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PREFACE 

The satisfaction of society's needs for printed infonnation and cultural 

publications requires an important expansion of the current paper production 

capacity of most developing countries. While an adequate l~vel of per capita 

consumption is estimated at approximately 30 kg per year of various types of 

paper, current per capita consumption in a large number of developing 

countries does not exceed 2 to 5 kg per year. If the desirable level is to be 

3ttained by the end of this century and if imports are to be simultaneously 

reduced, paper production will therefore have to increase at quite a fast rate. 

Imports of some types of paper may however remain unavoidable foT small 

and medium-sized developing countTies in view of their limited demand within 

the country by comparison with the very laTge capacity of existing papeT 

mil ls. This is particularly the case of newsprint, the production of which 

benefits from economies of scale and usually requires large timbeT resources. 

There is, however, a wide range of writing, printing and packaging paper which 

could be produced within the country instead of being imported. Public 

planners will then need to decide whether production of these types of papeT 

should take place in large plants using imported technology, equipment and 

expertise, or in a number of small paper mills which offer various advantages 

in terms of employment generation, Tural industrialisation or increased use of 

locally available materials. A third possibility for sufficiently large 

countries or groups of countries might be to es ta bl .i sh both large and smal 1 

plants producing different types and qualities of paper products. For 

example, this course has been adopted in India where smal 1 and large paper 

mills cater for different segments of the market. The pur~ose of this 

memorandum is to providE technical and economic ir.formation on these various 

p~ssibilities with a view to assisting persons directly or indirectly 

interested in paper productior. in making appropriate choices. 

Chapter I provides jnformation on the effects of small-scale and 

large-scale paper production or. em~loyment gP,neration, foreign exchange 

expenditures, backward and forward linkages, rural industrialisation, the 

environmen~ and so on. Thi9 chapter, which wilt be of particular inter~st to 
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public planners, concludes •,·it.: some guidelines fer government actior. m 

favour of appropriate papc~-:na!:iu.g t;:dmclvgic.s an:i sc.-il s of production. The 

chapter will also be of inter>?-st 

since it ?rovides ~nformation :>a 

labour requi remeats and the 

technologies. 

to pract is.=n~ er 

c.:i>i tal costs, 

efficiency of 

wou· •-be paper producers 

forei •n exchange inputs, 

altern1tive paper-ma~ing 

Chapters II to V provide a con~~~ctus of raper-making ~~erations, mostly 

in small mills which a:-e defined for ti ... ~urposes of this m1 -'IOrandum as mills 

with a capacity not exceedir,b 30 tonn•?,~ of paper per day. ·~ne raw mate·dals 

used by these mills include agricullurc.11 residul?S, waste pap:r, waste cotton 

and rags, and imported wood-based pu!p~. Bes:des the chr~acteristics of 

various grades of paper C1nd raw materials, these charters d..?s.: ribe a variety 

of paper-making technologies ani equipmen>: m sGme detail. However, this 

memorandum does not constitute a technical. introduction to p2per-making 1n 

general or a basic textbo<.>'~ on the subject: it provides criteri:i. of choice of 

methods for people already jn posse~sio11 of the necess~rf background 

knowledge. The information provided in this volume, unlike that to be found 

in tP-: :·" ical memoranda on simpler subjects pr..:-pared t>y the !LO and UNI DO, is 

not &.iific:.ent for the establishment or ot'eration of the smal I-scale 

production facilities suggested. Establisheii er would-be paper manufacturers 

need to obtain additional information and assistance fro~ ~quipment suppliers, 

engineering firms or specialised institutions. For tti;,; purposP., the names 

and addresses of some of them are provided in sepa•ate appendices. 

Chapter VI provides a methodological fra,"Tlework for ti,'! evaluation of the 

profitability of paper 1111lls. The chapter wPl be of particular interest to 

paper manufacturers, financial institutions and projec-~ evaluators in 

industrial development agencies. 

Comments and observations on the conter•t and usefulness of this 

publication can conveniently be sent to the !LO ,n UNIDO by replying to the 

questionnaire reproduced at the end of the memo:·anC:um. TI1cy wi 11 be taken 

into consideration in the preparation of additional te~hnical m~moranda. 

This memorandum was prepared by A. Western (c;onsl!l tant fo:- Intermediate 

Technology Consultants Ltd., a sucsi'iary of Intermediate Technology 

Development Group Limited) and M. A.i lal, staff membtr in charge of the series 

of technical memoranda within the Technolo&y and Emp1 1ymt?nt Branch of the !LO. 

A. S • Bh a 1 . a , 

C.1· ; e f, 

Tech no logy and l:'.r.1p lo:.'"! it Branch 
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llote to the UNIOO Edition 

The choice of the most appropriate technology to be applied in 

industrial production activities is one of the many problems which developing 

countries face in the process of promoting industries in their countries. 

An appropriate choice can only be positively made when there is an effective 

and functioning flow of information about the available alternatives. 

The International Labour Office (ILO) and the United Nations In~ustri~l 

Development Organization {UNIDO) are both engaged in activities to assist the 

developing cour.tri~s in the promotion of small and medium scale industries. 

Th~ two organizations agreed upon to develop joint progranmes that could 

contribute to enhancing the capacity for appropriate choice of technology. 

One such progranme was to make combined efforts in preparing a series of 

Technical Memoranda in selected critical and priority sectors of industry in 

order to disseminate information on alternative production technologies. 

The present is the seventh volume in the series. Previous volumes are 

entitled: 

- "Tanning of Hides and Skins" (UNIOO/Is.326); 

- "Small-scale Manufacture of Footwear" {UNIDO/IS.354); 

- "Small-scale Weaving" (UNIOO/Is.454); 

- "Small-scale Oil Extraction from Groundnuts and Copra" (UNIDO/IS.455); 

- "Small-scale Brickmaking" (UNIOO/Is.456); and 

- "Small-scale Maize Milling" (UNIDO/Is.599). 

It is hoped that the publication will be fvund useful in stimulating the 

development of the small-scale paper-making industry in the d~veloping countries. 



CHAPTER I 

SOCIO-ECONOMIC EFFECTS OF ALTERNATIVE PAPER 

MANUFACTURING Tl::CHNOLOGIES: THE CASE FOR MINI PAPER HILLS 

I. I"TROl>UCTION 

Paper consumption may be considered as one measure, among others, of the 

economic. development of a country. Statistics show that there is a very 

strong correlation between per capita income and per capita consumption of all 

types of paper products. Per capita conslDllption in most developing countries 

is lower than IO kg/year (e.g. 2. 7 kg/year for India and 0.4 kg/year for 

Ethiopia in 1980) while that of industrialised countries is closer, on 

average, to 20J kg/year (e.g. 276.2 kg/year for the United States and 191.3 

kg/year for Sweden in 1980). 

Demand for paper is a function of various variHbles, including the price 

of paper, educational expenditures, local customs and so on. However, as 

stated earlier, per capita income is the most important determinant of paper 

consumption. This is particularly the case in developing countries where 

income elasticities of demand for paper are much higher than in industrialised 

countries. Thus, for the same growth of per capita income, the increase in 

should be much higher in developing countries than in paper consumption 

developed co1Jntdes. 

Paper consumption in develop.ing countries wi 11 sti 11 remain much lower 

than in industrialised countries for the foreseeable future. However, it is 

bound to grow at a fairly fast rate if one of a country's development 

objectives is to achieve full literacy and to satisfy the society's needs fo~ 

printed information and cultural publications. It is es .. imated (UNIDO, 1979) 

that an adequate level of per capita consumption for the fulfilment of the 

above objective is 30 kg/year. Some developing countr.ies have already reached 

this level whilst a large number of countries, especially in Africa and Asia, 
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must increase their current consumption tenfold to fiftyfold in order to reach 

this consumption level. How can this be achieved? Pu~lic planners may 

choose among various alternatives: to increase imports of paper, to produce it 

in one or a few large-scale plants, to establish a number of small paper mills 

or to opt for a mixed solution which incorporates the ab0ve alternatives. To 

reach a decision, the government will need to take into consideration a number 

of factors, including market demand for paper (in tenns of both quantity and 

qualit~-}, production costs. foreign exchange savings, eruployment generation 

and rural industrialisation. These factors are analysed in the fol lowing 

sections of this chapter in relation to various scales of production, taking 

into consideration the Indian experience. keliance on the latter for an 

assessment of alternative paper-making technologies is justified by the fact 

that India is one of the very few developing countries, if not the only one, 

which has made a concerted effort to promote the establishment of small paper 

mills often called "mini paper plai.lts". Over 100 such plants are now 

operating in India alongside the large paper mills. Currently, small paper 

mills produce nearly 20 per cent of the total volume of paper manufactured rn 

India. Their share in the product:ion of paper other than newsprint lS 

expected to reach 40 per cent by 1990. Indian technologists and enterprises 

have fully mastered the technology used ln small paper mills and local 

engineering firms are well equipped to manufacture the equipment required. 

Some of the equipment used in large plants is ali;o manufactured in Ir.dia. 

Obviously, the Indian experience in paper-making may not be applied to all 

developing countries without some adaptations. This is particularly true for 

small countries with limited engineering facilities and an insufficient supply 

of the type of raw materials used by smAll mills (e.g. straw, bag~sse, waste 

paper). Nevertheless, the Indian approach provides useful guidelines for 

public planners who wish to expand paper production through the promotion of 

paper-making technologies consonant with national developmeut objectives. 

The following section of this chapter deals with demand. production and 

trade in paper since they ultimately iztermine the scale of production. 

Section IH provides a definition of smal 1 scale in paper manufacture. The 

fol lowing sections (IV and V) analyse the effects of alternative paper-making 

technologies on a number of variables of particular interest to public 

planners and provide some guide 1 ines for government action in favour of 

suitable technologies and scales of production. 
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1 

II. DEMAND, PRODUCTION AND TRADE-

Per capita consumption of paper by developing countries in 1979 was 

estimated at 2 kg/year for Africa, 4. 5 kg/year for Asia and 25 kg/year for 

Latin America. Within each region, national differences ln per capita 

consumption are fairly large, depending on the level of development of each 

country. For example, per capita consumption in Africa varies between 1 

kg/year and 5 kg/year while in Latin America it varies between 1 kg/year and 

65 kg/year. Furthermore, per capita consumption in urban areas lS generally 

much higher than in rural areas (e.g. per capita consumption ln the large 

urban areas of India is close to 30 kg/year while the national average is 2.7 

kg/year>. 

Asia and Latin America produce a large fraction of the paper consumed in 

these two regions (76 per cent for Asia and 82 per cent for Latin America), 

while over 50 per cent of the paper consumed in Africa is import~d. Very few 

developi~ countries are net exporters of paper products. 

Nt!Wsprint, linerboard, and kraftliner represent a relatively large share 

of total paper imports, ranging from 29 per cent for Africa to 73 per cent for 

Latin America. This may be explained by the fact that the production of 

newsprint benefits from economie~ of scale. 

oi. 

In recent years, the production of paper and paperboard by developing 

countries has been growing at a rate approximately equal to 7.7 per cent. 

This rate will need to increase a great deal if most developing countries are 

to reach the minimum per capita paper consumption of 30 kg/yzar. It is 

therefore doubtful whether the large number of developing countries wich a 

current per capita consumption of 5 kg/year or less can reach this minimum 

level before the end of this century. To achieve this objective, they will 

need to attain annual growth rates exceeding 10 to 12 per cent. 

1 
The statistics in this section have been taken from the July 1980 issue of 

Pulp and Paper International (see Bibliography). 
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The choice of scale of production is directly affected by the current 

state of paper production and consumption 

examin-e the case of an average developing 

million and a current per capita paper 

additional imports are to be avoided, a 

by developing 

country with 

consumption 

10 per cent 

countries. Let us 

a population of 5 

of 4 kg/year. If 

yearly increase in 

consumption will call for a production increase of 2,000 tonnes a year. This 

can be achieved by a small plant with a capacity of 6 to 7 tonnes per day 

(TPD) or a medium-sized plant (SO TPD or more) operating at a fraction of its 

capacity for a relatively large number of years. From a pur'?ly economic 

viewpoint, the choice of the latter alternative may be difficult to justify. 

It will be shown below that low plant capacity utilisation is one factor, 

among others, which may militate against the establishment of medium-sized or 

large paper mills in developing countries. 

III. DEFINITI0N OF SMALL-SCALE IN PAPER MANUFA~fURE 

Since this technical memorandum focuses on small-scale paper manufacturing 

it is important to de fine the term "smal I-scale" as it relates to the paper 

industry. 

A definition of "smal I-scale" may be based on a review of the capacity of 

established paper mills, or th~ paper needs cf a country or on the 

classification used in the national legislation. New mi I ls in North America 

and Scandinavia are often designed to produce 1,000 tonnes of pulp and paper 

per day. In comparison, mills with a capacity of 100 TPD or less may be 

considered as small. On the other hand, for 35 developing countries consuming 

less than 5,000 tonne~ per year of all grades of paper, a 15 TPD milt may be 

~onsidered tairly large sin:e it can supply all the paper needs of the 

country. India defines a small paper mill as one with a capacity equal or 

inferior to 30 TPD. This definition was also adopted at the UNIDO 

International Forum on Appropriate Industrial Technology helrl in New Delhi in 

November 1978. According to this Forum, integrated pulp and paper mil ls 

should be classified as follows: 

- small ; up to 30 TPD 

- medium-sized: between 30 and 100 TPD 

large ; above 100 TPD 
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The foregoing definition of small-scale is adopted for the purpose of this 

memorandum, especially since it draws a great deal from the Indian experience. 

From a purely technc logical viewpoint, the upper limit of a small-scale 

mill could be 50 TPD because the low cost technology used in mills of this 

capacity cannot be easily applied to much larger mills. Furthermore, mills 

with a capacity closer tc. 50 TPD may reduce unit production costs through 

chemical recovery andior partial power generation. These additional processes 

are not economically feasible for mills with capacity lower than 30 TPD. 

Thus, an upper limit of 50 TPD may be adopted by developing countries for the 

definition of small-scale mills and the formulation of legislation in favour 

oi small-scale paper-making. 

I
,. 
~ . SOCIO-ECONOMIC EFFECTS OF ALTERNATIVE 

PAPER-MAKING TECHNOLOGIES 

The choice of scale of production and of an appropriate paper 

manufacturing technology is a fairly difficult exercise since both scale and 

technology affect a large number of socio-economic variabl£s of particular 

importanc~ to developing countries. The purpose of this section is to analyse 

the various effects of al ternati,· ~ scales of production and technologies with 

a view to helping public planners formulate appropriate measures and policies 

for the local paper industry. Th is sect ion should al so be of interest to 

financing institutions and to practising or would-be paper producers since it 

includes estimates of investment and foreign exchange costs, labour inputs and 

unit production costs. 

