. As a result, most State
Governments have not encouraged growing or protection ol the Mahua
trees after adopting the policy of prohibition; and in some States, e.g.
Madhya Pradesh, their number has been grealty reduced as a result of
indiscriminate {elling, and check on further planting.

The second ditliculty is that of processing. The oit industry is.
vearcd at present to processing of cultivated oilseeds. Tt has not yet
hecn developed to process the non-edible otlsceds and in the case of
a number of them. certain technical problems e.¢. those concerned
with refining and bleaching of oil will have to pe solved before extrac-
tion can be organised on a commercial scale. Utilisation of the by-
products for industry will also involve further work at the National
Laboratories and other Institutions to perfect processzs which can be
cconomically used.

But as explained in the beginning, use of these ocilseeds can make
a significant contribution towards meeting the expanding demand for
oilseeds and othcr sources of fat. The supplies of cultivated oilseeds
arc already inadequate to mect the domestic demand, which moreover
is expected to increase with growth of population and rise in standards
of Jiving. During the Second and Third Plan pediod, as a result of
the work dene by the Khadi and Village Tndustries Commission, prog-
ress has been made in increasing utilisation of these oilseeds especially
for production of soap. The work of the Indian Central Qilseceds Com-
mittee and the technical institutions mentioned above has resulted in
better knowledge about the location of these oil bearing trees and of
the possibilities of their economic utilisation for extraction of oil and
manufacture of industrial products. Further work along these lines ix.
necessary to increase utilisation of these oil seeds.
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Statement showing crushing of non-edible oilseeds and production of oil
in mills during 1954-55 to 1957-58 (tons)

Neem Mahua
A S - ~
Seed Qil Cake Seed Oil Cake
crushed produced produced crushed produced produced
1954-55 4,396-7 548-3 1,341:0 21,853 7.071 13,143
1955-56 2,181-3 354-6 1,737-4 30,192 10,419 18,627
1956-57 2975-5 658-6 2224-3 41,691 14,640 25824
1957-58 3.391-7 747-9 23079 57,963 18,600 35,301
Karama
r A Al
Seed 0il Cake
crushed produced produced
1594-55 2,518 406 975
1955-56 6,289 1,704 3,435
1956-57 4,085 1,177 2,773
1957-58 316 902 201
Source : lndian Central Qilseeds” Committee, -
APPENDIX I
Statement showing major uses of non-edible oilveeds
1. Mahua —Soap, greases, softener in wooden textiles, edible purposes..
2. Neem —Soap, medicinal,
1. Karanja —Medicinal, leather tanning.
4, Und: —Mecdicinal, feuther tanning, lubricant for ¢cart wheebs,
5. Kusum —Soap, hair oil.
6. Khakan —>Soap, dyeing industry,
7 Kokum —Edible, soap.
8. Nahor —Medicinal, soap.
9. Pisa —Soap.
10, Sal —Soap, cdible.
Sewrce : Indian Central Qilsceds Committee.

19 .
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III. TOBACCO WASTE AND TOBACCO SEEDS

India produces 3 to 3% lakh tons of tobacco annually, worth about
Rs. 45.50 crores, and ranks as the third biggest tobacco producing
country in the world, U.S.A. and China being the first and second.
The total acreage under tobacco in the country in 1961-62 was
10,25,000 acres. Andhra Pradesh and Gujarat are the two most impor-
tant lobacco growing States with areas of 3.75 and 2.25 lakh acres
respectively.  Other important producing States are Mysore, Madras,
Maharashtra, U.P., West Bengal and Bihar. Details of acreage and
ptoducts, under tobacco cultivation in each State are given in Appendix
1.

Tobacco grown in India is broadly classified as Nicotiana rustica
and Nicotiana tabacuwm. The principal varietics of Nicotiana rustica
are “Motihari” grown in West Bengal, “Vilayati” grown in Bihar, and
“Calcutta” grown in Uttar Pradesh, Punjab, Gujarat and Maharashtra.
These varieties are used mainly for hokah, chewing, and as snuff.
Nicotiana tabacum is the more commonly cultivated species all over
the country, particularly in Andhra Pradesh, Gujarat, Mysore, Madras
and Maharashtra. The important varieties of Nicotiana tabacum arc
Virginia tobacco used [or memfoduri of cigarette and macingly grown
in Andhra Pradesh, bidi tobacco grown in Gujarat, Mysore and Maha-
rashtra and chewing and cigar tobacco grown in Madras.

In case of the bidi, chewing and cigar tobaccos, which are pro-
duced in Gujarat, Mysore, Maharashtra and Madras State there is
no problem of production and utilisation of seed, because of the pre-
valence of the practice of topping. The bulk of the plants are topped
and are not allowed to flower and seed, in order to produce the quality
seed required by industry and only the small numbers required to
produce the seed for the next crop are allowed 1o seed. But in case
of the Virginia tobacco produced in Andhra there is a problem of
utilisation of tobacco seed; because until recently all the plants were
allowed to flower and seed. The seed needed for the next years® crop
was collected and utilised, and the rest was allowed to go waste
except where there was a ncedy market for it. About 90% of the
tobacco sced comes from Andhra.

But in recent years, the practice of topping has been spreading in
the Andhra area also, as this is considered necessary for producing
quality leaf required by the cigarette industry. Therefore, the quantity
of seed available is going down, and is Lkely to go down further in
future. It is estimated that an acre of Virginia tobacco crop when
allowed to seed, yields about 125 to 150 lbs. of tobacco seeds. On
this basis, the maximum potential for seed production in the country
works out to about 13,000 to 15,000 tons. But this would go down
as the practice of topping Virginia tobacco spreads.

The oil content of the seeds is 35-37%; but commercial expellers
<o recover more than 27-28%. Based on this recovery figurc, 13,000
24
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tons of seeds would give about 3,500 tons of oil and 9,500 tons of
seed cake. The extracted oil is slightly greenish-yellow in colour and
is free from toxic principles such as nicotine and nornicotine. Solvent
extraction gives higher yield of oil. But some workers have reported
that oil extracted by solvents has a bitter taste. This may be due
to the tobacco dust which comes along with the seed. To avoid this,
multiple extraction of seed with hot water at 50°C which eliminates
nicotine and other bitter constituents is carried out before expression,
The extraction of the oil is carried out mostly in Guntur, Vijayawada
and Rajahmundry districts in Andhra Pradesh and is done mostly by
expellers. The production and utilisation of tobacco seed and oil from
1958-59 to 1961-62 are as given below.

TaBLE 1

Production and utilisation of tobacco seed and oil by years
(Metric tons)

Production and utilisation of Years
Tobacc) seed and 0il @ ——————— A —

I. Tobacco seed available for collec-

tion for commercial purposes .. 8,636 6,858 6,271 5,809
2. Tobacco seed actually collected

for extration of oil . - 6.613 5,050 4,157 4,568
3. Production of seed oil .. .. 1,541 1,212 1,039 1,137
4. Production of seed cake .. .. 5,072 3,837 3,118 3,431
5. Export of seed oil . .. 1,219 371 790 327

Value Rs. (Lakhs) .. .. 9-5 52 11-7 57

Tobacco seed oil is on the border ling between drying and semi-
drying oils and is remarkably similar to safflower seed oil (Kardi oil)
which is the main edible il in Maharashtra, and the Telangana arca
of Andhra Pradesh.

TABLE 2
Characteristic of tobacco seed oil and safflower seed oil

Characteristics of Tobacco

seed oil Tobbaco seed oil Saffiower seed oil
Sp. gr. at 25°C .. .. - .. 0-9216 0-924
Ref, index .. .. .. .. 1-4684—1-483 1-4679—1-4693
Viscosity in poises .. .. .. 05 0-5
lodine value .. .. - .. 130—154 132—150
Sap. value .. .. .. .. 186—197 186:2—194.
Acid value .. .. .. .. 1'2—-95-8 0-5—-56
Unsaponifiable matter .. .. oo 0-5—1-2% 0:59%
Titre .. .. .. .. .. 18—18-2 16—17
Saturated acids .. .. .. L. 9—10% 5-9%
Unsaturated acids .. . .. B2-84% 87-7%
Oleic acid .. .. .. .. 25—26% 30-1%,
Linoleic acid .. .. .. .. 55—-10% 63— 64-89%
Palmiitic acid .. .. .. Lo 3-8 4-R9
Stearic acid .. .. . oo A=55 2:9%
Myristic acid ., .. .. .. 0:2—0-5% 0:04%
Arachidic acid .. .. .. o 01—0-35% 0-4%,

Linclenic o 12-2:4Y 1-14-57%
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Results of investigations on the composition and characteristics of
oils obtained from different samples of seed are given in Table 3. In
all cases, o0il was extracted by light petroleum solvents.

Percentage of non-saponifiable matter varied from 1.8 per cent to
2.3 per cent and saturated acids from 8.0 to 13.0. In case of a few
samples the oil was also extracted by pressing the seed meal in the
laboratory hydraulic press at 60-70 and at a pressure of 101 tons/sq.
in.  Acid values, sap, valucs and iodine values of these oils—were
found to be 1.3—1.8, 189.0—192.8 and 135.0—142.9 respectively.

TaBLE 3
Composition and Characteristics of Qils from Different Sources

SL Varicty*® Locality Oil  Acid  Sap. LV. Lino- Lino-
No. con- VY v leic lenic
tent acid (7))
(%)

1. Val Monnai .. Vedasandur 40 1-7 1930 142-4 69-0 2-4
2. Vella Vazhai .. Vedasandur 38 1-2 191-0 140-2 670 -9
3. Natu o .. Guntur 37 1-3 190-2  140-0 670 22

4. Chatham .. .. Rajahmun-
dry 36 1-4 190-6 142:0 70:0 23
5. Harrison Spl. .. . 33 16 188-4 1360 650 1-8
6. 5.20 .. .. Nipani 37 1-2 1882 136-7 670 1-3
7. K. 49 .. .. Anand 36 14 187-8 135-4 660 1-4
B. K. 49 .. .. Baroda 33 13 1872 1362 640 1-2
9. N.P. 18 .. .. Pusa 37 1-1 1881 134-5 6-20 11
10. Bori Barpama .. Pusa 38 1-4 189-2 136-3 650 1-3
11. Bori Boso-Kukouli . 38 1-5 190-5 1388 68-0 1'3
12. Bori Bokarao . . 41 1-6 1899 140-3 670 2-4
13, N.P. 28 .. .. - 40 -5 188-7  140-2 680 2-2
14. N.P. 58 .. .. » 4] 1-3 189-4 1384 680 16
15. N.P. 63 .. .. . 43 1-4 190-2 138-4 64-0 1-2
16. N.P. 70 .. . 2 42 1-55 191-4 1404 630 1-2

*Samples collscted by Director of Tobacco Research, Rajahmundry, Andhra
Pradesh (1931-32 season).
It can be observed from the results that India tobacco seed oil
obtained from seeds grown in different parts of the country is suffi-
ciently uniform in its composition and characteristics.

Suitability of the oil for edible purposes :

It is evident from the comparative data on composition and charac-
teristics of tobacco seed oil and safflower seed oil that tobacco seed oil
can safely be used for edible purposes. Its nutritive values have already
been thoroughly investigated, High percentage of “essential” fatty
acids present in this oil makes it quite suitable for edible purposes.
There are references as early as 1920 that tobacco seed oil was used for
edible purposes in Bulgaria. Due to the shortage of edible oils in
Europe during World War 1l other countries like Germany, Hungary
and Greece used this oil for edible purposes without any ill effects on
the consumers. Systematic investigations have proved that its digestibi-
lity is as good as butter fat.
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Uses as an industrial Raw Material :

Tobacco seed oil has been investigated at National Chemical Labora-
tory for purposes of (1) preparation of coating composition having a
wrinkle finish and for coating textile bobbins and (2) preparation of
factice.

Wrinkle Finishes . A detailed study was carried out on the pre-
paration and uses of tobacco seed oil fatty acid modified alkaloid for
developing wrinkle forming compositions. 1t was found that film
obtained from benzene solution of the alkaloid with a suitable drier,
when baked at 120-150°C for 45 minutes to 2 hours, acquire a
wrinkle pattern of uniform texture. The nature and uniformity of the
wrinkle pattern depends on the composition of the alkaloid, amount of
drier, thickness and uniformity of the coated film, temperature, and
time of baking etc. A certain minimum film thickness 1s essential to
produce wrinkles and these tend 1o be heavy with increase in thickness
{References 3 & 4).

Coating of Texiile Bobbins: A special urea formaldehyde resin
composition was prepared and a suitable blend of this resin and tobacco
seed oil fatty acid modified alkaloid was prepared for coating the bob-
bins. The coating was cured by baking at a temperature of about
95°C. The bobbins so coated did not warp on immersion in hot water
and cxposure to stcam.

2. Faciice from Tobacco Seed and Safflower Oils.

Factice is obtained by treating vegetable oils with sulphur mono-
chloride or sulphur and is widely used as a compounding ingredient for
rubber. When sulphur monochloride is employed, a colourless pro-
duct {white factice) and when sulpbur is used, a dark brown coloured
product (brown factice) is obtained. The oils that are commercially
used for the manufacture of factice include rape seed, linseed. comn-
seed, soyabean, castor seed, besides some fish oils. Tobacco seed
oil has been utilized for the production of both white and brown grades
of factice.

Seed Cake :

A pumber of workers have analysed tobacco seed cake reporting
varying results.  This may be due to the difference in sample of seeds
obtained from various sources, A typical example of the analysis, re-
ported by T. Paris (6) is given below :—

TABLE 4

Characteristics of Tobacco seed cake
Proteins .. .. .. .. .. .. .. .. .. 26—28%
0il ., .. .. . . .. .. . . oo 12%
Carbonhydrates .. .. .. .. .. .. . .o 30—-32%
Cellulose and fibrous material .. .. .. . .. . 20%
Ash R L o . . 6Ty
Nitrogen .. .. .. . .. .. .. . R = 574
Pa0s .. .. .. . .. .. .. .. .. o T—=15%

KaO .. .. .. L sy
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Tobacco seed cake is a cheaper cake than other oil seed cakes for
manurial purposes. Feeding experiments have shown that the cake can
be fed to livestock with success and without any deleterious effect, as
reported by P. N, Orlov (7). Its nutritional values were investigated
systematically on rats also with good and encouraging results. It
can also be used in the plastics industry.

Tobacco Wastes :

The Tobacco wastes in the country result from processing of
tobacco like bidi, chewing and hookah and handling in case of Virginia
and other air cured tobaccos. At present, large quantities of tobacco
wastes are used as manure and for other agricultural purposes wiz.,
insecticides etc. and some quantities are destroyed, being unfit for
human consumption.

The Statewise figures for tobacco wastes for the year 1961-62 are
given below :

TABLE 5

Particulars of Tobacco Waste by Srates
: (Quantity in Kilograms)

Agricul- Destruc- Stalks Total
States tural tion and
purposes stems
"y (2} 3) (4} 16)]

Uttar Pradesh . . 396,553 933,325 7,694,880 9,024,758
Madhya Pradesh .. .. 59,020 93,386 94,213 246,619
West Bengal .. . . 1,050 53,226 190,674 244,950
Orissa .. .. .. .. 27,858 21,561 7,179 56,598
Bihar .. .. .. .. 102,875 205,162 2,608,364 2,916,401
Punjab .. .. .. . 385 98,625 136,636 235,646
Gujarat .. .. .. 17,676,514 171,163 711,541 18,559,218
Maharashtra .. .. .. 939,321 124,235 65,930 1,129,486
Madras .. .. . §,737,310 380,611 3,243,105 5,361,026
Andhra Pradesh .. .o 16,939,592 156,793 1,499,898 19,496,283
Assam .. .. .. — B6 178 264
Mysore . .. .. 2,404,798 88,505 1,260,224 3,771,583
Rajasthan . . .. 17,074 86,530 48,180 154,576
Jammu and Kashmir .. — 1,238 36,654 37,892
Kerala .. .. .. 24,998 11,957 32,814 69,769
Delhi .. .. .. .. — 36,574 271,060 307,534
Tripura .. .. . — — — —

ToTaL .. .. 41227348 2,462,877 17,901,530 61,591,755

Sonrce: Central Board of Revenus New Dzlhi.

It will be seen from the above data that 41,227,348 kgs. of tobacco
wastes have been utilised for agricultural purposes. This constitutes
about 707% of the total wastes. A quantity of 2,462,877 kgs. which
was destroyed might ultimately be used for manuring purposes. A
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quantity of 17,901,530 kgs. of stalks and stems were available as waste
and might have been destroyed either for burning purpose or for some
other use. The tobacco waste utilised for agricultural purposes contain
Nitrogen ranging from 0.5 to 1.5 per cent and is mostly utilised for
manuring of cereal crops and for insecticidal purpose. Its use as a
manure for crop like bidi tobacco has however been found to be harm-
ful, as it affccts the quality of the produce adversely.

It will be seen from the above table, that Andhra Pradesh and
Gujarat are the two States where tobacco wastes are available in large
yuantities. Accordingly, these States are suitable for location of indus-
tries using these wastes,

Industrial uses of tobacco wastes
Nicotine Sulphate

The average nicotine content of the tobacco dust, stalk, mid-ribs
ctc. which has been analysed in the National Chemical Laboratory,
ranges from 1 to 3 per cent. The process which has been worked
out in the National Chemical Laboratory for the extraction of nicotine
sulphate from tobacco waste has been patented.

" Processes can be divided into three steps 1 —

A. Extraction of nicotinc with water.
B. Liquid extraction of nicotine with kerosene.
C. Fixing the nicotine as sulphate and recycling the kerosene.

A. The dry tobacco or tobacco waste is powdered to about 20-30
wmesh, and mixed with about 8-9 per cent of powdered lim: (75 per
cent), Waler equal to the weight of tobacco powder is added and
mixed properly. The mixture is fed into extractors and by percolation
with waler in the ratio of 1 : 3, or more if required, and the nicotine
is cxtracted. The resulting broth has a pH of 10.5 in which condi-
tion the nicotine is in a free state.

B. The broth is taken in a tank fitted with baffies, stirrer and heat-
ing arrangements. The broth is heated to 40-45°C; kerosene equal to
half the volume of the broth is added and the extraction carried out
for one hour. After settling, the kerosene containing nicotine is
scparated and the broth re-extracted for the second time. Each batch
of brath is extracted three times,

C. The kerosene containing nicotine is stirred in a tank with cal-
culated amount and strength of sulphuric acid so as to give nicotine
sulphate solution containing 40 per cent nicotine. The kerosene, with
about 2 per cent loss, is recycled.

A factory working according to this process with one tonne of
tvhacco waste per day, containing 2 per cent nicotine, can produce
gbout 45 kg. of nicotine sulphate solution. Assuming a price of
.Rs. 137.50 per tonne of tobacco waste, the approximate cost of pro-
duction of nicotine sulphate comes to Rs. 8.00 per kilogram. If the
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micotine content of tobacco is more than 2 per cent, the cost of pro-
duction will be considerably lower.

The following two firms have been given licences by the National
Research Development Corporation for the production of nicoting
sulphate :

{a) Tobacco Bye-Products (Pvt.) Ltd., 8-1/8, Pattabhipuram,
Andhra Pradesh.

(b) Urkakunj Tobacco Bye-Products, Bapuji Building,
Dharamaj, Dt. Kaira, Gujarat State.

The “Tobacco Bye-Products (Pvt.) Limited had started produc-
tion on an experimental scale. Owing, however, to the high cost of
production they had stopped production and taken up experiments
with a view to reducing the cost of production. These are understood
to have shown signs of improvement.

It is understood from the Urkakunj Tobacco Bye-Products thal
the design of the plant and the process was being reconsidered by the
National Chemical Laboratory as the tobacco wastes of the Charotar
tract in Gujarat which this firm was to have used were found to con-
tain a higher percentage of Nicotine than normal, for which the process
had been originally designed by the National Chemical Laboratory.

This suggests that further work in evolving a process for extraction
of nicotine sulphate is neccssary and that the manufacture of nicotine
sulphate could be taken up successfully only if the process is modified
to utilise it on a commercial scale. Further, research work on the
possibilities  of manufacturing nicotine-amide and nicotinic  acid,
which are at present imported is necessary as the scope of the industry
for the manufacture of nicotine sulphate, which is the basic product,
increases with the addition of these items.

It is understood that the demand for nicotine sulphate in the coun-
try is of the order of 2500 Jb. which can be met by 25 days working
of any of the two factories. Assuming that the demand grows 10
times, one year of working of any one of the factories can meet the
home demand.

Besides nicotine sulphate, nicotinic acid worth Rs. 2,50,000 was
imported in 1961-62. Manufacture of nicotinic acid can also be
undeitaken as a bye-product of the nicotine sulphate industry. How-
ever, the industry has only a limited potential.

The situation would however change if it becomes possible to pro-
duce nicotine sulphate and nicotinic acid cheap enough to export the
same at competitive rates in foreign markets, because there is a large
demand for these in markets abroad.

Summary :

Under the cxisting practices of cultivation of different types of
tobacco in the country, there is very limited scope for developing
tobacco seed oil industry as a bye-product industry. This and the
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manvfacture of nicotine sulphate etc. can however be developed as
complementary industries, if the demand for the latter increases and
if exports of these can be built up.

Research to modify the present process of extraction of nicotine
sulphate is necessary to make it more efficient and economical for
manufacture of nicotine sulphate from tobacco wastes on a commer-
cial scale.



APPENDIX 1

All-India Final Estimate of Tobacco, 1961-62

Area (Thousand Acres) Production (Thousand

Tons)
State/Variety p A - e -
1961-62 1960-61 1961-62 1960-61
(Final  (Partially (Final (Partially
Estimate) Revised Estimate) Revised
Estimate) Estimate)
(1) (2) 3) ) (&3]
Andhra Pradesh
Nicotiana tabacum
(i} Virginia 231 213 68 64
(ii) Others 155 142 56 52
ToTtAL 386 355 124 116
Stalks and Stems — — 123 111
Assam
Nicotiana tabacum . . 24 24 7 7
Bihar
Nicotiana .. 22 20 8 7
Nicotiana tabacum 21 19 7 5
ToTAL 43 39 15 12
Jammu & Kashmir
Nicotiana tabacum 1@ 1 (b)@ b)
Gujarar
Nicotiana rustica 1 1 1 |
Nicotiana tabacum 228 215 82 58
ToTaL 229t 216% 83+ 591+
Kerala
Nicotiana tabacum 2 2 1 1
Madhya Pradesh
Nicotiana tabacum 10 10 2 2
Madras
Nicotiana rustica — — — —
Nicotiana tabacum 49 48 29 28
ToraL 49 48 29 28
Stalks and Stems — — 2 2
Mabharashira
Nicotiana rustica (a) (a) (b) (b)
Nicotiana tabacum 62 65 15 12
ToTAL 62t 65t 15¢* 12t*

32
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m 2 (3) @ )
Mysore
Nicotiana rustica 10 10 3 3
Nicotiana tabacum
(i) Virginia 8 8 5 5
{ii) Others 76 79 15 16
ToTAL 94 97 23 24
Orissa
Nicotiana tabacum 18 18 9 9
Punjab
Nicotiana rustica {a) 1 {b) (b)
Nicotiana tabacum
(i) Virginia — — — _
(#) Others i 4 3 1 1-
ToraL B 4 4 1 ]
Stalks and Stems — — 1 1
Rajasthan
Nicotiana tabacum 16 15 4 5
Unrar Prodesh
Nicotiana rustica .. 31 37 9 12
Nicotiana tabacum 10 11 3 4
ToTaL 41 48 12 16
West Bengal —
Nicotiana rustica .. 25 27 8 9
Nicotiana tabacum 16 16 5 5
ToTaL 41 43 13 14
Delhi
Nicotiana tabacum 1 1 | 1
Himachal Pradcsh
Nicotiana tabacum 2 1 (b} (b}
Tripura
Nicotiana rustica .. 1 1 (b} (b}
Nicotiana tabacum 1 1 (b) (b
ToTAL 2 2 (b} {b)
Total India
Nicotiana rustica 90 97 29 32
Nicotiana tabacum 935 892 30 275
ToraL 1,025 989 339 307
Stalks and Stems — — 126 114
{a) Below 500 acres,
(b} Below 500 tons.
*Production estimates in respect of Mechsana, Ahmedabad, Kaira, Panch

Mahals, Baroda and Broach in Gujarat and Satara, Sangli and Kolhapur

in Maharashtra are based on the rusults of crop cutling surveys.

@ 1960-61 data repeated.
tBreak-up estimated.

Note:—Tobacco is net grownin N.E.F.A., Nagaland, Manipur, Andaman &
Nicobar and Laccadive, Minicoy and Amindivi Islands to any appre-

ciable extent.



U

REFERENCES
L. Journal of Scientific and Industrial Research, 10B (1951), 168.
2. Paint Manufacture XXII (1953), 185.
Joumnal of Scientific and Industrial Research, 14B {1955),

el

425,

. Vegetable Qils and Fats by Jamson.

. Jabachnava Prom, (1933), No. 4,30.
. Journal of Nutrition 31, (1945), 261.

7. Report of the Committee on Utilisation of Food and Agricul-
tural Wastes (CSIR) 1959.

[+ W T Y



IV. BAGASSE

Sugarcane is crushed in a set of multiple mills in a sugar factory
to extract as much juice as possible. After the juice has been
extracted, the fibrous material coming out of the last mill is known as
‘bagasse’. This still contains a small quantity of sugar which cannot
be economically extracted.

The composition of bagasse depends upon a number of factors, viz.
{a) variety of sugarcane, (b) degree of cane preparation by knives etc.
before milling, (c¢) efficiency of the milling plant and (d) degree and
efficiency of imbibition (scaking of crushed cane in water to squecze
out the maximum amount of sugar in the next mill). Whereas the
cane variety influences the quality and quantity of fibre, the other fac-
tors influence the moisture and sugar contents of bagasse. The main
constituents and their average proportion in Indian bagasse as it comes
out of the milling plant are given below :

TaBLe 1
Average composition of Indian bagasse

Constituent Percentage
Fibre .. .. .. .. . .. .. .. .. 43-5
Water .. . .. .. .. o . .. .. 48-0
Sugar .. . . .. .. . .. .. 3-0
Minor constituents . . . . - . . 0-5
ToTaL .. .. .. .. .. .. 100-0

Production of bagasse.—The fibre content of sugarcane grown in
different parts of India and during different periods of the season
varies from about 11.5 to 18.5 per cent on cane and the yield of
bagasse varies from 23 to 34 per cent on cane. The production of
bagasse in sugar factories during 1955-56 to 1959-60 was as fol-
lows :—

TABLE 2
Production of bagasse in sugar factorles

Sugarcane Bagasse  Bagasse
crushed (million  (per cent

Season (million tons) cane)
tons)

1955-56 .. .. . N .. .. 18-85 6-28 33-3

1956-57 . . .. . . .- 20-79 6-94 13-4

1957-58 . . . . .. .. 19-75 6-52 33-0

1958-59 .. .. .. .. .. .. 1949 6-22 31-9

1959-60 . . . . . N 24-40 79 24

35
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It will be seen from the above table that the all-India average pro-
duction of bagasse is about 33 per cent on cane. The 1960-61 pro-
duction of bagasse has not so far been compiled by the National
Sugar Institute, Kanpur, but it can be deduced from the total cane
crushed in that year viz. 30.6 million tons, by using the average figure
of bagasse yield during the preceding tive years wiz. 33 per cent, The
production of bagasse in 1960-61 thus works out to about 10 million
tons.

The production target for sugar in the Third Fivc Year Plan is
3.5 million tons which would require about 35 millicn tons of sugar-
cane to be crushed. This would result in the simultaneous produc-
tion of 11-12 million tons of moist bagasse or about 6 million tons of
bone-dry bagasse.

Utilisation of bagasse—The bagasse produced in India is, at pre-
sent, almost entirely used as fuel in the boilers of sugar factories for
the production of steam for generating power and for processing juice.
It is used in boilers because it is a readily available fuel. It is fed
into the boilers - directly as it comes out of the milling plant even
though its moisture content is about 48 per cent. The iler furnaces
are specially designed to burn this moist fuel. Ths gross calorific
valuc of bagasse with 48 per cent moisture is 4,260 R.T.U. per Ib. as
against 12,000 B.T.U. per lb. for coal of gowl grade. The hgh ash
content coals give about 9,500 B.T.U. per 1b. Bone-dry bagasse is
thus slightly inferior in calorific value to high ssh coals.

Most of the sugar factories in India are not self-sufficient in
bagasse in so far as their fuel requirements are concerned. They have
to use extra fuel such as firewood, coal or furnace oil. The quantities
of cxtra fuel consumed by sugar factories in 1959-60 were as
follows :—

TaBLE 3

Extra fuel (in addition to bagasse) consumed by sugar factories in 1959-60.

