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INTRODUCTION

1, Due to manual work being substituted by mechanical and electrical

aids at a much faster rate in the West, the developed countries in the

last two centuries have gone much ahead of the developing countries in
technology. After the second world war, due to a sudden spurt in technology
development, the per capita income has increased by such an extent that

the developed countries had to develop more and more sophisticated
technology to cut down the cost by reducing the number of labour employed
per unit of production leading to capital intensive industries and high
labour wage. As a result the gap between the rich and poor in the

standard of living and level of technology is ever widening. The
developing nations now have the option of selecting the appropriate
technology for any product without having to go through expensive and

time consuming process of developing these technologies as they are

readily available with the developed nations and some of the developing
nations. For selecting the appropriate technology a 'taker' has to keep in
mind its own stage of development, percentage of unemployment, capital
required and the volume of market it can cater to. The purpose of this
forum is to find out the appropriate technology for an industry which can
be adopted without creating any problem with the 'taker' and the 'giver!

of the technology. We will deal in thie paper with the appropriate technology
for the pulp and paper industry with specific reference to India being ‘

a developing nation.

24 Since the days of the invention of the printing prees in Germany,
the consumption of paper in the developed nations has gone up tremendously.
Today the consumption of paper in developed countries is about 200 kegs.

per capita compared to 2 to 3 kgs. per capita in the developing countries.

3. Originally when the demand of paper was not sufficient even in
developed countries, the mixed textile wastes were the main raw material

for making of paper. As the demand of paper increased, the technology had
to be changsd to some other raw materials with assured availability. There-
fore, cellulosic raw materials which were availabls in nature became the

main source. Most of the large capacity pulp mills in the world are concen-
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trated in countries like U.S.S.R., Sweden, Norway, l'inland, Japan,

Canada and U.S.A. as these countries have the coniferous raw materials

in sufficient quantity. More and more developed countries are going to
depend on imported pulp from the major producers of pulp where coniferous
raw materials are still available in sufficient quantity, as some of

the developed countries are no longer finding it economical to make their

own pulp due to the high cost of raw materials.

. 11though Sanskrit is one of the oldest languages and mother of many
modern languages of the world, the script in written form did not reach
the masses because it was written on special bark and leaves of trees,
copper plates and stones. 7The use of paper, therefore, in India has
been introduced very slowlv. TIndia entered the pulp and paper industry
in an organized manner only towards the end of the 1l'th rentury and the
mills whirh were set un during that time were of all integrated type

utilizine hambon ag the main raw materinl.

e Wdith the inrreased production from 15 .0(C tons in 19050 to G000
tons in 1277, there are visible signs nf less and less availability of
raw materials like bambon 1t an economic rate. TIn the last ten years

the price of bamboo per ton has gore up by mere than twice. Due to

less ard less avarlatility of bamboo many intecrated mills have started
increasing their use of more and more mixed hard weod available in the
country. A number of small mills have been tuilt ir various parts of

the ~ourtr; based or agricul tural residues like rice straw, wheat straw,
Keraf, “arasse, Jute cuttinss and such other seasonal materials. In India
there are sbout 25 paper mills of capacities 1,00 tens and above and
1bout 5 mills of capacities ranging between 1,00C tong tn 1(4((C tons per

annum,

6. “ompared to caparities in developed countries which may be as high as
1,¢CC tons a day, even these 2% hig mills in India would Le considered as
small mills by international standards. 'The products manufactured with the
tehrology currently available in India is good enough to meet the standard
of domestic consumers. As such, there does not seem to be a rase of
increasing capital investment per annual ton of production any higher than

what it is by trying to acquire more sophisticated technology, since the
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more sophisticated a technolomy the less 15 the emnlormert ard the more
ig the 1nvesiment. In a country where labour wares are reola’ivel; lrw
thern does not seem tn be a rase »f trying to ~ut down the cost by ircereasin:

rapital irvestmert and reducinge Intour.

7. Tn Tndia, therefore, techneology in paper irdustries are aveylatble
from rapacities of 3 tons a day to 2(C tors a day usin~ moterinle like
arrienltural residue, bagrasse, bambon and mived hard wcod. ‘¢ ench, a
wide range of techno ogy is »vailable in the country ard to 1 ~rent externt
the technology available ir Tndia may be the appropriate -nes fr adoption
in the rural areas of this country and also in some of the develoving

rouniries where similar raw materials are available.

£, "he employment per 1,(CC tons of production wns as righ as 75 in

mills set up earlier than 195 in Irdia. for mills which are teing currertly
established this figure has come down to 35 per 1,00t tong of production,

In developing countries we think that cne needs not try to achieve an
employment lower than this fipure. However, an appropriate technology 1in
gome particular sections will always be introduced from the develnped
countries from time to time without effecting the employment to rapital
employed ratio. This will be necessarily of small magnitude as it would

be only in selected areas.

9, Tn India, forest operations are mostly done manually. s such, a lot
of people are employed in cutting, felling of the raw materials in the
forest areas and transportation of the same to the factory site. Ve have
found that it creates employment of five persons in the forest (rural) area
for every person employed in the factory. Therefore, this type of industry
creates a sound base for development of rural economy. The growing of
bamboo or hard wood by the agriculturists in the unused land near their
fields gives them a source of income making bamboo or hard wood as if 1t is
a cash crop. The agricultural residue utilization definitely gives extra
money to the farmer without his having to go out of the area for jobs in

the period when he has not muchh work 1in the field.

10. For rational use of raw materials and for sustained growth of paper
mills in the developing countries, both promotional and regulatory policies

ghall have to be framed at the national, international and regional level.



As there is more potentiality in the increased volume of trade between

develcping nations, the utilization of existing technology already
available to them with some modernization here and there from the
developed countries can go a long way in the development of the pulp
and paper industries in the developing nations making a base of rural

development at least in some selected areas.

SUMMARY AND CONCLUSIONS

1. For developing countries, the most difficult problem for the transfer
of technology is the selection of the appropriate one. The various
technologies suggested in this paper are on the basis of experience taking
into consideration the level at which the country is in its technological

development.

2. Eight technical options have been suggested. The option I, is for
a chipping plant located at a place where bamboo/uood is available in
plenty but the cost of transport of other inputs for further processing
to pulp and paper in situ is uneconomical. A capacity of 80 tons per
day is suggested. The per capita investment is minimum for this option
and a plant of this magnitude is expected td give gainful employment to
70 people in the factory and about 300 people in the forest. The Chips
produced will be of standard quality. Depending on the size of the

market and availability of other inputs, it can be linked with the option III.