It may be noted that some of the factors analysed below apply to either 

integrated pulp and paper mills or to mills which produce paper only with pulp 

obtained elsewhere. Thus, these factors may not be of interest to some paper 

pr...,rfucers. 

IV.l Raw materials 

The scale of production of a pulp mill will depend, to a large extent, on 

the type of raw materials which are available. Medium-sized and large mills 

may not operate profitably if the raw materials consist of agricultural 

residues (e.g. wheat or rice straw, bagasse), various grasses, waste paper or 

rags because it is doubtful, for a number of reasons, whether these mills can 

be supplied with large quantities of the above materials on a regular basis. 
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First, agricultural residues or !:>agasse are partly used for other purposes 

such as animal feed, fertilisers and energy generation. Thus, a pulp mill may 

only get the surplus agricultural residues unless a relatively high price is 

paid :.o farmers or sugar mi 11 owners. Seco,1dly, agricultural residues are 

available during harvesting seasons only and a mill will re~ui1e a very large 

storage capacity to avoid discontinuity of production. Thirdly, the amount of 

waste paper available for recycling (usually estimated at 20 to 25 per cent of 

paper consumed in a giveo area) will never be sufficient for the requirements 

of a large mill. Finally, an .?xtension of the collection area in order to 

ensure a regular supply of agricultural residues or waste paper will 

considerably increase the transport cost of these materiols and decrease the 

economic viability of the milJ. Furthermore, the transport infrastructure in 

many developing count rie~ may not facilitate the transport of raw materials 

over long distances. For all these reasons, the scale of production of pulp 

mills which use agricul;ural resicues or waste paper as raw materials must be 

kept relatively smal 1 if they are to be operated at ful 1 capacity and if 

production costs are to remain within acceptable limits. 

While smal! pulp mills will generally be preferred for the processing of 

agricultural residues or waste paper, the production of wood-based pulps is 

best carried out in large plants for the fol lowing reasons. Firstly, logs 

must be transformed into wocd chips if disc refiners and/or digesters are to 

be used in the pulping process. Currently, the smallest coaunercial chipper 

has a reconunended capacity of approximately 15 tonnes per hour. Thus, if this 

equipment is to be fully used, the pulp mill will have to process over 150 

tonnes of wood chips per day (i.e. a quantity far above the capacity of a 

small pulp mil~). Secondly, the use of stone grinders in mechanical pulping 

requires the processing of whole logs. The capacity of commercial stone 

grinders also exceeds 'r.1t of small pulp mi 1 ls. In sum, the production of 

wood pulp will generally not be profitable if carried out in small pulp mills. 

If species of trees appropriate for the paper industry do not grow in a 

country, the latter may conceivably import wood in the form of logs or chips 

if it wishes to establish a large pulping plant. However, it is very doubtful 

wh~ther such a plant can be operated profitably in view of the high transport 

cos\. of the raw material. A country without appropriate timber resources 

should therefore either import pulp or process agricultural residues and waste 

paper in small pulp mills. Alte~natively, countries with appropriate climatic 

conditions could grow the right sp~cies of trees for the paper industry. This 
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alternati\·e should be carefully investigated rn view of the very high 

investment costs required, including infrastructural costs for countries 

withcut adequate transport facilities. 

Developing countries with appropriate timber resources could establ :sh 

large pulping plants. Indeed, a number of such C"''..lntries in Latin America and 

Asia have adopted this solution. Other countries which mav contemplate 

establishing similar plants should investigate the following; 

- whether it is equally or more profitable to use trees for the production 

of pulp than for other purposes, such as the production of various types 

of wood products; and 

whether the ful 1 plant capacity does not exceed the local demand for 

pulp, and in the affirmative, whether the excess pulp can be exported at 

competitive prices. 

In addition to availability, the choice of raw materials for the paper 

industry should take into consideration additional benefits which may be 

derived from the use of agricultural residues or waste paper by small pulp 

mills. These may include additional employment generated by the collection 

and transport of these materials, additional revenues to farmers who do not 

have alternative outlets for surplus agricultural residues, and improvement of 

the profitability of local sugar milis which may sell their excess b~gasse to 

pulp mills. It should however be added that the use of agricultural waste by 

small pulp mills may also present some disadvantages, including the 1rreg~lar 

supply of sufficient volumes of these wastes, the need fo-:- large storage 

areas, and the possibility of high price increases in the case of bad harvests. 

A small pulp mil! need not use a single source of raw materials. Straw, 

bagasse and waste paper may, fo.· example, be used sin:ul taneously by the same 

mill in addition to imported wood pulp. The final composition of the pulp 

will depend on such factors as the local availability of var1ous raw 

materials, the type and quality of paper to be produced and the capacity of 

the paper machine (which may be different from that of the pulping plant). 

lV.2 Market size 

As indicated earlier, dem11nd for paper products 10 a large number of 

developing countries does not generally justify the es ta bl i shment of t arge 
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pulp and paper mills unless the excess production .:an be exported. 

Furthermore, some paper grades consumed in these countries (e.g. newsprint) 

cannot be profitably produced in small mills. Therefore, profitable, large 

production of all grades of paper viii require a fairly large domestic market 

or the possibility of export.:.ng the excess supply to neighbouring countries 
I 

i.e. the absence of trade barriers. 

lt may also be noted that even large countries may choose to establish 

both small and large pulp and paper mills, depending on the type of rav 

materials available and that of papers to be produced, plant location and 

other ci rcwastances. India, for example, has promoted the establishment of 

both small and large plants, which cater to different markets. 

IV.J quality considerations 

The quality of paper products should be considered from tvo points of 

view: the characteristics of the paper produced (see Cltapter II) ar.d the 

uniformity of the output. Good quality paper in terms of paper 

characteristics may be produced in small mills with a minimum of 

mechanisation. Indeed, some of the highest quality papers can only be 

oaanufactured by small-scale mills (e.g. art papers, banknote paper). It may 

also be noted that the desirable stretch properties o~ sack-kraft paper may be 

difficult to achie~e with large width paper machines. 

Paper charact"ristics are also a function of the raw materials used for 

the production of pulp. Since most small pulp mills use agricultural 

residues, waste paper and other non-wood materials, the quality of the pulp 

may not be as high as that of the wood pulp produced by large mills. 

The uniformity of the output is a function of the level of instrumentation 

and process control. Usually, large paper 111ills achieve a high level of 

product uniformity which is required by the markets of industrialised 

countries. A similar level of uniformity cannot be achieved by small paper 

mills which are not equipped with the necessary computerised control systems 

or other types of control instruments. 

A paper produce"." should assess market requirements in terms of paper 

characteristics and product uniformity. In some cases, a low paper quality 

level may be acceptable in a segment of the market if the retail price is much 

lower than that of higher quality paper which is either imported or produced 

in a largt- mill. If an adequate level of product uniformity is required, 

efficient control systems may be added, at moderate cost, to the equipment of 

a small paper mill. Such controls have hcen added to relatively small 
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machin~s (2 to 3 metres wide, and a capac i.ty of 10 ,000 tc; 20 ,000 tonnes per 

annum) and have greatly improved product uniformity even in cases where the 

pulp is composed of waste-base~ materials. 

The quality of waste-based papers can be enhanced through an improvement 

of the technology. It took years of research and development efforts to reach 

the current high quality l~vel of wood-based papers. Similar research and 

development act iv it ies are curren'.~ ly being carried out to improve the quality 

of waste-based papers. For example, the quality of bagasse-based papers is 

c!ose to that of wood-based papers whenever it is produced 1.n small mills 

equipped with adequate control equipment. Similarly, research ano development 

work has resulted in a significant improvement of the quality of straw-based 

printing and writing papers. Additional research is needed if high quality 

standards are to be achieved. Unfortunately, most research and development 

activities are carried out 1.n developing countries where the bulk of 

waste-based paper is produced and these countries cam.ot afford to al locate 

sufficient funds for these activities. 

IV.4 Capital investments 

The capital investments considered 1.n this section concern the paper mill 

only, and do not cover infrastructural costs (e.g. transport, electricity and 

water distribution) which are usually borne by the government. Those costs 

are considered in a fellowing section. 

Host developing countries are short 

industrial investments. It 1.s therefore 

expenditures on development projects to a 

of capital for a&ricultural and 

very important to keep capital 

minimum, for example through the 

choice of appropriate scales of production and technologies. 

Table 1.1 shows the effect of alternative scales of production and 

technologies on capital investments in the paper industry. Estimates of these 

investments are provided for four types of paper mills: mini mills producing 

500 tonnes per annum (TPA), small mills producing between 25 and 30 TPD and a 

large mill producing 300 TPD. It can be seen that capital investments for a 

total yearly production of 90,000 tonnes of paper are 15 to over 1,300 times 

higher for large paper mills (300 TPD) than for smaller ones. A preference 

for large rather than small paper mills could thus have important 

repercussions on investment 1.n other sectors of the economy; some other 

investment must be cancelled or postponed if a large option is adopted. 



Kind 

of r.:'..ll 

(da·ly 

output) 

Mini mill 

(i.7 TPD or 

500 TPA) 

Small mill 

(25 TPD) 

Small mill 

00 TPD) 

Large mill 

000 TPD) 

No. 
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Table I.l 

Investment and foreign elfc:1ange co~ 1.s 

(Assumed production level; 300 TPD or 90,t·OO TPA) 

(In mill ion US$) 

of mills Total Investment It.' tial 

required investment cost per fo eign 

cost mill excha1. r;e cost 

180 19.8 0 .ll 10.8 

12 57 .6 4.8 10.6 

10 100 10 47 

l 150 150 90 

Annual 

fn<eign 

exchange 

cost 

4 .14 

11.l 

13.95 

13.56 

Shortage of capital is not the only factor which militates against 

investment in a large paper mill. Two other factors are equally important. 

First, a large investment in a single paper mill will involve a high capital 

risk especially if it is the first such mill being built rn the country. 

Investment in a number of small paper mills will considerably decrease the 

capital risk since a learning process takes place as the mills are being built 

over an extended period of time. Secondly, investment in large scale paper 

mills costing 100 to 150 million dollars will require direct government 

involvement since private local investor' are unlikely to obtain sufficiently 

large loans from local banks. On the other hand most local investors should 

be able to secure the necessary funds for the establishment of small paper 

mills. 
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IV.5 Foreign exchange costs 

The establishment of a paper mill will . :'"··~ral ::.y 

foreign exchange expenditures; initial ex!,;-:iciiture 

require two types of 

for imports of the 

equipment and annual expenditure for imports 'i: '!late;.- ials and spare parts. In 

some cases, foreign exchange i~ also required f~ r tr.e ~a laries of the foreign 

staff. 

Most developing countries must postpone i•n:>c -_ t snL projects because they 

cannot gene!'.'ate sufficient foreign exchange f.>r i.-i?crt:. of essential equipment 

and materials. Thus, scales of productior. a:1d '.:l";:hnologies which reduce 

foreign exchange expenditures to a minimum si m1lG t>e favoured. Table I.l 

provides estimates of initial and annual forei!~n e>.change expenditures 

corresponding to a total annual production of 90,001! tonn~s of paper. It can 

be seen that a single 300 TPD paper mill 1 equ irt s two to n i.ne times more 

foreign exchange for the initial procurement of ?quipment than do smaller 

mills. Annual fo?:"eign exchange expenditures are fa~rly similar for the large 

mill and for the two small mills (25 and 30 TPD), while it is considerably 

lower for the 500 TPA micro-mills. 

IV.6 Employment effect 

'nle generation of productive employment is one 

development objectives of many developing countries. 

of the most important 

Table I.2 shows that the 

establishment of micro-mills or small paper mills instead of a large plant 

shoul! contribute significantly to that objective. As indicated in the table, 

small mills generate three to seven times more jobs than a large paper plant 

for the same output of 90,000 tonnes of paper a year. Furthermore, investment 

per worker is considerably lower for small mills. Thus, investment in these 

mills should help save scarce capital for other development projects which 

will generate additional empl..;yment. F•1rthermore, small paper mills, unlike 

large plants, do not rely very much on foreign expertise, if at all. Thus, 

most of the wages are spent locally and benefit the local economy. 
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Table I.2 

Scales of production ac:d e.nployment generation 

(Assumed prQduction of paper; 300 TPD or 90.000 TPA} 

Kind of Number of Total Workers Capit"al Total 

;uill mills requi- No. of /tonne cost capital 

(daily red to pro- workers produced per mill cost 

output) duce 300 TPD (million (rilillion 

US$) US$) 

Mini mill 

(1.7 TPD or 

500 TPA) 180 10 980 36.6 O.ll 1 9.8 

Small 

integrated mill 

(25 TPD) 12 5 640 18~0 4.8 57 .6 

Small 

integrated mill 

(30 TPD) 10 5 000 16.66 10 100 

Large 

integrated 

mill (300 TPD) 1 1 500 5.0 150 150 

IV.7 Infrastructural costs 

Invest 

ment per 

worker 

(US$} 

1 803 

10 212 

20 000 

100 000 

Large pulp and paper mills, especially those which produce wood pulp, 

require an important infrastructure in such respects as means of transport and 

electri.:: icy and water supply. Host developing countries contemplating the 

establishment of a large paper mill must invest large sums of money for the 

improvement and expansion of their infrastructure whereas small paper mills 

may use the existing infrastructure. Thus, a comparison between small and 

large paper mills should take into account the differences in infrastructural 

costs although they are not explicitly included in the cost of the mill. 
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iV.8 Transport costs 

The establishment of small paper mills should reduce transport costs 

because the raw materials (e.g. waste paper, agricultural residues) are 

collected nearby and the out~ut is marketed locally. This is not so for large 

paper aills. The raw material - mostly wood - must be transported over long 

distances. The output generally exceeds local demand, so that part of the 

paper produced is us•Jally marketed nat:onally, and must therefore be 

transported over long distances. The high t:-ansport costs are u1 timately 

reflected in the retail price of the paper. 

IV.9 Energv consumption 

Since developing countries must import a large fraction of their energy, 

preference should be &iven to energy-saving technologies. Large paper mills, 

with the exception of groundwood-based mills are usually self-sufficient in 

power generation. This is not the case with small paper mil ls which must 

genet'ally rely on power frolll an external source. A major cause of the 

under-utilisation and inefficiency of these mills is the unreliabi 1 ity of 

powe~ supplies. Sane new technological developments may partially solve this 

problem for mills producing 50 TPD or more. For the time being, however, 

large plants are more economical in terms of power consumption, although this 

advantage is partly offset by the additional energy needed for th·e transport 

of raw materials and output. 