Quantity

Fuel (fons)
Firewood .. .. .. .. .. . o .. 202,030
Coal .. .. .. .. .. . .. . . 106,560
Furnace OQil .. . . .. o e .. . 26,170

Bome efficient sugar factories, however, not only do not use any extra
fucl but save some bagasse at the end of the season. But such factories
are few and the quantity of bagasse saved by them is not much. Some
of this saved bagasse is sold to paper factories for producing paper or
boards and some is sold to neighbouring factories requiring extra fuel.
But most of it is used by the factories themselves in the off-season and
in the early part of the next season when the bagasse content of canc
is low. The quantity of bagasse saved during 1957-58 season was
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282,830 tons, of which 20,260 tons were sold to paper and board
factories at a value of about Rs. 6.2 lakhs. The quantity of bagasse
saved works out to about 4.3 per cent of the total quantity produced
and the quantity sold to paper and beard factories forms a very small
proportion.

Use of bagasse for production of paper—Bagasse as a raw
material for paper manufacture has attracted the attention of techno-
logists for several years. In fact, commercial attempts to produce
paper from bagasse were made quite early. These attempts were
however, unsuccessful except for the production of low quality paper
or boards. The main reason for the failure was that bagasse was used
without the removal of pith. Research carried out in foreign countries
indicated that for making quality paper from bagasse, removal of pith
was essential.  Successful working of commercial ventures became
possible only after this fact was realised.

Dry bagasse consists cssentially of fibre and pith. The fibre con-
tent is about 65 per cent of dry weight and the pith including soluble
matter constitutes the remaining 35 per cent. The fibres are suitable
for the manufacture of paper of good quality. The pith, on the other
hand, has no value as a paper-making material and pulping of bagasse
containing pith leads to larger consumption of chemicals used for
digestion, difficulties in washing and bleaching the pulp, slow rate of
draining of the stock on the paper machine and less opacity of the
resulting paper.

It is, therefore, necessary 1o separate the pith from fibre for the
manufacture of paper. The separation of pith should be undertaken in
the sugar factories in order to reducc the baling, storage and transport
charges on bagasse meant for paper production. The pith may be
used as fuel in the sugar factory.

The physical and chemical characteristics of bagasse as compared
to bamboo and sabai grass, the main raw materials for the manufac-
ture of paper and pulp in India, are as follows :

TABLE 4

Physical and chemical characteristics of bagasse, bumboo and sabai
grass

Average Average .
fibre fibre Ash  Lignin Cellu- Pento-
length diam :ter (percent) (par cent} Iose sans

inmm. in (percent) (percent)
microns
Bagasse .. .. .14 18 1-2 18-20 54-58  24-26
ag;spithl.:d)
Bambao 2-5—30 i4 13 15-32 56-57 15-32
Sabai grass 241 9 6 22 54-55 2324

With the expected rise in tempo of development during the Third
and subsequent Plan periods, the demand for paper and paper pro-

ducts is bound to increase to meet the growing demand for mass
LIPC/63—4
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literacy, the packing requirements of industry and for several other
uses. The production target for paper and paper boards in the Third
Five Year Plan. viz, 700,000 tons, is more than double of the achieve-
ment at the end of the Second Plan. The newsprint target in the
Third Plan is more than five times the indigenous production in
1960-61. An annual production of 100,000 tons of chemical pulp is
cnvisaged for the first time in the country during the Third Plan
period.  For achieving these targets, the supply of suitable fibrous raw
materials is a major problem of the paper industry.

It is fearcd that in the not too distant future the country may be
faced with shortage of bamboo and sabai grass. The Raw Materials
Panel of the Development Council for Paper, Pulp and Allied Indus-
trics has anticipated a crisis after about five years unless more cffective
steps are taken to augment the present resources of cellulosic raw
materials. The existing resources in the country could provide at the
most two million tons of bamboe per annum. Another million tons of
other fibrous materials like grasses, straws, jute sticks, linseed stalks,
wasle paper, rags eic. might be available. The raw material require-
ments for the Third Plan targets for paper, boards, newsprint and
chemical pulp have been estimated at 2.4 million tons. The targets
visualised for the Fourth Plan would require about 4.0 million tons
of fibrous materials. This means that one million tons of dry bagasse
would have to be made available to the paper and allied industries for
fulfilling the Fourth Plan targets. The requirement of bagasse may
go up to the cxtent there is a shortfall in the supply of bamboo, sabar
grass and miscclianeous raw materials,

The resources of soft woods, which are the conventional raw
materials for the manufacture of pulp and paper in the industrially
advanced countnies, are restricted to the higher reaches of the lower
Himalayan regions. The problems connected with the extraction and
transport of timber from high mountain forests and their regeneration
by natural and artificial means have not been satisfactorily solved so
far. Recently, some steps have been taken 1o study the feasibility of
the utilisation of such timbers available in Punjab, Himachal pradesh
and Jammu and Kashmir for manufacture of suitable types of pulp
and paper, with the assistance of experts from Canada and U.S.S.R.
A newsprint factory has been licensed for establishment in Kangra
District (Punjab) which would use Himalayan conifers as raw
material. M/s. Abitibi Power and Paper Co. Ltd. of Canada are the
technical consultants for this project. Of course, care will have to
be taken to replant the forests so that regular supplies are ensured i
the future.

Rolttas Industries Ltd., Dalmianagar (Bihar) gave a lead in the
utilisation of bagasse for paper manufacture by installing a 20 tons per
day pulping plant in 1950. Shri Gopal Paper Mills, Yamunanagar
(Punjab) have also instatled a 30 tons bagasse pulping plant. Both of
these firms are using bagasse pulp in admixture with long-fibred pulp
from bamboo or sabai grass for the manufacture of paper.

Bagasse pulping received impetus during the last few years when
licences were issued under the Industries Act for the establishment of
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paper and newsprint mills based on bagasse. The names of the
schemes, their location, capacities and requirements of bagasse are
given in the Appendix. The total requirement of bagasse for these
schemes works out to about 1.1 million tons.

Of the licensed schemes, Mandya Paper Mills and Seshasayee
Paper and Boards have already started preduction. It is understood
that Mandya Mills, which is the first paper factory in the country
designed to use 100 per cent bagasse mn the production of quality
paper, have run into some difficulties, They need 20-30 per cent of
long-fibred pulp to mix with bagasse pulp to produce good quality of
paper. This long-fibred pulp has to be imported which is extremely
difficult in the present foreign exchange situation, This is so because
all the existing paper mills in the country are composite units which
manufacture pulp to meet their own requirements. Contrary to prac-
tice in other countrics where large pulp mills are located near the
sources of raw materials which feed the paper mills located near con-
suming centres, there is no factory in India which produces pulp only.

Seshasayee Mills are using only 35 per cent bagasse pulp for their
paper production, the rest being bamboo pulp. Ashok Paper Mills in
Bihar are expected to start production shertly. They would use about
60 per cent bagasse in admixture with bamboo and sabai grass. Other
schemes have made very little progress. The main obstacle in most
cases seems to be the uncertainty about the availability of sufficient
bagassc from sugar mills. The experience of Mandya Paper Mills
that they have not been able to use 100 per cent bagasse pulp for the
production of quality paper has also dampened the prospects of pro-
jects licensed primarily on the use of bagasse as raw material.

How bagasse can be made available for paper manufacture —
There are two ways in which bagasse can be released from sugar fac-
tories for paper manufacture :

(a) Supply alternative fuel in the form of wood, coal or fur-
nace oil to sugar factories and get the entire bagasse for
the paper industry;

(b) Make sugar factories more efficient in respect of fuel
consumption and save bagasse for paper manufacture.

in regard to proposition (a), some difficultics have been expres-
sed by the sugar industry, These are :—

(i} The existing boiler furnaces of sugar factories, which are
suitable primarily for burning bagasse, will have to be
altered to suit the use of coal or furnace oil. Wood is in
short supply and may, therefore, be considered to be out
of question. Fumace cil is also in short supply from
indigenous sources and has, therefore, to be imported. It
would be more economical to use furnace oil near the
refineries or the port towns situated away from the col-
lieries. Although fuel oil is costlier than coal, it has some
important advantages such as better control over combus-
tion and consequent better efficiency of fuel utilisation.
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The alteration would cost Rs. 8-9 Jakhs in a sugar factory
of 1,000-1,500 tons per day cane crushing capacity for
conversion to coal and Rs. 3-5 lakhs for conversion to
fumace oil.

(ii) The sugar industry has expressed serious doubts whether
regular supplies of coal or furnace oil to the supar fac-
tories can be arranged in view of the existing transport
bottlenecks. A 1,000 tons factory would require about
100 tons (4-5 wagons) of high ash content coal per day,
ie. 15,000 tons of high ash coal per season or alter-
natively 50 tons of fumace oil per day i.e. 7,500 tons of
furnace oil per season. In addition to involving consi-
derable transport capacity, this would require large yard
space for stocking coal or storage tank capacity for fur-
nace oil. Good quality coals are required for more
deserving industries e.g. cement, glass ete, and, there-
fore, may not be available to sugar factories.

tiit} Equipment for depithing and baling of bagasse and
storage space for baled bagasse would be required which
would involve additional investment,

(iv) Transport would again be required for carrying bagasse
from sugar factories to paper factorics.

The sugar factories are, therefore, reluctant to change their boiler
furnaces to operate on coal or furnace oil and thus release bagasse for
the paper industry. These aspects have been discussed in the Deve-
fopment Council for Paper and Allied Industries and in the Ministries
of Commerce and Industry (Development Wing} and Food and
Agriculture (Directorate of Sugar and Vanaspati). There is very
little which the Government can do to allay the fears of the sugar
industry in respect of coal or furnace cil supplies besides giving an
assurance that the fuel requirements of the sugar industry would be
met on a priority basis. But that may not be enough for a continuous
process seasonal industry. If a sugar factory has to close down even
for a few days for want of fuel supplies, it will not only affect the
working results of the industry but thousands of cane growers in the
area will be seriously affected. On the other hand, the secasonal
character of the sugar industry is advantageous in that buffer stocks
of coal or furnace oil can be built up during the off-season. This
would no doubt lock up some working capital but it should not be
grudged as the use of bagasse for paper manufacture will be more
appropriatc and in the national interest due to the apprehended
shortage of cellulosic raw materials for the paper industry. Further-
more, the supply of coal to industries is expected to improve with the
introduction of the revised pattern of distribution. Under the new
pattern it is envisaged that movement of coal to consumers, whose
monthly requirements are 1,500 tons or more, will be in block rakes
whercas consumers, whose rcquirements are below 1,500 tons per
month, will draw their supplies from dumps which will be created at
selected centres and supplied with coal in block rakes from the col-
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lieries, The question of raising finance for the sugar industry for con-
version of boiler furnaces, depithing and baling arrangements and
storage of bagasse will alsc have to be tackled.

The cost of bagasse for paper manufacture would depend mainly
on the cost of alternative fuel of equivalent thermal value and some
definite workable arrangement for supply of alternative fuel to sugar
iactories in exchange for bagasse will have to be made. Recently,
some arrangements have been mutually agreed to between the sugar
mills and the promoters of paper projects intending to use bagasse
as raw material. Government has come in only by way of encourag-
ing such arrangements and assisting the licencees to implement their
projects. Scme of these arrangements have been made on no-profit
no-loss basis. The paper factories have supplied oil-fired boilers and
the necessary fuel to the sugar mills and in turn taken away all the
bagasse produced in the sugar mills. Mandya Paper Mills and
Seshasayec Paper Mills are examples where such arrangements have
been made. Because both the sugar and paper industries are mostly
in the private sector, it is felt that this pattern may continug and be
actively encouraged by the Government uniil a substantial portion of
bagasse produced in the country is utilised for paper production, A
Bagasse-for-Paper Promotion Committee, consisting of the representa-
tives of the Ministry of Food & Agriculture (Directorate of Sugar and
Vanaspati), the Department of Technical Development (former Deve-
lopment Wing) of the Ministry of Economic and Defence Coordina-
ton and the Planning Commission and the Director, National Sugar
Institute, Kanpur may be constituted which may get in touch with the
licencees of bagasse-based paper projects and assist them in bringing
their projects into production speedily. If necessary, an expert from
the Forest Research Institute, Dehra Dun., may be co-opted as a
inember.

To begin with, perhaps all the boilers in sugar factories may not
be altered for operation on coal or furnace oil. Only half of them
may be changed and the bagasse thus released used for paper manu-
facture. To this may be added the bagasse saved by improvement in
fuel efficiency of the sugar factories which is discussed in the succeed-
ing paragraphs. Sugar factorics located near the collieries of refineries
may change all their boiler furnaces to coal or oil.

As regards the second alternative, viz. saving bagasse by improv-
ing the fuel efficiency in sugar factories, it has been stated earlier that
only about 280,000 tons of bagasse were saved in 1957-58 out of the
total production of about 6.5 milion tons in that year, which is a
small proportion. It is, however, possible to effect substantial eco-
nomy in the use of bagasse as fuel and quite a large quantity of it can
be saved if the necessary fuel and steam economy measures are
adopted by sugar factories. In the opinion of the National Sugar Ins-
titute, Kanpur the fuel requirements of sugar factories can be met
from about 28 per cent of bagasse on cane. Those factories whose
bagasse production is higher than 28 per cent can, therefore, save
bagasse by an amount by which their production exceeds 28 per cent.
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The scope of saving bagasse in the regions where its production is
higher than 28 per cent is as follows : — ‘
TABLE 5

Scope of saving bagasse on the basis of consuming 28 per cent on
cane as fuel

Estimated
saving
. Hagasse of
Region {percent bagasse
cane} (tons)
Punjab .. .. .. .. .. .. .. az3 47,500
West U.P. .. .. . . .. . 333 326,500
Central U.P. .. .. .. . . .. 356 194,200
East U.P. .. . . . . 51 304,200
Bihar . .. .. .. . . . 36-3 285,100
West Bengal .. .. . .. . . 334 5,100
Qrissa .. . .. .. .. .. . 29-2 400
Madras .. .. .. . .. . .. 296 15,000
Madhya Pradesh .. .. .. .. .. 3241 11,800
Rajasthan .. .. .. . . 102 3,100
TotaL .. .. o 1.192.900-

Minimisation of fuel consumption in sugar factories most of which
{particularly in North India) are 25-30 years old is, however, not an
casy task. Equipment design, manufacturing technique and product
quality have made rapid advances during the last couple of decades.
Besides effecting modernisation to enable continuous processing  at
various stations in place of batch methods now in vogue in most of
the sugar factories, it will be necessary to adopt the following
measures :

(a) Reduction of moisture in bagasse by improving the mil-
ling operation,

(b) Installation of high pressure boilers with water walls,
super-heaters and adequate heat recovery units like eco-
nomisers and atr preheaters;

(¢} Imptovement of furnace design with forced and induced
draughts ensuring maximum combustion efficiency;

(d) Adoption of steam economy measures such as recovery
of heat from vapours for initial heating of juice, utilisa-
tion of condensates for raising the temperature of feed
water for boilers, insulation of hot surfaces, eic.;
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{¢) Installation of efficient turbo-alternators using high pres-
sure _steam and semi-glectrification of prime movers
(changing wherever possible from steam to electric drive);
and

(f) Instrumentation and automatic operation ensuring steady
conditions of working.

In order to effect the above changes it is necessary to carry out
expert surveys, prepare blue prints and carry out the recommendations
in a planned and phased manner. Considerable amount of finance
would be necessary with an appreciable amount of foreign exchange
complement. Though a major part of the sugar mill machinery is
now manufactured in India, most of the items required for modernisa-
tion are not yet produced here. When these measures are adopted,
not only will a substantial amount of bagasse be saved for the paper
industry, large quantities of wood, coal and furnace oil would be
saved which are at present used as extra fuel. It is estimated that
besides about 1.2 million tons of fresh bagasse, 190,000 tons of wood,
. 100,000 tons of coal and 10,800 tons of furnace oil will be saved
which would be a national gain.

The Nationa! Sugar Institute has been actively engaged in investi-
pating the causes of excessive fuel and steam consumption in sugar
factories and in giving the necessary advice to improve their citiciency.
At the instance of the Development Council for Sugar Industry an
extension service scheme was started by the Institute in 1957. So far,
preliminary survey of 23 factories and final survey of 12 factories
have been completed. In the case of the latter 12 factories, recom-
mendations have been made for achieving the possible efficiencies.
However, these recommendations have not been implemented in most
cases because cither the factories have not been able to spare the
necessary funds required for effecting major changes in boiler and pro-
cessing equipment or difficulties have been experienced in procuring
the necessary machinery from abroad.

The extension scrvice facilities provided by the National Sugar
Institute should be augmented so that a larger number of factories can
be taken up for survey than at present. There are now about 180
working sugar factories in the country, The target date for the Sugar
Institute 1o complete the survey work should not be later than the
cnd of the Third Plan period so that the renovation and modernisa-
tion programmes in the sugar factories can be implemented during the
Fourth Plan period, preferably the first half of i,

As recommended by the Achievement Audit Committee (Thacker
Committee) which recently examined the question of developing the
National Sugar Institute to meet the requirements of the industry, the
following off-season courses should be started in the Institute for the
bencfit of technicians working in the industry ;—

(a) Certificate course in mill and boiler operation and con-
trol,

(b) Certificate course in manufacturing opcrations and con-
trol, and
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(¢) Instrumentation and automation.

Trained technicians will be helpful in reducing the fucl und steam
consumption in the sugar factories.

The Tariff Commission had recommended in their Report {(1959)
on the cost structure of sugar and fair price payable to the sugar
industry that Government should arrange financial assistance to the
sugar factorics as had been done for cotton and jute textile industries
for renovation and modernisation of their plant and equipment. The
recommendation is still under consideration of the Government. In
order to save bagasse for the paper industry. this recommendation
deserves implementation forthwith.  Government should also release
foreign exchange for importing the plant and equipment which arc not
yet manufactured in the country or are manufactured in insufficient
quantities.

It has sometimes been suggested that bagasse produced in khand-
sari and gur units should be utilised for the production of paper. These
units are so widely scattered that the collection of bagasse in sizeable
quantities even in concentrated areas would be very costly. Moreover,
as bagasse is used as fuel in these units also, it would be necessary to
substitute coal or firewood in its place and this would present practical
difficulties.
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APPENIIN
Bugusse-based paper mill projects licensed under the Indsiries Act,
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I. A note on the Lulisation of Bagassc reccived from the Direc-
tor, National Sugar lostitute, Kanpur in October, 1962,

2. A paper on Industrial Development—Pulp and Paper, by
A. Scctharamiah and N Narasimhan, Department of Techms-
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cal Developmient, Ministry of Economic and Defence Co-ordi-
nation, Government of India, New Delhi, presented at the
United Nations Conference on the Application of Science and
Technology for the Benefit of the Less Developed Areas in
February, 1963.

. Papers of the First Meeting of the Development Council for
Paper, Pulp and Allied Industries held on 13th August, 1962
and the First Meeting of its Raw Materials Panel held on 11th
October, 1962,

. Not¢ on Fuel Economy in the Sugar Industry (Scope and
Measures) prepared in Auvgust. 1962 by the Director,
National Sugar Institute, Kanpur.

. Bagasse as a Raw Material for Pulp, Paper and Board Mak-
ing by Man Mohan Singh, Indian Pulp and Paper, Vol. XVL.
No. 3. September, 1961.

. Report  (1961) of the Achievement Audit Committee
(Thacker Committee) on the working ot the National Sugar
Institute, Kanpur,

. Report of the Expert Committee (1960) appointed by the
Government of Bombay on the Possibility of starting a Paper
Mill using Sugarcanc Bagasse in the State.



V. ECONOMIC RESOURCES OF MARINE ALGAE

One of the earliest uses of scaweeds in the West was in agricul-
ture as fodder and manure. In Malaya, parts of the Pacific Coasts of
the U.S.A,, the Dutch East Indies, Burma, Siam, Borneo, Hawaii,
Indo-China, Japan and China, seaweeds are used as food. In England
and Scotland Rhodymenia is used as an appetiser, fresh or cooked,
and served like spinach. Japan is foremost in utilisation of secaweeds,
and seaweced industry is well established therc. Seaweeds are very
rich in proteins, fats and vitamins and form onc of the cheapest source
of nutritive food.

Seaweeds of economic importance are available all along the
Indian coast. In fact, it may even be possible to set up ‘seaweed
farms’ along our coasts to cultivate these plants.

Indian resources in seaweeds are sufficiently valuable to justify
utilisation. The most abundant Indian seaweeds are those that yield
agar and algan. The former comprise red algae of the general
Gelidium, Sarconema, Garcilaria and Hypnea. The latter comprise
brown algae of the genera Sargassum, Cystophyllu, Turbinaria, Dict-
yota, Padina, Hormophysa, Colpomenia, Hydroclathrus and Rosen-
vingia. Among the edible seaweeds may be mentioned the green algae
Enteromorpha, Ulva, Codiwm and Caulerpa; and the red algae
Porphyra, Grateloupia, Acanthophora and Laurencia. Enteromorpha
and Ulva can be used in making jams and candies. The Gracilarias
can be used in the manufacture of agar, and as seaweed porridge.

The available information on the economic resources indicates
that agarophytes of the Chilka lake alone would amount to about 4 to
5 metric tons per annum (dricd weed); of the Cape Comorin area
about 1 metric ton per annum (dried weed); and of the Pamban area
about 7 metric tons per annum (dned weed). In 1959, on an all-
India basis, Thivy estimated the dry yield to be about 35 metric tons
annually, yielding about 12 to 13 metric tons of agar. Taking into

account the retail price of agar, Thivy has put the value to be about
Rs. 4.5 lakhs.

There is at present no precise information on the quantity of
alginate weeds available in our waters. From the preliminary survey
conducted by Department of Agriculture, it could safely be estimated
that about 100 metric tons of dry weed could be collected
annually, vielding about 20 metric tons of alginic acid. In addition to
this, cast ashore sea-weeds form a very good source of manure
amounting about 10,000 metric tons (wet weight) annually. At the
rate of 10 metric tons per acre these would be sufficient to enrich 1,000
acress of cultivable land.

The majority of the economic seaweeds are found within the inter-
tidal zone on coral or sandy-rock formation along the Indian coast.
LCoastwise information about the tvpe of seaweeds found is given
below.

47
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Harvestable  guantities are found m the following arcas; (i)
Gujarat coast consisting of Okha, Dwarka, Porbandar and Varaval. lno
this area, the more important weeds arc Gelidium, Sargassim, Colpo-
menia, Entermorpha and Ulva. (ii} Bombay coast consisting of Bom-
bay, Ratnagiri and Mclwan, has an abundance of brown algae like
Sargassum, Cystophyllum, Pading and Dictyota; and green algae like
Ulva, Enteromorpha and Cauderpa. (iii) Karnatak coast in Karwar,
gclds Sargassum and Ewteromorpha. (iv) Kerala coast in Vizhingan,

ovalam and Poovar, has a good supply of Gracilaria, Hypnea, Sar-
concma, Ulva, Cunlerpa:  Sargassum,  Cystophyllum, and Dictyota.
(v) Madras coast consisting of Cape Comorin, Tirichendur, Tuticorin,
Mandamam and Pamban group of islands and Madras (Adayar and
Mahabalipuram) is the richest zone from the point of econoinic algac.
{vi) Orissa coast consisting of Chilka lake has a dominance of Graci-
faria. {vii) The Andaman Islands and the Laccadives are considered
to be a very productive area also.

Uses ;

Agur 5 u joihing substance which dissolves in boiling water and the
solution sets to a jetly at room temperature. For jelling agar, no special
cooling method like the application of ice or use of freezing chamber
is generally required. Once it becomes a jelly, agar retains that pro-
perty for a very long time irrespective of chanpe in temperature. In the
rlly condition, every gram will have about 10 grams of water in an
imbedded state.  This property of agar, coupled with the high clarity
of the jelly makes it an ideal medium for the culture of micro-orga-
msms for laboratory and industrial purposes, manufacture of
anti-biotic organisms, cte.  Agar is very largely used in leather, paper,
photographic film and plate, tungsten wire, dental-impression material,
surgical dressing, confection sweets, jams, vegetable paste, canned
tish, cosmetics, toothpaste and other allied industries.

Alginic acid is a gelatinous substance which practically does not
dissolve in water, cold or beiling, and goes inte solution only when
treated with an alkali. The water-soluble alginates can be made into
insoluble salts by treatment with alkali earth or heavy metals. The
ecommon industrial alginates are those of sodium, ammonium, calcium,
aluminivm and copper. Sodium alginate to which the name algin is
wsuwally applied is used in the manufacture of cheese, milk-powder,
custard-powder, cakes, jams, jelly-swects, aerated waters and fruit
drinks. In stabilising ice-cream it is employed more commonly than
agar. It is used in milk puddings where the calcium of the milk
forms gelatinous calcium alginate.  The addition of sodium alginate in
phurmaccutical and cosmetic preparations is common. 1t is also used
i teatile industry, paints and varnish industry and in water-proofing
wood, textile and paper.

Because of the high content of minerals, trace elements and vita-
mins, seaweeds serve 1o supplement the usual rations of farm
animals.  Seaweed meals are a new feature in stock raising in many
countrics. In addition, some like HMalimedu, Coralling and Jania
could be dricd and given alongwith the normal rations to poultry as
they are rich in calcium.,
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Seaweeds serve a very useful purpose as manure. They can be
used after drying or as compost. They are particularly goed for sandy
tracts where there is fast drainage of moisture and consequent drying
of the root system of plants. By the addition of seaweeds, in these
situations, apart from giving nutrients to the plants, the rhizosphere
is kept moist throughout due to the water imbibing property of the
seaweeds, The results of experiments, conducted with “sea-magic”
(trade name of the product derived from seaweeds) to determine the
manurial value of these weeds, on wheat and berseem at the Indian
Agricultural Research Institute show that the yield of berseem does
show a marked increase,

General considerations :

Under the Five Ycar Plan Programme, attention was given to the
utilisation and survey of marine resources—seaweeds—with detailed
investigations on taxonomy, survey, biology. harvesting, culture and
means of utilisation, in order to aid in the development of seaweed
industry in India. The above studies would aid in setting up of a
cottage industry for the manufacture of agar, household agar, etc., and
in the utilisation of seaweeds rich in minerals and vitamuns as human

food.

Apart from the above aspects, seaweeds are also prominent cle-
ments in the ecology of inshore environments and a critical study of
these plants is essential for a complete understanding of the ‘biota’ of
the inshore waters of India.

Even in a country like Japan, where seaweeds are available in Yarge
quantities and are even cultivated to meet the local demtand, more than
2,000 tons of dried raw material is imported annually to meet the
requirements of the industries. In our country too, in starting agar
and algin industries, possibility of import of raw material cannot be
overlooked, because, the raw material locally available will not be
sufficient to sustain the industry on a sound basis.

Transportation of scaweeds is one of the major hurdles in establish-
ing seaweed industry. Seaweeds generally contain about 65 to 85 per
cent of water in wet condition, and sun drying for about 5 to 7 days
easily reduces this to about 25 to 30 per cent. In such a state, the
weeds could be stored in ventilated places and tramsported in gunny
bags.

Secondly, large quantities of fresh water, are required for washing
before processing. This restricts the choice of setting up “sca-weeds”
industry along the coastline.

The seaweeds at the moment are collected on sea shore in between
the tides. There is no organised collection of weeds. It nzeds to be
studied in all details, whether the collection should be mechanised as
in the case of Japan, or the fishing boats should be used. The eco-
nomics of collection also require to be worked out.



VI BY-PRODUCTS OF FRUITS AND VEGETABLE PROCESSING
INDUSTRY

The fruit processing industrivs in India arc conceried wi the
processing of fruits and a small quanuty of vegetables.  Among the
{ruits utilised are mainly the mango—unripe green mango for chutbey,
ripe mangoes for canning and for the purpose of processing mango
beverages, like mangola etc; citrus fruits—mainly mandarin oranges
for juice and segments; small quantity of lemons like gulgal ctc. and
times for the preparation of lemon squashes, Fapdy. cordial etc.; pine-
apple for canning slices and juice; apple for juice murabbas and jam,
guava—Ifor pguava jelly. In addition to these products of different
fruits, small quantitics of appricots, plums and strawberry are used for
making jams. Papaya although a common freit is not utilised to any
great extent for purpose of preservation by the fruit processing indus-
tries. There is a small scale production of papain from fruits. After
extraction of papain, the fruits may be used for processing and for
pectin manufacture.  As rtegards cashewnut, by-products from the
cashew-apple and the shell can be of great use for different products.