3. The option II, split into two sub options A and B, is for a sun-dried
pulp sheet and common paper or board from agricultural residues, respectively.
This is suitable for an area having surplus agricultural residues. The
capacity suggested is 25 tons per day. The lower capacity suggested is
mainly because of the uneconomical handling of agricultural residues and
bagasse over a long distance. It has been found that fertile agricultural
land of 10 sq. kms. growing two crops per year, can sustain a mill of this
size. If an efficient transportation network exists, the capacity can be
higher. The chemicals recovery unit has not been taken into consideration
with an idea that the effluent shall be used for irrigational purposes.

For making pulp sheet, it has been assumed that sun-drying is possible for
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250 days in a year. The employment is 450 in the factory and about
50C in the field.

1. The option IIT, which has been subdivided into four sub-options
Ay By C and D, is for an integrated paper plant from bamboo chips -
the first one, MG Kraft; the second one MG White; the third one MF Kraft;
and the fourth one MF White. A capacity of 25 tons per day is suggested
for all these sub-options. These options will have a chemicals recovery
unit and hence the effluent will be of a quality allowing its disposal on

gsurface water.

5. The option 1V, is for a paper plant from purchased pulp - indigenous

or imported. The capacity suggested is 25 tons per day. Depending on

the per capita consumptions, standard of living, availability of various
inputs, the capacity of 25 tons per day can be higher. The fourth alternative
is mainly for a port area where pulp can be imported and converted into

paper, and then can be congumed near the port itself. It can be located

in the market centres of the country.

6. To promote the successful application of these aforementioned tech—
nological options in developing countries it is suggested that national
governments should formulate policies as mentioned in Section IX to ensure

growth of paper and pulp industries. These are:

(i) For area planning, reliable estimates of wood, bamboo, agricultural
residues, bagasse and other potential raw materials should be
available at regular intervals. Scientific plantation of fast
growing species yielding good cuality pulps should be taken up
expeditiously. National policy has to be formulated for rational

ueage of different raw materials.

(ii) Since the price of paper is dependant on factors like the cost of
labour, expenditure on air and water pollution, cost of chemicals
and utilities, interest on borrowed capital, infrastructural
facilities, etc., it can only be controlled when there is a control
on the above mentioned items. National policy has, therefore,
to be formulated on the control of these variables.
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(iv)

(v)

(vi)

(vii)

(viii)

(ix)

(x)

(xi)

National rolicy has to be such that industries producing paper

products are only categorized under small industry.

Adequate infrastructural facilities, such as development of road
and railway network, housing facilities, water supply, power
supply, hospital, school, etc., which are sin-—qua non for the
integrated development of rural industry is to be provided by

the national government,

Being a power intensive industry, the tariff should be at a

concessional rate.

Certain fiscal incentives in terms of exemption of taxes are

recommended.

“ntreprenal assistance in terms of supplying a rural trained force
is a prerequisite for the setting up of an industry. The training
of these rural people should be organized and financed at a

national level.

Finance has to be provided to the potential entrepreneur in
liberalized terms and at low rates of interest from financial

institutions.
There has to be a sustained availability of labour and power.

'n a repgional level, there should be transport subsidy in respect

of setting up industries in certain areas.

Pinally, it is suggested that the developing nations should have
intimate cooperation in the following major matters:
(a) Farmarking of good to be manufactured by the developing

nations.

(b) Relaxation of tariff barriers in respect of goods and

services from one to the other.

(c) Preference on buying machinery from developing nations if

an appropriate one is available.
(d) PFacility of transport of goods, through adjacent countries.

(e) FEconomic cooperation among developing nations through
bilateral and multilateral arrangements for efficient

utilization of resources.
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I. APPROPRIATENESS OF TECHNOLOGY

1. The Pulp and Paper Industry, as has been mentioned in the intro-
duction, has been developed through centuries according to the necessity.
Because of sudden increase of congumption after the Second World War and
due to scarcity of labour in the developed countries and because of high
consumption economy, there has been a revolution in the technology
increasing capital cost per ton of production and decreasing the employment.
Improvement of technology after the Second World War has become necessary
to some extent for economy on raw materials and reduction of waste. These
technologies concerned may be necessary to adopt, even if they are something
of a sophisticated nature, so that it saves imputs and also avoids the
danger of pollution. For example, the Recovery Boiler [or use of waste
chemicals is now included in the technology not only for economy of
chemical inputs but also for reduction of effluent disposal problems. The
various technologies that we have suggested in this paper are on the basis

of our experience and the stage of present technological development.

2. We have taken various technical options:

(1) The first option is for a Chipping Plant installed at a place
where bamboo/wood is available but its distance from other
inputs are uneconomic for conversion of the bamboo into pulp in
situ whereas the chips produced can be easily transported to a

pPlace where there is a ready market within an economic distance.

(ii) As there are agricultural residues available all over the
country and as there is a shortage of bamboo in the country, the
second option has been given using agricultural residues as raw
material. This second option has been split up into two by
giving a choice of making sun-dried pulp for sale to a paper

plant or making a common variety of paper.

(i11) The third alternative, is divided into two sections, i.e. MC
varieties and MF varieties. Each of the sections again has got
two sub--options, i.e. unbleached and bleached. The third
category has to be linked with the first option in (i) because
option 111 can be sited at a place, whick is nearer to the other
inputs like coal, lime and alum but away from the bamboo planta-
tion so that an optimum cost advantage is achieved in the cost of
transport of inputs and raw material.




(iv) The fourth appropriate technology suggested is for an

independant paper machine by bringing pulp from either an
imported source or from a mother pulp mill. The capacity,
which has been suggested, can be economic only if it makes
high value paper or if there is a protection of the market
around it to give promotional advantage in the first few years
or by creating a tariff barier either for the country or for

a particular area.

i In suggesting the various options the minimum capacity has been
congidered. If the market or the availability of raw materials is higher,
then the capacity can be of the magnitude to suit the market whichever

is the limiting factor. If bagasse is available at a reasonable rate,

the second alternative can use it instead of agricultural residue.