IV.IO Production costs 

An important criterion for the choice of scale of production and 

technology in paper manufacturing is the retai 1 price of paper which is, in 

turn, a function of unit productio1 costs. The latter includes a fixed and a 

variable element. It war shown earlier that investment costs pe~ tonne of 

paper produced are much nigher for large plants than for 1:1ma11 mi11s. Thus, 

unit fix.!d costs shou~d be higher for large plants. Unit variable costs 

include the cost of labour and materials and that of energy. They are 

difficult to estimate without a precise knowledge of local conditions (e.g. in 

terms of wages, prices of agricultural residues). Thus, a general statement 

regarding the retail prices of paper produced by small and large mills c;nnot 

be made in this memorandum, especially since differences in quality further 

complicate the crmparison. A few remarks on this Matter can however be made. 
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First, in India small paper mills seem to be as competitive as large mills
1

and 

are currently supplying a growing share of the mc;,rket. Secondly, retail 

prices are affected by the market st~ucture. lbus, they should be much higher 

if paper is produced by a single, large plant in a monopolistic position than 

if it is produced by several competing small mills. 

IV.11 Factors of interest to investors 

There are several factors of particular interest to investors who may have 

to cho.,se between different scales of production and production techniques. 

These are the gestation period, profitability and efficiency. These factors 

greatly favour small paper mills. 

First, the gestation period of small mills is usually two years while that 

of large plant.s is at least five years. Secondly, experience shows that large 

plants seldom become profitable before the end of the third year of 

operation. Profitability is not always certain and is, at best, .ow. Small 

mills become profitable within a year and bring high returns on invested 

capital. Thirdly, the efficiency of large mills is generally higher than that 

of small mills. However, a well-organised structure is required to 1-.eep a 

high level of efficiency. In the absence of such a structure, smal 1 mil ls 

(which are easier to run and manage) can become more efficient than large 

mills. 

IV.12 Rural and regional development 

The establishment of several small paper mills should benefit rural areas 

and backward regions, whereas that of one or two large plants in urban areas 

will further aggravate income and employment disparities between urban and 

rural areas. 

Small mills should create substantial backward and forward linkag~s 

including collection and transport of agricultural waste, establishment of 

small repair shops, manufacture of some of the equipment and marketing of the 

output. All these activities should improve rural incomes and slow down 

rural-to-urban migration. On the other hand, a few large plant~, established 

of necessity in urban areas will generate few backward and fGrward linkages, 

will depend to a large extent on foreign c~pertise and will thus fail to 

promote technological self-reliance. 
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IV.13 Environmental effects 

Environmental and pollution hazards are more damaging in the case of large 

plants than in the case of small •ills. While the quantity of pollutants per 

tonne of paper produc~d 1s e~ual for both types of mill, more harm is done by 

large plants because large quantities of pollutants are disposed of within a 

limited area. On the other hand, the quantity of pollutants generated by 

isolated small paper mills is fairly low and cgn easily be disposed of without 

harm to the environmer.t. Furthermore, treated effluents (containing lime) can 

be used as irrigation water, and thus benefit local farmers. Another 

advantage of small paper mills is thzt they do not generate as much air 

pollution as do large mills. 

V. GUIDELINES FOR GOVERNMENT ACTION 

lbe previous section provided information on the potential effects of 

alternative paper-making technologies, such as employment generation, foreign 

exchange savings or rural industrialisation. ~~ importance of these effects 

will vary fro3 country to country, depending, for example, on the prevailing 

socio-economic condit.:.ons and the local infrastructure. lbe weights assigned 

by public planners to these various effects 1n the process of eva1'.1ating 

alternative paper-making technologies and scales of production will, 

therefore, also differ from one country to another. 

lbe formulation of an overall plan for the development of a country's 

pa~~r industry requires the consideration of the following~ 

the current and future local demand for various types of paper products; 

potential exports to neighbouring countries; 

- the availability of various types of raw materials (see Chapter Ill); 

- the current production, if any, of various types of paper products; 

- the country's development objectives; and 

- the socio-economic effects of alternative paper-making technologies and 

scales of production. 

Once plans have been formulated for the development of the local paper 

industry in the short, medium and long term, there may be a need for 

government action in order t? ensure the successful implementation of these 

plans. In particular, the gov~rnllk:nt may need to formulate various policies 

and measures such as those applied by the Government of India in order to 

ensure the establishment of small paper mills. Depending on local conditions 

and circumstances, policies and measures may include the following: 
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limited cash subsidies for small mills established in rural or backwa~d 

areas; for example, the Government of India offers a cash subsidy whic~ 

varies between 5 per cent and 7.S per cent of the cost of the mill, 

subject to an upoer limit of USS180,000; 

a ban on imports of specific types of paper products which are already 

produced locally; 

- duty-free import of second-hand equipment for soall mills; 

excise duty rebates which are a function of the size of the mill and of 

the type of raw materials used; 

- exemrtion from excise duty on power consumption by small mills for a 

given number of years; 

- favourable credit conditions for small mills; 

reduction of the proportion of the income assessable for tax, for a 

number of years after the start of the mill; and 

- quotas on imports of some types of equipment. 

The implementation of such measures requires a clear defC:nit ion of the 

types of mills which may benefit from them. In some countriP~, such as India, 

plant capacity (in tonnes per day) is used as a criterion for the provision of 

various subsidies and other incentives to paper mills. For exaMple, India has 

set up an upper limit of 30 tonnes of paper per day for the granting of 

various benefits to small paper mills. Some experts in this field are of the 

opinion that the capacity criterion may not be very efficfont and could be 

advantageously replaced by other criteria such as machine size, speed and 

width. However, the choice of criteria need not be uniform: each country will 

need to identify those that are most appropriate in the light of local 

co;;ditions and circumstances. It is, however, important r;o avoid the choice 

of criteria which may stifle the growth of the paper industry or increase 

production costs without compensating benefits for the national economy. 



CHAPTER II 

CHARACTERISTICS OF PAPER PRODUCTS 

I. PRODUCT RANGE 

The range of paper and board products can be classified into types and 

grades: types relate to the paper or board machine design, while grades are a 

function of the end-use of the product and the choice of raw materials. 

I.l. Types of paper and board 

Paper 

Paper is generally defined as a single-ply, flat material, varying in 

density and material content according to end-use. It is traditionally 

pro·-uced on a Fourdrinier machine with an endless, moving wire-mesh screen. 

This principle of fonna~ion 1s still the most conunonly used, and is 

particularly suitable for scall paper machines. 

Board 

Board is defined as a multi-ply material which normally has a greater 

density than paper. It is most conunonly produced on a vat mac: ine where a 

series of rotating cylinders, of open design and covered with a wire-mesh, 

successively form layers of paper. These are added one upon another in a wet 

state until the desired thickness is reached, and are moulded together by 

pressing. The simple vat, which is speed-limited by centrifugal force, has 

been progressively improved in recent years in order to overcome the speed 

limitations. These improvements resulted in the development of the "former", 

or 11 -'ry" vat which is capal 1e of maintaining high i>roduction levels and of 

producing various types of boards. 

The Fourdrinier machine and the vat may also be used for the production of 

board and paper respectively. Board may be produced by the Fourdrinier 

machine by simply piling layers of material or by using a succession of wires 

for the forming of multi-ply board. Vats can also b~ adjusted to produce 

paper or single-ply board. 
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I.2. Grades 

The types of paper or board can vary according to end-use. There are 

four distinct grades of paper and board. 

Unfinished paper and board 

Paper or board in this grade l.S not submitted to any surface smoothing 

process other than that naturally imparted by the press and. dryer. 

Machine finished (M.F.) paper and board 

This grade of paper or board is obtained by passing the material through 

a calender, or vertical stack of chilled cast-iron rolls, before the paper or 

board is reeled. The paper acquires a smooth finish and a more regular 

thickness. Some board and paper ma~hines have two calender stacks which yield 

a greater degree of smoothness. 

Machine glazed (M.G.) paper and board 

This grade of paper or board is obtained by pressing the moist material 

firmly against the surface of a drying cylinder. The moist paper adheres to 

the cylinder surface until it is dry enough for separation. A surface 

smoothness equivalent to that of the cylinder is imparted to the side of the 

paper or board in contact with it. Thus M.G. papers have a smooth finish on 

one side only. The drying capacity of the paper machine is limited to that of 

the H.G. cylinder which is larger than the usual drying cylinders. 

Creped papers 

The M.G. machine can be used to produce creped paper. This can be done 

with the addition of a scraping blade, or "doctor", which re . ..,oves the paper 

from the cylinder before it is dry enough for natural separation. "Wet" 

creping can also be obtained by scraping from a press roll before normal 

drying. This ~~chnique is however less effective and more rarely employed. 

Secondary finishes 

The foregoing finishes are obtained as part of the machine process. It 

is possible to improve on the characteristics of paper or board through the 

use of secondary equipment. These secondary finishes do not, however, concern 

small mills,especially in the early stages of their establishment. 
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1.3. Types of pulp 

Paper or board is produced from raw fibre sources which must be subjected 

to a pulping process for the production of stock. The latter is then 

processed in the paper or board machine and converted into the desired 

product. There are two major pulping processes: 

Mechanical pulping 

The fibre source is treated mechanically by grinding or "refining" 

through attrition between metal surfaces. The yield of this process is 

relatively high because only the soluble1> .;:id a small fraction of "fines" are 

lost. However, th~ resultant paper is weak because the fibres do not bond 

chemically. The process is most suitable for wood-based paper or board, but 

has also recently been applied successfully to bagasse. 

Chemical pulping 

In this process the raw material is cooked, or digested, in the presence 

of chemicals. Thus, the individual fibres are separated from the natural, 

non-cellulose material which is taken away as a 1 iquid susper.sion. The yield 

is lower than that for mechanical pulping, and is dependent on the degree of 

cooking and the nature and quantity of chemicals used. The latter vary 

according to availability, recovery potential and pulp characteristics 

required. Chemical pulp can develop strength and other characteristics by 

secondary mechanical treatment, and can be bleached to a high degree of 

whiteness, or brightness, by further chemical treatment. 

Other pulping processes 

In "semi-chemical" processes, a lower degree of cooking with Jess 

chemical is used to produce a higher yield and a pulp suitable for certain 

paper grades. In "che:ni-mechanical" processes, higher yields are achieved by 

combining chemical and mechanical treatments. Mechanical or other high-yield 

pulps may also be bleached to a lower standard of brightness than fully 

chemical pulps because bleaching is mt>,ely an extension of the digestion 

process which reduces the non-cellulose content fu .her than can practically 

be done by cooki~~ alone. The consumption of bleaching chemicals in 

chemi-mechanical pulping is not economical if one wishes to reach the same 

level of purity as in chemical pulping. 
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II. PAPER AND BOMtD GRADES 

It would be beyond the scope of this meaorandua to describe al 1 the 

grades of paper which are manufactured. Description is liaited to the aost 

C'->n grades of paper and board which may be produced in 89811 plants 

operating in developing countries. It should, however, be aade clear that any 

grade can be produced in these plants to any acc!pted standard of quality. 

Soe! grades, however, are more suitable than others. 

11.1. Newsprint 

Newsprint ~s 111aGe mostly froa mechanical pulp although it aay contain up 

to 30 per cent chemical pulp with a view to increasing its strength. It is 

relatively weak (40-55 g/a
2

) and usually made of non-bleached pulp. It is 

essentially a cheap grade of paper in view of the fact that it is not intended 

to last long. It is ncrmally produced in large plants with a capacity of 

100,000 tonnes per annum (TPA) or more. lbe speed of production is relatively 

high and may reach up to 900 metres/minute in Fourdrinier type machines. In 

recent years, twin-wire machines have been developed to increase speed and 

efficiency while reducing the consumption of expensive chemical pulp. 

Although it represents a substantial proportion of the total imports of 

paper and board by most developing countries, newsprint is not usually 

suitable for production by small paper machines. lbe power requirements are 

substantial (2,000 kWh/tonne or more), and are seldom available. 'lbe selling 

price is low (approximately Us$450/tonne f.o. b.) and the added value small. 

However, small newsprint production may be competitive in the following cases: 

_de-inking and recycling suitable local waste paper, possibly with the 

addition of imported waste paper; 

_using the t;lermo-mechanical process if suitable energy and waste wood 

resources are available; and 

_using the recently developed bagasse thermo-mechanical, or chemi­

mechanical proceeses. This is, perhaps, the most promising field for 

developing countries with bagasse resources. 

Generally, however, the small- scale production of newsprint is not 

appropriate to conditions prevailing in the majority of developing countries. 

Better returns can be obtained from the limited resources of fibres and 

capital available if they are used for the production of other types of paper. 
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II.2. Writing and printing paper grades 

there is a large range of standards and prices for writing and printing 

papers. The various grades can, however, ~ integrated into four main 

classifications. All of these are eminently suitable for the small aill 

because the added value is substantial and there is usually a local •ritet. 

The classifications are set out below, in ascending order of sales value. 

Scholastic or educational papers 

Papers in this category are produced for exercise books, notebooks, 

sketch pads and other articles used in educational institutions. The paper is 

bleached, but a high standard ,,f brightness 

relatively lightweight, (around 50 g/a
2

) and 

additives are used. It is non.ally made on 

is not essential. It 

need not be strong. 

a Fourdrinier machine 

is 

Few 

and 

machine-finished. Since the sales price must be as low as possible, almost 

any cheap fibre source (chemically processed) can be used provided it is 

bleachable to at least 60° G.E. 1 brightness (i.e. the newsprint 

standard). Waste paper of suitable quality can be added to the furnish (i.e. 

the blend of fibres and additives which make up the final paper sheet). 

Banks 

'lbese papers are of better quality but light-weight, with a substance not 
2 exceeding 60 g/m • Brightness for white grades should not be less than 

10° G.E., but papers of this grade may also be tinted. A three-stage 

bleaching is normally applied. The paper has many uses, such .as for typing 

paper (principally for copies), printed books and leaflets. It is made on a 

Fourdrinier machine and machine-finished. It contains additives such as clay, 

starch or resin, to improve typing or printing characteristics. 

Bonds 
2 

Bonds are similar to banks, but are of higher substance (above 60 g/m ) 

and more durable. They are used as typing paper (originals), for printing or 

as stationery. 

machine-finished. 

They are produced on a Fourdrinier machine and 

They are normally white with a high brightness, although 

this category of paper also includes tinted grades. In order to satisfy 

1 This measure of brightness is named after the G.E. reflectometer, the 
inst. :'!aent used to measure brightness. 
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the high quality standards required by the -rket for this type of paper. 

various additives are used to improve appearance. and the finish is 

size-pressed (an on-.achine process) in order to improve writing or pri.1ting 

characteristics. 