With the production of ditferent items of preserves by the fruit
processing industries, the availability of the different fruits and pro-
duction of suitable varicties are corrclated. Among the fruits grown
in India more than 70 per cent of the total area is under one fruit
i.e. mango, the production of which is concentrated mainly in Punjab,
Uttar Pradesh, Bihar, West Bengal, Maharashtra, Gujarat and Andhra
Pradesh. Other fruits of importance in order of acreage are the citrus
fruits (mandarin, sweet oranges, lime), banana, papaya (exact area
not known), guava, pineapple, apple and jackfruit. Among the citrus
fruits, mandarin oranges are located in three imporiant zones-—(1)
Central India, (2) Eastern India (Assam, West Bengal, Sikkim and
Tripura), and (3) Mysore, and occupy larger area than the sweet
oranges which have also three main centres (1) Punjab and Rajasthan
(Malta type), (2) Andhra (Sathgudi}, (3) Maharashtra (Mosambi).
Among the limes and lemons, the major area is under acid lime located
in Andhra. True lemons are littie cuftivated in India. In north
India, lemon squash manufacturers generally use the juice of the
rough lemon, gaigal. At present mandarin oranges are processed for
juice 10 a great extent in Central India. as the production of sweet
oranges m not in great quantity. As a result of the working of fruit
development scheme in Second Five Ycar Plan, extensive plantings of
sweet oranges have been made in the Punjab, round about Abohar, and
the adjoining tracts of Rajasthan in Ganganagar area. Excellent fruits
are being produced in this area and in course of another few year this
area would be able to produce sufficient fruits for the processing
industry and also for the manufacture of better quality by-products like
the orange oil. pectin, etc. Although banana occupies considerable
area in South India and in Eastern India. not much of it is used by
the processing industry. More of the fruit is used directly for table

0
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purposes. The stem of the banaoa is a good sourcc for starch and
fibre making, but collection is difficult. Pineapple is an excellent fruit
for the processing industry. The present industry is comparatively
small and is mainly located at Trichur in South India. It has, how-
ever, a great scope for development in Eastern India, stretching from
Assam to West Bengal and Bihar if sufficient utilisation of the fruit
can be made. The production of guava is concentrated more in
Uttar Pradesh and the adjoining States. A small quantity of the fruit
is used by the processing industry for jelly making. Cultivation of
apple is being extended considerably in the Himachal Pradesh, Uttar
Pradesh and Punjab Hills. A small beginning has been made in the
production of apple juice and apple pulp by two factories. Jack
fruits grow aimost wild in Eastern India and also in Kecrala. But
almost no use is made of it by the processing industry, Cashewnut
is produced mainly in South India and a number of factories are
located in Kerala for shelling cashew kernel from the nuts which are
exported. The by-products which are available with these factories
can be utilised by the Industry.

JUtilisation of fruit wastes from the processing industry :

As indicated previously the major items of waste from the fruit
processing industry are as follows : —

Fruit Waste Location
Mango Pcel and stone Maharashtra (Bombav), West
Bengal (Calcutta).
Mandarin orunge .. Peel, rag, pomace Nagpur, Eastern India (Stkkim
Tripura, Gauhati).
Sweet orange . .. Peel, rag, pomace Punjab, Kodur (Andhra Pra-
(small queantiy } desh).
Lime .. .. Peel, rag, pomace Kodur {Andhra Pradesh).
(small quantity ).
Pine applc Peel, pomace, crown South Iandia (Trichury, Easterm
and stem. India (Siliguri, Gavhati, Tri-
pura and Calcutta).
Guava . . Skin and pomace. Calcutta and U.P.
Apple  and  deciduous  Skin, pomace, core. U P. (Ramgarh), H.P. (Solan),
fruits. Delhi {Morabba Industn).

Cashewnut .. Shell and cashew apple Kerala.

It will be seen from above that major items of by-products are
from citrus fruit wastes like the peel, pomace, etc, There is possibility
of utilising this for extraction of oil and pectin.  Along with the pro-
duction of cil from peels of mandarin oranges, it will be necessary to
undertake research on the enrichment of this oil in  its quality.
Researches on the quality of oil from peels of limes and lemons like
galgal, which is used in northern India for squash manufacture, may
be taken up. As pectin is now imported, its production will help in
teducing imports. Along with the production of pectin from citrus
waste, researches may be taken up for utilisation and extraction of
pectin from papaya, guava waste and the apple pomace.
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The pomace left after cxtraction of juice from pineapplc may be
wtitised for manufacture of a good quality vinegar by the process
evolved at the Central Food Techoological Research Institute. Bromelin
may be manufactured from pincapple waste but its economics require
further investigation.

As regards mango, its peel and stone can be collected only from
the centres of processing industry for commercial utilisation, although
these are available in large quantities in the concentrated zones of pro-
duction of mango. There is also much wastage of seedling mango
fruit in Uttar Pradesh, Punjab and other producing States. As this
is an important fruit of this country and very little investigation has
been made on utilisation of its products ctc. this requires intensive
attention.  Process for the manufacture of starch from the mango seeds
have been cvolved, but the question of availability of the stones as
by-products from the factorics undertaking preparation of mango
~quash, beverages and canned mango slices and pulp should be investi-
vated.

As rcgards apple products, the Central Food Technological
Research Institute has already made some investigations on the pre-
paration of cider, pectin, ¢tc, But further research is necessary for
its utilisation as in course of a few years there will be higher produc-
tion due to extensive planting undertaken in the hills as a result of the
fruit development schemes in the Second and Third Five Year Plans.

The total production of raw cashewnut is about 70,000 tons and
about 120,000 tons of raw nuts arc imported every year. By rescarch
on cashew apple and cashew shell, the Central Food Technological
Research Institute, National Chemical Laboratory, Forest Research
Institute and other organisations have developed a number of items
of manufacture from the by-products. The cconomic possibility of
utilising them for manufacture on a commercial scale requires investi-
gation.

Among the segetables, the scais oF mapor importance arc e
tomato for juice, ketchup, ctc.. and the pea for canning and dehydra-
tion. Systematic studies for utilising their by-products and also waste
from carrot, cauliflower, etc. should be undertaken, as in course of
time these products will be processed in more quantities,

There is a possibility of utilising citrus and pineapple wastes also
as cattle fced, as is being in the United States of America. But the
cconomics and acceptability of this product as cattle feed from these
und the mango stones require further investigation.



V. LAC WASTES

India is onc of the two countries producing lac in tbe world, The
annual production in the country (which constitutes 70—80 per cent
of the world output) varies widely (vide Appendix ‘A’}. Average for
the last ten years is about 41,300 tonnes (11,00,000 maunds).

Practically the entire output of sticklac in the country ts processed
into seedlac, part of which (40—45 per cent) is exported as such and
the remainder further refind into shellac, buttonlac and dewaxed and
decolourised lac before export {vide Appendix ‘B’). The consump-
tion of lac within the country (Appendix Table 3) is estimated at only
8 per cent of the total production.

Sticklac, which is the crude material harvested from the host trees
and separated from the twigs, is first subjected, after coarse crushing, to
a process of washing with water. This removes the water soluble dye
and dead insect debris, bark, twigs and other extrancous impurities,
The resulting product is seedlac which is further refined by a process
of hot filtration into shellac or button la¢, or by solvent methods into
dewaxed and decolourised lac,

Waste products {by-products) of lac:

(a) Scraped twigs.—The first by-product are the twigs left over
after scraping off the lac encrustation from the harvested branches
of the hosts. The 41,000 tonnes of sticklac cultivation might have
given the cultivator about 2,00,000 tonnes of these short thin twigs
which he uses up as fuel. Another 2,00,000 tonnes, if not more,

are collected during the running operations which also is put to similar
‘use.

(b) The dye.—The next important waste product is the dye. Lac
dye was one of the principal products from lac which is in great demand
and in regular use for centuries. Even up to the end of thc last
«<century, it was the principal lac material of commerce and export. The
chief use was for the dyeing of wool and silk on which it produced fast
and attractive shades. With the turn of the century and the discovery
and development of synthetic dyes, however, lac dye ceased to have

any commercial value. In fact, it is today a complete waste product
washed into the drain.

_ Early method of isolating the dye was to treat the wash water of
sticklac with lime when the Calcium salt of the dye was separated and
seitted down along with other suspended matter, The supernatent
clear waterlayer was drained off and the sludge allowed to dry in the
sun and cut into cakes for sale or export. The cakes contained about
10 per cent of the dye which was regenerated for use by treatment
with acid. The Indian Lac Research Institute has now developed a
new method based on treatment of the wash water with sulphuric acid.
The dye separates and settles down along with other suspended matter
and is collected and refined by a simple process of dewaxing with
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muneral turpentine and reprecipitating from ditute borax solution inte
a “technical” grade containing zbout 70 pet cent of the pure dye.

Lac dye produces fast and attractive shades on wool, silk and other
animal fibres. It bas recently been shown that it is also fast on aylon.
But the shades are neither as brilliant as those from synthetic dyes
nor or such a wide range of colours.

It has been found that the technical grade can be produced and
marketed profitably at about Rs. 10 per kg. whercas synthetic dyes
are within the price range of Rs. 20 to Rs. 40 per kg. Yicld of techni-
cal grade is about 2.5 per cent of the sticklac used so that from the
40,000 tonnes of sticklac (produced in this country) it should be possi~
ble to produce about 1,000 tonnes of the “technical™ dye if there is
demand. Being non-toxic, possibiliies of use of the dye for food
colours were investigated but without success.

Lac Wax.—Sticklac contains. on an average, about six per cent
of its weight of wax and seadlac, the yicld of which is only 50—&60 por
cent of sticklac, only 4-5 per cent wax. A large amount of wax
is thus lost in the washing process. most of which separates along with
the crude dye on treatment of the wash water with very dilute mineral
acid. The precipitated crude dye contains about 8—10 per cent of
wax on its dry weight which is readily reclaimed by solvent extraction
with n-hexane and is an casily saleable  by-product. Y propery
organiscd, over 150 tons of lac wax valued at about Rs. 12 lakhs can
be collected per annum.

Refuse lac.—Substantial amounts of valuable lac resin (about 20
per cent of the total production) is lost in by-products during the
refinivg of crude lac imte sced-lac and shellac by the  indigenous
vountry process. Refining of lac is now being carried out in small and
medium sized factories in up country and one large mechanised factory
at Calcutta. Over 85 per cent of sticklac is processed into scedlac
in up country factories which also account for about 40 per cent of
the country's shellac production,

Ghongi, Puthi, Kunhi and Molamma ;

Dhuring the washing of sticklac into seedlac, hollow lac cells, dead'
insect bodies and twigs and wood ships float and are removed from the
surface. These collectively are known as ghonei and pathi. Fine
particies of Iac resin remain suspended in the water and are collectech
separaicly.  This is known as molemma or kunhi. The washed swd-
lac after drying is sicved to remove particles finer than 40 mesh.  This
is also molamma. Ghongi is crushed and rewashed to  isolate  the
recoverable resin and so also pathi. The rest is 4 waste used some-
times as manure. Kunhi and molamma are again sicved 1o remove the
very fine dust and to raise the resin content.  Bolder grains with lac
tesin cootent of 70—80 per cent, arc exported to be further refined
in importing countrics by a solvent process to produce good quality
shellac.  The fines are sold within the country for bangle maﬁ
Extremely fine particles and molamma of low resin content are pr
ullry unsaleable. Molamma is graded into molamma 1 and molamma
n

or trade purposes.
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Seedlac fines.—Seedlac imported into the United States is purchased
on the bases of ‘bleached test' and particle size limits. For over one
year now, no seedlac is accepted if more than 10 per cent of it passes
through 30 mesh sieve and morc than 5 per cent through 40 mesh.
Scedlac is. therefore, carefully sieved through appropriate sieves to
conform to these limits. The “fines” so collected are known as “seed-
lac fines” and arc nowadays accumulating in substantial quantities in
major lac refining centres.

Kiri and Passewa.—When seedlac is refined into shellac by the hot
filtration process. the infusible matter is retained along with some lac
in the cloth filter. This is kiri and may contain up to 60 per cent
lac which is reclaimed by solvent extraction with spirit to produce what
is known as ‘grant’ lac because of its dark colour. Part of Kiri pro-
duced in the country is converted by the mechanised factory into garnet
fac while a good proporticn is exported for conversion, it is rcported,

into good quality shellac. A small quantity is used for bangle making
also.

After removal of Kiri, the cloth bag used for shellac making retains
some lac sticking to it. This is recovered by boiling the bag with
water.  The resulting product is known as passewa and is almost pure

lac (not less than 90 per cent). It is added to subsequent batches of
seedlac for shellac making.

. Yield of by-products.—The yields of the various by-products vary
widely depending upon the details and techniques of processing and the

grade and quality of the lac. A rough estimated average is given in
Table 1.
TaBLE 1
Production of bye-products (Refuse lac) in India (in tonnes)
State Seedlac Mola-  Mola-  Kiri Passewa Others  Total
and fines mma mma
District I il

Bihar

Ranchi . 87-655 53-339 4.662 23-380 5-222 — 1731-258

f_’a]am;lu .. 60-051 26-296 11-190 152-930 5-595 —  256-064

z;nngiglbhum . 59-680 15-106 9-325 5.035 1-678 30-959 121-783

Parganas .. 67-140 30-959 13-428 26483 6-714 — 144-724
Mauadhya Pradesh

Bilaspur .. 268-560 123-090 48-490 —_ — —  440-140

Sur_)dargarh.. 186-500 17-531 11563 — - 46-625 262-219

Raipur .. 126-820 58-747 25-177 52-220 12-682 275-646

Ho<angabad BO-941 — — — — - 80-941
West Bengal

Purulin . 745:254 374-636 149-573 297467 74-600 — 1.614-530

Bankura .. 22-380 10-247 4-476 8-765 2-238 48-116
Maharashira

Bhapdera .. 2B0-682 130-960 56-136 ti1-900 27-915 - 609-653
Uttar Pradesh

Mirzapur . 93-250 11190 11-190 130-550 — 186-500 432-680

ToTaL .. 2,078-915 825-T71 345210 807-730 136-704 264-084 4,457-754




56

Prices.—As mentioned carlier, the only twe by-prodmcts thm find
a place in the internal and export trade are Molessma and Kiri. There
is only one mporting coumtry—West Germany. Imernal demand 15
vory litke. The prices therefore arc largely dependant upon ovessoas
demands. Internal prices of Kiri during the last ten years have vared
between Rs. 268 to Rs. 1,902 per tonne (Rs. 10 10 Rs 71 per maund)
(See Appendix 'D’). No date arc available for molamma. The
Indian Lac Exporters Association had fixed minimum export prices for
refuse lac which is reproduced below :—

Mirmum Expor: price :

Per tonne Per maund
{Rs) Ma)
Kiri lac .. .. .. 641 24
Molamma, iac vontent 30%,/ 60" 402 15
Molamnma, lac contest 807,/ 70" SEY n
Molamma, ac content 705 80~ 1,300 45

Export.—Exports of molamma and kiri collectively classified as
‘refwse lac’ (vide column 1L in Appendix ‘B’) have varied from 1201
tonmes to 3,000 tonnes (from 32,000 mds. to 83,000 mds.) per aunum
daring the past tco years and have carned foreign exchamge io the
valme Of Rs. 7.73.700 to Rs. 64.24,000 (vide Appendix ‘E’).

Third Five Year Plan .

Reseurch and Development—In view of the importance and urgent
necessity of effecting cconomy in the processing vests of seedlac and
shellac. it was proposed to intensily research for the “Economic Utlise-
tion of By-products and improving Manufacturing Techniques.” It
was also proposed to establish a “Lac Reclamation Unit” at Calcutta
to reclaim Jac from refuse lac brought to it by manufacturers on pay-
ment of the processing costs, the unit was aiso to serve as a model for
thase interested to copy.

Progress so far ;

The above two schemes have been accepted as part of the Thitd
Five Ycar Plan and are being implemented.  Staff have beeo selected
and are joining. A process on a laboratory scale has also been worked
out to reclaim lac from refuse lac by extraction in aqucous medinm,
a process which wouold be considerably cheaper than the conventional
spirit solvent method.

RECOMMENDATIONS FOR FURTHER DEVELOPMENI

(a) Lac wax.—As already mentioned, the one readily saleable by-
product rccoverable from the ‘wastes’ of lac industry is Jac wax. This
can be obtained m a yield of 0.5 per cent on the weight of sticklac
washed. At present, the wash water along with the wax is allowed to
go wastc. [t should be possible to organise collection of the wax
containing crude dye in medium and large-scale lac refining factorics
without much additional equipment or cost. The necessary field
demonstration staff will alone be necessary. The approximate quanti-
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ties of sticklac washed in the major lac refining centres of the country
and the estimated recoverable wax is indicated in Table below : —

-Eﬁamity of Estimated
sticklac recuveiable
State Lac refining centre processed por wax {tonnes)
annum (tonnes)
Bihar .. .. Ranchi .. .. .. 5.552 27-76
Daltongan) .. . 2,865 14:33
Madhya Pradesh. . Bilaspur .. . .. 3,088 15-44
Raipur .. .. . 1,511 7-56
West Bengal .. Makda . . o 8,876 44 -38
Bahrampur. . .. .. 6,124 30-62
Maharashir .. Gondiy . .. .. 4,480 2240
ToTaL . 32,496 162-49

The total quantity of recoverable wax is thus over 160 tonnes, the
estimated value of which is over Rs. 12.32 Jakhs at the prevailing
market rate of about Rs. 3.50 per lb. There is one factory in Calcutta
adequately equipped, which may be induced to purchasc and process
the crude material collected at the major lac refining centres to start
with. The factory is being contacted for preliminary trials, Ultimate-
ly. a wax recovering plant will have to be cstablished, preferably at
the Indian Lac Research Institute, to handle most of the wax containing
waste collected in the region which can also serve as a model for
ather centres,

(b) By-products lac (Refuse lac).—The lac resin contained in the
by-products viz. scedlac fines. molamma and Xiri can be recovered by
solvent extraction for which one factory in Calcutta is equipped but
they are not utilising their full capacity for want of demand for the
resulting material. The lac can abo be reclaimed by the newly
developed Institute’s alkali cxtraction mcthod, perhaps a littic more
cheaply, but here again unless the recovered lac has a ready market,
any scheme for the purpose is not likely to be worth while.  There arc
two uses claimed by the Shellac Expoert Promotion Councii for which
this recovered lac can be quite satisfactory and these are (i) a shellac
coating for hessian to make it water and insect proof for use as a
packaging material and (i) a shellac composition for “tar felting”
of roofs. The S.E.P.C. is being addressed in the matter,

There is no other known usc for by-products lac, however, the staff
appointed for the purpose, are investigating the problems,

(c) Lac dyve.—Rccovery of 160 tonnes of lac wax as described
above will leave behind a bye-product of nearly 1,500 tonnes of crude
tac dye. As explained on page 2, the ILRI has already evolved a
simple and inexpensive method of refining this crude dye into a
“technical” grade (of about 70 per cent purc dye content). Attempts
to selt this dye including a survey by the Small Industries Service
Institute, Bombay, for its use for the dyeing of wool, silk and nylon
have not met with much success so far.  Attempts were also made in
the University Laboratories at Calcutta to modify the dye to extend its
utility, The study has to be intensified and new avenues explored to
make use of this product, even if as a very cheap raw material,
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APPENDIX
A
Production of Statistic in India
Year Tonnes _-Ml;;ld!
1950-51 40,040 10,72,900
1951-52 48,385 12,96,500
1952-53 43011 11,52,500
1953-54 24,407 6,34,000
1954-55 33.178 10,23,000
1955-56 46,575 12,48,000
1956-57 49,075 13,15,000
1957-58 42,56 11,440,500
1958-59 37,823 10,13,500
1959-60 43,253 11,59,000
Avcrage 41,331 11,07,490
B
Export of Shellac & Seedlac
T —S_;EI:C ————— Sh;]:c-— ————— (rher lacs B
Year ———A— ———h—— A
Tonn:s Maunds Toanecs Maunds Tonnes Mayund«
1950-S1.. .. 7721 206868 22966 615406 2,692 72,148
195182 . .. 6329 169,590 24,481 7,09.5T 3,088 82,761
1952-53 . o 15178 406623 16,283 136,328 2,201 58,994
195354 .. .. 10,446 27991 13,858 31,71,349 2,889 77,438
1954-55 . .. 8,989 2,40,886 15,042 4,03,078 2977 79,790
1955-56 . 8,745 234334 16,899 4,52 815 aon 82,302
1956-57 . . .. 7,145 1.91,472 19,091 511,560 2,409 64,568
1957-58 .. 10,852 290,803 15432 5,131,520 1,285 34,446
1958-59 . Lo 13,428 359,742 11,924 319,517 1,17 31,392
1959-60. . .. 11,528 308914 14,174 3,79.800 1,298 34,798
Average .. 10,038 268918 17,215 461,294 _2.303 61,863
C
Consumpiion of Lac in Indiu
(In tonnes)
Year Socdlac Shellac & Stick lac Other lac
Button lac
195%3-39 .. . [} L) 503 6d 480
19%0-60 . 116 483 52 422
1960-61 210 555 12 425
Averags per year 47 514 6 492
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D

Price of Kiri Lac

Year

Maximum (Rs.)
— A

Minimum (Rs.)
Ao

— N ™
Per Tonne Per Maund Per Tonne Per Maund
1951-52 .. 938 35 670 25
1952-53 .. 1,500 56 723 27
1953-54 .. 1,340 50 670 25
1954-55 .. 1,902 71 723 27
1955-56 .. 1,500 56 804 30
1956-57 .. 536 20 482 18
1957-58 .. 696 26 268 10
1958-59 .. 536 20 321 12
1959-60 .. 696 26 268 10
1960-61 .. 375 14 321 12
E
Value of Exports of Refuse Lac

Year (c”)l}:::‘11}':(1}&;5)r in‘i'?llgges
1950-51 2,692 41,42 000
1951-52 3,088 55,02,000
1952-53 2,201 27,08,000
1953-54 2,889 44,01,000
1954-55 2,877 64,24,000
1955-56 3,071 58,96,000
1956-57 2,409 42,25,000
1957-58 1,285 13,55,000
1958-59 117 7,73,000
1959-60 1,298 11,28,000




Vill. WASTES AND BY-PRODUCTS FROM SLAUGHTER
HOUSES AND DEAD ANIMALS

Introduction

There are 1,278 siaugine houses an the country and nearly 394
iakh animals are slaughtered annually. There are, Aowever. only a
few large slaughter houses where over 5,000 animals are slaughtered
daily. Majority of the slaughter houses are small where less than
20 animals arc slaughtered.® Thesc slaughter houses were built
decades ago and by now have outlived their utility. Not a singhe
slaughtcr house is cquipped with modern machinery and tools and
their layout is unsuitable for hygicnic production of meat and com-
scrving other bye-products. This resuits in the avoidablke wastage of
valuablc byc-products causing colossal loss to the nation.

Similarly the position regarding utilisation of the carcasses of fallen
animals is far from satisfactory. While in somc cascs the carcasses
are buricd or thrown away intact, in majority of the cases hides are
removed and that too improperly with the result that they fetch less
price in thc market. In rare cases, flesh, tallow, bones, hooves and
homms arc salvaged. According to an estimate the net annual loss
duc to the non-utilisation of the slaughter housc bye-products and
lallen animals is of the order of Rs. 2,904 lakh (Rs. 254 lakh** from
slaughter house wastes and Rs. 2,650 lakh from dead animals). There
is thus an urgent need to take suitable steps Lo ensure fuller utilisation
of slaughter house wastes and the fallen animals both from the point
of view of economy and for developing the leathet and ancillary
industries and meeting the requirements of pharmaccutical industry.

(1) Slaughter House Wastes :

The species of animals gencrally slaughtered for meat i lidia
are buffalocs, sheep, goats and pigs. The slaughter of cows and
calves has been baoned in some of the States, i.e., Rajasthan, Gujarat,
Orissa, Punjab, U.P., Madhya Pradesh, Bihar, Mysore, etc., while
the majority of the States there is a partial ban preventing the slaughter
of useful cattic and buffalocs.

According to the data published (1959) by the Directorate of
Agricultural Marketing and Inspection, the number of animals slavgh-
tered annually is as follows ;—

I. Cattle—745,358

2. Buffaloes—694 384

). Sheep and Goats—37,331,470
1 Pigs—701,490.

*Parm Bulictin No. 4 of the Indine Council of Agricultural Research,
-'mmmmdmuummmmm by-products
i Fndia
60
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The bye-products from the slaughter houses fall into two groups..
the edible and the non-edible. The edible bye-products include
tallow, lard, pguts, glands, tail stumps and blood. The non-edible
bye-products include hides, skins, wool, hair, bones, useless meat,
horns, hooves and condemned carcasses or parts thercof. These bye-
products can bc used for the production of various consumer goods
such as stearin, oleomargarin, casings, guts, pharmaceutical products,
animal and poultry feeds, fertilisers ctc.  Annual availability of these
bye-products from various slaughter houses in the country, percentage
going as waste and the tolal value in rupces of these wastes, and.
bye-products, are given below and also summarised in Table 1.*

The staughter houses and modern meat-packing plants in the
Western countries make full use of all bye-products, 1In India, on
the other hand, full and proper use of most of these products is not
being made at present. Large quantities of glands are wasted due
to non-availability of facilitics for timely collection and preservation,
Blood is largely wasted. Horns, hooves, bladder, guts etc., are also
not completely collected in many slaughter houses, This is mainly
due to lack of facilitics for proper collection and processing of mate-
rials and lack of technical guidance at the slaughter houses.

According to the estimates (1961) made by the Directorate of
Agricultural Marketing and Inspection, the existing wastage of various
bye-products from slaughter houses in the country is of the following
order :—

() Guis.—About 90—100 per cent of large intestines of
cattle and buffaloes, 80 per cent of small intestines of
buffalocs and 10 to 15 per cent of intestines of sheep and:
goats are¢ not utilised. The total wastage is valued at
Rs. 35 lakhs.

(b) Oesophagus.—60 to 7O per cent of oesophagus of cattale
and buffaloes worth nearly Rs. 1.6 lakhs is simply thrown
away and is wasted.

(c) Bladder.—Bladders of all animals are generally thrown
away although small quantity obtained from cattle and
buffalocs are cxported for making meat sausages.

(d) Biood. —As no proper arrangements exist for the collec~
tion of blood, most of it poes waste. It is estimated that
about 64 per cent of the blood produced in the slaughter
houses is wasted. Wastage through blood alone in
evaluated at Rs, 78, 6 lakhs.

(¢} Glands.—Edible glands are generally sold along with meat
for buman consumption. Glands such as the thyroid,
parathyriod and piteitary which are particularly valuable
for the manufacture of glandular products for medicinal
purposes dare generally not put to proper use. Pancreas

* Agricultural Markeﬁr?gA Series 124 (Report on th: Markctiﬁé ‘bfi ;mimal Fats and
cettain important by-products in India).
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which is a valiable gland for the manufacture of insulin
is generally aflowed to go waste. Ovarics obtained from
all thc anmmals and icstes from cattle and buffaloes are

wastes and only nominal quantities are wtilized.

Gland

wastes are worth Rs. 5 1o 6 lakhs & year.

)
lakh is allowed 10 go

Useless meat.—The major portion worth about Rs. 35
waste and only 40 per cent iv vad

as animal food mostly for dogs and cats.

{g) Horns and Hoovrs.—About 63.5 per cent of hoins frum
cattle, buffaloes and goats valued at about Rs. 65 lakhs
arc wasted. About 66 per cent of hooves from cattle,
buffaloes, sheep, goats and pigs valued at about Rs. 33

lakhs are also wasicd,

Tasre 1

Quaniities of slaughter house wastes and by-products available

Quantities and value of the waste product.

s Slughier  Quantity Toul
No.  house waste available Swasted value of Remark«
or (mds.) wastes &
by-products by-products
(R, in lakhs)
m &) ) ) () ®
! Guts 11.97.687 90-100.; 8O(x) 35.00 (a) Large intestines
and 10-15 {b) of cattie and
(b) Small intes-
tinea
2 Ocsophagas .. 1.06.25)  60-70 catike 1.60
and baffalocs)
3 Bledder 30,772 10 N.A.  Not availabk:,
4 Blood 1227018 64 4.
5 Glands:
(i) Cattle 60,661
(i) Buffa.
Joes 93470 9,30 965
am rp
Goats 7,642,842
(iv) Pign 27,992
5 Ussles mcal AR <)
80 Ioed
fovr
valy
T Hoerms LI21%
18219 n

8 Roove
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The above data indicates only the overall availability of various
bye-products and wastes from slaughter houses throughout the
country. Data regarding the number of various species of animais
slaughtered at individual slaughter houses are not available except for
major slaughter houses in large cities like Bombay, Cakutta, Madras
etc. Information regarding portion of various bye-products now being
utilised in each of them is also wanting. In order to suggest suitable
programmes for maximum ufilisation of bye-products at individual
slaughter houses, it would be necessary to conduct a special and
detailed survey of all licenced slaughter houses in the country, This
survey should also indicate the localities wherefrom sufficient quantities
of bye-products could be collected for economical utilisation. It should
also indicate the possibilities of exploiting the economic utilisation of
such wastes in suitable areas where these bye-products could be
collected from a number of small slaughter houses located in the grea.