4. One or the other of these options should be viable in most of the
developing countries with modification in the capacity of the plant on

the higher side depending on raw material source and market.
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IT. GENERAL OUTLOOK ON PULP AND PAPER INDUSTRIES IN DEVELOPING
COUNTRIES WITH PARTICULAR REFERENCE TO INDIA.

Raw materials

1. Traditionally softwood was the preferred raw material for making paper
grade pulps. Most of the developing countries are, however, devoid of
softwoods., Hence the technology has to be oriented for hardwood, bamboo,

agricultural residues and similar raw materials.

2. Bamboo is the principal raw material used for paper-making in India.
However, in the context of depleting resources of this raw material, with
the suitable technology for pulping hardwoods and agricultural residues,
their use in the paper industry is gaining momentum. With the use of
agricultural residues, available in the rural area and presently being used
as cattle feed or fuel by the rural people there is bound to be some amount
of resistance from the rural population or the prices of these raw materials
are bound to shoot up very steeply rendering them uneconomic as raw material
for the manufacture of paper and paper board. Bagasse has long been used

in sugar mills as the only source of fuel. Use of bagasse eliminates har-
vVesting and collection problems associated with many other fiber sources.
Bagasse is found in good supply in areas where little or no native wood

supplies for Paper-making is available.

3. However, although bagasse is plentiful and available, it cannot, in

any sense of the word, be regarded as a free material. This is the main

fuel used to supply heat for sugar mill operations. Based on heat require-
ments for the mill and assuming good furnace efficiencies, an efficient raw
sugar mill should be able to operate on about two thirds of the bagasse
produced, leaving the other one third as surplus bagasse. The setting of a
monetary value on bagasse is a complex subject but any realistic evaluation of
the material must take into account such factors as current sugar mill
practices particularly regarding surplus bagasse, heat value of bagasse,

bagasse furnace efficiencies, heat value of alternate fuel, furnace efficiencies

with alternate fuel and of course the monetary value of alternate fuel.
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4.  The table below will give an idea of the trend in consumption of
different raw materials for the manufacture of pulp and paper in India

over the period of fifteen years.

1958-59 1979-16
Bamboo 70 51
Hardwood 4 28
Softwood | 6 3
Agricul tural residues
and grasses 16 12
Waste Paper 4 6

The comparison of the figures of 1958-59 to those of 1975-76 reveals that
utilization of hardwood has increased manifold during the last fifteen

years.

Paper Production

5. The planned development of paper industry was taken up in 1951 when
there were about 20 paper mills with their total installed capacity being
about 150.000 tons per year. Since then there has been rapid progress,
especially in the second and third five-year plans. There are now about
25 mills having capacity of more than 10,000 tons per annum and about

50 mills having capacity of less than 10,000 tons per annum, with a total
inmtalled capacity of about 1.100.000 tons per annum. The small mills
account for 20 per cent and the big mills 80 per cent of the total production.
With an average growth of 7 per cent per annum, it is now estimated that
by 1985 the installed capacity should be about 2.000.000 tons and that by
1990 the installed capacity should be 2.700.000 tons.

6. It may be seen from Table I that 80 per cent of the production is from
developed countries whereas the developing countries account for 2C per cent

only.
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TABLE I. PAPER AND PAPER BOARD PRODUCTS BY CONTINENTS
AND WORLD TOTAL

(on thousand of tons)
1956 1960 1970 1971 1972

North America 36226 38917 58914 60881 65325
Europe 19621 25634 45159 45351 47970
Asia and Oceania 4961 7861 n621 20998 22462
Latin America 1192 1656 3712 3835 4352
Africa 118 288 892 943 1017
World Total 62179 74355 129298 132008 141026

T. Following the oil crisis in 1973 there had been a strong recession
in the paper market. For the last few years there is even a buyer's

market in the paper industry.

8. Table IT will give an idea of the present world production of paper

and paper board from different quality of pulp.

TABLE 1I1. WORLD PULP, PAPER AND PAPERBOARD VOLUME ESTIMATES
(RFF. PAPER VOL. 182 NO. 6, 1974, PAGCE 314)

(Million Metric tons)

1963 1968 1973 1974 1975 1976 1911 19178

Paper and Paper Board:

Total - 96.3 127.5 160.6 167.8 175.9 182.5 188.5 192.9
News Print 17.5 22.2 24.7 25.3 26.2 27.2 28.0 28.7
Writing and Printing 35.6 36.8 38.6 40.2 41.6 42.6
Other Paper and 78.8 105.4

Paper Board 100.3 105.6 111.1 115.2 118.9 121.7
Paper Pulp Total 77.5 104.5 128.1 133.8 138.6 143.5 148.2 151.7
Mech. Wood Pulp 21.7 25.2 '28.9 29.9 30.7 31.4 32.3 32.9
Bemi-mechanical /Semi-chemical 10.0 10.4 10.9 11.5 11.9 12.2
wood pulp ' 50.3 T1.9

Chemical Wood pulp 81.0 84.8 87.8 91.0 94.1 96.3
Other Fiber Pulp 55 7.4 8.3 8.8 9.2 9.5 9.9 10.3
Dissolving Pulp 4.6 5.1 5.9 5.9 5.1 6.3 6.4 6.5
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Paper consumption

9, A developing country starting with a large population base and a
massive illiteracy problem has an inbuilt growth of demand for paper,
arising mainly from educational needs. The demand for newsprint also
goes up with the spread of literacy. Moreover, with progressive diversi-
fication of industries and requirements for various types of packaging

materials as the economy expands, the overall demand for paper are bound

to go up.

10. Per capita consumption of paper for some of the aeveloped and developing
countries are given below. It is evident that there is a wide gap in per
capita consumption of paper between developing and developed countries

indicating the huge potential market that awaits in the developing countries.

U.S.A. = 267 kg. India = 2 kg,
U.K, = 140 kg. China = 10 kg.
Sweden = 202 kg, Malayasia = 20 kg.

Indonesia = 2 kg.