Art papers 

Drawing paper. cartridge paper and water-colour paper are exa.ples of 

this grade. The small aill competes advantageously in this field. 

particularly in developing countries where cotton is grown and can thus be 

added to the furnish for the production of high quality paper. including 

exclusive notepaper. 

significan~ly improve 

A fraction of cotton. as lov as 

quality. Hand-made papers. made 

10 

up 

per cent. may 

exclusively of 

cotton. have a good export potential. Cotton waste is often added to the 

furnish although clean cuttings are 11e>re desirable. Cotton rags and linters. 

and fluff from the cotton mills are also employed where available. Apart from 

hand11ade paper, the Fourdrinier machine is used to manufacture these grades 

of paper. In order ti) obtain high quality cartridge paper, the machine uses 

two wires which ensure similar appearance and characteristics on both sides of 

the sheet. Substance is usually high (80 g/m2 and above). 

III. WRAPPING OR PACKAGING GRADES 

Wrapping paper standards are low in developing countries, especially 

since imports cannot be afforded while the need is great. Clean newsprint 

rejects can be sold for wrapping purposes at a higher cost than the original 

price. Host w&ste paper is also used as wrapping material before it finally 

ends in a paper mill for recycling. In developing countries, quality takes 

second place to availability. This offers a good opportunity for the small 

mill to engage in the production of this type of paper. The products made 

under this category have a surprising range of end-uses. 

In the long term, better quality may be required. Small mills will 

probably need to improve their production technique in order to respond to 

demand for higher quality wrapping paper. 

Sack kraft is not suggested for production by small mills because of the 

low added value and the long-fibre requirements. Substitute sack kraft is 

made connercially f1om bagasse, with 50 per cent imported pulp. Waste-based 

sacks are also made, but this process still needs further development. 

Because of the emphasis on strength and the limitations of long-fibre 

resources, prospects for the small mill are better in other grades. 
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Waste-based papeT. combined with stTav .>T bagasse pulp. is also used on 

K.G. aachines for the pToduction of "aani Ila" envelope papers for industrial 

use. The latteT aay constitute a profitable grade. Saall •ills pToducing 

writing OT pTinting papers geneTally do not pToduce wrapping papers also. 

HoveveT, the same aachine can produce a number of vaTieties of pToducts and 

veTsatility is advantageous foT a Telatively small local •arket. 

III.I. Boards (foT packaging) 

Boards aTe •ainly used for packaging, and to some extent for such 

purposes as book covers, files anJ postcaTds. TheTe are two majoT gTades used 

in packaging: linerboard and boxboard. 

Linerboard 

This aateTial is princi~ally used for the interior OT exterior layers of 

coTTUgated cases. In large plants, it is made 1n two plies from puTe, 

unbleached softv ... od kraft. which is not suitable for production 1-y small 

machines. If suitable wood is available (which is not often the case in 

developing countries), betteT use could be made of it. A lover grade 

substitute to linerboard, popularly knovr as "chipboard", can be produced from 

waste paper on small machines. A better grade, known as "test-jute liner", 

having only a top ply of kraft pulp, is also made 1n quantity by manufacturers 

in developed countries which have large supplies of waste paper but no 

suitable wood. Linerboard can be bleached: it is then known as "food-board" 

because it is commonly used for food packaging. The small mill is not suited 

for the production of this grade since the added value is too small. 

Folding boxboard 

This material is normally used for various qualities of cartons or 

boxes. It is of multi-ply nature Cup to 9 plies), and is normally made on vat 

machines. The "former" is also increasingly used with a view to improving 

quality or (in large mills) speed. Normally, boxboard has a white or coloured 

top layer of chemical pulp which accepts printing, the remaining layers being 

made of waste paper. Superior grades may use high quality pulp for the bottom 

layer while the best quality grades may incorporate more than one 1 ayer of 

chemical or mt=chanical pulp for the top or bottom surfaces. Boxboard is often 

H.G. finished 1n order to provide a superior finish to the top side. 

Alternatively, it can be machine finished and coated (with a simple on-machine 

unit) with a clay-based coating mixture. For greater capacity units a 

secondary coating machine is used. Boxboard is suitable for production in 

developing countries, the scale being mainly dependent on the 
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quantity of waste which can be obtained. In view of the intense competition 

for waste paper and the relatively small, overali supply of this material, the 

scale of production in developing areas may need to remain small for some time 

to come. Boxboard is a profitable product, and relatively simple to 

manufacture. 

III.2. Wrapping paper 

The great limitation for wrapping or packaging paper in developi~ 

countries is the availability of suitable fibre sources since strength is 

desirable for most grades and long-fibre •uaterial is seldom available in 

quantity. However, the small mill can make wrapping or packaging grades under 

favourable circumatances and can alleviate, to some extent, the need for 

u.>orts. 

III.3. Corrugating medium or fluting 

This material is used for the corrugated, inner layer of paper between 

an outer and inner layer of liner board to produce corrugated cases. In this 

instance, stiffness rather than tensile strength, 1S the desired 

characteristic. Traditionally, the material was made from straw. At present, 

use is made of semi-chemical hardwood which is being gradually replaced by 

waste paper even in developed countries. This material can he made 

competitively 1n small mills 1n countries where enough waste paper is 

available. Host of the small mills in India concentrate on this product. In 

rural areas straw is still being used. 

capital and operating costs. Fluting 

The added value is low, but so are 

is usually produced on a simple 

Fourdrinier machine and is unfinished. The quality of waste-based fluting can 

be improved by adding starch through a size press· :1owever, this is seldom 

done in developing countries because capacity is reduced. In developed 

C'ount ries, fluting 1s produced in two or three plies on "former" type 

machines. It is claimed that this technique improves quality. 

Bagasse or straw, cooked semi-chemically, makes good quality fluting when 

mixed with approximately 25 per cent of waste paper. This is a promising 

field for small mills where a loc.d market exists. The material is normally 

dyed to resemble kraft paper, and is used for wrappings as well as for fluting 

in developing countries. The substance varies from 90 g/m
2 

to 160 g/m
2

• 

The heavier grades may also be used as file covers or board substitutes. 
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III.4. Bag paper 

This paper should ideally be made from softwood pulp in order to 

improve its strength. However, other acceptable grades made from non-wood 

indigenous sources can be produced in small mills. Old jute, or gunny sacks, 

are particularly good for the production of paper of this type since they have 

long fibres and are relatively inexpensive. The H.G. machine is particularly 

suitable for the production of bag paper. This may explain the strong demand 

for ;mall, second-hand machines of this type in India. The paper is normally 

lightweight {30g/m
2 

to 45g/m
2
), but heavier grades are also produced. Bag 

paper and decorative wrapping papers are also produced in bleached or tinted 

grades. The long-fibre material used in the production of these papers may 

include refuse cotton, kenaf, hemp or sisal. 

111.5. Tissue grades 

Tissue papers are mainly produced in two grades; toilet and facial. 

The same machine may also produce paper towelling. Toilet tissues can be 

''hard" (i.e. uncreped) or "soft" (various creped varieties). They are most 

coomonly made on H.G. machines, while the forming section can be a Fourdrinier 

machine or a cylindrical "former". Tissue products represent, perhaps, the 

best example of papers which can be profitably produced by small mills. The 

mills must be located near a population centre because the products are bulky, 

and transport costs can be excessive over long distances. The added value is 

high, but production is limited, per machine, to the drying capacity of one 

cylinder. In order to ensure softeness, furnish is made of sulphite pulp. 

Tissue mills normally operate on imported pulp. Nowadays, a substantial 

proportion of selected waste is added to the furnish. Even in relatively 

developed countries, tissue mills with a capacity of 5 to 20 tonnes per day 

can operate profitably. For developing countries, however, tissue products 

are luxury goods, the market being restricted to hotels or supermarkets 

catering mainly for tourists or high-income groups. Thus, demand may not be 

high enough to justify production even on a small scale. 

Where a waste-based H.G. mill exists in or near an urban centre, it may 

be possible to allocate part of the capacity to cosmetic or toilet tissue 

production. Bagasse pulp is a good material for the product:.on of tissues. 

It can be used in proportions of up to 80 per cent of the furnish. 
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IV. TESTING OF PAPER AND BOARD 

The essential cha:acteristics of all paper and board products vary according 

to the end-use of the product. There are no defined international standards 

for any particular grade. In developed countries, standards .. y be set by 

goverDaent for exa11ple through postal authorities for packaging .. terial. 

Even in such cases, however, the standards apply to the product directly and 

only indirectly to the basic .aterials froa which the product aay be aade. 

'nlere are international standard methods for measuring and quantifying 

the qualitative characteristics of paper or board. In the interest of product 

unifonaity (itself a quality), these should also apply to the small aill. The 

main characteristics and tests are briefly described below. 

IV. 1. Substance 

Substance is defined as the weight per unit of area, usually in grams 

per square metre. It is measured by weighing a standard-size piece of the 

material on a specially calibrated balance. Writing and typing papers are 

normally sold, ex mill, by weight, bu~ the customer expects a given number of 

sheets for a specified weight. If the mill does the cutting the product is 

sold by area, although it may be invoiced by weight because the customer will 

expect the correct number of sheets per ream or other specified package. It 

1s therefore important for the mill to control substance because the customer 

1s likely to complain if the weight 1s too low or the number of sheets lower 

than expected. Without adequate control, the only way to avoid complaints is 

to increase the weight without charging the cu.•tomer. Even this method may 

not solve the problem if prepared boxes are used which cannot acc0111110date the 

correct number of sheets. Mills can lose substantial revenue in the absence 

of good substance control. This is why the acquisition of consistency 

regulators is generally justified and more than offsets the investment cost. 

Iv.2. Caliper 

The determination of thickness, or caliper, is aho rE::quired for board 

and some grades of paper because it indicates the strength of the material and 

can affect the perfonaance of the carton or of the printing machine. It is 

measured by a specially calibrated dial micrometer. Caliper control is 

obtained by a combination of stock preparation, pressing and calendering. 

IV.3 Testing of other paper and board characteristics 
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Burst 
1 

The tilllen test (TAPP! Method No. T403) is used for the determination 

of bursting strength of paper by aeasuring the hydrostatic pressure (in 

lbs/ sq. in.) required to rupture the meterial when pressure is applied at a 

constantly increasing rate to a circular area of 2.5 to 5 ca in di&11eter. It 

is a required test whenewr strength is an i..porta.nt property of the paper. 

'n.e test provides an average of both the longitudinal and transversal 

strengths. 

Tear 

TAPPI Method Ho. T414 is the accepted testing aethod for measuring the 

average force in graas required to tear a single sheet of paper after the tear 

has started. The standard Elmendorf tester u the most c01m10nly used 

instnmaent. This test is applied mostly to wrapping paper. 

Breaking length 

TAPP! Method No. T220 is the testing method for measuring the length of a 

uniform strip of paper which will break under a certain tension when the strip 

is suspended by one end. A tensile strength and stretch tester is used for 

this test which quantifies the intrinsic material strength. 

instrument can be used to measure tensile strength or stretch. 

The same 

Compression strength 

This test is designed for papers where resistance to crushing is a 

desirable property (e.g. corrugating medium). Two main tests are used; Flat 

Crush, TAPP! Method T808, and Ring Crush, T412. In the former test, a defined 

strip of paper formed into a cylinder is subjected to a compressive force 

until buckling occurs. In the latter test, a circular corrugation is formed 

in the paper and then subjected to compression in order to determine the level 

at which it collapses. 

Brightness testing 

In this test a comparison is made between the amount of light reflected 

by the sample and that reflec t~d by a standard paper under similar 

conditions. A reflectometer, of which there are several makes, is used for 

this test. The best kaovn instrument is the C. E. reflectometer from which 

the C.E. scale originates. 

1 Hore details on the testing methods described in this section may be 
found in publications by the Technical Association of the Pulp and Paper 
Industry (TAPP!), 1, Dunwoody Park, Atlanta, Georgia 30341, United States. 
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Freeness testing 

This test determines the freeness. or drainage characteristics of pulp. 

Two instruments may be used: the Canadian freeness tester and the 

Schopper-Riegler tester. Each has its own scale. but conversion from one to 

another can be made. 

Smoothness 

This test quantifies the surface finish of paper and measures air leakage 

under the rim of a disc placed on the surface of the paper. Air is introduced 

at standard pressure into the enclosed area. TAPPI Method No. T479 uses three 

tests: Gurley-Hill. Bekk and Williams. 

Water absorbencv 

There are several recognised tests for this characteristic which is 

influenced by rosin sizing. The Cobb test is most connonly used: it measures 

the quantity of water absorbed after the paper has been subjected to water at 

constant pressure over a standard area for a specified time. O'Cher tests 

float the paper on water. an indicator dye on the paper surf ace being. used to 

measure the time taken for the water to pass through the paper. 

Opacity 

The importance of opacity is in preventing "show-through" {i.e. printing 

on one side of a piece of paper showing on the other side). The measurement 

of opacity is somewhat arbitrary. Several tests and instruments are used to 

measure this characteristic. The mo3t conmonly used instrument is a 

photometer with a divided field. It measures light reflected from the sample 

backed by a standard black backgro1Jnd and compares it with light reflected 

from a similar sample backed by a standard white background. The comparison 

is expressed numerically. as a percentage. 

The foregoing tests are the 1110st common ones, and are likely to be 

required by a 

characteristics 

small 

such 

mill. There are 

as fo Id, pick, 

other tests 

abrasion, ash 

for more 

content 

specialised 

and grease 

penetration. but a small mill with limited resources can confine testing to 

the minimum that is still consistent with quality control and customer 

satisfaction. In addition to testing equipment it will need a drying oven, 

balances. a microscope, and a laboratory bench with fittings. It is important 

that tests be carried out as a matter of routine and the results analysed in 

order to improve quality and save materials. For example, it is important to 

check the moisture content of raw materials for a more meaningful costing of 

the output. 



CHAPTER III 

RAW MATERIALS AND ADDITIVES 

I. FIBRE SOURCES 

There are many fibres that can be used for paper manufacture. For small 

mills, there should be enough raw material that can be processed economically, 

taking into consideration the price of the material, collection and transport 

costs, expected yield and the cost of processing. By-products from other 

industries are the most desirable sources of material. Natural vegetation 

with no other outlet can also be used whenever wages are low enough to justify 

the harvesting and transport of the material. As already mentioned, there 

must be an assured local market for the end-product. 

1.1. Short-fibres 

Straw 

Farmers have no use for between 5 and 10 per cent of all the straw they 

produce (e.g. from wheat, rice, barley), and it is coamonly disposed of by 

burning. It is the most abundant source of fibres for developing countries. 