PossSIBILITIES OF UTILISATION OF VARIOUS ANIMAL BYE-PRODUCTS

(a) Blood.—Blood forms about 8 per cent of the body-weight of
an anima! but the actual quantity obtained after slaughter would be
fess. It is estimated that on an average 30 Ib. of blood per buffalo,
20 1b. per cow and 1 to 2 Ib. per sheep and goat could be obtained
in slaughter houses. At present small quantities of blood are being
collected in some slaughter houses. Blood is of considerable valuc
and can be put to a variety of uses, e.g., as feed stuff for feeding
animals including poultry and as human food mixed with minced meat
in sausages. Bloed is also useful for medicinal and industrial pur-
poses, such as preparation of albumen for glueing of plywood, dycing
of textiles and paper and dressing of leather before dyeing.

The greatest care should be taken to ensure that blood is not
«iluted with water as this means more moisture for removal, higher
costs and a longer time for processing. Speed and cleanliness in
collection and processing are important as any delay in processing and
admixture of dirt with blood may cause the blood te decompose, a
proccss accompanied by evil smells. It is nccessary to provide proper
bleeding rails in all slaughter houses so that maximum quantity of
blood could be collected from the animals slaughtered without much
contaminatien and loss. Tn slaughter houses handling a small number
of animals, fresh blood may be collected as soon as possible and
sun dried by open pan system. But in larger slaughter houses as in
Calcutta, Bombay, Madras, and cther large towns, it would be advan-
tageous to provide vacuum driers for preparation of dry blood-meal.
Such blood-meal would contain as much as 60 per cent to 90 per cent
digestible protein. On a diet containing blood-meal as the only
source of animal protein, the growth development of poultry can be
maintained as also the egg yield. If the blood which is now wasted
throughout India could be made into blood meal of a quality suitable
for feeding livestock, millions of her protein starved animals could be
more adequately fed. With proper adjustment and functioning of
vacuum driers soluble blood powder can also be produced for use in
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wxtils and other indwstries winch nced afbunim for their aselastering
proceases.

W) Ful A proaii e tal tianed Siem saughtered animals
v sold as a rawr product by the buichers to private companics perfodi-
cally. more carcful collection and cfficicnt rendering it is
expected that the quality and the quantity of fat could be improved so
abo the quantity rccovered.  Animal fats arc intimatcly mixed with
sissue or ceflular structnre, making the raw fat a sort of fafty membrane.
The raw fat musi be heated in order 10 free it from the tissue by
rupturing the cells and causing the fats to scparate.  Renderiog refers
w the extraction of fat from animal tissue by the action of heat which
causes the cells to burst and the mehed fat to run together in a form
more or less convenient for collection.

Animal fats are ghycerides of fatty avid.. 0 viicr words, o combi-
nation of fatty acids and glycerol. Such glycerides are liable to be
resotved into fatty acids and glycero! in the presence of moisture and
hpase, spccmlly with the aid of high temperature.  So raw fats should
be sendered as quickly as possible after slaughter. In case the fat
is imended 10 be kept for more than a day, it may be chilled and
prescrved ot low icmperature under dry conditions,

Nowmally, fat should not comtain morc than 1 pui vent ol diew
[aty acids. A higher content of free fatty aciuds will indicate that
there kas been some delay in rendering the raw fat after the slaughier
ol the animal.

Guts.—There is a great demamd for casings from a number of
forcign countrics. At present. only a small quantity of the intestines
are utilised for the preparation of casimgs for export. Even thesc arc
not collected in ume amd properly cleancd and processed with the
rcsult that the casings arc ofien found 0 contam defccts such as
uncven calibration and leagth, black modrs, grease spols eic. A com-
siderable quamtity also goes bed during the hot westher.

Intestines form the greater part of the alimentary canal of the
wumals. Normally an average ox has roughly 36 [ length of large
intostines and 140 M. of intestines.  After slaughtcr, these are
removed, cleancd. freed of fat, elc., washed with walcr, dried, pro-
ceased and rofled into hanks of lkogth« extending up to 200 yards.

The puts of catthe are processed and packed maroly for caport as
vavngs o be utilined in the manuferure of <anvares Ruffalo ot
arc not moch utitised

yuts of sheep and goat are compantively G
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In Iadia the processing of guts into casings is mostly done by
hand. In foreign countries some simple types of machinery are used
for cleaning and calibrating the casings.

Glands.—Adequate arrangements do not exist at present at the
slaughter houses, for the timely and proper collection of glands, their
preservation and supply to pharmaceutical firms, This is due to the
fact that the existing slaughter houses in the country were constructed
some decades ago and hence they Jack sufficient floor space and modern
facilities for the hygienic slaughtering and processing of carcasses
and efficient collection and utilisation of various glands,

The nature of most of the glandular products that are manufactured
from them is such that the glands and organs have to be collected and
processed as quickly after slaughter as possible to avoid deterioration.
The butchers have to be persuaded to remove these organs from the
carcasses expeditiously.  Glands should never be in direct contact with
water because the active principles may be partially or totally leached
out. In certain cases e.g., pituitary, quick freezing is cssential; it is
not enough to put the glands in a cooler; they must be deep frozen
at a temperature not over 0 F. For freezing, the glands should
be spread on trays so that, as far as possible, onc docs not touch
another.

The question of the utilisation of glands and organs for the manu-
facture of glandular products was considered by a board appuinted by
the Council of Scientific and Industrizl Rescarch at its meeting held
on 2ist March, 1956. The Board considered that the production of
glandular products in India from animals would be uneconomical as
the facilities available tor collection of glandular products in slavghter
houses are primitive and the quantity of plands available was not
sufficient. However, they wcre of the view that the economics of
production had not been worked out in India. In view of the fact
that the economic utilisation of these glands and organs was primarily
dependent on their large scale collection, the modern slaughter houses
proposed to be established in Bombay, Calcutta and Madras, should
contribute to the economic production of glandular products.

Useless meat —The inedible offals from the slaughter houses
usually comprisc feet, head, lungs, wind pipes, spleen, trimmings,
udder, tripe, etc. Only about 40 per cent of the above is used as
dog meat in the country and the remaining 60 per cent is wasted at
present.

Inedible offal or condemned meat has no value at the slaughter
house. The meat consumer is unwillingly bearing the cost of this
inedible material. So long as stockfeed 1s manufactured from such
frec raw materials, its cost is economic, as only the cost of production
is involved. Since it is rarely possible 10 make immediate use of
condemned materials, hence the need to convert offal into meat-meal
of good keeping guality, Meat-meal of good keeping quality should
have a low fat and moisture content and above all a pleasant odour.
To facilitate the preparation of product of such quality, it will, be
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racver, ¢ commervial bre-prodoct plant o Gt
the method - ction of meat-meal can be adopted con-
venently.  Beudes, from the economic  pont of view as well, the
mallaumotmch nplamlotutumlmdcoodcmnedmmdmd
offal scems . : quanmy of raw material availabic
for process:

(i) Utilisation of the Waste from Dead Animals

On the basis of a minissum of 8 per cent annual uwrulhlzhm
large animak in the coumtry, it is estimated that about 117 fallen
carcasses of large animals are availablke annually. Most of these are
not being fully utilised. Usually all the hides and some of the bones
from f. animals arc collected while otber products such as meat,
fat, borns, hoofs cic., arc allowed to go wasike. The hides oblained
are often found defective duc to faulty mcthods of flaying and curing
pracused by thc traditional flayers. According 1w an estimate, the
net annual Joss duc 1o faulty methods of Raying and collecting hides
and pon ol noen of the e nnsdeers fromy fatten nim i Re 26,50
crores

In India, the map potuon ot the bolies asvaiiable are trom fallen

animals whilkc those from slaughtered animals form only a small

. The annual availability of raw bones has been estimated to

3.64 lakh tons. Out of 3.64 lakh tons, 1.36 lakh tons are col-

lected annually. The quantity that remains uncollected and  thus

allowed 10 go waslc every year is approximaiely over 2,28 lakh tons
which is morc than onc and a half times the quantity collected.

Boncs amoust 10 approximately 15 per ocnt of the weight of the
dressed carcass, depending on the age and condition of the . In
cxtremely ful beasts it may be only 12 per cent, while in coacisted
cattlc it may be as high as 30 per cent. fresh boacs yickd an apprecisbie
amount of fat. which can be recovered cither by boiling is opes panms
or under pressure.

Bones arc used for several purposcs:—

(a) for the production of stockfeed, such as meat and bone-
meal when processed together with other offal.

(b) as steamed bone-mcal, produced from defatied booes

under pressure.  The inorganic matior of boses

conusts of slightly morc than 32 per cent calcium and »
little less than ose-half this amount is pboqvhotu. Both
are invaluable mpphmcnu for feeding lvestock

(c) for gelmtine and ghue production, as ossein.

Al present ooly a few
throughoot the year 4 .H‘

&
?
;E
i
Xg
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With a view to augmenting bone-meal production in the country..
it will be highly desirable to organise collection of bones in the rural.
areas on an intensive scale.

It has been estimated that the quantity of bone-meal required as.
fertitizer in 8 or 9 States alone was 36,340 tons while the total avail-
ability is 35,000 tons in the country. This means, there is an imme-
diate need for stepping up the production of bone-meal in the country.
This has, however, failed to gain much popularity as a fertiliser in.
some of the States because of its high cost and of the religious senti-
ments of the people.

Bone-meal is also an important mineral supplement in livestock
feeding. It is used in small quantity in sterilised form as a constituent
of the mineral mixture for hvestock feeding. Tts production within,
the country is, however, very limited.

Bone-mcal is manufactured by differcnt methods.

(i) Rawbone-meal.—is a bonc-meal manufactured from
bones which have been cooked for long perieds in an open
pan without steam pressure, and are, therefore, sterilised.
and safe for use.

The protein content of such meal is high, not less than-
23 per cent, as only a small part of the ossein is removed.
during choking. It is used mostly for the feeding of
poultry. An average analysis is as follows ;-

Per cent
Protein .. .. . . . .. .. 26
Cakcium .. .. .. . .. e .. 23
Phosphorus .. .. .. .. .. 11

and an appreciable amount of fat,

(i) Steamed Bone-meal.—is prepared by cooking the bones.
under high pressure {wet or dry rendering). During the
process of cooking the stcam removes most of the pro-
teins and fat. The average composition of the bone-meali
prepared through this methed is as follows:—

Per cent
Pretein - . . ' .. .. RN 7
Calcium .. .. .. .- .. .. .. 32-5
Phosphorus .. .. .. .. .. .. 1541

(iil) Bone Ash.—is the ash obtained by burning bones with:
frec access to air. It contains 15.3 to 16.6 per cent of
phosphorus.
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(a) sterikzation of the material;
(k) quick reduction of maisture before purification sels in;
(c) the removal of fat which gocs rancid Quickly.

Mecat meal prepared by wet rendered method contains —
Montwre 42
Crnle prows : LR
Doguentsiifiey of the crude prodein
Crode fat
Sak
Buons
L |-

W

Meat and bone-mosl is not oaly a good source of protein. but abo
suppls gol amount of phosphorus and cukium as well as vitamin
B. 12, which are so valuable from the stand point of animal nutrition.
Protcins derived from meat or blood are well suited to correct the
deficiency of smino acids present in the grass or grain. Because pro-
ducts such as mcal-mesl. and blood-meal contain practically no fibre,
they arc called “concentrates™ as they add little to the bulk of the
ration. Such concentrates, containing litile fibre, are catremely impor-
tant in pig and poultry [ceding. as they allow the animal 10 have a

i intake of protein without increasing the volume of the food.

GLUE AND GELATINE

Gluc 11 an impurc gelstine. The colour of glus varics according
to the manufacturers’ requircments.  Glue of good quality is pracn-
cally free [rom smcll, iv onalfected by the stmosphere, and has great
adbssive power. Gelatine s quite n--nrnll. bus 2 yellowish
dat, is very hard and clastic, but brittle if bent oo far. {atine, like

. is derived from the cuttimgs of hides and skins amd alw from

But diflerent treatments arc given for obininimg #f from hides
and from bones. Booes yicld the larger in of the gelatine used,
s a food or for trade purposes. raw materials for gelatine
to be selected with the greatest care and judgment; they must
f The skins should preferably be those of calves and
be cut into picces The bones for this purpose are

large scale glue manulactunng umts withuo the country
which are borne on the reeister of the Development Wlns {Ministry
LR - o e of 2,835 1om
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per annum. The total production of glue in thesc units during the
Past few years is as under:—

Tons
1957 .. .. . .. .. - .. .. L3N
1958 .. . .. - .. .. .. .. 1,203
1959 .. . . .. - . .. .. 1,930
1960 .. .. .. .. .. .. .. .. 1,835
1961 .. .. . .. .. .. .. o 1,854
1962 (Jan.-May} .. .. .. .. .. .. 962

The production of glue/technical gelatine has been increasing very
rapidly with the rising tempo of industrialisation.

Prior to May, 1960, the export of bone sinews and other glue
making materials were licensed freely without any quantitative restric-
tions. Because the indigecnous manufacturers of glue were finding it
difficult to obtain adequate quantities of raw materials the 2xport of
these items has been restricted now.

Glue is not being imported at present. Ornly special varieties of
gelatine which are not manufactured in the country arc being allowed
to be imported. The country is self-sufficient with regard to the pro-
duction of glue/technical gelating and cfforts are being made to cxport
this item from the country,

Considerable quantities of raw bones as well as crushed bones are
being exported from the country at present from which the importing
countries manufacture ossein and high grade gelatine. Recently
liccoces were issued to 5 or 6 parties for the manufacture of ossein
and high grade gelatine.  The requirements of edible, pharmaceutical
and photographic gelatine within the country are very limited and
-efforts are to be made for the manufacture of these items with a view
to export them. Messrs, Leinor Knit Gelating Co., Jabalpur, is ex-
pected to go into production very soon.

When some of these units go into production, the country’s demand
for special varieties of gelatine would be met and we would also be
in a position to cxport considerable quantitics of ossein and special
gelatine. The requirements of bones for the manufacture of ossein
and gelatine would have to be met from indigenous sources. Unless
more efforts are made to collect and conserve bones from various
accessible and inaccessible parts of the country it would become essen-
tial to restrict exports of bones in order to meet the requirements of
the indigenous industry. The manufacture of ossein and gelatine for
internal use as well as exports would also make available large quantity
of dicalcium phosphate which could be utilised as manure.

To meet the increasing demand of glue by industries such as
abrasives, adhesives, matches, cork, printing rollers, distempers, tax-
tiles and papers etc., it is necessary that an increased production of
glue is ensured within the country. Already dearth of glue making

materials is being felt by the manufacturers and it would be worthwhile
L9PCl63—6
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to consider better collection of glue making materials such as hide
cuttings, fleshings, trimmings, bones, etc. This would help in making
adequate quantity of raw materials available to the glue and gelatine
manufacturing units and considerable foreign exchange could also be
earned by the exports of surplus bones, ossein and gelatine from the
country.

[MPROVEMENT IN FLAYING METHODS

At present, the rights for flaying of fallen animals in the villages
rest with the local chamars by tradition. The fallen animals are
generally collected rather late and flaying is done with crude tools
and implements. The quality of hides thus obtained is poor.

In Western countries also, until the beginning of this century,
dead animals used to be buried and the system of incinerating the
carcasses was introduced later. In recent years, processes have been
evolved and employed for the conversion of carcass bye-products info-
materials useful for animal feeds or other purposes. Bone digestors,
wet or dry rendering plants for preparation of meat-meal, bone-meal
etc., and for extraction of fat have been introduced.

In India, steps were taken by some State Governments and non-
official organisations such as Khadi and Village Industries Commis-
sion for encouraging the proper utilisation of fallen animals. The
Khadi and Village Industries Commission is running a training centre
at Kora Gramodyog Kendra, Borivli, Bombay, and has also established
a number of flaying centres in various parts of the country. During
the Third Five Year Plan, the Khadi and Village Industries Com-
mission has decided to start 200 Intensive Flaying Units besides small
flaying units which are already in existence. The numbzr of units.
working, financial assistance given and production achieved during
the year 1961-62 is given below:—

TaBLE 2 _—
Number of flaying units and centres and bone crushing units, financial
assistance and value of production during 1961-62

. No. of Financial Value of

Centre units assistance  Production
working  provided
Rs. Rs.

Intensivg Flaying Units. . .. .. . 5 3,20,000 3,25,000
Flaying Centre ., .. .. .. .. 226 16,341,720 11,23.000:
Boae Crushing Units ., . .. .. 12 45,600 19,000
ToTaL .. . 243 19,97,320 14,677,000

The establishment of well-equipped Charmalayas has been included
under the Gosadan Scheme by the Ministry of Food and Agriculiure,
for adopting improved methods of flaying, curing of hides and manu-
facture of bone-meal, meat-meal, etc. Eleven Gosadans have so far
been provided with Charmalayas. Most of the other gosadans have
facilities for flaying only. A model Training-cum-Production Centre
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at Bakshi-Ka-Talab near Lucknow has also been set up with financial
and technical assistance from the Government of the Nethertands
and the Food and Agricultural Organisation of the U.N. The fellowing
courses are conducted at this centre.—

1. A course of 4 months’ duration in hide flaying, curing and
. carcass utilisation.

2. A course of one year’s duration in vegetable and mineral
tanning,

3. A course of one year’s duration in footwear and 'leather
utilisation.

So far 116 candidates have been trained at this centre in hide
flaying, curing and carcass utilisation.

The services of F.A.O. Expert on hide flaying, curing, and carcass
utilisation have been obtained, and his services are being made avail-
able to the States for setting up carcass utilization centres.

The need for maximum exploitation of the economic value of
fallen animals is being realised increasingly now both by the Govern-
ment and non-official agencies. Any improvement in the methods now
adopted by the village Chamars in the utilization of carcass would
go a long way towards ameliorating their economic condition. The
subject of carcass utilization was also discussed at the 14th Animal
Husbandry Wing Meeting held in Bangalore in July, 1961, and the
recommmendations that were made in the Conference deserves conside-
ration and implementation by the Indian Council of Agricultural
Research, Mimstries and representative organisations, These recom-
mendations deal with hide flaying and carcass utilization work for
which the Animal Husbandry Department of the State Governments
should have a separate section under the charge of a suitable qualified
officer. It is also desirable that cach State should establish a suitable
number of carcass utilization and hide flaying centres with a view to
preventing the present wastage.

(a) Such centres in rural areas may be located in a village or
a group of villages to ensure the availability of sufficient
number of carcasses to make them economic units.

(b) In urban areas, municipalities or corporations may be
asked to take adequate steps to set up such centres in
their jurisdiction in order to ensurg fully the utilisation
of carcasses.

Such carcass utilisation and hide flaying centres may be organised
through the cooperatives of flayers and/or other interested parties.
Where the formation of such cooperatives is not possible, the work
may be entrusted to Panchayats or private bodies. Suitable facilities
should be provided to train technicians in utilisation. Steps should
also be taken to improve the design and to manufacture carcass utili-
sation equipment for handling a small number of carcasses economi-
cally. To ensure proper curing of raw hides and skins, the Govern-
ment may supply curing salt free of cost to the hide flaying and
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carcass utilisation centres, as is being dome in the case of fish curing
yards. The problem is really nation-wide and complicated, because
not only was it necessary to organise a machinery for collection of
carcasses and selting up centres for utilisation, but it 15 also necessary
to set up subsidiary industries to utilise the finished products like
bones, meal ctc. Further, social and economic factors are also
involved. The Chamars and similar castes who do this work are
very poor, backward and have about the lowest social position in rural
society. Their work is also looked down upon. In recemt years
there has been a tendency among Chamars in many areas to give up
this work in a bid to raise their social status. The result is that the
work is not being done by castes like Bhangis, who are even lower
in the social scale and is mostly done cven more indifferently and
inefficiently than in the past. There is need for education to remove
this stigma against this work and to emphasise the economic value
and essentially of the materials.

REFERENCES

1. “Farm Bulletin No. 46™ of the Indian Council of Agricul-
tural Research.

2. “Agricultural Marketing Series 124" (Report on the Market-
ing of Animal Fats and certain important bye-products in
India).




IX. FISHERY WASTES

The total marine fish landings during the year 1961 amounted to
683,569 metric tons. With the large number of mechanised boats
likely to be available in the coming years, with more extensive use
of mechanised fishing and exploitation of offshore fisheries it is expected
that the marine fish catch will go up considerably during the Third
Plan period. At present, the major portion of the catch in marine
fishes is contributed by the States of Kerala, Mysore, Maharashtra
and Gujarat. The most important varieties of fish landed are:
mackerel, sardine. elasmobranch, Bombay duck and miscellancous, the
latter comprising neatly 386,000 metric tons or more than half of
the total. The waste from fisheries arise from three sources: (1)
surplus fish due to heavy landings without corresponding facilities in
economic marketing for human consumption, (ii) material obtained
as waste during preservation of fish by freezing, canning, drying and
other processes or when only an organ or a component of fish tissue
is utilised and (iii, inedible or small fish of low market value which
may be 5 to 15 per cent of some commercial catches. The important
types of fish which contribute most of waste available in these ways
are oil sardines, mackerel, elasmobranch, leiognathu, gazza, eels and
Bombay duck. The landings of these types during the last two years
are shown in the following table :

TABLE 1|
Landing of Fish by Types during 1960-61 and 1961-62

1961-62  1960-61

Type of fish — e

(thousand metric tomns)

Oil Sardines .. .. .. .. .. .. .. 16788 180-02
Mackerels .. .. . . .- - - - 34-49 133-65
Elamobranchs .. .. .. .. .. .. .. 33-55 35-56
Leiognathus & gazvi .. .. .. .. .. .. 15-96 16-39
Bombay duck . .. . .. .. .. .. 93-84 108-56
Eels .. .. .. .. .. .. . .. .. I1-38 6-14

In almost all the maritime States in India, even though the by-
products and other fishery products are manufactured and marketed
large quantities, no precise information on production is available
for a number of the products. This is mainly due to the fact that the
industry is in the hands of private traders, The by-products industry
in India is still in a nascent stage; but the economics of fishing industry
require the establishment of such an industry. The industries existing
at present in India which require expansion, and re-organisation are
those concerned with manufacture of sardine ofl. fish meal and fish
manure, shark liver oil, fish maws and shark fins. India earped Rs. 32
lakhs in foreign exchange in 1959 by exporting fishery by-products to
the meighbouring countries. The world's disposition of fish catch will

73
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indicate the importance of by-products manufacture in fishery industry
as indicated below :

Percent
Marketing fresh 42
Freezing 8
Canning . .. 24
Reduction to meal & oil 14
3

Miscellaneous purpose .. .. ..

From the surplus fish landed and from the wastes from the fish pre-
cessing industry, the following important products may bc manu-
factured.

. Fish meal

. Fish oil (body oil)

Liver oil

. Fish manure

Peptone and other degraded products
. Shark fins and Fish maws

Fish glue and fish gelatine

Pearl essence

e

1. Fish meal

Fish mea) is one of the most valuable by products of the fishery
industry. In countries, where fish processing mdustry is well developed
fish meal is produced from head, viscera and other wastc mateiials
obtained in this industry. In India, however, these wastes are not avail-
able. The main sources of fish meal in India are: (a) residues left
after extraction of eil from oil sardines, (b) low quality fish (trash)
caught together with high quality fish, (c) fish caught in excess of the
market requirements or processing facilities,

The fish meal production in India was mainly encouraged in the
past for export to Western countries, and more than 6,000 tons po
annum were exported till recently,, when the excess fish meal produc-
tion from Peru brought down the world market prices. However, with
the development of poultry and dairy production, the demand for fish
meal in the country is increasing steadily. Production is not sufficient
to meet this demand. In the coming years, there is likely to be an
acute shortage of fish meal in India, hence the production of fish
meal should be given cncouragement.

The main raw material for production of fish meal in India are :
{1} sardine guano left after extraction of oil from oil-sardine, (ii)
trash fish, and (iii} wastes from processing industry,

It ts possible to get 30—40 thousand mctric tons of fish meal froin
the present sardine landings. This material (sardinc guano) is at pre-
sent mainly used as manure which is, to say the least, a very wasteful
use of valuable protein material. The guano left after extraction of
oil from cooked and preserved sardine still contains sufficient oil to




75

reduce its value as fish meal. Hence, the utilisation of this material
will to a certain extent depend on the above-development of better
method, of extraction of oil so that residual oil in guano is small.  As
sardine oil extraction is now carried out in small units, the production
of fish meal from guano may also be carried out in small units. While
sun-drying may be used, the small rotary dyer developed at Central
Institute of Fisheries Technology will be usefut for small scale produc-
tion.

It has been estimated that nearly 10 per cent of the fish landed
are not economically utilised. Trash fish and excess landings account
for this quantities. They can be utilised for fish meal production.
Fish meal from this source is now produced by small scale sun-drying
followed by grinding of the dried material.

The quality of this product is generally poor due to chemical
alteration and admixture with dirt, the product is often contaminated
with salmonelles and other pathogenic bacteria and hence is not gene-
rally suijtable for poultry or dairy needs. lmproved production of fish
meal by modern equipment whereby the nutritive value of the fish
meal is retained and the product is free from pathoganic bacteria has
been demonstrated in pilot plants set up at Bombay Unit of the Cen-
tral Institute of Fisheries Technology and similar Unit is being set up
at Jafrabad by the Gujarat Government. (Details of the design work-
ing and economics of a unit is given in the Appendix). These plants
have got a capacity of 10 tons of fish meal per day. As the landing
of fish is widely dispersed, securing of enough raw material for running
the mechanised fish meal plants may be difficult for the present. Bug,
with the increasing mechanisation of fishing boats, the landings of fish
will be more and more concentrated at the fishing harbours and supply
of the necessary amounts of fish for running such plants should not be
difficult. However, in the meantime production of fish meal by smali
scale plants should be attempted.

In the prawn freczing and canning industry, shells and heads from
an important waste product which contains roughly 30-—40 present of
protein (dry basis) and which can be usefully converted into fish meal.
On the basis of present production in these factories, estimated pro-
duction of the meal will be roughly 120 tons. The dry prawn puip
industry can similarly yield roughly 250 tons of meal. The fish meal
from shell and heads is low in protein value but it is mixed with
better guality meals from other sources to bring up the protein content
to 50 per cent level. !

2. Fish Oil :

_ One of the important by-products of the fishery industry is fish
oll. This can replace vegetable oils in many of its uses, e.g. in the
manufacture of soap, cosmetics, hydrogenated fats, vehicle-paint etc.
Tt will be a valuable supplement to vegetable oil supply in the country.

The most important source of fish ¢il in India is oil sardines. In
1960-61, 189,000 metric tons of oil sardine had been caught. O
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sardines contains about 167¢ of its weight as oil. Assuming that the
yield of oil at 10% of the weight of the fish, it is possible to get about
19,000 metric tons of sardine oil. However, the amount of sardine
oil produced in India in recent years is roughly 4 to 5 thousand tons
per year. Thus it will be observed that there is considerable scope fur
development of this wndustry.

Most of the sardines are landed on the Malabar and South Canara
coasts; small amounts are available at most places on the Western
coast. or economical extraction of sardine oil, however, extracton
units should be established in the area between Cochin in the South
and Karwar in the North. However, as the landing ground are dis-
persed, it will be desirable to encourage small scale production of the
oil by the fisherman. The oil produced could be collected for further
processing at Central Stations, located at Calicut or at Mangalore.

A larger production of sardine oil, however. would be limited by
its demand. At present sardine oil is mainly used for coating the
local fishing boats. Due to its poor quality, it does not find a market
in other industries like cosmetics, soap, hydrogenated fat, leather, tile
etc,. which could use a good amount of this cil. Good sardine oil
can also be used in the canning of fish. It will be necessury to
improve the quality of the oil before the expanded market for the
material is realised. Investigations at the Central Institute of Fisheries
Technology have demonstrated that the main reason for poor quality ot
the oil is faulty processing by the small scale processors. An improved
methed of processing and extraction has been developed at the Institute
and if this simple modified method is widely used. it will result in
production of much better quality of oil. It has been shown that the
free fatty acid in an average commercial oil is 11—35 per cent. whike
in oil produced by improved methods it is less than 1 per cent. The
colour of the latter is also much lighter, while the former is normally
dark brown.