International trade in paper

11. Pulp as an important world-wide commodity is a business approaching
around US$ 8.5 billion. The lion's share of the world trade in paper
of nearly 40 million tons goes to Sweden, Canada, Finland and the U.S.A.
The Table IITA and TIIB will give an idea of international trade in
paper and paper board and pulp as in 1972.
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Table ITTA. INTERNATIONAL TRADE IFN PULP IN 1972

(In thousand tons)

Country Production Import Export

U.S.A. 46604 3733 2237

Canada 19061 10¢€ 6102 ;
Sweden 8308 37 3741 j
Finland 6284 4 1611 :
Norway 1976 2X¢ 8%

U.K, 357 219¢ ]

Japan 9458 807 47

India ) 747 15 16

Malaysia n.a. 9 M1

Indonesia 34 2 nil

Iran 26 13 kil

Singapore n.a. 11 7

Phillipines 63 k) Nil

Bragil 129 14¢€ 139

U.A.R. (Rgypt) 86 35 il

Kenya Nil 9 kil

Nigeria 1C 1 kil

n.a. - Not available

-
O
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Table TTIB. INTERNATIONAL TRADE IN PAPER AND PAPER BOARD IN 1972

(In thousand tons)

Country Production ' Import Fxport
1.S.A. 59310 7993 2940
Canada 12699 347 9515
Sweden 4562 129 3164
“inland 4965 27 4302
Norway 1348 98 958
U.¥. 4338 3054 247
Japan 13648 143 503
Tndia 846 173 25
Malaysia 18 179 11
Indonesia 315 144 Nil
Tran 143 142 Nil
Singapore 5 135 Nil
Phillipines 287 127 Nil
Brazil 1367 250 8
U.4.7. (Rgypt) 146 75 6
Kenya 8 71 Negligible.
Nigeria 10 41 Nil

12. From the above tables it is evident that there is a hugh potential
in psper trade that can develop amonst the developing countries due to the

low per capita consumption and low level of production.
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TTT. RECENT TRENDS ON MCDERE PULP ANID PAPER TNDUSYRIES

Present status and future trends

1. In the area of raw materials, coniferous wood like spruce, fir,

pine, balsam, hemlock, etc. are still the principal source of raw

materials in which the bulk world production of paper and paper board

is mainly based. However, in the context of depleting resources and to
cater to rising needs of the people, there is a gradual switching over to the
hardwoods. Thus these hardwoods, once considered as short fibered and hence
unsuitable for paper industry, have become an important source of raw
material. Bamboo hasg for a long time been used as the principal source of
raw material in many Asian countries. Tn India nearly 5C per cent of paper
production is from bamboo only. Potentiality of bagasse is being realized
in many ocountries. It is anticipated that utilization of bagasse and
agricultural residues will play a vital role in the pulp and paper industry.

There has been growing awareness in the utilization of waste paper. In

many developed countries it is expected that the utilization of waste

paper is going to be as high as 30 per cent.

2. As regards pulping, the draft process still dominates the area of
chemical pulping because of its distinct advantages over the other processes.
Continuous digesters have replaced the batch digesters in most of the

large mills. High yield chemical pulping defined as being semi-chemical

in type for producing paper grade pulps in yield range from 52 to 75 per
cent with full substitution for conventional pulps made in 46 to 48 per

cent, has aroused a keen interest in view of the depleting resources of

raw materials.

3. There is a great interest in whole tree pulping as an important step
to conserve fiber resources. The concept of severing the tree from the
stump and processing every portion of the tree above the ground-tole,
branches, twigs and leaves into a usable fiber source, has become a reality.
When the Indian Paper Industry turns more and more to hardwoods, the whole
tree pulping concept could be advantageously used from the fiber conserva-

tion view point.
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4. Polysulfide pulping has created a good deal of interest in that
the yield is about 4 to 6 per cent higher than conventional kraft

pulping.

5. In mechanical pulping the stone groundwood process is still the widely
used process. Refiner mechanical pulping nas, of late, gained considerable
importance because of its much better strength properties than stone
groundwood pulp. There are many mills in Europe and North America practising
refiner mechanical pulping today. Yet another spectacular development in
mechanical pulping is the thermomechanical pulping. Thermomechanical pulp
has even better strength properties than refiner mechanical pulp. Single
stage oxygen-alkali cooked thermomechanical pulp is expected to take over

a considerable portion of production of writing and printing paper in the
coming decade. Thermomechanical pulping for the production of newsprint

is being practised in Europe and U.S.A. nowadays.

6. There had been considerable development in the bleaching of chemical

and mechanical pulps. Multi-stage bleaching of chemical pulps with
chlorination - Extraction - Hypochlorite - Extraction - Hypochlorite (CEHEH) is
8till there in many mills. With the advent of chlorine dioxide, hypochlorite
stages are being mostly replaced by chlorine dioxide stages. What was not
possible earlier to bleach kraft pulps by conventional CEHEH sequence over

85 degree brightness has now been possible with chlorine dioxide. In fact
kraft pulps can now be bleached over Y0 degree brightness by CEDED sequence
(Chlorination - Extraction - Dioxide - Extraction - Dioxide). The use of
chlorine dioxide bleaching calls for in situ generation of the chemical,

as it is a hazardous compound as far as transportion is concerned. Although
the initial cost of plant and equipment for chlorine dioxide plants are

high but in the long run it does definitely pay for the higher initial cost.
The operation of the dioxide generation plant, however, calls for a skilled
and experienced crew. Peroxide bleaching is practised in some mills
manufacturing high brightness pulps where brightness stability is very

important.

7. Oxygen bleaching of pulp has become a big issue in connection with

environment protection and is one of the biggest technical achievements
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during recent years. The method has been adopted and planned at several
Places, although it is not yet fully developed especially from the

economic point of view. The method is today considered as established

in bleaching of sulfate pulp. Further experience will make it fully
accepted by the early 1980's for fully bleached sulfate pulp and presumably
also for semi-bleached kraft pulps. In this case one stage may be
sufficient. For bleaching of mechanical pulps, the application of peroxide

and hydrosulfite is quite common.

8. In chemica) recovery section, considerable progress has been made.
The two most popular recovery furnaces are - Combustion Fngineering type
and Babcock and Wilcox type. Several other’processes, for example,
treatment of black liquor with compressed air under high pressure and at
a temperature of 200°¢ to 300°C and the other process of evaporating the
black liquor to 3C per cent solids, heating to 330°C and then raising
the pressure to 400 atmosphere, have been developed but its application

is to be seen in the coming decade.

9, Stock preparation system has been revolutionized by better understanding
of the bonding characteristics of the fiber. Pressurized refining and

use of proper additives at correct points assure better formation of sgheet
and retention of fibers, fines, fillers and pigments. Excepting very special
quality papers, beaters are almost completely replaced by conical and disc
refiners. The design of these refiners are being increasingly modified mo as

to reduce the specific power consumption in stock preparation.