The characteristics of this material differ according to origin and climatic 

conditions. However, differences do not require adjustments to the production 

technique or restrictions regarding the choice of paper product. The average 

fibre length is 1.5 mm; the pulp is consequently weak and needs 

reinforcement. When the straw is chemically or chemi-mechanically cooked and 

bleached, yields of between 30 and 45 per cent can be obtained. Brightness 

may reach 720 G.E. Straw can be used as the major constituent of paper 

(e.g. 60 to 70 per cent for writing and printing papers). A higher yield (up 

to 70 per cent) can be obtained from chemi-mechanically cooked and unbleached 
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straw. The pulp obtained can be used, with the addition of 25 to 30 per cent 

waste paper, for the production of corrugating medium. The addition of up to 

50 per cent of long-fibre support is needed for the production of various 

grades of wrapping paper. 'Dle scale of production may vary between 15 and 250 

tonnes per day. Otemical recovery, from fully bleached pulp mills, is 

economic from a level of about 25 tonnes per day capacity. 

Bagasse 

Where sugar cane is grown, bagasse is the most satjsfactory and versatile 

source of fibre. The fibre is longer than that of ~traw, averaging 1. 7 mm. 

Bagasse produces stronger pulp than straw and needs less long-fibre support 

(from 25 to as little as 10 per cent for paper of heavy substance). It 

bleaches well, attaining over 80° G.E. brightness with a standard 

three-stage bleaching. Yield from de-pithed
1 

bagasse is approximately 45 

per cent for bleached grade pulps and 70 to 75 per cent for unbleached, 

chemi-u-.echanical grades. However, 25 to 30 per cent of the material as 

received from the sugar mi 11 is pith which should be removed before pulping. 

Thus, the overall yield from bagasse that has not al ready been de-pithed is 

lower. Bagasse produces excellent writing and printing papers, good 

corrugating medium (with 25 per cent waste paper support), and reasonable 

wrapping paper (with up to 50 per cent long-fibre support). Recently, 

high-yielding chemi-mechanical and thermo-mechanical processes have been 

developed for the production of newsprint. 'Dle refining requirements for 

these processes are low, averaging about 25 per cent of those for equivalent 

short-fibre wood pulp. Where fuels other than bagasse are available for the 

sugar mills, the scale of production of bagass.? pulp can be as high as 150 

tonnes per day per p11lping unit for bleached grades, and higher for unbleached 

or newsprint grades. In the absence of substitute fuels, there should still 

be a surplus of bagasse to partly supply small paper mills. 

Maize stalks 

The properties of maize stalks are similar to those of straw. However, 

their collect ion and storage pose some problems especia! ly in view of their 

high moisture content at picking time. These problems mak~ m~ize stalks 

unsuitable as a basis for large production. In low wage countries, 

small-scale production can be carried out profitably. 

1 Bagasse from which the pi th, a spongy cellular tissue, has been removed 
after the processing of sugar cane in sugar mills. 
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Bamboo 

The fibre length of this material averages 2. 7 mm. Consequently, the 

strength of the fibre is such that it can be used without addition of other 

fibres for the production of paper furnish. It is most commonly used for 

bleached grades of paper, with yields of 40 to 45 per cent. Preparation and 

bleaching are more difficult to achieve than for straw or bagasse. but the 

techniques are now well known. Bamboo is one of the more valuable sources of 

fibre in India where it i'i used for the production of all t,rades of paper, 

including newsprint. However, because there is not enough tamboo available, 

it is used on only a limited scale. 

Other grasses, reeds 

Naturally growing vegetation can be used whenever it is available in 

sufficient quantity and labour costs are !ow. Esparto grass and reeds for 

ex•ple, are good short-fibre sources. They can be used in mills producing 

up to 150 tonnes per day if the raw material £s available in sufficient 

quantities. The production process is similar to that for straw, but 

preparation may require a special treatment. 

I.2. Long-fibre materials 

For most grades of paper, there sho~Ld be access to a s~fficient quantity 

of long-fibre materials in order to obtain the required paper strength. 

Cotton 

The cotton fi!>re is 25 am to 32 mm long and contains almost pure 

cellulose: thus, it is a very good material for paper manufacture. However 

only cotton waste or process residues are used for paper manufacturing in view 

of the high value ~f cotton for textile production. Furthermore, the price of 

waste and residues is so high that tr1ey can be used only for the production of 

high grade papers, such as hand-made and art papers. A small proportion of 

cotton fibres is also used as a reinforcing constituent in the production of 

writing and printing papers. 

Pulping and bleaching chemical requirements are low (single-stage 

bleaching is sufficient). Yields are relatively high, depending ?n the fibre 

source. However, beating energy requirements are also high. 

Cotton is available to the papermaker in several forms of waste, which is 

ranked in terms of desirability and ~"st as follows: 

- clean cotton cuttings from the textile mill; 

- first cut linLers; 

- mill-run linters; 
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second-cut linters; and 

- fluff, from cotton mill exhaust systems. 

The latter grade may not be suitable for bleaching, but is usually very 

cheap and can be used for wrapping papers. Cotton-based pulp mills are often 

small. 

Rags 

Rags from which woollen and synthetic materials have been excl~ded may be 

used for paper-nu.king. In developing countries, they are likely to be of 

predominantly cotton stock. The sorting of rags includes grading by colour 

because t:1e latter affects bleaching requirements. 

include chopping, dusting and washing. 

Flax 

The preparation stages 

Seed flax tow, a residue from the manufacture of Jinen, can be used for 

paper production. The fibres average 25 mm in length, and the pulp is used 

for the manufacture of specialty papers such as cigarette paper. The yield is 

around 30 per cent. Bleaching is difficult because the material contains both 

bast fibre and woody shivers with different cooking rates. The strength 

properties of flax tow make it a good support fibre for unbleached wrapping 

papers. 

Hemp 

Manilla hemp is obtained from Philippine banana stalks. Paper is seldom 

made directly from banana stalks because the fibre content is low and the 

r~moval of the non-fibrous pulpy element is costly. The manilla hemp pulp 

used consists almost exclusively of old ropes or mani Ila tow from ropemaking 

factories. The fibre length averages 6 mm. The yield is 50 per cent for 

bleached grades and up to 65 per cent for unbleached grades. Processing is 

similar to that of cotton waste. Bleaching is carried out in a single stage 

because true whiteness cannot be obtained, and the aim of bleaching is mostly 

to obtain a lighter natural colour. There are other hemps, such as sisal and 

Benares hemp. These fibres do not have all the characteristics of manilla 

hemp, but are nevertheless suitable for the production of wrapping grade 

support. Hemp is also pulped for specialty papers such as cigarette, carbon 

or condenser papers. 
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Jute 

Jute is available to the papermaker in such forms as used burlap 

cuttings, old sacks and hessian. The preparation and digestion stages are 

siailar to th.:>se for cotton waste, but liae and soda ash are sometimes used 

for the cooking of the material instead of caustic soda. Jute does not bleach 

well: it is used mainly as a support fibre for wrapping paper, or for some 

specialty grades in which toughness and durability are required 

characteristics. Yield is around 60 per cent and the fibre length averages 2 

-· 
Other long fibres 

Kenaf is a promising long-fibre source, with a fibre length averaging 2.6 

.... Preparation of this material is difficult because it is not available as 

an industrial residue. Thus, the whole plant must be processed including 

"retting" and the removal of non-fibrous material. The yield is low but the 

fibre is excellent. It also bleaches well. The fibre properties are 

attracting attention and development work is currently under way. If an 

economic process can be developed, kenaf could become an important source of 

long fibres fQT developing countries in addition to being used as animal feed. 

Sabai grass is used in India for unbleached wrapping or packaging paper 

or board support fibres. The average fibre length is 2.1 11111 and the yield 

around 35 per cent. 

I.3. Waste paper 

Waste paper can contribute up to 30 per cent of a developing country's 

paper needs. 'nle best quality papers are obtained from the waste of printing 

houses. The bulk of waste paper comes from urban areas where consumption 

rates are the highest. In developed countries, waste-paper collection is 

organised by merchants through municipalities or charitable organisations. In 

developing countries, collection is seldom organised on a large scale but 

little is wasted. Sm.111 entrepreneurs collect waste paper from wherever it 

can be found and sell it di~ectly to the paper mill. Sorting for the removal 

of non-paper material and classification of the waste is done at the mi 11. 

Classification may involve the separation of brown from white paper, white 

unprinted from white printed, heavily printed from lightly printed, and so 

on. 'nlis is economically feasible in view of the low wages of unski 1 led 

workers in developing countries. 

Appendix II provides the European list of the standard qualities of waste 

paper. 
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I.4. Wood-wtste 

Sawmill wastes can be used as a fibre source in addition to other 

materials. However, their greater value as a fuel for the sawmill or other 

consumers limits the availability of this material. Another re!>triction to 

the use of this material is the need to apply a modified processing method. 

I.5. Imported materials 

If long-fibre pulp of suitable quality cannot be produced economically 

from local materials, a mill can still operatE profitably by importing 20 to 

30 per cent of its total fi~re requirements. This applies, in particular, to 

straw-based or bagasse-based mills which may use up to 30 per cent of imported 

bleached kraft. Other imported materials may include unbleached sulphite pulp 

or various grades of waste paper. The further processing of such imported 

materials may, in many cases, be much more cost effective than the use of 

local materials such as cotton waste. 

II • CHEMICALS 

Chemicals are used in both pulp and paper mills and most developing 

countries often import the main ones, which are described in this section. 

11.2. Chemicals for pulp mills 

Caustic soda {NaOH) 

r,austic soda is, with few exceptions, the cooking chemical used by small 

mills. It is available in solid form or in liquid form at around 50 per cent 

concentration. The amount used varies between 5 per cent of raw material 

inputs for cotton, hemp or jute, to 12 and 14 per cent respectively for straw 

and bagasse. Chemi-mechanical processes require less caustic soda {between 5 

and 10 per cent) than bleached pulps. Caustic soda is also used in the 

bleaching process for the caustic extraction and hypochlorite stages. 

Lime {CaO) 

Lime is used in some small mills for low quality cooking of such 

materials as jute waste and inferior rags. 

for calciun hypochlorite {see below). It 

It is also used as a constituent 

is often produced at the mill 

through the burning of limestone in a simple open burner or kiln. It is also 

used as the causticising agent for chemical recovery. 
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Qilorine 

Qilorine is used in the first stage of the three-stage bleaching 

process. It is also used in the laat stage in the form of calcium or sodium 

bypochlorite. Overall consumption varies between 7 to 9 per cent of raw 

material inputs for three-stage bleaching. It is r..ormally supplied in a 

compressed liquid form in metal bottles, and used as a gas. 

Hypochlorite 

Hypochlorite is used for single-stage bleaching or at the final stage in 

the three-stage process. It may be purchased in powder form, as calcium 

hypochlorite, or in liquid form as sodium hypochlorite. It is often 

manufactured at the mill by adding chlorine to slaked lime for the production 

of calcium hypochlorite, or by adding chlorine to caustic soda for the 

production of sodium ~~·pochlorite. The latter is used whenever lime is not 

available locally, or when caustic soda is supplied in liquid form. 

Il.2. Qiemicals for paper mills 

Alum 

Alum, or aluminium sulphate, is generally used for pH correction. It is 

added to the paper stock in order to increase its acidity to approximately 

pH 5. It is an essential additive for good refining, adequate sizing, or 

rosin dispersion. It also affects press performance by reducing the tendency 

of paper to adhere to the top press roll. It is most ccmmonly ~upplied in 

solid block form, but should be dissolved in water and used in liquid form at 

a constant density. Some small mills add crushed alum to the pulp during the 

beating. This is not recommended, however, because alum is highly corrosive. 

This chemical is also used for water treatment in order to induce 

flocculation. Average consumption is 5 to 7 per cent by weight of paper 

produced. 

Rosin 

Rosin is commonly used for "sizing" paper. It improves printing or 

writing properties by controlling ink penetration. Raw rosin is available in 

solid form. It must be brought to a liquid emulsion before use. Small mills 

in developing countries normally produce the emulsion by cooking the resin 

with soda ash or a mild caustic solution. It is more common for large mills 

in developed countries to purchase ready-prepared rosin in drums. 
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Starch 

Starch is used to iaprove the quality of writing and printing papers or 

the stiffness of waste-based corrugating aediua. It is most effectively 

applied, in liquid form at about 30 per cent concentration, to the surface of 

the paper through a size press. However, the drying capacity of the machine 

is reduced unless additional cylinders are added. 'Dlerefore, this method of 

application viii only apply to the saall aill which produces paper according 

to the customers' specifications at an agreed price. Starch must be cooked 

and prepared in liquid fona before use. Ready-prepared starch is available 

and used extensively in developed countries but is not likely to be used by 

the saall aill in developing countries. Starch can also be used in a less 

effective aanner, as an additive to the paper stock. Froa 2 to 10 per cent by 

weight of paper can be used, depending on the quality to be achieved. It aay 

be noted that because starch is produced froa various food sources (e.g. 

potato, rice, maize), its use in large quantities for industrial purposes aay 

not be feasible in countries •ith liaited food resources. 

China clay 

China clay, or kaolin, is used extensively in the production of writing 

and printing papers in order to improve opacity, brightness and finish. Up to 

20 per cent of clay is used for some grades of paper. Where clay is cheaper 

than pulp, costs may be reduced by using as much clay as technically 

feasible. Suitable clay, however, is rarely available in developing countries 

and imported bagged clay can often be more expensive than the fibre. 'Die 

addition of clay tends also to weaken the paper, and may consequently require 

more costly long-fibre support material. In general, the addition of clay 

should not exceed 8 to 10 per cent of total material inputs. It can be add~~ 

in powder or slurry form to the pulp when it is being prepared (beaten). 

Talc 

Talc, where available, can be used as a substitute for clay in similar 

proportions. However, the pH of the paper stock must be close to the ne~tral 

point since an acid stock can dissolve the talc. 

Other chemicals 

l'here are a number of other additives which may be used in paper 

production, including dyes for tinting, titanium oxide to improve brightness, 

optical bleach, retention aids, muriatic acid for cleaning and scale removal, 

detergents and wet-strength resins. Small mills in developing countries may 

not always be able to use these materials since most of them must be imported, 

often at high er.st. 



CHAPTER. IV 

PULP PRODUCTION TECHNOLOGIES 

A COllprehensive description of all existing pulp production technologies 

is outside the scope of this me.orandua. This chapter therefore provides a 

concise description of the technology most likely to be adopted by s•all mills 

in developing countries since these are the .. in focus of this iaemorandu•. 

thus. mechanical and thermo mechanical pulp production techniques are not 

described for the following reasons. Mechanical pulping requires large 

capacity grinders vbich considerably exceed the production li•it of small 

mills. Furthermore. suitable species of vood are seldom available in 

developing countries. and power requirements for grinding are fairly large. 