The Central Food Technological Research Institute, Mysore. has
also developed a process of refining of sardine oil for improving ihe
quality of the commercial oil. The cconomics of the prucess is still
under investigation,

If the modified method of processing and extracton is used widely
for obtaining the oil and if the improved refining method suggested by
the Central Institute of Fisherics Technology is used for bettering the
quality of low grade commercial oil, the products thus obtained will
find wide market and a valuablc material which is mainly wasted at
present can be utilised. Valuable derivatives like sulphonated oils and
other modified components and derivatives may also be produced from
sardine oil.

There has not been much work in this field and these aspects of
utitisation of sardine oil should be investigated. Some species of fish
like skate and ray are caught in fairly large quantities (4,500 tons) every
year. The liver of these fish contains good amount of oil which,
however, is not rich in vitamin A like shark liver oil. From these
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livers, it should be possible to extract more than 200 tons of oil which
can be used in the same way as sardine oil. The landing of skate and
ray is, however, dispersed and the extraction has to be carried out on
a smal scale. It will be desirable also to carry on detailed investiga-
tions in chemical composition of the livers of skate and ray with a
view to finding out commercially important compounds which may be
obtained from them. No reliable data are available on the detailed
chemical compositions of these oils. As these are liver oils, it is very
likely that they will contain some valuable chemical components which
arc not normally present in body oils of the fish.

3. Liver Oil Industry :

Fish liver oils are highly valued for their high content of Vitamin
A. Elasmobranch fishes, particularly sharks provide one of the best
vitamin A rich oils. The total catch of Elasmobraochs in the year
1960-61 was 35,500 metric tons. With the introduction of hook and
line fishing and opening of rich fishing grounds, the catch of sharks
will go up very rapidly and there will be a corresponding increase
in the supply of liver oils and the industry will be able to cater to the
over increasing demand for Vitamin A. At present, three plants are
producing the vitamin rich oils and vitamin concentrates in India.
These are located at Trivandrum, Kozhikode and Bombay. Small plants
arc also operating in West Bengal and other States. There is provision
for establishment of a shark liver plant in Gujarat and in Andhra. As
there is going to be an alround development in the fishing activity, it is
advisable to have shark liver oil plants in each of the maritime States
to process and refine the oil produced in the different centres of the
State. The following figures show the production of the oil at differ-
cnt Statcs.

Kerala .. .. .. .. . .. Figures not available-- above
75 tons (roughly),

Maharashtra . . . .. .. 10-15 thousand gallons.

Gujarat . .. .. .. . .. 50 tons.

Andha ., .. .. .. .. .. 1-2 tons,

West Bengal .. .. .. .. .. Figures not available,

4. Fish manure :

Fish manure like fish meal is a product of high nitrogen content.
It 1s valued for its nitrogen and phosphorus content. It should be
prepared only when the raw material is not suitable for manufacture
of any product for human consumption or for animal feed. Generally
spotled fish, small shell fish, inedible fish are used for production of
fish manure. Sardinc guano is sold as a fertiliser in many places.
This industry cannot be organised as an independent industry. It
should always be attached to a fish processing industry like curing,
canning and/or freezing. In the curing industry, the guts and gills
form the waste materials and in canning industry, the tails, heads and
viscera are the waste materials. These materials roughly comprises
15—20 per cent of the weight of fish. Assuming 50 per cent of the
mackerel catch is utilised for the Colombo type of curing, 1000 metric
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tens of manure can be produced from the waste material. This type
of curing is largely done at Malpe and Karwar. At Malpe, nearly 30
tons of manure is produced from this waste material. In Karwar,
there is no organised collection of material and the waste i3 thrown
on the beach. No production figures were available at other centres.
Examination of the quality of different types of manures produced on
the West coast showed a gross admixture of sand.  Although the total
amount of fertiliser available through fish manurc is not large, but
because of its high nitrogen and phosphorus content it is valued.
The method of production in a better way without the admixture
of the sand, and addition of saw dust and copper sulphate solution
{1-2 lbs. per ton of meal) will keep the material in good condition
during the storage period. At present, it is produced in Calicut.
Malpe, Adirampatnam, Rameshwaram. The production can be started
at the curing yard in the different states under the agencies of State
Governments. Not much work is to be done in this except to organize
the industry. In Gujarat 1200 tons of manure was produced at
Jaffarabad, Nawabunder and Salayar.

5. Peptone and other degraded products :

At present, products of this type are not manufactured in India.
These are popular in South East Asian countries. Small size of
fishes like leiognathus and gazza species and clupeids for which gutting
is a difficult problem can be utilised for the production of degraded
protein products like fish sauces. These types of fish are abundantly
landed along the East Coast. The total landings of the varieties which
can be converted is roughly estimated to 35,700 metric tons. The
percentage yield of the sauce is nearly 30 and the cost of production
works out to be Rs. 1,60 per kg. of sauce. The procedure for manu-
facture is simple and it can be done in any fishing village. The method
developed at the Central Institute of Fisherics Technology can be
readily adopted for manufacture of this product. This is a cheap
protein food which can be added to the rice diet or to soups. This
industry can also be developed on a cottage scale.

Work on preparation of sauces from different types of fishes which
are not highly priced and on their storage life is necessary. Investiga-
tions on the preparation of protein rich foods and their storage charac-
teristics will be taken up at the Central Institute of Fisheries Techno-
logy.

Production of hydrolysates from shark flesh which are at present
wasted should also be taken up.  This industry can be Jocated at shark
fishing centres, to avoid the transportation of the raw material and
its deterioration during transportation. As the flesh of the shark is
not much relished by the majority of the people the cost of the raw
material is small,

6. Shark fins and fish maws :

The whole quantity produced in India is exported to countries like
Hongkong, Singapore, Malaya and UK. where it is utilised for the
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preparation of finer finished products in the forms of shark-fin rays and
isinglass. The figures give a rough idea of the export of these products.
Quantity in Kg. Value in Rupees
f___A—""'_"'_\ L nt
1960 1961 1960 1961
Shark fins and fish maws ... 298420 292,250 20,793,754 22,29.494

With increase in shark fishing round the coast, the shark fin
industry will also improve. Fish maws or air bladders of the culs
and cat fishes are dried at the curing yards in all the States and sent
to Bombay for export. This industry can be developed along the
Maharashtra and ‘Gujarat coasts and at Ullal in the Mysore State. In
the Gujarat State about 75,000 tb. of fish maws and 40,000 Ib. of
shark fins are produced for the export market. In Maharashtra the
production of fish maws is roughly 5,000 mds. and roughly 2,500 mds.
of shark fins are produced annually.

Work on the production of finer products in India is necessary to
get a better pricc for these products. Work on improvement in the
method of production and preparation of the finer products will be
taken up at the Central lostitute of Fisheries Technology.

7. Fish glue and fish gelatine :

At present there is no glue industry in India. This can only be
started as an adjunct of the large scale processing industry, in which
skins and heads form the waste materials. Preliminary experiments
conducted at the Technological Laboratory at Bombay showed that
the glue and high grade gelatine prepared from fish had similar pro-
perties when compared with other similar products.

8. Pearl essence -

This is obtained from the scrapping of the outer skin of ribbon fish.
At present the fish is sold as fresh or cured. It is yet to be seen how
the products will be after the lustre particles are removed by scrapping
or agitation. The percentage availability of the raw material, the
labour cost and processing costs will have to be worked out before the
process can be released to the industry.

REFERENCE
FISH-MEAL
Author Year Note
Fisheries Development Adviser, Ministry 1963 Survey and utilisation of
of Foud and Agriculture, fisheries wastes and by-

products.



APPENDIX

Design, working and economics of preparing quality on a small scale :

Fish meal is made from lean, miscellancous fish which do not have
good market and waste parts of the fish such as heads, fins, viscera
etc. It is a good source of protein, vitamins particularly B-Group
vitamin, minerals and other growth promoting unidentificd factors, The
main source of the raw material for this product in this country will
be the miscellancous fish, landed all along the sea-cost, by the indivi-
dual fishermen from their country crafts as well as from mechanised
fishing boats. However, due to the difficultics of transport, preserva-
tnon etc. it has not been possible to collect these miscellaneous fish
from even a group of villages and to utilise the same for the manu-
facture of fish-mcal. As a result of this, major parts of this fish
is wasted, particularly during the rainy days, since it cannot be
utilised for any other purposc. During the fair days somc of thesc
miscetlancous fish are sun dried, ground and sold as a fish-meal.
However. this method of producing fish-meal has many disadvantages.
The product will be low in its biological values since the available
lysing contents will be very much less. It is generally highly contami-
nated with sand and mud lowering the protein values and may not be
free from Salmonella and other pathogenic bacteria, and the product
cant be manufacturcd during the dry season only,

Given a suitable cquipment to producc fish-meal at the fish fanding
~ites it is felt that not only such fish that are going waste at present
can be uscfully utilised but a product of a better quality can be pro-
duced. Large quantitics of fish-meal (about 6000 tons annually)
were being exported from India till few years back. However, the
export of this product has very much declined recently. The export
can be re-established only if a fish-meal free from Saimonella and
other Pathogenic bacteria as required by the importing countries and
having the requisite protein content is manufactured. The following
are_the other specifications for fish-meat laid down by the Ministry
of Food and Agriculture, and notified by the Ministry of Commerce
and Industry in the Export Instruction No. 95/59 dated September
12, 1959.

Protein .. . . .. 45° miaimum
Moisture . oo 125 maximum,
Insolubles ) .. R 4 "

Fat .. - - .. ) I N

Salt . 1% .

Size .. .. 1/4 (particle size).

The equipments for the manufacture of fish-meal free from Salmo-
nella and to the specifications given above, the design and particulars
for which are enclosed herewith, would be suitable for installing at

E0
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the fish landing places where about % ton of miscellaneous fish is landed
-during the fishing day. The process for the manufacture is as below :

The fresh miscellaneous fish waste such as heads, fins, entrails etc.
are cooked 1n the dryer for 30 minutes with 5 p.s.i.g. of steam in the
outer jacket. The cooked fish is then removed from the dryer and
pressed under screw press in 3 or 4 jots of suitable quantity (about
300 Ibs. at a time) to remove the stick water. The moisture contents
of the pressed and cooked material will be reduced to nearly 50 per
cent from the original contents of about 70 per cent. The pressed
material is then put in a rotary dryer for further drying with 5 p.s.ig.
steam in the outer jacket. The material will be dried till the moisture
content is reduced to about 10 per cent. Approximately about 6
hours will be necessary. The matenal is then pulverised in a hammer
mill to a required particle size {between 1/4 to 1/16 )then seived
to remove any scales, fibre etc. and packed in polythene lined gunny
bags or bags of bitumen coated paper (kraft paper bags) if required in
smaller quantities. The final product available from 1120 lbs. of raw
material will be about 350 Ibs.

ESTIMATES FOR CAPITAL AND RECURRING EXPENDITURE FOR A FiIsH-
MEAL PLANT OF 4+ TON (RAW MATERIAL) CAPACITY

I. Space Requirement:
Total land 1,400 Sq. ft. .. .. .. . .. Rs. 4,200-00
Fuctory Space (closed) 700 Sq. fi. .. .. .. .. Rs. 7.000-00

' ‘ ‘ ) . Rs. 11,200-00
Construclion. water & clectrical fittings, sanitary fittings

el . . . . . .. .. .. Rs. 1,500.00
Rs.  14,700-00

1.  EFquipment and Machinery :

(1) Boiler - 1 No,
75 to 100 lbs. working pressure, normal evaporation
100 tbs. water per hour, ., ‘e ‘e . .. Rs. 2,500-00
(3y Donble jacketed rotary drum dryer : | No.
2—10"x5" length : overal] size, inner drum size 2’ 6"
x$" length, made out of 1/8” mild steel plate. Speed
20 R. P. M. with motor of 3 h. p 3 phdse 400 volt
1,440 R.P. M. .. . . Rs, 13,000-00

(3) Pulveriser : Hammer t}pe—] No.
Capacity 100 to 160 lbs/hour suitable io pulverize

dried fish to the particle size of 1/16" , Rs. 4,000-00
{4) Seives—Mesh size 16 per sq. inch with wooden frame.

Sire of the seive 2 x2 —2 Nos. .. .. .. Rs. 100-00
{5) Screw press:

Base plate 3y

Upper plate 3*x’3'x1" thick

Height 16°

Handle 2"

Screw diameter 2

Screw Perimeter 7*—1 No. .. . .. Rs, 600 -00

ToTaL .. Rs. 20,200-00
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On  per vear basis
No. of working days :  200.

WL Services (Eleciricity, Fuel ete)

Electricity : 3,600 Kw @ 18 Kw. per day @ 12 nP. perunit.. Rs. 31200
Fuel : Kerosene O] 800 galls. «¥ 4 galls per day @ Rs. 1-75
per. gal . . .. . Rs, 1,400 -00

Rs. 1,712:00

IV. Staff requirement—

Unskilled :
Male Workers —2 —@Rs, 2 per day .. .. .. Rs. 830-00
Skilled :
Mechanic—1 —- @ Rs. 3 per day .. o .. Rs, 60000

Re.  1,400-00
V. Raw Material :

(i) Miscellaneous Fish, Fish waste etc. 100 tons @ Rs. 45
per ton .. . .. .. .. .

(i) Gunny bags, polythene lined 700 Nos. @ Rs. 190
per 100 bags .. . .. . . .

. Rs. 4,500 00

. Rs. 1,330-00
Rs. 3,830-00

1. Capital Expenditure :
(A) Fixed capital :

(1) Land & Buildings . .. .- .. .. Rs, 14,700-00

(ii) Equipment & Machinery . . .. .. Rs. 20,200-00
ToTal .. Rs, 34,900-00
(B) Working capital (per year) .. .. .. .. Rs. 8942-00

NoTE :- Production cost 12 nP. per Ib. (excluding the depreciation on the Fixed
Capital), The figures given bove are mere approximations and arg likely to
vary from region to region Jepending on the availubility of the raw  matenal
labour, electricity elc.
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X. BLAST FURNACE SLAG

Blast furnace slag is an essential by-product in the manufaciure of
pig iron. This material, which was considered a waste some years ago,
has come to be regarded as valuable. It finds its greatest use in the
road-making and building industries in foreign countries. In India,
however, it is mostly a waste material and its disposal presents a
serious problem.

There are three types of blast furnace slag in commercial use.
known as air-cooled or hard slag, granulated or water«quenched slag
and light-weight or expanded slag. Air-cooled slag is the product
cooled naturally from the molten state. It is prepared as a <coarse
aggregate by crushing and screening. It is used in concrete as a
substitute for other coarse aggregates, particularly in road construction,
Its hydrophobic properties together with the rough surface permit a
strong bond in asphalt pavement. It is also used as ballast for rail
tracks, filter media in sewage disposal and for sea defence walls and
river bank protection. Experiments carried out in the Central Build-
ing Research Institute, Roorkee have shown that Indian slags can be
used as aggregate in concrete comparable in properties to that obtained
from crushed stone aggregates.

Granulated slag is the glassy product obtained when molten slag is
chilled rapidly by immersion in water. Granulated slag has hydraulic
properties and can replace Portland cement clinker to a considerable
extent in the manufacture of cement.

Expanded slag is the light-weight product formed when molten slag
is foamed with limited quantities of watcr. The rapid generation ot
steam expands the slag into a light vesicular material.  After crushing
to suitable sizes, it is used as a light-weight aggregate. The crushing
strength of concrete made with foamed slag aggregate is comparable
with that using other types of light-weight aggregate. Experiments
carried out in the Central Building Research Institute on expanded slag
from the Mysore Iron and Steel Works and from two blast furnaces
in the Durgapur Steel Plant, have indicated the suitability of these
slags for making light-weight aggregate. The Hindustan Housing
Factory, Delhi has also carried out cxperiments in making panels with
foamed slag and the results have been encouraging.

Blast furnace slag cement—The usc of blast furnace slag for
making Portland blast furnace slag cement is now well established
and there are a number of foreign specifications and an Indian speci-
fication (IS :455-1962) on the subject. All major steel producing
countrics are utilising their blast furnace slag to augment the supply
of cement. About 40 per cent of the cement production in Germany
consists of cement with an admixture of slag, whilst over two million
tone of such cement are produced in France. In addition to Germany
and France, the major countries producing Portland blast furnace slag
cement are Belgium, UK., U.S.A. and Mexico.

85
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Considerable amount of work has been donc in these countrics on
the composition and hydraulicity of their slags and on the properties
of cement containing varying quantities of slag and other related aspects
of slag cement manufacturc and its use. It has been shown that even
finely geound slag alonc can be used as cement having almost similar
properties as Portland cement in the presence of suitable activators. A
few results on compressive strength obtained by research workers in
Calcutta University. which are tabulated below, illustrate this point.

Tastr 1
Strength of  slae-lime-gypsum mixtures

Compressive strength (Ibs. per sq.
Lomposition inch) after

7 days 28 days 6 momh;

1, Stag—85 1017 2,066 2,667
Limc—18
Gypsum—1{

. Slag—BO 1,233 2466 200
Lime— 1 <
Gypsum- S

Y, Portland cement IRIEY 1,900 1,266

=)

Properties of slag cement and its suitability for specific types of
works.—As a result of experiments it has been established that the
final strength of Portland slag cement is of the same order as that of
straight Portlund cement, if not better.  But its initial strength is lower
than that of Portland cement. Duc to its slow rate of sctting, the
heat of hydration develops slowly so that the volume expansion of
the concrete mass is less than that in the case of Portland cement. This
gives slag cement an advantage over Portland cement in making massive
concrete structures like dams, ¢mbankments, foundations cte. The
other advantage of slag cement over Portland cement is its better
cosistance lo sca water, sulphates and other chemicals in solution,  The
resistance to chemicals increases with the incrcase in proportion of
slag in slag cement.  This property mukes slag cement better suited
for marine structures as well as other under-water or under-ground
structures.  The same amount of protection is afforded by <lag cement
to embedded steel as by Portland cement.

Because the final strength of slag cement i comparable with that
of Portland cement. it is suitable for all works where Portland cement
can be used cxcept where a hichor initial strength i< a specific require-
nient.

Granulation of slug. —Granulution is a ‘must’ for the utilisation of slag
for the manufacture of cement, otherwise the slag does not possess
hydraulic properties. It is said that the process of granulation arrests
crystallization in the molten slag which solidifies as a glass during chill-
ing with water. The hydraulicity of granulated slag is stated to be
proportional to its glass content, and the higher the temperature of the
slag the greater the proportion of glass in the granulated slag.  Morc-
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a\'e:, granulation makes the slag friable so that it can be easily ground
with*less consumption of power.

The process of manufacture of Portland blast furnace slag cement
is simple and consists of inter-grinding Portland cement clinker and
vranufated blast furnace slag in pre-detcrmined proportions in a mill
to the required fineness with a small addition ol gypsum. The pro-
portion in which slag may be used varics from 25 to 63 per cent
depending on its quality.  The resultant slag cement must conform
1o the following speeifications :

TaBLE 2

Specifications for composition of slag cement

Not to
exceed
(per cent)

MgO . . 80
MmO, - . 1-5
S0 (Sulphur tnoxide) .. 30
8 {Sulphide sulphur) 1-5
Insoluble residue . .. E-S
40

Loss on ignition . .

Slags available in India —Production of slag in India is increasing
rapidly alongwith the incrcase in iron production. The quantity of
slag produced in a blast furnace varies from 3/4 to one ton for every
ton of iron produced, depending on the quality of the raw materials
used. In terms of volume this represents over twice as much as iron.
The disposal of this large quantity of slag as waste takes up a lot of
uscful space near the iron and stec! works and represents a charge on
the iron produced. The present production of blast furnace slag in
india is estimated at 3 million tons per annum, distributed between
various steel plants as follows :

Tanta 3

Production of blast furnace slag in India

Stee! plunt Thousand tons
of slag
Rourkela .. .. . .. .. .. .. 666
Bhilai .. .. .. .. .. .. .. 75
Durgapur . .. .. .. . .. 767
‘I ata Iron and Steel Co. (TISCO) .. . . 580
Indian Iron and Steel Co. {IISCQ) .. .. . 240
Mysore fron ard Steel Works .. .. . 33

Total .. 3,001
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By e end of the Third Five Year Plan, slag production is cxpectod
o rise 1o 6-7 million tons a year. I[n addition, a large quantity of
slag has accumulated near the steel plants over the yecars.

Composition of Indian slags—The chemical composition of slag
coming out of different steel plants is tabulated below :

TamE 4
Chemical composition of slag (per cens)*

Componenl Rour- Bhilai Durga-  TISCO HSCO Mysorc
keta pur

S .. .. 316 347 -l 0 4 %5 W WM
AlO, o 24-2 17-9 253 22-28 295  25—30
CaQ .. 31-1 39-1 359 355 382 362 2630
MgCO .. 4-8 4-9 4-8 130 36 30 2 4
FeO | 06 6 o6 01 09 9 2 3
MnC .. .. NA, 1-4 4 05 13 0-5 0-56-1-25
s0, .. .. NA. 1-2 0-77  Trace 10 Trace

N.A.—Not available

*Data coliected by the Slag Cement Committee and from the Central Building
Rescarch Institute, Roorkee

According to Indian standard specifications, the composition of a
slag suitable for cement manufacture should vary between the follow-

ing limits :

Tase §
Specifications for composition of slag for cement manufacture
(Per cent)
802 .. .. .. .. . . . 2732
ALOs . 1731
CaO 35--45
MgO 0 17
FeQ o
M0, . .. .. .. . .. . u 2
S .. .. .. . e .. . .. 0— 2

Slag Cement Commitiee.—A Slag Cement Committee was consti-
tuted in 1960 by the Ministry of Commerce and Industry to promote
the manufacture of slag cement. In addition to the Development
Officer (Mincral Industries), Development Wing, Ministry of Com-
merce and Industry, the Committec consisted of the representatives of
the Hindustan Steel Ltd, and the Planning Commission u'd  the
Managing Director of Associated Cement Companies. Howover, the

parties holding licences for the manufacture of sla: - v -1 were invited
10 81! the meetings. The Commitice met thrice ar 1y the con-
clusion that, hxiging from the composition of -i... iurnished by

Hindustan Steel, the Indian slags were suitable for manufacturing slag
cement.  The Committee recommended that Hindustan Stee! shoukd
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instal granulation plants at Bhilai, Rourkela and Durgapur as early
as possible.

Manufacture of slag cement in India.—A beginning has been made
with the utilisation of blast furnace slag for cement manufacture. The
following two factories are already in production :

Name of the factory Annual capacity for Source of slag

¢cement  in lons

1. Mysore Tron and Stec! 18.000 Mysore Iron and Steel
Works, Bhadravati Works, Bhadravati.
(Mysore).

2. Associated Cement Com- 170,000 Tata Iron and Steel
panies [Ltd., Chaibasa Co., Jamshedpur.
(Bihar). —_——

Total 188,000

In addition, th: following schemes hive been lic:nesd for the man facture
of slhg cement

Name of the licencee  Date of issue of Annual capacity Expected source

licence in tons of slag

1. Orissa Cements Ltd., January, 1956 360,000 Rourkela Steel
Rajgangpur  (Orissa). Plant.

2. Associated Cement February, 1956 170,000 Durgapur Steel
Cos.. Siadn (Bihar). Plant.

3. Associated Cement  June, 1936 370,000 Bhiiai Steel
Cos. Dure (Madhya Plant.
Pradesh)

4. Durgapur Cements, March, 1957 240,000 Durgapur Steel
Durgapur (W. Bengal) Plant.

5. Rohtas Industries, March, 1961 220,000 Do.
Dalmianagar {Bihar).

6. Son¢ Valley Portland Do. 170,000 Do.
Cement Co., Japla
(Bihar).

7. Kohli  Finance {(P) Scheme appro- 325,000 Bhilai Steel
Ltd., Raipur (M.P.) ved but licence Plant.

not yet issued.

B. Khemchand Rajkumar, Do. 197,000 Do.
Bhitai (M.P))

Total 2,052,000

Of these schemes, only Associated Cement Companies, Durg have
made some progress. According to present expectations, they will
start production by the end of 1963. Others have not made much
progress. The main difficulty in the way of implementation of these
schemes so far was the uncertainty about the availability of granulated
slag. Following the recommendation of the Slag Cement Committee,
Hindustan Steel have initiated stcps to instal granulation facilities at
the three steel plants at Bhilai, Durgapur and Rourkela. A plant
capable of producing 650,000 tons of granulated blast furnace slag
per annum has been imported from the U.S.S.R. for installation in the
Bhilai Steel Plant. It is expected to be commissioned by the end of
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1963. Another plant designed to produce 246,000 toms of grentinted
slag will be imported under the cxpansion programme. The erection
of this plaot will be compieted by the end of the Third Plan period
The terms and conditions of sale of granulated slag to  Associated
Cement Companies. Durg arc under negotiation and are expected
10 be finaliscd in the near future. These terms will also apply to the
other two companies viz. Kohli Finance (P) Ltd. and hand

Rajkumar.

A decision has been taken to imtal a slag granulation plant
Durgapur. The Central Design and Engineering Burcau of Hindustan
Steel is preparing a project report based on technical studies conducted
in the U.K. The installation of this plant should be expedited.

According to the tests made by M/s. Orissa Cements Ltd., the slay
it Rourkeia is not suitable for cement manufacture because of its high
manganic oxide and low calcium oxide contents.  ‘This cenclusion i
at variance with the findings of the Slag Cement Commitiee
Arrangements are. therefore, being made to carry out further tests n
the Central Building Research lastitute, Roorkec and Govt. Teut
House, Alipore.

The production of slag cementl van augment the supply of cemcnt
niore expeditivusly than setting up additional capacity for ordinary
cement. The requirements of foreign exchange for importing plant
and equipment are also lower in the case of slag cement. All the
requirements of cement machinery are not yet met from indigenous
sources. Even the plants fabricated in the country require imported
componeants. There is also some economy of fucl and power when
slag is used in the manufacture of cement because an  equivalent
quantity of clinker does not have to be produced.

It would appear that the schemes licensed for the manufacture of
slag cement have not progressed satisfactorily. In view of the acute
shortage of cement in the country, immediate steps should be taken
for the manufacture of slag cement on a fairly large scale.

Other uses of slag.—Blast fumace slag can be used for making slax
woot for insulation purposes and in glass manufacture. M/s. Pun
and Sons have been manufacturing and markcting slag wool under
the trade name of ‘Lloyd Wool'. They are producing slag weol using
stag from the Tata Iron and Steel Works. Jamshedpur. 'lshc winol B
been used for heat and sound insulatjion in place of asbestos

Use of blast furnacc stag for making glass was investigated in th.
US.A. and USS.R. as carly a;i 1920s. For making transparent glas-
as well'ac black and opal glass, the advantages of using this by-product
were well recognised.  The slag glasses were always superior to the
Sorresponding soda-lime-silica glasses in respect of strength, chemicat
Waktance and thermal properties,

». "~ Blast furnace slag in fincly powdered condition has been used i
the US.A. as a soil additive with Jalood results.  ‘[he increase in crop
production associated with such additions depends 10 some extent np
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the fineness of slag.  Slag addition is specially useful for acidic soils
and for soils deficient in calcium.

It appears that the use of blast furnace slag as a raw material tfor
gluss-making and as a soil additive has not been investigated in India
so far. It is recommended that the Central Giass and  Ceramic
Research Institute, Calcutta and the Indian Agricultural  Research
Institute, New Delhi should take wp investigations on these aspects of
slag utilisation.

Large quantities of river sand are used for stowing of mines as
a measure of safety before these are abandoned. River sand has other
uses e.g. for building purposes. It is felt that blast furnace slag should
be used for stowing purposes, wherever feasible. It has been used for
this purpose in some mines in European countries.  The Central Mining
Rescarch Station. Dhanbad should investipate the feasibility of using
blast furmace <lag for stowing purposes as there is a shortage of stowing
material in g number of places in the country.
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X1. BASIC SLAG

The necessity for manulacturing high grade steel from

iron ore led in 1879 1o the discovery of a process for the elimination of
phosphorus from cast iron. This is known as Thomas process in which
high quality steel is produced and in addition the phosphorus and
silicon of the ore form a phosphatic silicate of lime and magnesium
which is recovered E{c{nntcly in the form of a slag fertiliszr of great
-agricultural value. is slag ground to a very fine powder appears
blackish grey which is only shightly hygroscopic and quite odourbess.
This fineness of grinding is a major factor in causing the even diffusion
of the fertiliser within the soil. The product is highty soluble in a 2
per cent citric acid solution (Wagner method) and is sold as high grade
basic slag which is a basic phosphatic fertiliser. Thc iron orcs in
Europe are rich in phosphorus and, therefore, the basic slag produced
there contains a fairly high percentage of phosphoric acid, in addition
to a large number of other fertilising clements. The average
composition of Thomas basic slag is the following :—

Tam g |

Average composition of Thouwws basic lag
Cosstituest Percentage
Phosphoric acid (P:09) . .. .. 10-22
Active lime (CaO) 9 50
Magnesium {MgO) R
Sthoon (Si0:) 6 K

- 8

Mangancse (MnQ))

It has been estimated that 45 kgs. of Thomas basic slag supply
about 36 kgs. of clements essential for soils, plants and animals.