10. There has been spectacular development on the wet end of the paper machine
over the past twenty years. Numerous developments in the design of headbox,
slice, foil, table rolls and machine clothing have resulted in increasing

the speed of the machine. High consistsecy forming has reduced the water
handling in recycling. With the coming up of high speed twin wire formers,
conventional fourdriniers will find it difficult to retain their existance

in large capacity mills in developed countries. Fourdrinier is still the most
common and widely used machine for manufacture of paper. Phosphor brongze

wire is being substituted by synthetic wires. This has increased the machine
running availability as the frequency of wire changing is reduced considerably.
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11. Tnstallation of fabric presses, combinaticn fabrics, the uni-press
venta nip presses and double felted press have resulted in subsgtantial
improvement in water removal and felt life. Multi nip presses have been .

developed and are being successfully used.

12. In the drying of paper, steam drying is still the practice. There
have been a1 good deal of work in the condensate removal system. With
the introduction of the closed hood system in the drying of paper, a
congiderable steam economy has been achieved. Madeleine blowing system
is gradually replacing the conventional felt drying system. Technology
has developed now for the intra red drying. To what extent this could

be commercially employed is to be seen in the coming decade.
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V. TECHNC=SOCIO FCCNOMIC BASF IN DEVELCPILG CCUNTRTES AS
RELEVANT TU PULP AND PAPER TNDUS'IRY

1. In most of the developing countries agriculture is the main
employment. The agricultural residues like rice straw, wheat straw,
Kenaf, bagasse, jute cuttings and such other seasonal materials can

be used for manufacture of pulp. In India as many as 50 small paper
mills producing about 200.C0C tons have been established using mainly
such agricultural residues. One of the technical options given in this
paper is for a 25 tons per day mill using agricultural residue. This mill
will buy agricultural residue materials to the extent of Ks. 48 lakhs a
year. If the mill takes the agricultural residue from agriculturists
within 25 s8q. km. of agricultural cultivation and taking the average
holding per family being 4 hectares, the amount of money that will flow
to the agricul.urists will come to USE 585. per year per family. 'This
definitely gives an economic benefit to the people living in rural areas
in agriculture. In a country like India where there is a big cattle
population, it may not be possible to use all the agricultural residues
for manufacture of pulp. It would be only possible in a few areas so

that overall availability of fodder to the animal is not affected.

2e If bamboo or hardwood is used as raw material, for every employment

in & factory the employment of five persons are created in the forest for
cutting and felling of bamboo. As most of this employment for cutting,
felling and handling of bamboo would be in rural areas, a big amount of
money will flow to the rural people. For a 100 ton per day integrated mill
as much as US¢ 1,176,000 will flow to rural workers creating employment

of nearly 10,000 people on whole-time basis or 20,000 people for six months.
As the Pulp and Paper Industry creates direct employment in forest areas,

it has an affect in a much bigger community covering an area where employment
potentiality is least and where people are reluctant to leave their normal
habitat.

3. The developing countries having the resources for production of pulp
will earn more by manufacturing pulp and paper instead of sending the raw

material outside the country. As has been seen in an area like the North-
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Eastern Region of India, bamboo had no value as the bamboo in the forest
was too expensive to be taken out for use in the mills situated in far
away places. Due to a mill being set up near the raw material sources
there has been a big spurt of activities in cutting and felling of bamboo
both from the private forests as well as from government leased forest,
thus creating a huge employment in the rural areas. The villagers, who
grew bamboo for their own use for the making of houses and furniture are
now getting a better price and cash money by selling bamboo to a pulp
mill and thus it has become a cash crop to them. This has given an
incentive to the villagers to grow more bamboo and thus making it a cash
crop at a sustained basis. As bamboo grows in relatively inferior land
and as it does not need much recurring care, it is becoming a definite
source of income to agriculturists. A pulp industry, apart from the main
raw materials like bamboo or agricultural residue, uses minerals like coal,
lime stone and talcum powder. If these materials are available near the
factory site, it creates another economic activity by ensuring inflow of
money again to the rural people by exploitation of minerals like lime

stone, coal and soap-stone.

4. In fact in developing countries where cellulosic raw materials
along with coal, lime and soap-stone are available, it can form as a basis
for industrial development bringing a series of economic activities,

provided the other inputs like chemicals can be had at an economic price.
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VI. CASE STUDIES IN PULP AND PAPER PRODUCTION

1. An integrated pulp and paper mill, designed to produce 90 tons of
paper and 30 tons of pulpsheet per day from bamboo, was set up in a
rural area about 220 km. away from the nearest metropolitan city. The
population of the locality before the setting up of the mill (1971) was
3000 in an area of 10 square km. The population of the district and
State, in which the industry was located, was 2,225,000 and 14,626,000
in an area of 10,360 and 78,520 km. respectively. About eight per cent
of the people of the State live in urban areas. The percentage of
literacy of the immediate locality was about eight per cent and that of
the district and State 22 and 28 per cent respectively.

2. Apart from some household cottage units and saw mills, there was no
industrial activity. The population was entirely dependant on agricul ture.
The average household consists of eight members of which there are three
earning members. About 80 per cent of the total income of the family was
spent on buying of cereals, 10 per cent for groceries, 8 per cent towards
clothing and 2 per cent on entertainment. It had been possible to cater
to the basic needs of the people, although per capita calorie consumption
was around the minimum requirement. The majority of the population were
not exposed to urban atmosphere and the general level of ambition for

betterment of material well-being was on the low side.

3. The area abounds in forest produce, the main items being timber of
inferior grade and bamboo. Aforestation has of late been taken up to some

extent. Other resources of the area include paddy, jute and other grains.

4. By the side of the mill flows a river, which is navigational through-
out the year and having a strong current. The area was linked by a broad
gauge railway line approximately 3 km. away from the mill site and also

by feeder road to a national highway. Electricity had not yet reached

the villages.