Siai.larly. the production of thenM>-mechanical pulp is mostly appropriate for 

medi~size •ills in view of the capacity of the special refiners used for the 

production of this type af ~~!p. This chapter will therefore focus on the 

production of che•ical and chemi-.echanical pulps. 

semi-chemical pulping will also be provided. 

A brief description of 

I. CHEMICAL PULP PRODUCTION 

Batch cooking in spherical digesters is used to a large extent by mills 

with capacities of 50 tonnes per day or less. Above this level, continuous 

digesters are preferred for econo•ical and technical reasons. 
1 

The chemical 

cooking agent for small mills is, with rare exceptions, caustic soda because 

it is mo~e likely to be available, is simple to apply and can be recovered in 

mills w.i.th capacities of 20 tonnes per da:· and above. This section will 

therefore focus on chemical pulping based on that technology. 

shows the main processing stages of the chemical pulping of 

include the following: 

Figure IV. I 

straw. They 

l A continuous screw-type digester is usually less expensive and requires 
less space than a multiplicity of spherical digestera. Furthermore, it 
reduces cooking time and yields a more uniform pulp quality. 
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collection and storage of raw materials; 

fibre preparation; 

digestion (batch or continuous); 

washing; 

screening; 

bleaching; 

stock preparation, including the following: use of a hydrapulper, 

beater or deflaker; refining (use of conical or disk refiners); 

screening; and cleaning; 

chemical recovery; and 

effluent disposal. 

These processing stages are described in the following sections of this 

chapter. 

1.1. Collection and storage of fibres and waste paper 

1.1.1 Collection and storage of fibres 

lbe first processing stage consists in the collection, storage and 

preparation of the fibre source. Agricultural residues (e.g. straw or 

bagasse) or naturally growing vegetation (e.g. reeds or grasses) are generally 

available on a seasonal basis. Thus the year's supply of fibres must be 

collected over the harvesting period and stored. Since the production of one 

tonne of bleached pulp requires 4 to 7 tonnes of fibres (depending on the raw 

material adopted), a large storage capacity will be necessary even for a small 

mill. The baling of straw is fairly comnon while bagasse is baled only when 

it has to be transported over long distances. 

Straw bales are formed into stacks which can be held in stock over the 

period required without significant deterioration if properly protected 

against rain. The density of baled straw is around 10 to 12 cubic metres per 

tonne. Stacks up to 14 metres in height and 2,000 cubic metres in volume are 

usual. They should be widely separated in order to avoid the spreading of 

fire and the gaps between them should be kept scrupulously clean for the same 

reason. 

Bagasse ca1. be stored in a similar manner but modern practice is to use 

bulk storage~ moist bagasse is stored in bulk in order to minimise storage 

requirements. It is stored in piles 30 metres high in order to reduce the 

risk of fire. Exposed surfaces can catch fire and should therefore be kept 

wet by spraying during protracted dry spells. Good storage management is 
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very important. The aim should be, whenever possible, to maintain the !:ame 

storage time for all materials in order to ensure a good product unformity. 

Mechanical handling with bulldozers, forklifts or front-end loaders cannot 

generally be justified for small mills in developing countries. Storage and . 
handling losses should not exceed 5 per cent, but are very difficult to 

quantify precisely because of moisture variations. 

Storage requirements for a small mill can be quite considerable. For 

example, a mill producing 10 tonnes of paper per day with a mixture of 70 per 

cent of straw pulp and 30 per cent of imported pulp vill require approximately 

16 tonnes of air-dry straw per day. A small mill may need to stock enough 

straw for three months'prociuction or about 1,600 tonnes of straw with a volume 

of 16,000 cubic metres. If allowance is made for the space that must be left 

between the stacks of straw, this anount will require a covered shed with an 

area of approximately 2,000 m
2 

and a height of 16 m. 

I.l.1 Collection and storage of waste paper 

Waste paper collected for paper-making may include printers' wastes, 

packaging materials from industries and stores, household waste and paper from 

government offices. It should be sorted according to various grades and 

cleaned. In particular, care should be taken to remove impurities which have 

a detrimental effect on paper quality and paper machine operation. Such 

impurities include staples, rags (which can give rise to breaks on the paper 

machine because they will not defibrate when mixed with waste paper), asphalt 

and W3X. The removal of sane of the impurities may be carried out during the 

sorti.1g of the waste paper, while other impurities are removed at the furnish 

production stage. The sorting of waste paper may be perfonned manually, with 

or without the use of a slow-moving conveyor belt. Acquisition of the latter 

will be a function of the daily volune of paper to be sorted and of the wage 

level of unskilled workers. If wages are low, the acquisition of the 

equipment may not be justified. 

In order to facilitate sorting, waste paper from various origins should 

not be mixed. The paper is spread on a concrete floor and transferred into 

separate containers or baskets according to grade. Impurities are left on the 

ground and then discarded, while the paper is baled and stored. Each grade of 

paper should be stored separately. 

The storage area for waste paper should be approximately half of that 

needed for straw for the production of the same quantity of furnish. No 
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precise estimates are available regarding the productivity of unskilled labour 

for the sorting of waste paper since it is a funct;on of the type of wastes 

being processed. For a small aill processing 1 l -·- of waste paper per hour, 

50 or more unskilled workers may be needed. 

I.2. Fibre preparation stage 

I.2.1 Straw preparation 

Straw should be cut to a uniform length and dusted before passing to the 

digester. 

quality. 

The removal of dust is required in order to ensure good paper 

Dust losses of around 5 per cent can be expected. A combined straw 

chopper and duster is most comaonly used. Dte straw is cut into pieces 4 to 5· 

cm long in order ~o facilitate the blowing of the chopped, dusted straw to the 

digester and to improve cooking uniformity. Dte chopped and dusted straw is 

transferred to the digester on a belt conveyor. 

I.2.2 Bagasse preparation 

BagassP. 1 as received from the sugar mill, has already been reduced to an 

acceptable size by the crushers. However, it contains about 30 per cent of 

pith which should be removed before transferring it to the digester. Pith 

does not produce pulp of any value, and requires greater amounts of chemicals; 

furthermore, it adversely affects the quality and drainage characteristics of 

the final pulp product. The general practice is to "moist de-pith" bagasse 

before storage because this process reduces storage voll.Dlle requirements. 

De-pithing can also reduce production cost if the sugar mil I agrees to burn 

the pith in its bagasse-burning furnaces. De-pithing also reduces the degree 

of storage deterioration since the pith contains sucrose which promotes 

fermentation. For better results, "wet de-pithing" is carried out after 

storage in order to clean the fibre and to remove additional pith which has 

become detached from the fibres during storage. "Hoist de-pithers" are 

hammer-mills rotating within a screen through which the pith is rejected. 

"Wet de-pithers" are either similar units which process a slurry of bagasse 

and water, or separate agitated slurrying vessels followed by rotating or 

vibrating 11creens. 

Bagasse may not be the major fibre constituent: for example, it may be 

used in conjunction with straw because the sugar mill is prepared to sell only 

surplus bagasse, or because straw is cheaper but insufficient in overall 

quantity. In such cases, the cost and power consumption of the de-pither may 

not be justified. This case shoold be thoroughly investigated because the 

decrease in operating costs and pulp quality are important variables. It is 
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possible to obtain soae degree of de-pithing through the straw chopper or to 

prepare the material by a separate dry screening and agitated washing 

operation as an alternative to the expensive and power-intensive de-pither. 

1.2.3 Preparation of other fibres 

Vegetable residues other than straw or bagasse may req~.ire different 

foraa of preparation. Kenaf, for example, is .. retted... T:; s is a soaking 

process required to facilitate the removal of pulpy, non-celh·lose material. 

Banana stalks require crushing for the same reason. Prospective investors 

should investigate the whole subject of collection, storage and preparation 

before authorising a project and ensure that the most suitable method of fibre 

treatment is used. The success of the project is largely dependent on good 

practice in these respects. 

1.3. Pulping stages 

I.3.1. Digestion 

The process of digestion consists in cooking the prepared material in 

the presence of caustic soda to isolate the eel lulose fibre from the lignin 

and other constituents of the straw. Digestion may be carried out on a batch 

or continuous basis. For small mills (e.g. producing up to 30 tonnes per 

day), batch cooking is preferred. Its advantages include low capital costs, 

simplicity and versatility. It is for example possible to cook straw and rags 

simultaneously in the proportions required. 

digester are screw-propelled through the 

vegetable materials do not flow naturally 

therefore required to ensure constant feed. 

Batch digester 

The materials in the continuous 

cooking zone because stringy 

and mechanical propulsion is 

The rotating spherical batch digester is the most effective and versatile 

unit for integrated mills producing a maximum of 30 ADT
1 

per day of 

bleached, cultural papers. It also requires low capital investments if 

ordered from India where batch digesters are produced in large quantities in 

view of the high local demand. Recent quotations indicate that the price of 

digester& manufactured in developed countries is two to three times greater 

than that of similar digester& produced in India. 

The advantage of Lhe batch digester lies in its ability to pulp 

indigenous long fibre constituents s~ch as cotton and jute concurrently with 

the major furnish materials such as straw or bagasse. With such equipment, it 

is, for example, possible to produce economically, in the same mi 11, a pulp 

made up of a combination of straw, bagasse, cotton and wood, if available. 

1 Air-dry tonnes. 



- 43 -

The spherical batch digester has a dimaeter of approximately 3.8 • and a 
. f 3 capacity ·.1 25 m • It is made of mild steel, which is not affected by 

caustic soda. It is rivetted or welded in order to withstand stema pressures 

up to 10 atmospheres. The digester is mounted on bearings so that it can 

revolve slowly during the cooking cycle. 

A typical straw batch cooking progranme for the production of bleachable 

grade of pulp is as follows; 

filling with straw and charging with cooking liquor 

raising to steam pressure (8-9 atmospheres) 

cooking at pressure 

blowing and emptying 

Total 

Time in hours 

1.5 - 2 

1 

2 2.5 

0.5 - 1 

5 - 6.5 

The output per digester is approximately 4.5 BDT
1 

of pulp per day on 

the basis of four batches per 24 hours. Thus, six digesters are needed for 

the productioi1 of 30 ADT of paper per day. For higher outputs, a continuous 

digester is more economical in view of the high capital cost - including 

equipment, buildings and land - of a series of batch digesters providing an 

equal total capacity. 

Caustic soda consumption for straw pulping amounts to approximately 10 to 

12 per cent by weight of bone-dry straw input. The straw to liquor ratio is 

kept between 3: i and 4: 1. The charging 1 iquor is made up from the caustic 

solution, some returned spent cooking liquor (termed "black" liquor) and hot 

water. Water consumption amounts to approximately 2.5 to 3.5 tonnes per 

bone-dry tonne of unbleached pulp. 

160°c to 165°c. The yield of 

Cooking is carried out at temperatures of 

the pulping process in the form ~f 

unbleached pulp - is 33 to 36 per cent of the quantity of straw fed to the 

digester. 

The above processing method varies with the origin of the straw. Thus, 

rice or maize straw require adjustments of the above process which applies to 

wheat straw. Similarly, the process may vary for the same species of straw, 

depending on the climatic conditions in the growing area. 

Bone-dry tonnes. 
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Bagasse requires more caustic soda than does straw (up to 14 per cent), 

b~..: yields a larger fraction of unbleached pulp (50 per cent on de-pithed 

bagasse). The cooking period can also be shortened. 

Continuous digesters 

Continuous d iges ters are more economic a 1 for the large-sea le product io11 

of pulp, and allow a better control of the pulping process. However, batch 

digesters may still be needed for the processing of indigenous long fibre 

materials (used as a support) unle~s imported softwood pulp is used instead. 

There are two types of continuous digesters: the pressurised digesters 

(nainly Defibrator or Pandia units) and the atmospheric continuous digester 

(e.g. the SAICA type unit). The pressurised continuous digester'J are more 

econanic and effective for capacities exceeding 50 tonnes per day, but cannot 

cook such materials as cotton and old gunny sacks. 

The SAICA atmospheric continuous digesters (see figure IV.2) are 

available in two sizes with a capacity of 40 tonnes per day and 80 tonnes per 

day respectively. Th~y are especially designed for the processing of straw or 

bagasse, but can also process waste wood in view of their large volume and 

slow cooking period. They are currently used for the production of pulp for 

corrugating mediun, but recent trials on bleaching grades are particularly 

pranising. The need for continuous digesters for the production of 15 to 25 

tonnes per day of bleachable pulp may be satisfied by the SAICA which is 

relatively simple to operate, requires a low capital investment, and can be 

pa~tially manufactured locally. 

Because they are comp.act, the cooking time of the pressurised continuous 

digesters is very short: 13 to 17 minutes. However, a short cooking time is 

not a virtue in itself; other conditions being equal, slow cooking produces 

pulp of better quality and requires slightly less chemical. 

1.3.2. Blow tank 

After cooking, the content of the digester is discharged, under 

pressure, into a blow tank where the pressure is released and heat recovered 

through a heat-exchanger. Water is added to reduce the pulp consistency to a 

level at which it 

figure IV. 3). The co. •., 

e pumped to the washing and cleaning section (see 

ry of the pulp is between 2.5 and 3 per cent. 
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I.3.3. Washing 

From the blow tank, the pulp and accoapanying black liquor is usually 

coarse-screened in order to remove uncooked particles (or shives), which 

should not exceed• 5 per cunt of the mixture. nae rejects can be either 

returned to the digester for further cooking or medaanically processed to .tn 

acceptable condition by "refining". However, for aills of very small capacity 

the quantity of rejects is insufficient to justify investment in a refiner. 

In order to obtain good quality pulp, a three-stage, counterflow washing is 

used. This procedure should also reduce chemical losses if the mill J.s 

equipped with a chemical recovery unit. However, most mills of a capacity of 

20 tonnes or less per day do not have such a unit, and use the single-stage 

washing process in order to reduce capital cost and power consumption. 

Iaprovements can be made later as capacity is increased or more funds become 

available. 

Washers are open surface cylinders, covered with a wire mesh and rotating 

in vats. The unwashed pulp is fed to the vat and picked up by the cylinder. 

The liquor is drained away through the surface wire··mesh. In three-stage 

counterflow washing, fresh hot water is sprayed onto the pulp in the last 

washer for further cleaning. The drained-off water is then used to wash the 

pulp in the second washer and liquor drained from the latter is used to wash 

the pulp 1n the first washer. The black liquor drained from the first washer 

contains all the non-cellulose matter and chemical residues removed from the 

pulp. It is passed to a filtrate tank for disposal or chemical recovery 

except for a fraction which is used for the making of the cooking liquor 

supplied to the digester. 

Washers can be either very simple and inexpt:nsive or somewhat compU.cated 

and costly but more effective. The most satisfactory units operate under 

vacuum and require a special construction. Drainage is, in this case, 

improved and the on-going pulp contains less chemical or organic impurities. 