The world production of basic slag has risen from 5.2 million tonnes
in 1951 to 6.6 nullion tonnes in 1958, It also follows that the produc-
tion of basic slag will continue to increase in direct proportion to the
expansion of steel ion,

Most of the phosphoric acid in the basic slag is in a form solublc
in 2 per cent citric acid and is, therefore, availagle to plants. [n addi-
tion, the high content of active lime in the material acts as an amend-
ment for the correction of acidity in acid soils.

Composition of Indian basic slag .

Indian iron ores are poor in their content of phosphorus and the
basic slag produced from Indian iron ores contains about 38—46 per
cent calcium oxide, 6—38 per cent magnesium oxide and 2-—5 per cent
phosphoric acid and some cssential minor elements. The basic siag
of the steel melting shop No. 2 of the Tata lron and Steel Company,
howeves. contains about 7.24 per cent phosphoric acid. Thus, the Indian

92
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basic slag is primarily a rich source of lime and secondarily a source
of phosphoric acid. The chemical analyses of the basic slags from
d'fferent steel factories are given in Tables 2 to 6 below :—

Tasly 2

Analvses of hasic slags produced in 3 steel inelting shops of the Tara Iron and Steel
Co. Lud..  Jamshedpur.
(Per cent)

Steel mel-  Steel mel- Steel mel-

Ingredient~ ting shop ting shop ting shop
No. 1 No. 2 No. 3
Si0; .. . .. .. .. .. 1952 15 -08 1730
Al O3 3127 4-03 1:76
FeQ 12-70 1220 1613
Fe;03 1-47 403 2-15
MnO 4 -80 7.25 300
Ca0 45-50 4320 4830
MgO . 9-50 687 827
P,O4 . .. .. .. .. 286 7-24 2-74
TagLr 3

Analvsis of basic slag—Indian Iron and Steel Co., Burnpur

Ingredients Per cent
S0, 1721
AlzO) -4
Ca0 45—48
MgO .. 7— 9
MoQ . 3555
P20s . 4055
ToraL Fe . 85— 1
TaABLE 4
Analvses of basic slagy —Hindustan Sree! Lid., Rourkela

(Per cent)
Ingredients 0. H. slag L. D. siag
S5i0, 183—20 15--19
FeO 10-5—15 12-5—18
MnO .. .. ‘ . . §-12 T—12
Ca0 . . .. . . . 4346 48—52
MgO 5— 7 3—5

POs .. .. e 29—2% 23
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Analysis of basic siag—Hindustan Steel Ltl,
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Tamsz 7
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FeO
Al

Avaddability of Indian basic slag

The tota) quantity of basic slag available annually in the countrs
v as follows:

Tames 8

(Per comt)

Hlushing ‘Topping

2-n 1% (s
15—25

» s N

A\ [ 5— o

21 -2 W46

—9 1018

v L}] L} r.
Durpapur

Per cont

2— 4

7186

4 1o

Tate Irom sl Sieel Co. Lad., Jamse.ir .-

Meci medting ~hop No. | No. 2
1€ #Y,500
cid Yooes 0, Harng

S0 125000 tonmes

Noo 3

106 80
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Hindustan Steel, Rourkela

O.H. L.D.
35,000 tonnes 114,000 ronncs

Hindustan Steel, Bhilai

210,000 tonncs at a production rate of 1 million tonnes of ingot stecl
About 80 pzr cont of the total slag consists of Aushing slag and the rest
tapping slag.

Hindustan Sreef, Durgapur

140,000 tonncs

Mysore fron and Steel, Bhadravari
2,500—3,00( tonnes

Cost :

The cost of granulated slag is estimated at Rs. 7 per tonne {.or
steel works. -

The by-products of blast furnace slag as also basic slag of the iron
aid steel industries differ radically from most other liming materials in
that their calcium and magnesium are present as silicates and not as
varbonates or oxides as in limestone or quick-lime. They contain both
calcium and magnesivm. It is desirable to make basic slag available
 the desired finely ground as well as granulated form in order that it
may be effective as a phosphatic fertiliser and as an amendment for
acid soils.

In view of the low phosphate contznt of 1ndian basic slag, although
sumples have been tried by various parties at different times for produc-
ing fertilisers yet no party has so far reported that it has besn possible
w produce fertilisers from Indian basic slag on an economic or com-
mercial scale.

In view of the usefulness of basic slag for conditioning acid soils
the Government of India had been considering as to whether some
congession might be given for encouraging its use in areas that need
. The prevailing railway freight rates on transport of this material
which have an important bearing in increasing country’s food produc-
tion are too high and consequently the farmers have not been able to
make large scale use of this valuable soil conditioner in agriculture..
The matter was, therefore, taken up with the Ministry of Railways for
pranting concession in conditioning acid soils for agricultural purposes.
That Ministry has now agreed to the introduction of special rates equal
10 class 27.5A for basic slags intended for conditioning of acid soils
hooked from stations where stee] mills are sitnated to stations where
they are required. The special rates are applicable subject to the fol-
lowing conditions : —

(i) The sender must declare on the forwarding note that the
consignment is intended for conditioning of acid soils.

(ii) A certificate from the District Agricultural Officer of the
district in which the destination station is situated to the



(ii)

(iv)

)

that the comsignment is intended for conditioning of
id scib should be produced for each consignasent
time of booking “
specal rates will apply subject to a mimm weight
charge equal to the cnrryin:f:ap-:ily of l:em wagon

FI7RL

used.
Loading and unloading should be performed by consigners
and cunsignees sespectively.

The experiments carticd out under Indian comditions particularly
at the Sheila Dhar Institute of Soi} Science, Allahabad, with Indian basic
slags which are poor in PO, have been found profitable both in pitro-
511 fixation and in cott:'\dposting. It has also been found thet » mixiore

organic matter, including coal along with basic soll, im Tk ol
ol o bty g g improved alkali

It is sugested that—
(1) the possibilities w . < ~rag lor the purpose of
conditioning acid so! - for supplying phosphate to

2y

3

soils in conjunction wilh vrgan matter may be examined;

that the matter of making basic slag available in desired
finely ground form be taken up by the Ministry of Food
and Agriculture with the Ministry of Steel and Heavy
Industries {Department of lron and Steel), so that this
valuable material which is lying wastc at present, ma
be used in increasing our agncultural production.
basik  slag can be made available im fincly ground
form at a cheap rate and if the concession in mhnz
freight for its transport is enjoyed by the farmers, it
most Likely that the demand for this material will increase
in no time and the chances of conditioning large arcas of
acid soils will be better than ever before. Tge anncxed map
shows the distribution of acid soils in the couniry where
this matcrial may be used as a s0il conditioner and abo
as a phosphatic manure; and

the possibility of enriching basic in its content of PO
may also be explored.



XII. BY-PRODUCTS OF COAL CARBONISATION

High or low temperaturc carbonisation of coal is carried out pri-
marily for producing hard or soft coke.  Hard coke is required in
iron and steel making and in other metallurgical and chemical indus-
tries such as synthetic ammonia, calcium carbide, etc.  Soft coke is
required as domestic fuel.

By-products of coal carbonisation are crude benzol, ammonia,
coal tar and coke oven gas. Crude benzol is further rectified into
various products such as benzene, toluene, solvent naphtha etc. and
coal tar is distilled to obtain various oxygenic chemicals namely,
phenols, cresols, naphthalene, anthracene and others.

By the end of the S¢cond Plan period high temperature carbonisa-
tion of coal had reached a capacity of 11.1 million tonnes of coal
throughout. The corresponding production of hard coke was estimated
at 8.3 million tonnes. Recovery of by-products was practised to a
limited extent depending on the demand for various products.

There was, however, no organised unit for low temperature car-
bonisation, but about 1.8 million tonnes of soft coke were being pro-
duced annually by the wasteful stack burning process.

Production of by-products of coal carbonisation in India during
1956--62 is given on the next page.

- 97
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Patimeted  dermasd
Product n M (o)
-

Naphthaboix 15,70
Paaned 14,700
Phthalic anbydric 10,200
Road tar . 638,000
muwdmmmad phenct of by-
igin after cxpension during PMan has been calouiated

st 49.360; 15,400 and 6,030 wonnes respectively.

A Committce on By-Products of Coal Carbunisaton was st up
early in 1960 by the &Ih.uy of Commer 1! Tndrary with th
following srms of reference :

(i) to assess the polential availabiliy o L prowipal by
products of coal carbonisation in the Third Plan;

(i) to recomumnend steps that should be  taken 10 ensure the
treased ulilisation of these by-products;

(1) to examine, where pecessary, the uction costs and
recommend fair sclling prices, particularly for bencaene,
toluene. tylene and napbthalene; and

(v) to make any other recommendation that the  Committec
may deem isle having regard to the objective of

mereasins the utihaation of hy-products of coal Cirhonjaa
tiom.

The Committee « oo o o orpe vomnie of data, il alid i Usa
ed with people interested in the subpect and visited various coke oven
plants. It has recontly submitted its report t 0 Covemment.

The Third Plan wrpet of steel production 1) mullion

tonncs which will require roughly 10 million wanes ol sised  bard
coke.  The demand for bard coke for other industrics is expected
1o be about 2 million toanes.  Thas, the sotal requirement of hard coke

mmm.wmmmﬂme:’t
bv-products. The balunce of shout 11.5 miflion tonnes of coke

will have 10 be rvodoced i by-prodect coke ovens from abomt 17
million 1onact of cost The Cosamitice bas, therefore, based its calculs-
xn of Mos towees of coal
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(ii) Crude benzol—From the data collected, the Committee found
that recovery of crude benzol varies from 6.0 to 11.5 litres per
tonne of coal from plant to plant. It is, however, felt that an aver-
age recovery of 10 litres per tonne should be possible. On this basis,
about 170 million litres of crude benzol should be available by 1965-
66. The Committee has assumecd that 85 per cent of this poten-
tial can be achieved and, therefore, about 145 million ltres of crude
benzol would be available for further processing.

(iii) Benzene and toluene.-—-The Committee found that percentage
recovery of benzene and toluene varied considerably in practice, but
telt that a recovery of at least 60 per cent benzene and 15 per cent
toluene of crude benzol processed should be possible. On this basis,
the availability of benzene and toluene by the end of Third Plan
would be about 87 million litres and 22 million litres respectively.

(iv) Coal tar distillation products—The production of coal tar
and the quantities available for distillation during 195762 are given
in the following table :

TABLE 6
Coal tar produced and distilled

Production of  Distillation  of

Year crude coal tar ("000 tonnes)
tar ("000
tonnes)
1957 .. . .. .. . .. 110 43
1958 .. . .. .. .. .. 120 15
1959 .. o . .. .. .. 180 kL]
1960 .. o . e . v 223 62
igg; .. .. .. . . - %42 110
.. .. .. .. . . 4 59
B (Jan-June)

‘The coke ovens attached to public sector steel plants have set up
their own tar distillation units which have improved the prospects of
gradually distilling more and more of tar as the demand for the pro-
ducts grows. The Committee expects that out of about 510,000
tonncs of crude tar produced, about 435,000 tonnes might be avail-
able for distillation by 1965-66, which in turn on distillation would
give the following products :—

Taree 7

Quiput of coal tar distillation products in 1965-66

Yield Produc-
(percent)  tion

(tonnes)

Tar oils .. .. .. .. .. .- .. 225 97,875
Tar acids .. .. .. .. .. .. .. 2-0 8,700
Tar bases .. .. .. .. .. .. .. 1-5 6,525
Naphthalene (hot pressed) 4 17,400
Anthracene {crude) . .. .. .. .. 5 21,750
Pitch ., . .. .. .. .. .. . 60 261,000
Loss \ . .. .. .. .. .. 5 21,750
Total .. .. 100 435,000_

LSPCi63—8
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Probabie demand for aromatics derived from coul

The Committee on By-Products of Coal Carbonisation feels that
with the cxpansion of organic chemicals industry during the Third
Plan period the demand for by-products, especially for benzene and
naphthalene, will increase considerably. It has, therefore, stressed
the need for improving the recovery from existing units and also installa-
tion of additional capacity for recovery of by-products in the steel plants
in the public sector to match with their expansion programmes.

Benzene—The Committee estimated that the total annual de-
mand for benzene will be 76,500 tonnes or 87 million litres in 1965-66
and 162,000 tonnes or 185 million litres in 1970-71. The Com-
m#tec felt that with the expansion of orgapic chemicals industry, the
gap between production and demand for benzene and other aromatics
will graduvally widen and alternate sources e.g. petro-chemicals indus-
try, for these chemicals might have to be explored.

Toluene.—While demand for benzene might exceed production
by the end of Third Plan, the demand for toluene would be far short
of preduction.  The likely demand for toluene is cxpected to be
5.41 million litres against the estimated production of 22 million
litres.  The large surplus of toluene would present a problem of dis-
posal and its utilisation for making phenol might be given some con-
sideration. (The situation has, however, changed after the emer-
pency. The requirements for defence are now estimated at 12
million litres as against 1.82 million litres cstimated by the Com-
mittec on By-Products of Coal Carbonisation).

Naphthalene —1In India, naphthalene is at present largely used
#s an mmsect repellent.  But its use as a starting material for organic
chemicels industry will be well established in the Third and Fourth
Plans. The estimated demand for naphthalene will be 20,600 tonnes
by 1965-66 and 40,000 tonnes by 1970-71 as against the estimated
production of 14,800 tonnes in 1965-66 assuming that 85 per cent
of total potential availability is realised. In this case also the Com-
mittec felt that probably by the end of the Third Plan, the demand
for naphthalene will outstrip its production and alternate sources for
this chemical might have to be e¢xplored. The Committee estimated
that about 13,000 tonnes of naphthalene will be required for making
phthalic anhydride.  Recently, the Central Fuel Rescarch Institute,
Jealgora has developed a process for making phthalic anhydride from
tar oils which has bcen taken up by the National Research Develop-
ment Corporation for pilot plant trials. In case the process proves
cconomically feasible, the demand for naphthalene for phthalic anhy-
dride may reduce substantially.

The Committee visnalised the following pattern of consumption
of tar oils, crude anthracene and pitch, all of which are likely to be
in considerable surplus : : .
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TaerLe 9
Consumption pattern of tar oils, crude anthracene and pitck
(tonnes)
Purpose Tar oils Crude Pitch
enthracene
1. As washoil for benzol recovery
in the coke ovens .. .. .. 10,000 — ——
2. for timber preservation (railway
sleepers) . .. . 10,000 — —
3. Pitch-creosote fuel for steel ma-
king to replace coai tar .. . 50,000 — 117,000
4. for makingcarbon black .. . —_ 21,750 —
5. for making road tar., .a . 12,000 — 40,000
6. for making low ash ccke for alu-
minium and calcium cabide in-
dustries .. . .. .. — — 100,000
7. Others i .. .. .. 15,875 —_ 4,000
Total . 97,875 21,750 261,000

The total potential availability of tar acids, at two per cent re-
covery, from 435,000 tonnes of coal tar distilled, by 1965-66 would
be about 8,700 tonnes. As against this level of production, the
estimated demand for phenol alone would be 17,000 tonnes by that
time.  As such, most of the requirements would have to be met by
synthetic phenol.  The existing capacity for production of pure tar
acids is about 1,350 tonnes per annum in Rourkela steel plant. The
Neyveli Lignite Project, when it comes into full production, will
produce about 3,830 tonnes of pure tar acids. In addition, the
Durgapur Coke Ovwens will also have facilities for tar acids recovery
and purification.  The Committec suggested that all public sector
stee! plants and other tar distillation units to be set up in future
should have similar facilities.

Tar bases which have recently been found useful for certain pur-
poses can also be recovered from tar during distillation.  From
435,000 tonnes of coal tar about 6,525 tonnes of tar bases can be
recovered at 1.5 per cent recovery. Of these bases, gamma-picoline
is required for the manufacture of isoniazid, an anti-tubercular drug.

After detailed analysis of the data collected, the Committee on
By-Products of Coal Carbonisation has arrived at a number of con-
clusions and has made certain  recommendations,  One of the re-
commendations is concerned with the quality of benzene produced,
which is not considered suitable for organic chemicals industry due
to high sulphur content.  The Committee suggested that all units
producing pure benzene from crude benzo! should be equipped with
hydro-refining facility which is the most recent method of refining
benzene and which reduces its sulphur content to the level not con-
sidered deleterious for organic synthesis.
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Low 1emperature carbonisation

As already stated, there is as yet no organised unit for production
of domestic coke. About 2.5 million tonnes of coal, mostly of grade
H quality, are burnt annually in stacks to produce about 1.8 million
tonnes of soft coke. Besides soft coke that can be utilised for
domestic purposes or in the low shaft furnaces, valuable by-products
which can be obtained are :

TasLe 10

Production poteniial of by-products fram low temperature ceal carbonisation

Tonnes per ycar  Value (Rs.
1

akhs)
Motor benzol .. . .. o . . 14,600 28-0
Heavy diesel oil .. .- .. . . 40,640 80-0
Fuel oit .. . .. .. . .. 30,640 480
Cresylic acid .. .. .. .. . . 20,320 50-0
Pherol .. ‘e .. . . . o 4,060 20-0

Road tar .. .. .. .. .. .. 21,280 160-0

{Calculated from figures given in the Report of the Experts Com-
mittee  on  Synthetic Ol appointed by the Government of India in
1956 under the chairmanship of late Dr. J. C. Ghosh).

The programme of industrial development during the Third Plan
includes three projects in the public sector for the production of soft
coke with recovery of by-products, in addition to the Neyveli lignite
project which would produce about 386,000 tonnes of carbonised
briquettes for domestic consumption.  These plants to be operated
by the respective State Governments will be localed at Jambad
{West Bengal), Kothagudiam (Andhra Pradesh) and Karanpura
{Bihar), with a combined capucity of 2.24 million tonnes of coal
throughout.



XIIl. SALT BITTERNS

Availability of chemicals from salt bitterns

The present production of common salt in India is about 3.6 mil-
lion tons. Of this, 3.3 million tons are produced from sea water and
sub-soil brine and 0.3 million tons from lake brines. Gujarat State
alone produces SO per cent of salt from sea water and sub-soil brine.

Potassium chloride, magnesium sulphate. magnesium chloride and
bromine can be recovered as by-products from the bitterns of marine
salt works. The magnesium salts in marine bitterns can also be con-
verted inte magnesium oxide or basic magnesium carbonate to be used
for industrial purposcs. The by-products that can be recovered from
the bitterns of Sambhar lake salt works are sodium sulphate and sodium
carbonatc—both valuable chemicals.

The quantitics of chemicals associated with marine and lake bitterns,
on the basis of the present production of salt, are given in the table
below 1-—

TapLg |

Production potential of chemicals from salt bitierns
(tons)

Marine Lake

bitterns bitterns
Sodium chloride .. .. .. - 400,000 40,000
Potassjium chloride . . . 50,000 —
Magaesium chloride . - .. 400,000 —
Magnesium suiphate .. . .. 300,000 —
Bromine .. .. .. . . 16,400 —
Sodium sulphate . . .. — 13,000
Sodium carbonate .. .. .. — 8.000

In marine salt works, before the crystallisation of salts, gypsum
is deposited in the beds. 1t is estimated that 180,000 tons of gypsum
can be recovered annually. At present, only the bigger salt works
arc recovering gypsum and it is being used mostly in cement fac-
tories.

Present status of by-products recovery

So far as marine bitterns are concerned, cxcepting for some
attempts by Tata Cheuiicals Ltd. at Mithapur, recovery of by-products
has not received the attention it deserves in this country. The posi-
tion in regard to the requirements and imports of the chemicals that
cun be produced from bitterns is given in Appendix I.

At present there is very little demand for magnesium chloride and
magnesium sulphate,  With the setting up of the fertiliser factorvy at
106
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Trombay about 29,000 tons of magnesium sulphate would be required
annually. To meet this demand the production of this chemical would
have to be undertaken on a large scale in order to avoid its import.
The growth of photographic industry and the manufacture of ethylenc
dibromide both necessitate the production of bromine on a large scale.
At present this chemical is being imported, although a small quantity
(about 150 tons) of bromine is being produced from salt bitterns by
Tata Chemicals Ltd., Mithapur, but when the bitterns are diluted by
heavy monsoons some imports to fill the gap arc required.

The increasing use of oxy<hloride cement (Sorel cement) flooring
in the building industry should find a good outlet for large quantities
of magnesium chloride.  This would not only give a better and cheaper
flooring for residential and office buildings but relieve the pressure of
demand for cement to some extent,

The cxploitation of marine bitterns should be regarded as a national
necessity from the view point of providing the country with potassium
chloride, the much-needed potash fertiliser. It is envisaged that the
production of common salt will have to go up by at least 100 per cent
to meet the demands of industries in the next few years, The amount
of bitterns that would be available with this expected increase in the
volume of salt production may be adequate for the production
of only a portion of potassium chloride that the country nceds. There
is thus no fear of over-production of potassium chloride.

Investigations at the Central Salt and Marine Chemicals Research In-
stitute, Bhavnagar

The Central Salt and Marine Chemicals Research Institute has been
carrying out investigations on the recovery of different by-products fromr
bitterns and has evolved processes for their recovery. Several of these
processes  have been tested on pilot plant scale and have proved 1o
be economically feasible. Semi-commercial units are to be set up at
Kandla and Tuticorin by the Councidl of Scientific and  Industriaf
Research and the State Trading Corporation.

By-products from Sambhar lake bitterns

This subject has been drawing the attention of the Government of
India for at Jeast two decades. The difficulties involved in the separa-
ton of sodium sulphate and sodium carbonate were solved by the
Central Salt and Marine Chemicals Research Institute by Phase Rule
studics of the systems involved. The process evolved on this basis was
subjected to pilot plant studies and a scheme for the preduction of
sodium sulphate at Sambhar was cotrusted to the Council of Scientific
and Industrial Rescarch. The Council sanctioned the setting up of a
commercial unit at Sambhar for the purpose. The project did not
matenalise becausc of the high cost of electricity at Sambhar. Even
assuming 10 nP. per kilowatt-hour as the cost of electricity the prooess
would yield sodium sulphate at Rs. 150 per ton, while the selling price
is about doublc this amount. It is understood that the Hindustan Salt
Company have a project in hand 0 put up a washery-cum-by-product
recovery plant at Sambhar.
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Marine bitterns

The Central Salt and Marine Chemicals Research Institute has
evolved three distinct processes for the exploitation of marine bitterns.
The processes, which have been tested on pilot plant scale and proved
to be economically feasible, are :

1. A process for the recovery of potassium chloride and mag-
nesium sulphate;
II. A process for the production of potassium chloride, sodium
sulphate and magnesium sulphate.
III. A process for the production of potassium chloride, sodium
sulphate and magpesium carbonate.

Project reports for all these processes are ready for release to
the industry.

The Council of Scicntific and Industrial Research is putting up a
semi-commercial unit at Kandla for the production of potassium chlo-
ride and magnesium sulphate by process (I).

The Central Salt and Marine Chemicals Research Institute has
given a project report for the exploitation of mixed salts, which are
obtained by the solar evaporation of bitterns based on process (II), to
the State Trading Corporaticn for the production of potassium chloride,
sodium sulphate and magnesium sulphate. A semi-commercial unit is
to be set up at Tuticorin for this purpose.

A project report for process (I11) is about to be released to a
Bombay firm.

All these three processes are highly remunerative. The table in
Appendix II gives details regarding these processes and investments
nceded for economic units and returns.

The salt bitterns now available as waste are concentrated in the
coastal regions of Gujarat and south-castern Madras having a large
number of salt factories. There are, however, only a few salt pro-
ducers who can mobilise substantial quantities of salt bitterns for com-
mercial expleitation. It would, therefore, be necessary to set up an
industry for recovery of chemicals with the co-operation of all salt
producers in the region, so that a unit of economic size for the
recovery of marine chemicals available as by-products is established. 1t
is also considered necessary to undertake a survey of the total avail-
ability of bitterns in different regions with a view to deciding on the
location of such a project. Kandla, Jamnagar, Bhavnagar, Tuticorin
are some of the places which can be considered for this project.
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XIV. COAL ASH

Introduction

With the growth of industrialisation visuali<ed in the successive Five
Year Plans, the demand for coal, our chief industrial fuel, will be
oa an ever-increasing scale,  The preseni production of about 60 mil-
lion tons of <coal per annum will be stepped up to about 250 million
tons by 1975-76. To meet this demand, we will have to rely mainly
on our extensive deposits of inferior coals. In addition, the demand
for metallurgical coke. conforming to stringent specifications, by thc
iron and steel industry has given rise to the necessity to wash coal.
for which the Government is sctting up a number of Central washerics.
These will produce large quantities of high-ash by-product fuels in
the form of middlings and rejects. By-products of washeries and other
high ash coals will, thercfore, have to be increasingly used as sources
of enzrgy for industry. Besides giving rise to technological problems
of designing boilers etc. to use low grade coals, this would raise the
problem of handling and disposing of ash.

Coal ash is the residue left after bumning coal and consists mostly
of fine fractions. Depending upon the form in which the coal is used.
it is classified further as cinder (or clinker) and fly ash.

Cinder (or clinker) —When lump coal is used for raising steam
in boilers, the furnace residue, which has been fused in lumps of
varying sizes, is called cinder or clinker. Its total production is about
3% million tons per year. The major sources are the railways and the
thermal power stations using lump coal.

Fly ash.—This is the finely divided residuc that results from the
combustion of pulverised coal in the boiler. It is carried away from
the boiler by flue gases and collected by means of electrical or mecha-
nical precipitators.  Its production, which at present is about 1% mil-
lion tons per year, is expected to rise to about 3% million tons per
year by the end of the Third Five Ycar Plan, as a number of thermal
power stations, which would utilise pulverised coal middlings from the
washeries, are expected to be commissioned during the period.

Wet bottom. pulverised fuel furnaces and slagging ash gasifiers
produce ash in the molten form. The disposal or utilisation of this
used to be a troublesome and costly business till it was realised that
there were a number of uses for which it was admirably suitable.

Vethods of utilisation

Coal ash has been utilised in several ways depending upon its
chemical composition, content of unburnt fuel, fincness. density. cte.
The following uses are important :

(a) In the manufacture of pozzolanic cement.
12
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(b} As a lightweight aggregate for wse in concrete, concrete:
blocks or slabs, etc.

{¢) In masonry mortars. .
(d)} In making bricks from black cotton or similar clayey soils.
{e) In making fly ash cinder bricks.

(f) Tn making aerated concrete,

In the mannfacture of pozzolanic cement

The investigations carried out at thc Central Building Research
Institute. Roorkee, and the Railway Testing and Research Centre.
Lucknow, have shown that (i) Indian fly ashes (samples collected
from Bokaro, Durgapur, Kanpur and Madras) are good pozzolanas
and can replace cement up o 20 per cent. Though the strengths
obtained are lower than the strength obtained without replacement in
1 :3 cement-sand mortar, it is more than the specified limit of 80
per cent in 28 days. Fly ashes from Kanpur and Madras, however.
contain a high amount of unburnt fuel and should, therefore, be used
cither after fractionation or in replacement of less than 20 per cent;
and (ii) finely ground loco coal ash having unburnt fuel up to 15 per
cent can be used to replace 20 per cent of cement in plain concrete.

As lightweight aggregate for use in concrete, concrete blocks or slabs,
erc.

The use of coal ash and fly ash in the manufacture of pozzolanic
cement. though quite advantageous, does not go a long way towards
solving the problem of utilisation as the quantities utilised are small.
The use of these materials as light-weight aggregates in concrete, con-
crete blocks, slabs, etc. is the most important application as large
quantities of ash can be utilised in this way.

Railways, which are at present the higgest producers of coal ash or
cinder, have used this material from time to time in making walling
blocks and jack arch roofing elements. Structures built with these
units have shown satisfactory performance. While leaner mixes have
been supgested, the work done at the Central Building Research Insti-
tute has shown that units made with leaner mixes are liable to
greater drying shrinkage, A 1: 6 cement-cinder mix by volume is quite
suitable both from the point of view of strength and shrinkage.

At the Central Building Research Institute a sintered lightweight
aggregate has been prepared in a pilot sinter plant with the Bokaro
and Durgapur fly ashes. The cost of production worked out to be
about Rs. 35 per 100 cft.