5. The construction of the project, costing rupees two hundred and

twenty million, was completed in three years and the mill went into ocommercial
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production in 1976. Today the mill has reached about 80 per cent of the
installed capacity in two years of production., The mill has employed
about 1400 people in unskilled, skilled, supervisory and managerial cadre.
About 90 per cent of the people are from within the State and 5C per cent
are from the immediate locality. The supervigory and managerial people
are mostly from outside the immediate locality and is so because of the
non-availability of the technically qualified personnel in the locality.,
The following table will give an idea of the employment by age group of
the mill,

Table: EMPLOYMENT BY AGE GROUP

Age Group No. of employees
18 - 23 - 398

23 - 28 - 540

28 - 33 - 255

33 - 38 - 100

38 - 43 - 65

43 - 48 - 20

48 - 53 - 18

53 and above - 4

6. The first step in the paper-making process, as practised in this mill,
is the chipping of bamboo. Conventional chippers are used for the purpose.
The chips are then charged in a digester along with the necessary chemicals
obtained, as recovered white liquor. Stationary vertical indirect cooking
type batch digesters are used. After a predetermined period of cooking
under controlled conditions of temperature and pressure, the contents of the
digesters are blown to a blow tank. The pulp stock, containing the spent
cooking chemicals, is next screened on an open vibratory screen to remove
the uncooked and partially cooked chips and is than washed in a three-stage
counter current displacement washer. Hot water is used in the last stage
for washing. The pulp, from the last vat of washer, is next screened in g
series of contrifugal screens, where the shives are removed. The liquor
collected from the first stage brown stock washers, known as weak black
liquor, is sent to the Soda Recovery Section for recovering the spent chemicals.
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The accepted pulp from centrifugal screen is then dewatered and stored
or directly sent to the bleaching section for production of bleached

pulp.

7. The weak black liquor thus obtained is concentrated in multiple effect
mixed feed type of short tube evaporators. The concentrated black liquor
from the evaporators is further concentrated by allowing it to come in
contact with hot flue gases from the recovery furnace in a venturi
evaporator. The heavy liquor is then mixed with necessary amounts of

salt cake, as a replenishment of the loss of chemicals during the

recovery cycle, and fired in the recovery furnace. The heat value of hot
flue gases produced is utilized for the generation of high pressure steam.
The smelt left at the hearth of the furnace is dissolved with weak liquor,
obtained from the subseugnet causticizing section and the resulting liquor,
known as green liquor, is reacted with lime in causticizers. The slurry,
containing white liquor and mud, is then decanted in white liquor clarifier
and the clear liquor from the overflow launder of the clarifier, known

as white liquor, is sent back to the digester house.

8. The unbleached pulp produced, as described earlier, is then sent to
the bleaching section. Multi-stage bleaching - Chlorination; Caustic
extraction, Hypochlorite stage I, Hypochlorite stage II, is practised

here. The bleached pulp from Hypochlorite stage II is screened in a multi-
stage centricleaning system to remove dirt, shives, etc. and the cleaned

bleached pulp is sent to the stock prepration sectian of the paper-machine.

9. Conical and disc refiners are used for refining the pulp. Alum, rosin,
talcum powder, dyes and other necessary chemicals are then added to the

refined pulp and the stock, Before finally going to the headbox of the
paper-machine, it is screened in a three-stage centricleaning system. The
accepted stock from the first stage is then diluted with white water and

via pressure screen and manifold enters the headbox of the paper-machine.

The paper-machine installed in this mill is of fourdrinier type with closed
headbox and with a suction pick up arrangement. The wet sheet is next dewatered
in a series of plain and fabric presses and is dried in conventional steam
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drying cylinders with a closed hood system. The dried sheet is then
rewound and cut into the desired size and marketed. The product of
the mill is well appreciated by the market and is selling at US§ S40.

per MT on an average.

10. The quality control system adopted by the mill is quite simple. To
give an idea, the quality of pulp is controlled by a number called Kappa
no. which is an indication of whether it will be easily bleachable or not.
The experiement takes about an hour. The quality of cooking liquor is
measured as active alkali, sufidity and causticity and takes about 10
minutes. The quality of bleached pulp is measured as brightness for which
a brightness tester is needed. The experiement takes about 15 mi.utes.
Quality of boiler water is also ~ontrolled. All these experiments except
the brightness tester do not call for any expensive equipment. A control
laboratory with laboratory wares and necessary chemicals is all that is

necessary to perform the test and control the quality accordingly.

11. For testing paper there is a Control Laboratory installed in the

Paper Machine Building itself, It determines basis weight and certain
strength properties. For common variety of paper an elaborate testing
facility is not required. A tensile, mullen and caliper tester is necessary
to control the quality. Most of this equipment is available indigenously

in the country.

12. To give an idea about the economies of the plant the cost of production

and profitability at hundred per cent capacity utilization is given below:

Basis: One ton of writing and printing paper.

Variable cost Rg. 2200 $ 299.
Fixed cost Rs. 1000 $ 118,
Total ex-factory cost Rs. 3200 $ 376.
Less incentives in
excise duty Rs. 200 $ 24.
Net ex-factory cost Rs. 3000 $ 353,
Interest and depreciation Rs. 1100 $ 129.
Selling cost Rs. 3% $ 41,
Cost of sales Rs. 4450 $ 523.
Selling price Re. 4600 $ 541.
Profit Rs. 150 $ 18,
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13. With the application of incentives, as suggested in Section IX,

the economics would be even better. Besides, the socio-economic benefits
that have resulted with the setting up of such a labour intensive

industry in a rural area where there is umemployment and where the standard
of living is low, will justify settin up such units in rural areas of

developing countries.

14. The visible benefits which are seen in this locality are given below:

fi) The villagers have found an extra source of income by selling
bamboo to the mill which was being used only for roofing and
other domestic purposes before the mill was set up. The per
capita income of the locality has gone up by about US$ 2.40 alone

on account of selling of bamboo.

(i1) Villagers have started plantation of bamboo and are taking

greater care for growing more bamboo.

(iii) The civil construction of the colony was given to contractors of
the locality who had no or little previous experience. This
project has enabled them to acquire more expertise and they are
now going out of the locality to take up similar new or allied

works in other industries that are coming up in the State.

(iv) There has been development of transportation network in the area.

(v) Oradually people are getting used to industrial culture and as a
result some of them are coming forward with signs of entrepreneur-

ship.

(v) Indirect employment to about 4000 people in trading and trans-
portation has resulted in the mill area.

15." The capacity of this unit is higher than what is offered in the tech-
nological options in this paper. But a similar smaller unit would be
feasible and profitable provided the interest and depreciation component
does not exceed US$ 94 per ton for an integrated mill.