Washers used in small mills can be elevated in order to achieve the vacuum 

required barometrically. This procedure reduces capital costs and power 

consumption. 

In principle, the composition of the black liquor removed is as 

follows. If the yielC: in the form of unbleached pulp is 40 per cent of the 

weight of straw fed to the digester, then the liquor will contain the 60 per 

cent of organic material removed from the straw. If the caustic soda added is 

10 per cent by weight of incoming straw, the liquor will also contain that 

quantity of inorganic materials. In practice, the amount of both organic and 
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inorganic constituents will be slightly less than expected because a small 

fraction will be retained in the washed pulp. Therefore, for each tonne of 

pulp produced, 1. 75 tonnes of organic and inorganic material is produced and 

must be disposed of or processed in some way. In the liquor, the 

concentration of dissolved or suspended solids will depend on the quantity of 

washing water used. It varies between 5 per cent for ineffective washing to 

around 11 per cent for good washing. Thus, for each tonne of pulp produced, 

18 to 40 tonnes of washing water can be required. The amount of solids in the 

liquor depends on the yield and the quantity of chemicals added, while the 

amount of water depends on the washer efficiency and, in some areas, on 

availability. However, if the washing is not good, undesirable matter goes 

forward with the pulp and adversely affects the bleaching quality and, 

ultimately, the quality of the paper produced. 

I.3.4. Screening 

The consistency of pulp leaving the washers vaTJ.es from 5 to 12 per 

cent, dep•mding on the effectiveness of the washer. The next stage is 

screening in order to remove particles unsuitable for the paper process. 

Screening is carried out at a consistency of 1 to 2 per cent and water must 

therefore be added to the incoming pulp. 

There are several types of screens suitable for small mills. However, 

the best types are fully enclosed pressurised or centrifugal screens. After 

screening, the pulp should be thickened for "brown stock" storage. A decker, 

or thickener, is used for this purpose. It is similar to a washer but spray 

water is not added. The function of the decker is to remove surplus water. 

Storage at a decker density of 6 to 12 per cent is held in a high-density 

storage tower which, ideally, should have a capacity sufficient for holding 12 

hours of production. 

Some mills do not include this section in order to reduce capital costs. 

They either have no screening and storage or may only have a screen prior to 

the next stage. The decker and storage tower do not generally improve quality 

or reduce costs except in cases where excess water from the papermill can be 

used for dilution and useful fibre recovered. However, for overall operating 

efficiency, the brown stock storage has many advantages. l'ulp production can 

continue during a failure of the bleaching or paper mill section or during a 

planned shut-down of either unit. 
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1.3.5 Cleaning 

Cleaning is desirable for all types of pulp and is essential for bleached 

grades. The small nill normally cleans the pulp before bleaching in order to 

avoid the cost of another decker before the paper machine. Cleaning is done 

at a low consistency of 0.5 to 1 per cent with centrifugal cleaners which are 

available in various types. Sand, grit or other undesirable constituents are 

reaoved during the process. Cleaning can be single-stage, two-stage, or 

three-stage. The difference between these systems lies in fibre economy, in 

view of the fact that rejects are continuous and contain fibre. In two-stage 

cleaning, rejects from the first cleaner are processed through a secondary 

cleaner while a three-stage system takes secondary rejects through a tertiary 

cleaner before final rejection. Cleaning is expen~ ~ve in both capital cost 

and power consU11ption. Thus, aost small mills tend to use two-stage cleaners. 

1.3.6. Bleaching 

Bleaching is normally carried out on a three-stage basis. However, 

very small mills may operate with a single-stage bleaching only. The 

bleaching proc~ss removes the residual non-eel lulose material from the pu·1 p 

since it cannot be removed by cooking without a lowering of both pulp quality 

and yield. In the traditional three-stage system, chlorine (in gaseous form) 

is mixed with the pulp, thickened to a consistency of about 6 per cent and fed 

to an upward-flow chlorination tower. The retention time ranges between 45 to 

60 minutes. The mixture is subsequently diluted and washed over a washer. It 

then passes through a heater-mixer, where the temperature is raised to about 

45°c. Caustic soda is added and the pulp is finally transferred to another 

retention tower for a period of approximately an hour and a half. This is 

termed the extraction stage because it removes the colouring matter of 

chlorinated and oxidised lignin arising from the first chlorination stage. 

This operation enhances the ultimate brightness while reducing the requirement 

of bleaching chemicals and ensuring an optimum retention of fibre strength. 

After caustic extraction, the pulp passes through another washer. Its 

temperature is then raised to about so0 c in a heater-mixer where 

hypochlorite is added. It is transferred to a retention tower (usually of a 

down-flow type) where it is held for a period of two to two and a half hours. 

Subsequently, the pulp passes through the final washer and then to the 

bleached pulp storage tower which, ideally, should be capable of holding a 

minimum of 12 hours production. 'Dle hypochlorite stage is a bleaching stage, 

and single-stage bleaching can be achieved by using hypochlorite alone. Fibre 

quality can suffer if excessive hypochlorite is used. However, the correct 
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combination of chlorine, caustic e~traction and hypochlorite provides the aoat 

effective and economic bleaching sequence for agricultural fibres. 

Hypochlorite may be sodium based Ca blend of caustic soda and chlorine) or 

calcium-based (a blend of chlorine and slaked liae). Developing countries 

which produce limestone should preferably use calcium hypochlorite. 'Ihe 

latter is usually less expensive and the filtrate is relatively innocuous, 

thus making it easier to dispose of. In the hypochlorite stage, the pulp 

obtains most of its whiteness. It 

process than the preceding stages. 

is less of a residual 1 ignin removal 

Furthermore, the bleaching is aostly an 

oxidisation process which can, if exceeded, cause cellulose degradation. 

For straw or bagasse pulps, the first chlorination stage usually requires 

50 to 60 kg of chlorine per tonne of pulp (i.e. 5 ta 6 per cent chlorine). 

'Ihe caustic extraction stage uses 2 to 3 per cent of caustic soda, and the 

calcium hypochlorite stage 3 per cent of chlorine. Liae requirements for the 

hypochlorite stage amount to 40 per cent of the chlorine used. 

Straw pulp reaches a brightness of 72° GE or slightly above. Although 

this index does not match the extreme brightness of five-stage, fully bleached 

wood pulp Cas• GE to as• GE), straw pulp is quite suitable for the grades of 

paper manufactur~d. For example, standard newsprint is only 60° GE. 

Bagasse pulp can reach a brightness of 80° GE from a three-stage process. 

This level of brightness enables it to compete favourably with wood pulp. 

The loss of yield from bleaching ia 6bout 10 per cent of the unbleached 

pulp processed. Thus, the overall bleached pulp yield from straw is around 32 

per cent while that from bagasse is around 45 per cent of the prepared raw 

material. The water requirements for bleaching are considerable, and the 

effluent quantity correspondingly high. Each of the three washers need a 

minimum of 40 tonnes of water per tonne of pulp washed. The chlorination and 

hypochlorite stages are strongly acid, thus requiring suitable materials for 

the equipment and storage. The caustic extraction stage is alkaline and does 

not require special materials. 

1.4. Pulping stages for other fibre materials 

The previous sections described a typical pulping and bleaching proceas 

comDOnly used for the production of pulp from straw or bagasse. Hore details 
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are provided for these two .. terials because they are widely available in most 

developing countries. they can be used for the aanufacture of cultural papers 

which are the types of paper most required in these countries, apart from 

newsprint • However, less widely available aaterials may also be used by 

small-scale aills. these .. terials will require adjustments in the processes 

described above, depending on the type of aaterial and that of the end 

product, the scale of production and the availability of investaent funds. 

Furthe11110re, soae adjustaents can also be aade in the processing of straw or 

bagasse. For example, some stages can be oaitted at the expense of quality or 

efficiency. thus, single-stage washing and bleaching are soaetiaes adopted by 

aills with a capacity of 15 tonnes per day. the paper product is in this case 

only suitable for scholastic use or cheap stationery. the blo-tank and 

high-density storage may be oaitted. the latter is not practical except where 

vacuum type washers are employed. In many of such instances, capital cost is 

the dominating fact~r. However, if a local market exists for low quality 

products, small mills can still be viable. they may also improve quality, 

product range and capacity in order to suit market demand, provided investment 

funds can be made available. 

Raw materials other than straw or bagasse usually require a different 

treatment. It is not uncommon to have two streams of pulp production in the 

same mill. For example, some long-fibre pulp may be produced in order to 

strengthen the short-fibre straw or bagasse pulp. this is often the most 

difficult problem faced by small mills making cultural bleached papers or 

unbleached wrapping grades. A brief description of the processing stages for 

other materials is provided below. 

Cotton waste 

If available at economic prices, cotton waste (i.e. in order of 

preference, clean cuttings, cotton linters or selected rags) is the best 

long-fibre source for bleached paper. It provides the strength requirements 

with one-third less material than would be required by softwood pulp in view 

of the fact that cotton fibres are longer and stronger. It also requires less 

chemical for c~oking because cotton contains at least 80 per cent of 

cellulose. Consequently, a simple single-stage bleaching process is 

sufficient to achieve high standards of brightness. the inherent quality of 

the paper i& also improved. the scale of production is usually small because 

a 20 per cent addition of cotton pulp is sufficient for al 1 but art papers. 

Furthermore, cotton waste is seldom available in large quantities. 
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Rags should be hand-sorted in order to eliminate synthetic materials 

which cause problems. Cuttings and rags are chopped and dusted, using a rag 

chopper cycle of three to four hours Cat 4 to 6 atmospheres steam pressure) 

with 4 to 5 per cent of caustic soda. llte cooked pulp is then dU111ped onto a 

draining floor beneath the digester. After the cooking 1 iquor has drained 

away, the pulp is taken by conveyor or by hand to a series of breaker 

washers. It is then dumped in draining compartments and left for 

approximately 12 hours to mature. In some smal 1 mil ls, the pulp is dumped 

directly froa the digester into a large potcher-washer mounted beneath. After 

washing and maturing, the pulp goes to beaters for refining. Calcium 

hypochlorite is then added in the proportion of 1-2 per cent to achieve the 

desired brightness. llte overall yield from good cotton waste can exceed 80 

per cent. A flow diagram for cotton pulping is shown in figure IV.4. 

Jute and hemp waste 

lbe pulping process for jute and hemp waste is similar to that applied to 

cotton. However, the pulp is not bleachable in view of the characteristics of 

the raw materials, which include used gunny sacks, old rope and hessian • Tite 

yield is lower (about 60 per cent) and the pulp is used almost exclusively as 

the long-fibre component of wrapping grades of paper. Hemp can be used for 

specialty papers, such as cigarette paper. However. longer cooking with more 

chemical is required because this grade must be bleached. 

Unbleached pulp 

Unbleached pulp for wrapping grades is cooked "harder" than bleaching 

grades (i.e. more lignin is left in the pulp, less caustic soda is used and a 

higher yield is obtained). The range of wrapping papers varies from pulp for 

fluting paper (based on straw or bagasse cooked with 6 per cent of caustic 

<.JOda and having a 70 per cent yield) to lightweight wrapping grade pulp 

,cooked to approximately 50 per cent yield with 8 to 10 per cent of caustic 

soda). 

In general, the coarser the paper to be made, the higher the yield. The 

softer cooked grades are used for lightweight bag paper or similar products. 

II. CHEHI-HECHANICAL PULPING 

For the very small integrated mill (e.g., 10 to 15 tonnes per day), 

chemi-rrechanical pulping is less expensive in capital cost, has a higher 

yield, consumes less chemical and requires less water. It is also a very 

simple, manually operated process. However, the quality of pulp produced is 

inferior to that obtained from the fully chemical process although it may be 

satirfactory for specific markets. This process applies mostly to straw, 
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bagasse or reeds and generally, but not exclusively, to unbleached grades of 

paper. Single-stage, hypochlorite bleaching is used in some mills for low 

brightness products. 

Cooking is carried out batchwise in a vertical, cylindrical vessel with a 

rotating, bladed impeller. In both construction and operation, the vessel is 

similar to the hydrapulper which is used internationally for slushing waste 

paper or imported pulp. The chopped fibre is fed into the pulper and water is 

added until a consistency of around 10 per cent 1s obtained. Steam 1s 

injected to raise the temperature to the boiling point Cloo•c) because the 

pulper is open to atmosphere. A variable amount of caustic soda (5 to 10 per 

cent) is added according to the grade of pulp required. The straw is cooked 

and mechanically defibred by the impeller for a period of approximately one 

hour and then discharged into a stock chest. Hot water is normally added 

during the discharge in order to lower the consistency to approximately 5 per 

cent. This operation facilitates pumping and subsequent refining. Since the 

degree of de-fibring is lower by this method than required by the end product, 

the pulp is pumped from the dump chest to a refiner for further mechanical 

treatment. lbe refining is most effective when the pulp is still hot. 

Furthermore, quality is improved with an increase in the consistency of the 

pulp refined. However, consistencies above 6 per cent require special, more 

expensive pumps and refiners. The disc type of refiner is the most suitable. 

After refining, the pulp passes over a washer and is then ready for the 

paper machine. Alternatively, it undergoes a final bleaching operation after 

washing if bleached grades are required. For a given brightness standard, 

pulp obtained by this process requires more bleaching chemical than is needed 

for fully cooked pulp. For this reason, chemi-mechanical pulp is more 

suitable for unbleached or semi-bleached grades. A single pulper may supply a 

mill producing 10 to 15 tonnes of paper per day. The overall yield on straw 

is 4.'i to 60 per cent, depending on the type of output. This pulping process 

is, under suitable conditions, particularly attractive for investors with 

limited financial means. 

The advantages of chemi-mechanical pulping (higher yield, lower chemical 

consumption and capital costs) are also recognised by large-scale producers of 

unbleached grades. It is possible to increase yield and capacity from an 

existing mi 11 by installing a hot-stock refiner after the hlow-tank. This 

will also result in lower chemical costs per tonne of pulp produced. For new 
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installations, the capital cost economy has 

arrangements, incorp~rating pre-washing and 

mechanically fed pulpers. 

led to relatively sophisticated 

dewatering, and a battery of 

At the lowest quality level and smallest scale of production, lime can be 

used instead of caustic soda. However, this will produce only the cheapest 

grades of straw paper for wrappings or inferior fluting. Figure IV.S provides 

a flow diagram of chemi-mechanical straw pulping. 