The unit weights of crushed sintered aggregate and the concrete
prepared with it are 55 1bs./eft. and 80 1bs./cft. The aggregate is suit-
able for making concrete blocks and for in situ concrete construc-
tion.

A comparison of the cost of cinder concrete block construction with-
that of brick masonry has shown the former to be more economical at
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places where bricks are available at Rs. 50 or more per thousand. ‘The
cost of concrete blocks made from sintered fly ash aggregate will be a
little more than cinder concrete blocks. Blocks made with sintered fly
ash aggregate will, however, be lighter and more stable under chang-
ing atmospheric conditions and, therefore, more suitable for exposed
constructions.

The use of cinder and sintered fly ash aggregate for making con-
crete blocks, etc. is recommended. The manufacture and use of sin-
tered fly ash aggregate at the thermal power stations and in the sur-
rounding areas, would have the advantages of disposing of the ash,
increasing the pace of construction, and reducing the cost of walling
in arcas where bricks are costly (Rs. 50 or more per thousand).

In masonry mortars

Nowadays coal ash is often used in place of surkhi in making lime
mortar for masonry construcuon The proportions (by volume) gene-
rally adopted are 1:2, 1:3, lime<oal ash, or 1:1:1. 1:1:2
lime<coal ash-sand. The mortar is prepared in a way similar to that of
lime-surkhi mortar.

Compared to cement mortars, lime-coal ash mortars are cheaper.
These are better than lime-sand mortars both in strepgth and perform-
ance. Their use for building a two-storeyed house has been found
quite suitable.

In making bricks from black couton or similar clayey soils

Good bricks from black cotton or similar soil cannot be made
because of excessive drying shrinkage. Admixtures such as coal ash,
fly ash, grog, etc. are known to reduce the drying shrinkage and make
such scils more suitable for brick making. Investigations carried out
at the Central Building Research Institute have shown that ‘A’ class
bricks can be made from black cotton soil by incorporating finely
ground coal ash in equal proportions.

In making fiv ash-cinder-cement bricks

Work done at the Central Building Rescarch Institute has shown
that good bricks can be prepared by using fly ash, cinder and ccment
in proportion of 3:6:1 by wecight and pressing the mixture into
moulds at about 20 per cent moisture and 20 tons pressure. The
manufacture of such bricks at the thermal power stations and particu-
larly in areas, where good quality bricks are cither not available or are
costly, descrves consideration.

In making aerated concrete

Fly ash has been used in the manufacture of acrated concrete (also
known as gas. cellular or foamed concrete} in other countries. Simi-
tar use of fly ash fer making aerated concrete in India, though not
yet made, also deserves consideration.
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Availability of coal ash

About 25 million tons or more of coal are being used by the
railways and the thermal power stations and the ash produced from
these may total about 8 million tons or more per year by 1965. This
will increase considerably in the Fourth Plan when the thermal power
plant capacities are likely to be more than doubled and the coal used
mn them will have considerably higher ash content than at present. To
this may be added a large amount of rejects from the coal washeries
which will, however, have rather high carbon content and cannot be
burnt at present, But the production of ash is not localised at a few
centres.  The power stations are distributed all over the country. In
~the Appendix are indicated the estimated quantities of ash that are
likely to be available from only the large power stations (10 MW or
over) which would be utilising high ash coals. In the case of railways
the coaling stations are mostly situated about 200-250 kilometers apart
at the junctions and some quantities of ash are, therefore, available at
these junction stations. The production of ash in the case of railways
.is rather small and localised compared to the large power stations. In
the case of large thermal power stations, fairly large quantities of ash
would be available locally and would consist largely of inorganic residue
-of mineral matter in coal with very little unburnt organic matter. This
will not be so in the case of cinders from the locomotive engines, which
consist of large quantities of unburnt carbonaceous matter, besides the
inorganic residue of mineral matter in coal.

Since the coal ash from the railways is available in relatively small
quantities distributed over a large number of centres the method for
utilising it locally should be developed. The cost of collection and

transportation may make their utilisation eclsewhere wholly uneco-
-pomic.

Exploitation of railway loco cinders can possibly be best done by
railways themsclves, whereas other agencies can possibly be established
for exploitation of coal ash from power stations.

Since the powcer stations do not keep to a constant source of coal,

the data on composition and quality of cinder or fly ash are scanty. A
survey may be necessary in due course.

The table below shows a great variation in the composition of coal
ash from different fields. Some of the ashes, especially of Madhya Pra-
desh and Bokaro-Karanpura ficlds, are highly refractory in character.
Doping with fluxes has to be adopted for getting slag of suitable com-
position. The ash of meta-anthracite in Rhode Island is also compara-
tively refractory, but doping with dolomitic limestone has resulted in
the production of slag of high fluidity to enable the making of slag wool.
The same technique can also be used for the refractory Indian coat
ashes. Further, coal ash slags may find use in making slag cement
and in the building industry. Cinders with tolerable combustible mat-
ter (less than 3 per cent) may be used in making concrete masonry
blocks. The proposed outlets for the disposal of the wastc materials
-need extensive experimental tests.
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Compasition of coal ashes from major coal frekis

Jharia Raniganj Madhya Bokaro-

Pradesh Karan-

pura
SiO; 45—60 40—55 50-—-70 50—60
ALO, 20—33 16—35 2030 2540
FCIO) -1 518 27 5—14
TiO» 1:5-30 | -=2:5 1'5—3:0  1'5-30
P.Os 0-3-5-0 0-5-25 0-1—-1-0 0-5—-2:5
Ca0 2-7  2-5-10-0 0-2—3'0 0-5—-3-0
MgO -3 13 0-5—1-5 0-5—1-0
§0, 0-5—4-0 0-5-4-5 0-5—2-5 01 -5
Alkalis .. 0230 0-4-4-0 0-5—2-0 0-5—-3:0

Conclision

In the light of the above study about the nature of fly ash and coal
ash in India, it can be said that the economic disposal of a large amount
of these waste materials will bring a saving in the total cost of coal
used, Trials should be conducted firstly to assess the quality of the
raw materials, secondly, the possible uses they may be put to and
thirdly. the economics of such utilisation.



APPENDIX

Estimated quantities of ash likely to be available from large
steam power stations by 1965-66 (power plants with 10 MW
and above sets have only been mentioned)

Net amount
of ash
Installed available
Location of steam plant capacity  per annum
by bv 1965-66
1965-66  (Inthousand
(MW) tons)
4} (2) 3)
Wesr Bengal
I. Calcutta
(i) Cossipore 67-50 73.0
(i} Mulajore 150-00 162.0
(iif) New Cossipore .. 11000 119-0
(iv) Southern Power Station 20-00 86.0
2. Halishahar, Naihati .. .. 28-75 31-0
3. Durgapur Coke Oven Power Station* 150-00 185-0
4. Bandel Power Station 300-00 378-0
5. Durgapur, D.V.C.* 16500 208-0
Bihar
6. Bokaro* 255-00 3210
7. Barauni 10500 132-0
8. Patratu* 350-00 441-0
9, Chandrapura* 280-00 353-0
Orissa
11, Talcher 240-00 3020
Madhya Pracdesh
12. Korba 290-00 365-0
13. Satpura 180-00 227-0
14. Amarkantuk 60-00 76-0
15. Singrauli 250-00 315-0
Urtar Pradesh
16. Harduaganj 9000 113-0
17. Kanpur .. 72-50 78.0
Dethi
18, Delhi A & B Power Stations .. 210-00 227-0
Rajasthan
19. Thermal Extn. Rajasthan 90 00 97-0
Maharashira and Gujarat
20. Chola .. .. .. 118-00 128-0
21. Sabarmati B & C, Ahmedabad 18000 194-0
22. Tata P. P. S. 187-50 203 0
23. Duvaran (Cambay) 200-00 252-0
24, Akola (Parus) 9000 113-0
25. Khaparkheda 12000 152-0
26, Bhusawal 60-00 760

17
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{1} 2) (J)
Andhra Pradesk

27, Wellore o . . .. 30-00 20

28. Ramgundam . . 9750 1230

29. Kothagudium . . . .. . 120-00 15t-0
Madras

30. Madurai .. .. . .. 10-00 Mo

3. Busin Bridge, Madras .. .. 8700 95-0
Jammu and Kushmir

32, Kalakot .. .. .. .. .- . 20-00 22-0

*These plants are in DVC area,

10.

1.
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XV. MICA WASTE

India is the principal producer of mica and has a ncar monopoly
an the mica trade, accounting for over 80 per cent of the total world
supply of the material. Other producing countries are Brazil,
Madagascar, U.S.A., Tanganyika, and Southern Rhodesiz. In India,
the principal mica bearing mines are located in Bihar, Rajasthan and
Andhra Pradesh. In 1960, Bihar accounted for 50.1 per cent. Rajas-
than 25.1 per cent, and Andhra Pradesh 24.0 per cent of the total
-<output of crude mica in India. The remainder came in small parcels
from Madras and Kerala.

In Bihar, the mica belt extends from Gaya in the West for some
90 milss, through Hazaribagh and Monghyr, to Bhagalpur in the east
with a width of 12-16 miles. The most productive mines lie in and
around Kodarma reserved forest in Hazaribagh District. In Rajas-
than, the mica belt covers an area some 60 miles wide stretching
from Jaipur in thc north-zast for more than 200 miles into Udaipur in
the south-west, Bhilwara is the most important producing district in
Rajasthan. In Andhra Pradesh, the mica belt stretches for some 60
miles between Gudur and Sangam with a width of 8-10 miles in the
Nellore District.  Important mines arc located near Gudur, Rapur,
Podalakur, Atmakur and Kavali, of which Rapur is the leading centre.
Ruby mica which has long been considered as the best quality of mica
is won from the Bihar mines. Rajasthan yields stained ruby, green
and other varieties of mica. Andhra Pradesh produces mostly green
.and black stained varieties.

Mica owes its importance to a unigue combination of physical,
chemical, thermal and diclectric properties which make it almost irre-
placeable by any natural or synthetic product, especially in the electrical
industry. The most important physical property responsible for the
growth of mica splitting industry is its perfect basal cleavage. This
property enables it to lend itself to easy and accurate splitting into thin
sheets or films of any specified thickness. The perfection of its lami-
nate structure can be appreciated from the fact that it can be split into
fiexible and transparent films as thin as 0.00025 inch.

The two important industrial micas are muscovite, also known as
white mica (potassium aluminium silicate) which can withstand a
temperature of about 700°C. and phlogopite or amber mica (magne-
sium aluminium silicate) which does not undergo any structural change
-even at temperatures as high as 900°C.

Mica obtained from the mine s in crude form, mixed with pegmatite
materials. The preliminary dressing of mica in the mine {cobbing)
frees mica block from dirt and waste as well as defective material such
as rough, buckled, wrinkled and wavy mica and only commercially
sound mica is retained. The rough cobbed mica is then rifted or split
into thin sheets 1/8, 1/16 or 1/32 inch thick or still less. Loose bits
-or torn or frayed edges are also removed. The equipments used are

119
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very similc consisting only of a wooden peg. a sickle and a knife.
This is, however, a highly specialised job and Indian splitters and
trimmers have achieved world-wide fame. After splitting, the small
sizes arc screened over different meshes before final packing. The
ultimate coversion of the mica block, splittings etc. is undertaken
normally by the consuming countries.

Mica with its low thermal conductivity and high diclectre
strength. toughness, flexibility, resistance to temperature changes and
chemical decompaosition and comparatively  high  heat  resistance is
mostly used in the electrical industry for msulation purposes. Ground
mica s used in chemical ind paint industry. Wet ground mica is used
as a filler and as a mould lubricant in rubber manufacture and some
plastics. It is also used in the manufacture of roofing material, weld-
ing rods, wall paper, lamp chimneys, shades etc.,

Though India is the lcading producer of mica. home consumption
of the samc has not developed to any appreciable extent and practi-
cally the whole of saleable mica produced in the country is exported.
Of course, with the development of clectrical industries in the succes-
sive Five Year Plans, the domestic consumption of mica is expected to
increase substantially. The cxports in 1960-61 and 1961-62 are given
below :

TABLE 1
Exports of mica during 1960-61 and 1961-62
" 1960-61 1961-62
— e A i el A L
Quantity Value Quantity Value
{tons) (Rs. in (tons) {Rs.in
lukhy) lak hs)
" Blocks .. . 2,248 413 2,087 403
Splittings . 8,053 5,79 8,030 538
Others  (ground, waste,
serap, cte) .. 17,642 23 17,575 25
Tovai 27,943 10,15 27,692 9.66

The world production of mica is generally divided into two cate-
gorics viz. (i) sheet mica which includes blocks, films and splittings
and (ii) waste and scrap mica comprising the bulk of the total output.
All mica. exclusive of mica schist. which because of size, colour or
guality is below specifications for sheet mita constitutes waste or scrap
micia.  In India, waste or scrap mica s mainly of muscovite variety
obtained from mining, grading. ttimoung and punching sheet mica and
is known in the trade as ‘mine scrap’ and ‘factory scrap’,

In US.A.. most of the mica mined is of the scrap quality and utili-
sation of scrap mica is the mainstay of the U.S. mica industry. In facs,
it is the only country where extensive research has been undertaken
on th: utilisation of scrap mica. Practically, the only outlet for mica
scrap avatlabk in other countries is to cxport it to U.S.A. at very low
prices. As a result of prolonged rescarches, the demand for mica
scrap in the US.A. is peing up by leaps and bounds. The demand
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has gone up to such an amazing extent that the large domestic produc-
tion of scrap, reclaimed and flake mica does not adequately meet the
evergrowing demands of the industry and about ten per cent of the
requirements are met by imports from India and Africa.

The process of dressing mica leaves a fairly large quoantity of
waste which wsually varies from 80 to 85 per cent of the total mica
mined. There is a turther loss of about 50—60 per cent during the
process of fabrication into various parts. Thus, through the various
stages of processing from the mine to its ultimate consumption, a very
high percentage of the mine-run is rendered waste or scrap. Such an
enormous waste takes place practically in all the mica producing
<ountries as may be seen from the table below

TaBLE 2

Wastage of mica in different countries

Wastage
Country (per cent of
total mine-
run)
India . . . . o, 85—90
USA. H)-—95
Brazil dbout 95

bast Africa .. . 96597

A major portion of Indian mica waste is being exported but the
rest is being dumped as useless material near the pitheads of the
mines. Supgestions have bezn made to restrict or ban the export of
mica waste. It is alleged that the importing countries ar¢ advantage-
ously using the waste, which they import at a nominal price, for mak-
ing built-up mica e.g. micanite. It is feared that this would restrict the
export of Indian mica splittings which are normally used as raw
material for built-up mica.

Availabitity of waste mica in Indiu.—As alrcady stated, India is
the largest producer of mica and the principal supplier of sheet mica
to the world. Indian ruby mica holds a unique position in the world
list of strategic materials.  Production and cxport of mica from India
has been gradually increasing and, thercfore, there has been a rapid
azcumulation of mica waste in the mica ficlds of Bihar, Rajasthan and
Andhra Pradesh. 1t is estimated that India produces more than
25,000 tons of mica waste every year. In addition, there are unknown
quantities of accumulated waste in the mica fields. So, India has got
abundant supplies of mica waste.

Utilisation of mica waste.—The utilisation of waste mica which
constitutes 85—Y0 per cent of the total mica mined is a major problem.
Investigations  have, therefore, been undertuken in 2 number of
rescarch institutions in India to find profitable uses for waste mica. The
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major contribution in this field has been from the Cenual Glass and
Ceramic Rescurch Institute, Calcutta. A separate mica research unit
has recently been cstablished in the Institute which, among other
things. undertakes rescarch on the utilisation of mica waste,

Waste or scrap mica is almost invariably used for grinding pur-
Foses. Virtually all the present day uses of ground mica depend
argely upon its appearance and lubricating properties. Both of these
charactenistics are affected by the method of grinding as well as the
punity and nature of the scrap.

Scrap mica is ground by three processes, namely, dry grinding, wet
grinding and micronising. The marketed product is classified accord-
ing to the grinding process which indicates quality and propertics like
colour, tnesh size and bulk density. Blending of scrap i1s often neces-
sary in order to produce the desired product.

Quality of scrap —For industrial utilisation, mica scrap, whether
from the mine or factory, is gencrally of the muscovite or phlogopite
variety. As already stated, Indian mica is mostly muscovite, the varicty
which is more commonly used by the grinding industry, specially in
the high quality wet process where whiteness of the product 1s of prime
importance. In order to be suitable for use by the grinders, the scrap
mu=t be washed free of clay and mud. Besides, it must have minimum
amount of staining and should preferably contain liitle or no grit. The
size of scrap is not of much importance in grinding efficiency. As
regards quality, Indian scrap, especially of the ruby or white variety,
is at least as good as that of U.S.A.

Properties of ground mica —When  ground to a powder, scrap
mica has a unique combination of many uscful properties which make
it a highly desirable product for many industrial applications. Its
ability to retain the fluky structure even after extremely fine grinding
provides a high covering power, and its retention of a high lustre after
wet grinding provides excellent reflective properties. It possesses
good lubricating properties. It is also useful due to its inert, tough
and flexible nature and high thermal and electrical insulation values
A host of uses have been developed on the basis of the aforesaid
properties.

Uses—The established uses of ground mica in the US.A. are too
numerous to be discussed. Most of the wet ground and a consider-
ab'e amount of high grade dry ground mica is used as paint ingredient,
The wall paper industry also consumces an appreciable amount of wet
ground mica. Dry ground mica is used mainly in the manufacture of
roll roofing sheet, other uses being in making welding rods and in oil-
well drilling. Pure grades of both dry and wet ground mica are utilised
as inert fillers and dusting powder in the rubber industry., Other uses
of mica powder are in the manufacture of plastics, electric cable and
telephone wire imsulation, artificial snow, axle greases and oils. pipe
line enamels, textiles. glass bonded mica, wall board cement, asphalt
mats for aircraft landing, house insulation and annealing of stecel. The
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approximate distribution of ground mica to the leading consummg
industries in the U.S.A, in 1960 is shown below ;

TaBLE 3

Gronnd mica sold for various uses in U.S.A. in 1960

Quantity in
Use tons
Roofing sheet . .. .. - 48,140
Paint .. Ve .. .. .. 19,645
Wall board cement .. .. . .. 11,775
Oil well drilling .. .. . - 9,620
Rubber .- .. - .. .. 8,945
Wail paper .. .. .. .. .. 508
Piastics .. .. .. .. .. 435
Other uses* .. .. . .. .. 8,390

*{ncludes mica used as facings for moulds, for electric insulation, Christmas tree
snow, annealing of steel, welding reds, etc.

Paint has, of late, been the rapidly growing consumer of ground
mica in the U.S.A. and there is also a trend of increased consumption
in walt board cement and oilwell drilling mud. Recently, there has
been considerable research in U.S.A. and France for utilising mica
scrap for manufacturing different types of reconstituted sheetdike
mica products e.g. samica, mica mat and intsgrated mica. Such pro-
ducts made by the paper making process and claimed to be more
uniform in properties than built-up mica (e.g. micanite) are gradually
finding extensive uses in the electrical industry.

Research carried out in India and its application —The possibility
of utilising mica waste has engaged the attention of the Central Glass
and Ceramic Research Institute which has done considerable research
on the subject. The Institute has developed a new application for
making heat insulating bricks comparable in properties iike bulk den-
sity, porosity, thermal conductivity etc. to bricks made out of
imported vermiculite and imported diatomite bricks used extensively
in industrial furnaces as backing insulation behind a course of refrac-
tory bricks. By utilising the researches carried out at the Institute
(Indlan Patent No. 48667) two factories, one in Rajasthan and the
other in Bihar, have been set up for manufacturmg mica insulating
bricks. These bricks have been used in the Bhilai steel plant and the
oil refinery at Gauhati. This research has established a new outlet for
mica scrap and has, to an extent, helped to conserve the foreign ex-
change spent on importing vermiculite and diatomite bricks. It is, how-
ever, understood that the Rajasthan factory has not been able to
utilise its full capacity for want of orders. The Bihar factory could
not start production so far due to the same reason. It appears that the
indian product is costlier and somewhat inferior to the mmported ver-
miculite and diatomite bricks which it is meant to replace. Efforts are
being made to improve the quality of the Indian product as also to
bring down its cost of preduction,
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Grinding of mica.—When scrap mica is ground by the dry process
in high speed hammer mills, the edges of the flakes get crushed amd
torn and the ground material has the appearance of flour. To pro-
duce mica powder with a shiny appearance, wet processes involving
preferential delamination of flakes are employed. Chaser mills, with
large wheels or rollers rotating on a horizontal shaft. arc used for the
purpose. A wet grinding process {Indian Patent No. 55434) involv-
g the use of an edge runoer mill has been developed in the Central
Glass and Ceramic Rescarch Institute. The grinding roller and the mill
pan are lined with soft wood. The frictional grinding deluminates
mica flakes to fine particles,  The product is stated to be comparable
in properties und performance to foreign products. This process has
not so far been commercially exploited.  The domestic consumption
of mica powder is rather small to justify the setting up of a factory for
its manufacture. However, the Department of Technical Develop-
ment, Ministry of Economic  and  Defence  Coordination and  the
National Research Development Corporation have been trying to
interest entreprencurs to manufacture mica powder in India, chiefly as
an export-oriented programme.

U.S.A. is the largest producer and consumer of ground mica. Moslt
of the European countrics manufacture mica gowder from imported
Indian scrap. In view of the availability of cheap raw material and
labour, India should be able to compete in European and Asian mar-
kets for wet ground mica. The chances of her competing in the U.S.
market are also fair as has been shown in a study undertaken by the
National Council of Applicd Economic Research, The Dzpartment of
Technical Development and the National Reszarch Development Cor-
poration should, therefore, continue their cfforts to interest entre-
prencurs to set up a factory in India for the manufacture of wet ground
mica using the process developed by the Central Glass and Ceramic
Research Institute.  If no entreprencur comes forward within a
reasonable time, due to shyness to try a new method, the National
Research Development Corperation should arrange to try the process
on a scmi-commercial scale wath o view to verify that it produces a
matcrial which is acceptable in foreign markets at an  economical
price.

Utilisation of mica powder —By using suitable amounts of mica
powder of desired fineness as partial substitute for the conventional
expensive pigments and extenders, the Central Glass and Ceramic
Research Institute has developed paints having appreciably improved
corrosion resistance, hardness, weathering resistance, heat resistance,
Rexibility and resistance to wear and alse better storage properties,
The use of mica reduces the cost of the paint without having any
detrimental effect on finish, drying time, covering power and other
desired properties. The Central Glass and Ceramic Rescarch Institute
has patented quite a few compositions of mica-bearing paints. In view
of tﬁcir improved propertics and reduced cost, there appears to be
considerablc scope of their upplication as better substitutes for the
various types of conventional paints whose demand has been steadily
rising,
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Mica-based greases have been developed in the Institute by replac-
ing a very substantial amount (approaching 100 per cent) of graphite
and the greases are comparable to graphite greases used extensively
by the railways and the automobile industry.

Work has also been done in the Central Glass and Ceramic
Research Institute on the development of new products similar to
samica of U.S.A. Glass bonded mica suitable for use in the etectrical
industry has also been developed in the Institute. Mica boards and
laminates similar to imported asbestos sheets and boards used exten-
sively by the railways in coaches for heat insulation are under deve-
Iopment in the Institute.

The Central Glass and Ceramic Research Institute should continue
research in finding new uses for ground mica or mica waste directly
and the National Research Development Corporation should give due
publicity to results of the research with a view tfo their adoption in
the industries concerned.
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RECOMMENDATIONS

Si. " Recommendations A
No.
1. RicE Baax

1. Rice bran extraction plants may preferubly be located
within a radius of 50 miles from the concentration
of rice mills in order to ensure quick and economic
transport of this raw matcrial,

2. The enisting hullers should be modernised into shelier
type of rice mills without substantially increasing
overall milling capacity.

1. The investigation work on the refining, bleaching,
deodorisation and hydrogenation of the oil should
be carried out in the National Laboratories/Oil
Industrial R~ .ewch Technological Research
Institutes,

4. As a preliminary to the popularisation of de-oiled
rice bran as cattle and poultry feed, rescarch work
should be undertaken in the preparation of nutri-
lious compounded cattle feeds and poultry feeds
(using de-oiled rice bran) by the India Veteriary
Rescarch [nstitute, 1zainagar (U P.),

II. O1t-BeArING TReE; NON-EDIBLE MINOR QILSEEDS

{a) Resources survey of non-edibie oilseeds

1. Works on the survey and development of non-edibie
oilsceds might be undertaken in order of the follow-
ing priorities.

Priority { ;. Exising potential resources  roquir-

ed 10 be utilised and further developed,

(1) Madhuca indica ). F. Gmel & M. longifoliu
{1 inn.) Macbride, Sapotaceae, Mahuva

() Acadirachta indica A. Juss, Meliaceae, Neem

{3) Pongamia pinnara (Linn.) Merr., Leguminosao,
Raranja

4) Ga:zphyllum inophyllum, Linn, Guttiferae,
Undi

Priosoro Mo Existing Potential resouwrces  which
can be developed largely provided
Economical and Technical Problkems
arc Resolved,

(1) Mallotus phibippinensis Muell. Arg., Euphor.

baceae, Kamala

(2) Mesua flerrea Linn., Guttiferae, Nahor

(3) Actinodaphne hookeri Meissn., Lauraceae, Pisy

Priority 111 . Existing Potential Resources avail-
able in sizcable quantities but invol-
ving ptublems of economic collection,
handling, development,  etc.
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Action to be taken by

State Governments
through Deptt. of
Technical Devclop-

ment, Ministry of Eco-
nomic & Defence Co-
ordination,

Do.

Council of Scientific and
Industrial Rescarch.

Ministry of Food and
Agriculture,

Indian  Central Oilsceds
Committee, Khadi and
Village {ndustries Com-
missions and  State
Governments,
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Si

No

Recommendations

to be taken Action by

-

3.

*ad

(1) Lantana Camara Linn, verbenaceae, Ghangeri

(2} Salvadora oleoides Dcne Salvadoraceae,
Khakan

{3) Garcinia indica chois. Guttiferne, Kokem

{4) Vateria indica, Linn., Dipterocarpaceae, Dhupa

(5) Aleurites momana & A. fordii, Euphorbiaceae,
Tung,

(6) Moringa oleiferq Lam, Mornnigacae, Ben

(7} Schicichora cleesa (Lour.) Merr, Sapindaceae,
Kosam

(8) Madhica bittyracea (Roxg.) Macbride, Szpota-
ccae, Pkalwara butter.

A model scheme for sample survey of non-edible
oilseeds in forest areas with the specific objective
to make a survey of the eleven approved specics,
which offer scope for commercial utilisation
may be drawn up.

Long-range intensive surveys should be taken all over
the country with a view to preparing regional sind
species-wise maps for the availability of various
oil-bearing plants in the country. These plants
should be based on a statistical plan, so that the

data thus collected should be as realistic as possible.

(hy Development of plantations

The possibility of forming Fore.t Labour Cooperative
Societies, on lines similar to those in Maharashtry
State may be examined by other States.

The Forest Departments might undertake the planta-
tion of non-edible oilsced bearing trees like neem,
mahua, karanja in their afforestation progromme.
Some portion of lind from the Soit Conservation
areas and new irrigation projects could also be set
apart for this purpose. The Public Works Depart-
ment of the States might take up the plantation
of neermn, muhua and karanja trees on highways,

Simultancously, intensive efforts should be made ali
over the country by sclecting suitable  specivs of
cconomic oil-bearing plants to be grown in suitable
areas under the care of the Village Panchayats and
Community Development Centres.  Avenue road-
sides, etc., should be planted with such oil-bearing
trees.

The State Government might consider the question
of enacting [egislation prohibiting the felling of
Mahua trees. They might also examine the
guestion of regencration of Mahua trees in areas
where they have been removed. Schemes for
distribution of Mahua seeds and seedlings, similar
to one sanctioned in Madras State, might be
tnvited from other states.  Planting of trees should
bz in compact blocks in order to  facilitate the
collection of seeds.

IndianY Central QOilseecs
Committce,

Do,

State Forest Departments..

Forest, Agriculture, and
P.W. Departments of
States,

Indian Central  OQilseeds
Commitiee, and State
Govermnmenls.
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Revommendations

-

(&) Utilisation of non-edible oilseeds & oils
Information regarding availability of large quantiucs

of sal sced and utility of its oil in soap, making
might be brought o the notice of the solvent
extraction factorics and soap manufactunng con-
cems.