VII. CASE STUDIES IN DECENTRALISED PULP AND PAPER PRODUCTION

Chip Production

1. A scheme of chipping units, prepared by the author, is under the

active consideration of the Government of Mizoram.

2. A hugh forest of untapped bamboo resources in Northeastern region are
going to decay for want of adequate infrastructural facilities required to
exploit these resources. In fact when the river routes were open for

tariff through East Bengal before the creation of the then East Pakistan

and now Bangladesh, the bamboo from Surma Valley region and from Brahmaputra
Valley region used to go by river on large rafts at a reasonably low cost

to the pulp and paper mills in Calcutta. This position has somewhat

changed after 1947 and the bamboo from these areas have become more expensive

to be carried cutside the areas than before.

3. To generate employment in the forest operation for which the required
skills are available in this area and also to gradually develop the bamboo
areas with proper silvicultural operation and accessible roads to make the
bamboo available at an economic rate at the nearest point of good communi-
cation, it is suggested that one can start the first stage of an integrated

pulp and paper mill in some selected areas.

4. This scheme envisages setting up a Chipping Unit of 80 tons per day
cepacity. The capital cost, estimated at about US{ 141,000,000, will
gensrate a gainful employment to 70 persons in the factory &nd 300 persons
in the forest operation. With a 15 per cent return on investment, the
landed cost of chips in a pulp mill situated 800 km. away from the Chipping
Unit, works out at US$ 29 per ton of chips.

5 From the above it would be seen that if we want to utilige the bamboo
resources with maximum employment potentiality in the rural area, the most
log -al step would be to set up a chipping unit in a modest way and then
gradually expand to pulp and paper. By doing this one would be able to see

the actual economy of a paper mill and also to train the local people for :

various jobs as the other sections .are added one by one.
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6, Taking into consideration the various regional factors, the
author has suggested to set up one unit in each of the following States
of the Northeastern region keeping in view the distance to a nearby
pulp mill:

a. Arunachal

b. Mizoram

c. Meghalaya

d. Tripura

Pulp Production

7. A pulp mill was set up in a rural area of Gujrat gor producing 135
tons per day of bleached dried pulp from bamboo/wood. The area abounds
in forest resources. By the side of the mill is located a big river,

The project, costing rupees 170 million (USE 20 million), went into
commercial production in 1967. It has employed 600 people in the factory.

8. From the cost analysis it appears that the cost of sales of pulp is
very high. This is because of the high incidence of interest and depreci-
ation on the cost component. This is, in fact, the problem faced by any
mill which has come into production from 1967-68 onwards.

9. It has been found that by conventional steam drying of pulp and then
subsequently slushing the pulp for production of paper, the cost is very
high. This is the reason why in India most of the mills have an integrated
pulp plant with a paper-machine. This mill has also, in fact, installed a
pPaper machine recently to offaset this disadvantage. If the pulp could have
been dried by some other method the story probably would have been different.

Paper Production

10. A paper plant was set up in an industrially under-developed aresa of
the State of Bihar and at a distance of about 230 km. from the nearest
metropolitan city for producing 45 tons per day of speciality paper from

purchased pulp. The area lacks in adequate infrastructural facilities.
People in general have a low standard of living. Availability of surplus
rural labour in the area was high.
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11. This plant was originally planned for an integrated pulp and paper
mill from bagasse. Later on this idea was dropped as bagasse could not

be made available from the existing sugar mills in the region. It was,
therefore, decided to set up a paper plant only from purchased pulp. The
project, costing rupees eighty million (US! 9.4 million), went into
commercial production in 1976. The power required is taken from the public
grid. The mill has provided a gainful employment to 800 people in the
factory.

12, To give an idea about the economics of the operation, the cost
of production and profitability at hundred per cent capacity utilization

is given below:

Basis: One ton of speciality paper.

Variable cost Rs. 3200 $ 376.
Fixed cost Rs. 500 $§ 959.
Total ex-factory cost Rs. 3700 $ 435.
Less excise subsidy Rs. 400 $ 48.
Net ex-factory cost Rs. 330C § 389.
Interest and depreciation Ra. 90C $ 105.
Selling cost Rs. 400 ¢ 48.
Cost of sales Re. 4600 $ 541,
Selling price Ra. 5000 $ 590.
Profit Rs. 400 $ 49.

13. It has been observed that the mill can produce at the designed rate
without any problem. However due to some extraneous factors like interruptions
in the power supply, the mill has experienced a tremendous set back in
production for the last two years. We feel if this industry was set up near

a port or in an area having good transportation facilities, the economics

would have been better.

Paper Product Production

4. There are numerous paper products industries in the country producing
corrugated containers, box board, exercise books, paper bags, paper plates,
etc. These are mostly located in the urban areas where there is a ready market
of the products.




VIII. CASE STUDIES IN UTILIZATION OF BAGASSE FOR PRODUCTION OF
PULP_AND PAPER

1. There is a mill in India producing 35 tons per day of paper from bagasse.
Wet bagasse, as cbtained from sugar mills, is depithed first. Both dry

and wet depithing methods are used. The yield of depithed bagasse is

around 70 - 75 per cent. Depithed bagasse is then cooked in Pandia
continuous digester with 10 to 15 per cent caustic soda at a cooking tempera-
ture of 160°C for about 15 minutes. The unbleached pulp at 45 per cent

yield is next washed in a two stage countercurrent washer and bleached in
conventional C.E.H. (Chlorination - Exiraction - Hypochlorite) sequence.

The bleached pulp 18 then centricleaned and sent to the stock preparation

section and then 1o the paper machine.

24 With certain minor modifications in the paper machine it has been

possible to run the machine using hundred per cent bagasse pulp.
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IX. IMPACT OF NATIONAL POLICIES AND PLANNING ON STRATEGY
FOR DEVELCPMENT

Policies relating to utilization of raw materials and industrial wastes

1.  For broad area planning purposes, reliable estimates of hard wood,
surplus agricultural residues like rice straw, wheat straw, Kenaf, bagasse
are not available. In absence of this data, an entrepreneur finds it

too risky to go in for non-conventional raw materials. It is, therefore,
suggested that there should be regional wide surveys of various accessible
and inaccessible raw materials and agricultural residues. In planning

a mill based on agricultural residues, allocation of these residues should

be kept for the cattle population of the country.

2. Scientific plantation of bamboo and wood has to be taken up expeditiausly

at three times the rate of felling.

3. Bagasse has so long been unproductively used in sugar mills as the

only source of fuel. National policy has to be formulated for its rational

usage. The value of bagasse thus released by sugar mills may be taken at

par with the value of a alternate fuel and the capital investment required

for modification of the existing bagasse fired boilers to coal fired ones

should be subsidized by the national governments. The sugar mills should 5
be assured of the adequate supply of a alternate fuel in a phased manner.

To begin with we can have a system introduced to dry the bagasse before

firing into the boiler. By these processes about one third of the bagasse

should be available for paper industries.

4. Although deinking of waste newspaper is a technically feasible idea,

its successful application in a developing economy appears bleak at this
stage as the waste newspaper has a ready market and is being sold at a

high price. To give an idea of the inappropriateness of this technology,

in India o0ld newspapers are sold at a price of Rs. 3000.00 per ton. However,
in a country where it is just being disposed of as a waste material and if

a mill has only to pay the collection charges, the economy may be in favour

of the setting up of a waste paper reclamation unit.
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Policies relating to pricing of paper

5. The price of paper depends on the following factors:
(i) Infrastructural facilities

(ii) GCovernment duties like excise duty, sales tax, import duty

on plant and machineries, etc.
(iii) Cost of raw materials and utilities
(iv) Labour cost

(v) Capital and revenue expenditure on air and water pollution

control

(vi) Rate of interest on borrowed capital.

The price of paper can be controlled only when there is control on the

price of the above mentioned items.

Policies relating to growth of paper machinery

6. Most of the developing countries did not have the facilities for
the manufacture of pulp and paper equipments and as a result these were
being imported from U.S.A., U.K., France, Germany and other developed
countries where these machineries were developed for the type of raw
materials available in those countries. Now some of the developing
nations have manufacturing capacity of pulp and paper machinery for
mills with a capacity from 5 tons per day to 200 tons per day, for the

type of materials available in most of the developing nations.

7. The pulp and paper equipment manufacturing industry in Europe was
developed considering the world as the market, whereas the market for

the developing nations will be amonst themselves. Hence a close under-
standing amongst developing nations is required so that these countries
will buy their requirements of plant and machinery from the developing
countries only. To promote the development of the trade of paper machinery
the developing nations may formulate a tariff policy favouring the import
of machinery from developing nations; a reduction in import duty for the

import of machinery from developing nations.
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Policies relating to paper products

8. National policy has to be such that industries producing paper

products are only categorized under small scale industry.

9. The paper mills should be advised to release the base paper to the
conversion industry directly. The inherent shock absorbing capacity of
small industries being limited, these industries will need to be supplied

with paper and boards at the mill price.

Policies relating to incentive and taxes

10. Adequate infrastructural facilities, which are sin-qua-non for the
integrated development of the region, should be provided by the national

government.

11, Community development facilities such as housing, schools, hospitals,
water supply, etc. are also to be provided by the State or National
government, as otherwise the rural industry will find it extremely difficult
if not impossible to set up an industry in a rural area. In an urban

area, the population of which constitutes even less than 20 per cent of the
country's population, if these facilitiea are available from governmental
subgidised prices, it is natural that the rural people also should get the
same benefits if not better.

12. Being a power intensive industry, tariffs should be low or else some

oheap rural power source has to be identified.

13, In many developing countries a good fraction of planis and equipment
is imported. If import duty on these indispensable plants and equipment
are not minimiged, the incidence of interest and depreciation on the oost
of production becomes prohibitively high. Hence, there should be a reduced
import duty on the machinery not available in the country with further
liberalisation in import polioy by preferring import of plants and

maohinery from developing nations.
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4. Since the paper industry is a highly capital intensive industry

with a long gestation period, certain fiscal incentives in terms of

tax exemptions are recommended:

8. No sales tax on raw materials during the first five Years

of production.

b. Excise relief to be considered as follows:
(i) full relief for the first two years
(ii) B0 per cent relief for third and fourth years
(iii) 60 per cent relief for the fifth year

c. No corporation taxes for the first five Yyears.

Policies relating to entreprengurisl ansisjance

15. Entreprenal assistance in terms of supplying rural trained forces
is a prerequisite for setting up an industry. The training of these
People should be organized and finanoed on a national level.

16. long term loans have to be provided in liberalisged terms and at low

rates of interest from financial institutions.

17. There should be sustained availability of labour and power.

Policies relating to construction industry practioes

18. Restriction has to be imposed on certain construction materials when
8 substitute material of construction is available in the country; for
example, fiberglass can be substituted by oonventional stainless steel,
for iransportation of processed pulp. This would reduce the import of
stainless steel to the extent that it could be substituted and at the
same time the indigenous manufacturer can find an extra market.
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X. GUIDELINES FOR STRATEGY DEVELOPMENT
National level

1. The following action is suggested to be taken at the national level
to encourage the search and development of the aforementioned new

technological options:

a. Identification of areas with surplus labour.

b. To have a wage policy fixing lower wages in a rural area
compared to an urban area, depending on the level of employment

and per capita income.

¢. Professional consultancy services for identifying appropriate

technologies in these areas.

d. Training of workers of all categories at the cost of national

government.

e. Training and making available dedicated competent managers by the
national government even by going to the extent of expenditure
on training at national and international levels and paying the
difference in salary for a similar manager/supervisor/highly

skilled worker between an urban area and rural area.

f. A constant liaison and rapport at national level for obtaining
or developing some of the processes for the adoption of appropriate
technology for, e.g. the development of high yield pulping, modi-
fication of the wet end of the paper machine or even the entire

process of making paper from pulp.

Regional level

2. On a regional level the following action is suggested:

&. Transport subsidy in respect of setting up industries in certain

areas, for example Northeastern region in India.
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Co-operation among developing cou.tries

3. a. Earmarking manufacture of processed and semi-processed goods

by the various developing countries.

b. Relaxation in movement of materials from one country to another

by better utilization and development of land rules.

c. Preferential tariffs for the purchase of goods and equipment from

developing countries.

d. Technical and economical cooperation amongst the developing
countries through bilateral and multilateral agreement by

efficient utilization of resources and for the expeditious

development of the paper industry.