Data regarding the number of solvent extraction plants

installed, their capacity, vtilised capacity etc. might
be collected. In cases where sohvent extraction
factories cvinced some interest, the question of
formulating schemes for organising collection of
seeds might be considered by the Forest Depart-
ments. The required data are being obtained from
the Solvent Extraction Factories.

td) Research work on non-edible oilseeds and oils

-

A note on 10 or 12 non-edible oilsecds which were

available in plenty and on which research work
w is necessary, indicating the arcas where the seeds
arc available, their quantities and uses, rescarch
work so far done, and further work required, may
be prepared.

The machinery and processes of de-pulping, drving,

decortication, other technical aspects ~hould be
standardised and popularized.

The resources and technical know-how of the existing

laboratories should be pooled in a planned manner
s0 as to enltrust them with the responsbility of
developing  such  otls intensively. These are
listed below:

(a) Regional Rescarch Laboratory, Hyderabad,

(M Central Food & Technological Rescarch
lastitute, Mysore;

{¢) Forest Rescarch Laboratory, Bangalore;

{d) Oil Technological Rescarch Institute,
Kanpur;

(e} Oil Technological Rescarch Institute,
Anantapur;

(f) Depantment  of Chemical Technology,
University of Bombay, Bombay.

(g) National Chemucal Laboratory, Poona;

(M) Harcourt Butler Technoiogical  Institute;
Kanpur;

ti} Forest Research Institute, Dehra Dun;

(/) University Colleges and Technology, Cakutta;
and

k) Khadi and Village Industrics Commission.

le) Co-ordination of the planned programme among

varifous organizations

With & view 10 make an All-India programme of

development of newer fally oil-bearing plants re-
. av pointed above, it will be necessary

Action 10 be ta-ken by

Indian Central Onlseeds
Committee, and Khadi
and Viliage Industnics
Commission.

Indian Central Qilseeds

Committee, in collabora-
tion with Research Labo-
ratlories

Indian Central Cilsceds
Committee, in colla-
boration with Indian
Standards Institution,

Indian Centrul Oilseeds
Compmittee and Khadi
and village Industries
Commission,

Planning Commission,
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31, Recommendations Action to be taken by
No.

to set up an Advisory Expert panel under the
Planning Commission, which should review the
work of all such centres and make suitable recom-
mendations for their proper organisation and
channelization from time to time. This Expert
Panel should consist of such members who should
not bz intercsted in the actual working of any of
these plans in different regions of the country. An
active secretariate will be necessary to assist the
successful functioning of the Expert Panel to the
Planning Commission.

LtI. ToBacco WaSTES AND TOBACCO SEED

“Tobacco Waste' is obtained through processing of Indian Central Tobacco-
Bidi. Hookah and Chewing Tobacco or handling Comm ittee.
of V.F.C. and other aircured tobaccos. This is
normally used for agricultural purposes after
obtaining permission of the Central Excise
Department. Such wastes contain 0-5 to 159
nitrogen and 0-5 to 2%, nicotine.  The possibility
of utilising this material economically for the
manufacture of nicotine sulphate, nicotinic acid
etc. should be investigated, keeping in view that
the demand of nicotine sulphate  for internal
consumption is lirmited and its export is linked up
with the cost of production.

1V BAGASSE

1. Recently some arrangements for supply of alterna- Planning Comimission.
tive fuel to sugar factories in exchange for bagasse
have been mutually agreed to between the sugar
mills and the promoters of paper projects intending
to use bagasse as raw material. Government has
come in only by way of encouraging such arrange-
ments and assisting the licencees to implement
their projects.  Some of these arrangements have
been made on no-profit no-loss basis.  The paper
factories have supplied oil-fired boilers and the
necessary fuel to the sugar mills and in turn taken
away all the bagassc produced in the sugar mills.
Because both the sugar and paper industries are
mostly in the private sector, it is felt that this
pattern may continue and be actively encouraged
by the Government until a substantial portion of
bagasse praduced in the country is utilised for
paper production. A Bagasse-for-Paper Promo-
tion Committec. consisting of the representatives
of the Ministry of Food and Agriculture (Direc-
torate of Sugar and Vanaspati), the Department of
TFechnical Development  {(former Development
Wing) of the Ministry of Economic and Defence
Coordination and the Planning Commission and
the Director, National Sugar Institute, Kanpur,
may be constituted which may get in touch with
the licencees of bagasse-bused paper projects and
assist them in bringing their projects into  produc-
t'rn speedily.  If necessary, an expert from the
Forest Reserch Institute, Dehra Dun, may be co-
opted as a member.

2. The National Sugar Institute, Kanpur, has been WNational Sugar Insti-

actively engaged in investigaling the causes of tute, Kanpur.
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Recommendations

Action 1o be taken by

3.

exc:ssive fusl and steam consumption in sugar
factorics and in giving the necessary advice to
improve their cffici . At the instance of the
Developmant Council for Sugar ladustry an
cxlension service scheme was started by the
Institute in 1957. So far, prliminary survey of
21 factories and final survey of 12 factories have
bren complete 1. The extension service facilities
provided by the Institute should b: augmented
s0 that a larger number of factories can be
taken up for survey than at present. There are
now about 189 working sugar factories in the
country. The target date for the Institute to
complete the survey work should not be later
than the end of the Third Plan period so that
the renovation and modernisation programmas
in the sugar factories can be implemented dur-
ing the Fourth Plan period, preferably the
first half of it.

As recommended by the  Achievement Audit

Committee (Thacker Commiltee) which cxa-
mincd the question of developing the National
Sugar Institute to maet the requirements of the
indusiry, thc following off-season counes
shoull b: started in the Institute for the
benzfit of th:  technicians  working  in Lhe
indusiry 1 —

(a) Certificate course in mill and builer opera-
tion and control,

(0) Certificate course in manufacturing opera-
tions and control.

The Tariff Commission had recommended in

their Report (1959) on the cost structure of
sugar and fair price payable to the sugar in-
dustry that Gov:mmeant should arrange finan-
cial assistance 10 the sugar factories as had been
done for cotton and jute textile industries for
renovation and modernisation of their plant
and equipment. The recommendation is still
under consideration of the Government, In
order 1o save bagasse for the paper industry,
this recommendation deserves  implementation
forthwith. Government should also release
forcign exchange for importing the plant and
cquipment which are not yet manufactured in
the country or are man (factured in insufficient
quantitics,

. | coNoMIC RESOURCES OF MarINL ALtat

A survey 10 asseas the quantitics of scaweeds available
on our coasts and places suitable for “scaweed
fatms™ should be undertaken. Possibilities of
ol establisihng such “scaweed farms™ should be
worked out in detail.

vt present seaweeds thrown  off shore arc only
Cvilevted.  Possibilities of collection by mechanised
Lshung boats, sould be examined.

Ministry of Food and

Agriculture (Directo-
rate of Sugar and
Vanaspati).

Ministry of Food and
Agriculture,
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Sl Recommendations
No.
3. Coliection of seaweeds should be organised. Centres Ministry of Food and

VI.

(]

for drying and marking to the processing centres
should be established.

. Products of “Seaweed” (e. g. agar, alginic acid, and

alginates) should be given due publicity, in order to
create a demand for them, Fncentives may be
offered to the industrie; like pharmaceutical,
cosmetics, textile, paints and varnishes to induce
them to utilise these products.

. Economics of a modern processing and utilisation

plant located at a central place in the coastal areas
should be worked out in detail.

By-PRODUCTS OF FRUIT AND VEGETABLE PROCESSING
INDUSTRY.

As adequate figures are not available regarding the
axact guantity of fruit and vegetable wastes from
different processing industries, it is necessary that
a survey is taken up for this purpose. Such survey
should spacially cover the waste products of mango,
citrus fruits, pineapple, apples and other deciduous
fruits, guava, cashewnut, papaya, tomato, potato
and pea.

. Although some investigations have been and are being

carried out on the utilisation of fruit and vegetable

wastes, especially from mango, banana, papayva,

citrus fruits, pineapple, apple, guava, cashewnut,

gamato and pea, these researches should be intensi-
ed

the guality of the by-products from the processing
industry will depend on the guality of the basic
materjals, i. e. on the varieties of fruits and vege-
tables and their methods of cultivation, it is neces-
sary to have an intcnsive collaborative research
batween the chemists, technologists and horticul-
turists.

Z

. With the information and data availablc at present,

the following steps mav be taken for utilisation of
waustes .

(i) Setting up of a mandarin oil and pectin
factory in Central India and Cooig.

(if) Setting up of a factory at a suitable place for
utilisation of wastes from cashewnut patti-
cularly cashew apple.

(i) Setting up of a small unit at a suitable
place for producing vinegar from pineapple
waste and Jaman. Preparation of cattle
feed from pinc-apple may be considered.

(v} Setting up of faclories for utilisation of

ling mangoes in the mango belts in
Punjab, Uttar Pradesh, and Andhra Pradesh.

{v) A survey should be carried out by the Deve-

lopment Council for Foed Processing

Agricuiture,

Do.

Agricultural  Marketing
Organisation, Ministry
of Food and Agricul-
ture.

Central Food Technologi-
cal Research Institute,
Mysore,

Indian Council of Agri-
culiural Research,

Department of Technical
Development, Ministry
of Fconomic and
Defence Coordination.
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imlusivies sagarding the swailabitity of
dilffsvont types d“h-bodptzmiu

VIL Lac WasTes

1. Intemive research is necessary for utilisation of the
technical dyc lrom stick lac.

Y. Adequate inducement lor the purchase and processing
of the crude matenal collected at the maior lac
refining centres should be given and uttimately a
wax recovery plant shovld be established at the
Indian Lac Research Institute, to handke most of
the wax conlaining waste collecied in the region
which can also serve as a model 'or other centres,

3. The lac resin cortained in the bye-products, namely
seedlac fines mollama and kiri can be recovered
by solvemt cxtraction or by alkali extraction
method newly developed at the Indian Lac
Rescarch Institute. Proper use should be deve-
loped for this bye-products lac (refuse lac).

Indian  lac  Rescarch
Instilute.

Indian Lac Cess Com-
meitee,

VI, WasTES AND By-PRODUCTS FROM SLAUGHTER HOUSES AND DEAD ANIMALS

4. Slaughier hovse wastes

1. A special survey should be conducted regarding all
licensed staughter houses and detatled information
should be collected on the number and  present
arrangements, il any, for utilising by-products,
the proportion of by-products thus  wtilised,
scope offered by individual or group of slaughter
houscs for cconomic utilisation of by-products.

). Bleeding rails should be provided in the slaughter
houses. A blood gutier may be provided with
two outlets, one Icading to the blood tank situated
in the by-products buikding, and the other leading
to a sewer.  The blood gutter must have a good
slope as blood clots rapidly and its entrame
should be covered with | .w perforated steel plates
to prevent contamination,

3. The inclusion of a rendering plant in slaughter houses
Jocated in large cities 13 highly desirable in order
to ensure collection and rendenng of raw (at daily.

4. Adequate accommaedation in slsughter houses for the
hygienic processing a 1d slorage caiing , Pr vis'on
of simpie type of machinery for gut cleaning,
etc, and ampile supply of fresh water would be
necessary  to facilitale maswfactore of good
quality casings.

L. Provision of special  comtainers, (reering  units,
refrigeration  facilities for the collkection  and
siorage of vanous glands would be required w
minimise the wastage occurring at present, parti-
cularty of the pitritary, thyriod, partthroid glands,
e,

Indicn Council of Agn-
cultural Research and
State Govts.
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6. Provision of rendering plants for the conversion of
condermnned meat into meat-meal is highly desirable
1o ensure large returns from the slaughter houses.

7. It is necessary to train personnel gngzngcd in the
slaughter houses to ensure the hygienic production
of meat and the proper utilisation of’ by-products.

8. Immediate action to be taken for setting up two
modern slaughter houses at Bombay and Calcutta.

9. The scheme for modernising slaughter houses alreads
included in the third plan should be implemented
early

1. The economics for the setting up of a glandular
products project for which applications have
been received, should be examined.

11 The Working group for the Fourth plan should give
due consideration to the peed of modernising
slaughter houses in the country and for the use
of waste from dead animals.

B. Wastes from dead animals
1. For immediare adoption for increased production ;

1. Cellection of bopes of the dead animals requires to
be organised on intensive scale,

Community Development Qrganisation in collaboru-
tion with Khadi and Village Industries Commission
can work out a scheme of organising the bony
collection.

2, Use of bone digesters for preparation of meat meul,
bone meal and cxtraction of fats should be popu-
larised.

3. Suitabie tactlities for raiming and  other icchnica!
guidance for the utilisation of wastes from dead
animals should be provided on State or regional
basis.

4. Centres for the utilisation of bones should  be
organised on scientific lines,

11. For future investigations :

5. TInvestigations should be carried out to improve the
flaying  techniques including improvement of
implements for Aaying.

o

Indigenous  techmiques  adopted by  Villuge
“Chamars” in the utilisation of carcass need to be
improved and it is desirable that scientific investi-
galion in this dircction should be intensified,

LYPC/63

indian Council of Agti-.
* cultural Research and
State Govis.

Do.

Planning Commission

Ministry of Community
Development and
Khadi and Village
Industrics Commission.

Ministry of Food  and
Agriculture, Khadi and
Village Indusiries Com-
mission and Planning
Comrmission.

Khadi and Village In-
dustrics  Commission.

Mipisiry  of Community
Development and Khadi
and Village Industrics
Commission.

Central Leather Research
Institute and Khadi and
Village Industries Com-
mission.

Ministry of Food and
Apgriculture, Central
Leather Rescarch Insti-
tute and Khadi and
Village Industries
Commission.
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IT\. Fuars Survey necessary

7. Survey should b: carried o find out the avarlability  Khadi and  Village tn-
of bopes (rom various acoossible aad inaccosmble dustries Commesion.
parts of the country in order o meet the require-
ments of indigenous indestry for the m-ﬁ.n-rc
of ossein and special gelatine lor mlcrml use amd
also export cnough bowme ghrist for  foreign

exchange,
1X. Feeny WasTes
1. The MAin 30UNCEs O ruw Gileoin ot Low Plodu bl St oI O ol
of fish meal in India are : Kerala, Madras  amd

Bombay.
(i) residues left alter extraction of oil from ol
sardines;

(/) tammings and othcr wastes {ron tish curmg

(i¢) trash fish landed along with qualnty tish and

{iv) Gsh that rematn in exeess of market require-
ments or of processing  faciities duning
scasons of glut, 1t has been uumau:d that
if the fish-meal industry is organised on pro-
per lines, an average of 3 thousand
metric tons of meal! could be manufactured
from oil sardines alone annually. The
present production falls far short of this
estimated quantity. Ooe positive slep  for
full exploitation of the wastes mentioncd
above would be to organise the fish-mcal
industry on small scale or cottage industn
basis, through the State Fisheries Depari-
ments. To start with, small production units
may be established near important fish
which will provide sufficient raw material
mm the form of wasles and trimmings lor the
upits. Such units may also be located near
fishing harbours 1o bandie trash fish which is
cstimated to constitute, nearty 107, of the
landed fish.

2. The small scale fish meal drying umit Jdeveloped at Sitate Governmwent cone
the Central lustitute of Fisheries Technology may  corned.
be recommended to interested pariies by the
Fisheries Departracenie.

The prodnct at present peepared from sardines aml
marketed uoder the name “mardine guano’ is a very
wasteful use of protein maserial. It will contains
onough oil to sedece s vatoe as fish mnrl‘fw

installed im the sardine fishing arcas, the excess
quantitics availsble dusing the glut scason, could
be converted into good quality fish meak

L} Tlml;u L demand for fish Te’d"‘?mh: Srate Covernment
the cowsliry poulny or cattle cmeerned.
m; pndnal in differmt  coentres may be

oentral places for preparation of
mixed lu:h-ldiq:ml.
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4. The most important source of fish oil in India is oil

sardines, which contain about 16 % of its weight of
oil. Assuming the yield of oil at 10° of the weight
of the fish, it will be possible to get about 19,000
metric tons of sardine oil. However, the amount
of sardine oil produced in India in recent years is
about 410 5 thousand tons per year. Thus, it will
be observed that there is scope for development
of this industry., The larger production of sardine
oil, however, would be limited by its demand. At
present, sardine oil is used mainly for coating the
local fishing boats. Due to its poor quality, it
does not find a market in other industries like
cosmetics, soap, hydrogenated fat, leather, tile,
etc. which could use a good amount of this oil.
Good sardine oil can also be used in the canning
of fish. At the Central Institute of Fisheries
Technology, an improved method or processing
and extraction has been developed and if this
simple modified method is widely used, it will
result in a production of much better quality of oil.
The States of Kerala, Mysore and Maharashtra
may bc requested to  introduce small scale
extraction of good quality oil with immediate
effect. Demonstration units may have to be op-
crated at centres like Calicut and Mangalore,

5. Liver oil industry should be expanded. At least one

small plant should be set up in each of the maritime
states to process and refine oil produced in the
different centres of the States.

6. The possibility of manufacturing fermented fish

products like fish sauce from certain species of
fish like leiognathusk, gazza and specics of clupeids
has been well established by the Central Institule
of Fisheries Technology. These types of fish are
landed in large quantitics along the East Coast and
the total catch js estimated to be around 35-70
thousand metric tons, Pilot units may be started
at sciected centres along the Fast Coast under the
auspices of the State Governments for producing
fish sauce from the species mentioned above,

7. Ower 4,500 tons of skates and rays are caught annually

in india. The Livers from these varietics of fish
are not being utilised commercially at present,
Although the oils may not be rich in Vitamin A, as
indicated by preliminary studies carried out at
Central Institute of Fisheries Technology, there is
scope for further investigations on their composi-
tion and possible uses. A detailed study of the
composition of these oils has to be carned out with
a view to find out if they contain any commercially
important compounds. As the fishery is dispersed
all along the coast, extraction of oil has 1o be
carried cut on small scale in selected centres and
the product collected at a central laboratory for
rcfining and further study.

State Governments con-

cerned.

Do,

Central Institute

of

Fisheries  Technology
and Central Food

Technological
Research Institute.

of
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8. Fo the ;rusc freeving and canning industry. shells Central  Institue of
and heads torm an lrnpoﬂxlm product which Fuherics  Tochmology
comtainy roughly 30-40°, of protein on dry baus. amd  Central Food
On the bans of present producuou nearty 120 toas Technological Research
of dried product may be available annually for Institute,
conversion into  uscful product. Mot of this 1
Ihmn I as waMc at presenl.  Except for

prawn production centres Lo
powder thc shell waste, no organised atiempd has
yet been made to fully wtilise this important
product. Investigations have, therefore, to be
taken up to study the best methods of utilisation
of such wastes. One possible form of utilisation is
to mix the shell powder with ordinary ish mwal in
definite proportsons to produce mixed feed, for
poultry. Such aproduct will fimd a ready market
within the country. The programme of work
should inciude efficicnt Jdrying and powdering of
the shell materials at the source, and iransportation
1o selocted  central places where mixing  has w
be carried out. Experimental work has also 1o be
carried out to determine the optimum level of
mixing and the feed value of different mixtures.

9. Jertain preliminary studics have been carried out BN

at the Central Institule of Fisheries Technologs
Ernakulam and Central Food Technologi.i!
Rewarch, Mysore on production of edible fish
flour for human consumption trom surplus fish
and fish wastes. This work has to be further
cxtended. The future programme of work shali
include {a) evolving cheap and efficient methods
for conversion of fish into fish flour, (5 Control-
led hydrolyses of fish waste to produce cgg  white
substitute, (¢) acceplability trials along wilh trials
to incorporate the products in common food
materials, (f) utilisation of fish flour in the
products in common food materials.

10. 'l'bepoﬁluhnu of preparing Smoked bones flakes e

sardines have (o be taken up for detatked
i Experimental work  will have to
be carmied out on the optimum conditions of
production. Il successful, this may open up
new avenue for utilisation of excews sardines Juring
the glut seasons.  Similar products from herrings
are considered as & delivacy in forcign markets.

I1. Extensive study will have to be carmied oul on the Central lnstiute  of
pousibility of manufacturing Pearl Essernce from  Fishericn  Technology.
ribboa fish The percentage availabibiy of raw
material and other aspects need careful conw-
deration. The posubility of using the skin and
scales of other types of fish also will have to be
cxamined.

12. At present there ts po fish glue industry in India. This D,

expariments
he Ti "'""ﬂomm at Bombay showed
hat good glue and pelatin could be prepared
) i This mob"dl;m therefore,
and stody.



137

SL. .
No.

Recommendations

Agency to take action

X. BLAST YURNACE SLAG

1.

It would appear that the schemes licensed for the

manufacture of slag cement have not progressed
satisfactorily. In view of the acute shortage of
cement in the countrv, immediate steps should be
taken for the manufacture of slag cement on a
lairly large scale, Towards this end, the installa-
tion of a granulation plant at Durgapur should be
cxpedited.

[t appears that the use of blast furnace slaz as a raw

material for glass-making and as a soil additive
has not heen investigated in India so far. It is
recommended that the Central Glass and Ceramic
Research  Institute., Caleutta and the Indian
Agricultural Research  Institute, New Delly
should take up investigations on these aspects
of slag utilisation.

It is felt that blasi furnace slag should be wused for

stowing purposes, wherever [casible, It has been
used for this purpose in some mincs 10 European
countries. The Central Mining Research
Station, Dhanbad should investigate the feasibility
of using blast furnace slag for stowing purposes
as there is a shortage of stowing material in o
numher of pluces in the country.

XI. Basic SLoG

1. The possibility of using basic slag for conditioning

acid soils of India and of supplying phosphate
to such soils in conjunction with organic matter
should be examined.

2. The question of making basic stag available, in

desired finely ground form, to the actual users at
economic rates should be studied by the Ministry
of Food and Agriculture and the Ministry of Steel
and Heavy Industries (Department of Iron and
Steel) so that it may be utibised for increasing agri-
cultural production particularly in the acidic sosl
areas in the States of West Bengal, Orissa, Bihar
and Madhya Pradesh, where steel mills are located.
In case basic slag 1s made available to the farmers
itt a cheap rate with adequate concessions in rail-
way transport charges, the demand for this mate-
rial is likely to go up and the chances of condi-
tioning large areas of acidic soils become
brighter,

3. The possibility of enriching basic slag in its content

of P05 by mixing the molten material with indi-
genous rock phosphate may be explored.

Ministry of Steel and
Heavy Industries and
Department of Techni-
cal Development, Mini-
stry of Economic and
Defence Coordination,

Central Glass and Cera-
mic Research Institute,
Calcutta and Indian
Agricuitural Research
Institute, New Delhi.

Central  Mining Research
Station, Dhanbad.

Ministry of Food and
Agriculture,

Ministry of  Food and
Agriculture and Mini-
siry of Steel and Heavy
Industries (Department
of Iron and Stee).

Xl I, UTiusamioN of BY-PRODUCTS OF COAL CARBONISATION

. The requirement of toluene is gradually increasing

and immediate efforts should be made for the
maximuro recovery of crude benzol and prepara-
tion of the products, benzene and particularly
toluene. While efforts should be made to recover
maximum amount of benzo!l from the existing

Ministry of Steel and
Heavy Industres, Mini-
stry of Mines and Fuel
and Industry and Mine-
rals Division of the
Planning Commission.
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stoel works, consideration should be given to the

mtiling up of a ia the aroculcs umt al the

Cumrst okl to produce anoually 15,000

toms of 1olucne which will meet our toluene require
meols and sho for ppoducing benrenc  through
arometic units attachad to petroleum refinenies.

The steel companies ma u{n their coke ovens Ministny of Seecl and
s¢ as 10 obtain Iddlli)ﬂ quantities of coke and Heavy Industries.
gas and Lhereby reduce to & minimum the amount
of crude tar burnit as fucd in the sterl melung shops.
Whatcver crude tar is saved by this means should
te distitled 10 revonver  paphthakene.

1 Nont of the coke oven plants in the country has Do,
made any provision for the recovery of tar bases
such as picolines, pyridines and quinoline. 1t i+
necessary and desirable  that  all the coke oven
phnu recover crude tar bases and these be colkected
ooe central place for further separation and
pudkmon.

4. Recovery and reclification units in Tatas Iron and Ministry of Steel and
Steel Works have not been worki cfficientty Heavy Industries, and

)

resulting in loss of orude benzol aecessRry fndustry and Minerals
action should be taken by them to pt these units  Division of the Planning
in working order. Commission.

XItI. By-PropucTs oF Salt BriTem s

The salt  bitterns now available as waste are con- Depantment of Technical
ommiraiod in the coastsl eogions of Gujsrst sad &wwm
South-Eastorn Madras having 2 large aumberof  of Ecomemic and De-
salt factories. There ase, however, only a few fenes Coowdinmtion and
salt produszrs who  can mobilise  substantial Councd of Wcicntific
quantives of sali bitterns for commercial exploita-  and Industrial Research,
ton. It wopld, therefore, be necessary 1o set up
nmr:com of chemricak, with part-
cdler to potawium chlonde and
bwomine, with the cooperation ol sl producer
{a the region 30 that a unit of econemic stre for
the rocovery of manne chomicals svailabic as by-
products is cstablished, # is alyo ocomsidered
necemary 10 underiale o survoy of the iptal

regions
with a view 1o deciding on the focation of such a
project. Kandla, Jewwnagar. Bhaveagar, Toti-
conn are some of 1he plases which can be considered
for this purposc.

X1v. Coat. Asn

1. The Digvijay Cement Fagtory shouwld cxamine the of T
feasitulity of uing asb from Trmh%m
manulaciuring  pozzolanic  cooment their of
Bombay unit where capacity for mining. grinding Defence Coordinati
and pecking iv avarimble. Peczolan cemswt comid
then be supphed 10 consurmers in Bombay from
this sowre.

.. Fly ash from the Dalhi Powsr Houss cught be wacd by De.

e Amecieind Cemest Companics Lid. far s
ana o Obbhls wha they

g |

i
i
I
?f
|
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6. A pozzolan cement unit

XV,

4. Slimes available at

Y. The Cemral

3. The Churk factory should examine the feasibility of

either transporting fly ash from Kanpur Powcr
House 10 Churk or of bringing clinker from
Churk o Kanpur for intergrinding with fly ash
at Kanpur.

Kolar Gold Fields should
also be utilised for manufacturing  pozzolan
cement and Mysore Cements should be asked to
make | out a scheme,

5. A cement-fly ash intermixing unit might be set up at

a suitable place in the D.V.C. arcu for taking
vare of the demand for cement in that area. Also,
a party might be licensed to set up a factory for
manufacturing pozzolan cement at Calcutta based
on cither transporting clinker from cement fac-
tories in Bihar and intergrinding it with fly-ash
or mixing fly ash with pordand cement.

miy be considered for
Bokaro based on fly ash from Chandrapura,

about 5—6 miles away,

20 per cent of fly ash may be nmuxed with cement
without deterioration in quality. The possibility
of this use of coal ash will depend upon the extent
tw which the cement can be used localls.
Fly ash may also be used for making building
blocks. This concerns three Ministries, wis,,
Works, Housing and Rehabilitation: Stcel and
Heavy Industries and Irrigation and Power, who
should be addresscd on the subject and the matter
should be followed up,

Mica WasSTH

The Department of Technical Development, Ministry
of Economic and Defence Coordination and the
National Research Development  Corporation
should continue theic efforts tu interest enter-
prencurs 1o set up a factory in India  for the
manulacture of wet ground mica using the process
developed by the Centrul ¢, Gluss and Ceramic
Research  Institute. I no  enterprencur comes
forward within a rcasonable time, Juc to shyness
to try a new mcthod, the National Rescarch Deve-
lopment Corporation  should arrange to try
the process on a semi-commercial scale  with a
view 1o verify that it produces a material which
is acceptable in foreign markets at an economical
price.

Glass and Ceramic Rescarch Institute
should continue rescarch in finding new uses for
ground mica or mica waste  directly and  the
National Research  Development  Corporation
should give duc publicity 10 resuits of the
research with a view 1o their adoption in the
industrics voncerned.

Central

Department of Technical
Devclopment, Ministry
of Economic and
Defence Coordination.

Do,

Do.

[>o.
Indu_sl.ry and  Minerals
Division, Planning

Commission.

Deparunent of  Technal

Development, Ministry
of  Economic and
Defence  Coordination
and the National
Reseasch Development
Corporation: also
Industry  and Minerals
Division, Planning
Commission.

Glass

Ceramiuc Research
titute and the
National Rescarch
Development Corpora-
von; also  Industry and
Minerals Division,
Planning Commission,

and
Ins-
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CONMERSION  102BLE

Onc Ib, 0. 4530 hy
One maund 17- 34 Kg.

Onc Len 1.016 metrw lon (10ane)
One yand 0 9144 metre
One acre 0-4047 hectare

For conversion of iemperature 1o Fahreshen
relation is C=5/9 (F—32)

L9PC, 6)-2,000 - |.2-64—GIPF.