III. SEMI-CHEMICAL PULPING 

High yield pulp, most commonly used for corrugating medium paper, can 

also be made with a blend of sodium sulphate (Na2so3> and sodium carbonate 

(Na2co
3

) instead of caustic soda. This process, termed the neutral 

sulphite system, is most commonly used ln developed countries for wood-based 

products. However, it is not recommended for the smal 1 mi 11 10 developing 

areas fur the following reasons: chemical preparation lS more difficult; 

chemical recovery is not possible; the pulp is corrosive unless very 

thoroughly washed; and the yield or quality advantages are relatively 

insignificant when straw or bagasse is the raw material. 

IV. CHEMICAL R.ECOVERY 

Assuming a 40 per cent yield and a 10 per cent caustic soda consumption, 

the production of l tonne of bleachable grade stock from straw results in an 

effluent comprising 20 tonnes or more of brown 1 iquor. The latter contains 

1,500 lg of organic material removed from the straw anc! 250 kg of inorganic 

chemicals. The organic material is combustible if the water content can be 

sufficiently reduced. In the traditional chemical reco~ery, the brown 1 iquor 

is evaporated to around 60 per cent of solids. At this density, it is viscous 

(resembling heavy fuel oil) and can burn. If caustic soda is the cooking 

chemical, the !atter is reduced to smelt during combustion and becomes soda 

ash. If treated with lime, the soda ash reverts to caustic soda again and can 

be re-used. The heat produced during combustion arises from the organic 

material. When the pulp yield is SO per cent or less, :he heat is 

theoretically sufficient for the evaporation and recausticising operations and 

for the production of steam for the digestion stage. Thus, in addition to 

chemical recovery, the operation produces enough heat for most of the plant 

requirements. Furthermore, the lime used can be recovered by re-burning the 

sludge. 

Figures IV.6 to IV.8 provide the flow sheets for a roaster smelter, a 

causticising plant and a Sulzer-Escher-Wyss recovery system. Figure IV.9 

shows a picture of a Sulzer chemical recovery system. 
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Figure IV.9 

Sulzer chemical recovery system 
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The heat and chemical recovery process just described can also be 

achieved in large pulping mills. These mills (200 tonnes per day capacity or 

above) do recover around 85 per cent of the chemicals and 90 per cent of the 

lime while supplying the heal requiremPnts for the entire pulp mill and 

contributing to the energy requirements of the paper machine. The burden of 

effluent disposal is also eliminated. However, the recovery boiler is a 

highly technical and sophisticated unit, and is therefore very expensive. It 

is not an economic proposition for capacities below 100 tonnes per day of 

pulp. Thus, the full benefits of chemical recovery may not be realised for 

mills of lesser capacity. In this respect, therefore, scale does have an 

undeniable advantage. 

However, the greatest economic benefit lies in the chemical aspects of 

recovery. This is particularly the case for small mills located in countries 

where caustic soda is not produced economically or may have to be imported. 

It is possible to recover up to 75 per cent of the chemical used in mills with 

a capacity as small as 20 tonnes per day. 

Fur mills with a capacity 50 or more tonnes per day, sane heat recovery 

is practical and may be sufficient to supply the stean required to evaporate 

the brown liquor to a point at which the residue can be burnt. In this case, 

the residue is burnt not in a boiler but in a kiln or fluid-bed burner. 

Waste-brat recovery can be incorporated. 

For mills producing 20 tonnes per day of pulp, 70 per cent chemical 

recovery is still feasible. However, the expense of heat recovery cannot be 

justified and the economy in chemical recovery is offset, to some extent, by 

the necessity to provide steam for evaporation. A "roaster", or simple 

combustion chamber, is used to burn the residue of the evaporated brown 

liquor. Evaporation is not carried beyond the degree sufficient to support 

combustion. Thus, three-stage evaporators are sufficient (as against 

five-stage evaporators for recovery with steam generation) and capital outlay 

is therefore reduced. 

Chemical recovery fran straw cooking is also more difficult than from 

wood because of the high silica content of st raw. It may be necessary to 

accept a lowr level of evaporation (and heat generation) to avoid 

tube-sea ling and it is not possible to recover the causticising lime. 

Moreover, the small reC;overy plant can seldan justify a lime kiln suitable for 

recovery. Disposal of lime mud can be a problem for large straw-based mills. 
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To a lesser extent, bagasse mills may also have a silica problem but at least 

50 per cent of the 1 ime should be recoverable if the scale of product ion is 

sufficiently large to justify investment in a kiln. 

For pulp mills below a capacity of 20 tonnes per day, chemical recovery 

is unlikely to be feasible unless the cost of caustic soda is high. It was 

indicated in a recent study by an Indian consultant that if the price of 

caustic soda were to increase substantially, chemical recovery could become 

feasible at a capacity of 15 tonnes per day. 

While the traditional chemical recovery process may not be feasible for 

small pulp mills, a new patented recovery process may offer a suitable 

alternative. The Copeland process, which is still being developed, is used 

for the treatment of pulping liquors with a sodium base. It is based on the 

thermal oxidation (at approximately 700°C) of the organic matter contained 

in a pre-concentrated solution of the waste in a fluidised bed reactor. The 

Copeland process operates autogenously (without the introduction of 

supplementary fuel) at concentrations of total solids considerably lower than 

those required for other types of recovery furnace (JO to 35 per cent as 

against 55 to !>5 per cent). It is particularly suited for small mills which 

use raw materials with a high silica content that tend~ to scale the 

traditional recovery plant equipment. Its advantages over the roaster smelt£r 

system include better thermal efficiency, a higher chemical recovery rate, 

almost continuous operation throughout the year, and no effluent disposal 

problem. For further information on this process, the reader may write to: 

Hangal Paper Consultants Private Limited, A-7 New Friends Colony, New Delhi 

110065 (India). 

V. EFFLUENT DISPOSAL 

Small mills producing 50 tonnes of pulp per day or less cannot justify 

investment in the equipment required for the processing of the black liquor. 

Consequently, disposal of the latter wi 11 be necessary. With a yield of 65 

per cent and a chemical consumption of 6 per cent, black liquor containing 

approxi~ately 530 kg of organic material and 90 kg of incrganics is pr~duced 

per tonn~ of pulp. The major burden for effluent disposal mostly relates to 

the organic content of the liquor. 

It is po88ible 

approximately 80 per 

to reduce the organic content 

cent and to rer.over combustible 

of the liquor by 

gas for the mill 

operation. This can be done through the fermentation of ~he organic material 

in an anaerobic digestion process. The latter was used in a pilot ~lant, and 
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current estimates show that 30 per cent cf the total fuel requireaents of a 

•ill can be produced through this process 1.n t~n form of methane. For a lover 

yield of pulp the gas generation potential is greater. 

ln\·estments 1.n an anaerobic digestion unit are relatively low. 

Furthermore, the unit is siaple to operate once the parameters have been 

evaluated, and prob~bly offers the most proaising field of effluent treatment 

for the small pulp mill. However, the chemical content is not recovered, and 

in areas where strict legislation on effluent disposal obtains, further 

anaer~bic, biological treatment may be necessary. This is seldom the case in 

rural areas in developing countries where industry and employment are the 

predominant concern of governaents. It is, however, inevitable in the long 

term that adequate effluent treatment be enforced. 'ftle small mill can achieve 

this objective economically by applying one of the processes suggested above. 

It is strongly recommended that the necessary pollution control equipment be 

incorporated from the start whenever investment funds are available. 

Bleached effluents contain less organic material and their disposal is 

therefore facilitated. The problems of effluent dispc>sal are easier to solve 

for the small mill. 'ftley seldom require more than pH control and 

clarification by settlement. In developing areas where water is scarce, the 

effluent is often used by local farmers for irrigation. Given a sufficiently 

large area of dispersion, this method could be fairly beneficial. The liquid 

flows in open dr.ains over distances of 3 to 4 km thus achieving a degree of 

clarification and oxidisation which greatly improves its quality. 

VI. STOCK PREPARATION 

Pulping reduces the fibre source to a suspension of fibres in a slurry of 

water by physically tearing them apart (mechanical pulping) or by dissolving 

the natural bond (chemical pulping), or by a combination of both processes. 

Subsequently, the pulp must undergo a further mechanical treatment prior to 

processing in the paper machine. Fibres must be separated one from another, 

brought to a uniform size which is dependent on the paper grade involved, and 

subjected to a final processing in order to obtain the desirable paper quality 

and characteristics. 

Where substantial quantities of the natural bonding material (lignin) 

remain in Lhe pulp (as is the case after mechanical or semi-mechanical 

pulping), the lining enclosing the fibres limits the work which can be done. 
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On the other hand, the fibres are relatively free of lignin after chemical 

pulping. 1bey can be bruised, flattened and fibrillated, thus increasing the 

surface area and b.ence the paper bonding mechanism. This also improves the 

nature of the bonds between the fibre surfaces, and strength characteristics 

can be developed. The mechanical treatment (termed ''beating" or "refining") 

~st be carried out in the presence of water. 

Beating is normally a batch process while refining is usually a 

continuous process although it may also be carried out on a batch basis. 

There are several types of beater and many designs of refiner. The processing 

of the fibres is, however, essentially the same for all types of equipment: 

the pulp, as a slurry of fibres and water, is made to pass between metal bars, 

or plates, exhibiting a barred pattern; pressure is applied between the bars, 

the work done on the fibres being a function of the pressure applied between 

the bars or plates and the number of bar edges to which the fibre is subjected 

in a given time. The work done on the fibres is not a measure of the total 

paver consumed by the beater or refiner: there is always more water than 

fibre in the slurry and energy is partly absorbed in turbulence and pumpirg. 

If waste paper or imported dried pulp is used for the furnish, it has to 

be reduced to a pulp before beating or refining. The unit most co111DOnly used 

for this purpose is a Hydrapulper. lbere are various types of pulpers with a 

wide range of capacities. Prior to the hydrapulper, a "breaker", or a Watford 

pulper, was used, the latter being a high-density pulping machine. lbe 

breaker and the Watford pulper still have relevance for small mills. Each has 

characteristics which make it suitable for the particular raw material 

processed in these mills. 

VI.l. lbe hydrapulper 

Hydrapulpers are open-topped, cylindrical vt=ssels in which an impeller 

revolves. The impeller has projecting blades or "whangers" on the surface 

which create a maximum turbulence within the vessel. The latter may also have 

bars welded down its sides for the same purpose. The vessel, or tub as it is 

coamonly termed, has a false bottom while the inner bottom has drilled holes 

which permit the removal of pulp or waste paper from the tub once they have 

been sufficiently disintegrated. Pulpers of this type can ~ork on a batch or 

continuous basis. Originally, they were designed for batch operation and the 

perforations were large enough (up to 2.5 cm in diameter) to allow for quick 

emptying of the tub. 
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The pulping process is most efficiently carried out at around 8 per cent 

consistency. However, emptying is slow and pumping difficult at such a 

level. tbus, it is normal to add water during the emptying period in order to 

reduce the coPsistency. When used for waste paper processing, the pulper can 

also perform the pulp cleaning operation as follows. As the paper 

disintegrates, a vortex fonns. A rope, fastened to the side of the pulper, is 

allowed to trail in the stock near the vortex to catch strings, wires, rags, 

etc. For bater. w2 te paper processing, the pulper retains contraries. For 

mixed, unsorted waste, the proportion of such material (up to 13 per cent) is 

such that it is necessary to shut the pulper at frequent intervals and 

manually remove the rubbish. Figures IV.10 and IV.11 show respectively a 

cross section and a picture of a pulper. 

Junk removers are devices which are built onto the side of ~he pulper and 

continuously screen a proportion of the pulp in order to remove contraries. 

It is therefore logical to ~dopt a con~inuous pulping system and to reduce the 

size of the perforations, thus removing more cont~aries during pulping. 1ltis 

method will also yield a greater degree of disintegration. However, the power 

requirements increase as more work is done. 

tbe consistency in a continuous pulping system must be constant. 

Originally, it was maintained at approximately 2 per cent for waste paper in 

order to allow the direct use of centrifugal cleaners after pulping. The 

thick stock cleaner was subsequently developed, and a 4 to 5 per cent 

consistency is now common. A more recent development used for waste paper, 

makes use of the previous large perforations while adding a secondary, small 

volum~ pulper (called a de-fibrer) after the mafo pulper. This system has 

built-in screens for the controlled removal of smal 1 rejects and devices for 

continuously rejecting contraries which do not sink (e.g. foamed plastic or 

cork particles). However, it is not feasible to operate pulpers in this 

manner on a scale of less than 100 tonnes per day. Small mills are therefore 

not likely to adopt this technique. 

Pulpers are usually vertical but can also be horizontal. The capacity 

range is wide, from around 10 to 300 tonnes per day. For the same size unit, 

capacity at continuous operation is greater than for a batch pulping operation 

because there are no filling and emptying times. However, batch pulping may 

still be preferred for the disintegration of imported pulp because the-re are. 

no contraries to remove, a degree of consistency control is inherent in the 

process if the pulp is weighed or even counted as bales before fi 11 ing, and 
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Ftgure IV. 11 
Typical pulper 
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there is a greater assurance of uniform disintegration. Batch pulping also 

permits the separate pulping of different materials for later blending in 

controlled proportions. 

The modern pulper is normally fed by a mechanical conveyor. Small mills 

in developing countries may, however, avoid the acquisition of this equipment 

and feed in the material by hand. Small, simple pulpers can be built locally, 

even in countries where engineering resources are limited. It is also 

possible to import the impeller and drive and make the tub locally. 

VI.2. Breakers 

The breaker is probably the earliest form of pulper, and JS still used 

in small mills. It comprises a heavy, cast-iron roll with its periphery 

slotted for the mounting of iron, bronze or stainless steel bars held in place 

by wooden packing strips. It is mounted on one side of an open tub which is 

divided by a mid-feather leaving both ends clear. The floor of the tub JS 

sloped from an elevation, or backfal 1, behind the rotor, around the tub and 

back to the front of the roll. There is a narrow gap between the rotor and 

backfall. 

In practice, the breaker is filled with water to a given level, the roll 

is revolved and pulp or waste is added. The projecting blades of the rotor 

create turbulence whi 1 breaks up the pulp or waste and lifts the suspension 

over the backfall. Subsequently, it passes around the tub and back again to 

the rotor. 'Dlis is a batch process: when the pulp JS sufficient}~ 

disintegrated, a plug at the bottom of the tub is lifted and the stock falls 

into a chest for further treatment. 

Breakers can also be used for cotton, jute or rag pulps. In fact, it is 

probably the best unit for such a purpose because of the stringy nature of 

these materials. A washing drum can be fitted in the tub, oppositf' to the 

rotor, for pulp washing. The breaker washer can also be used as a bleaching 

unit for simple, single-stage bleaching. The tub can be made of sectional 

cast iron or locally built in concrete. It can be lined with tiles for high 

quality pulp. The rotors are simple and can also be made in a local foundry. 

For waste paper or imported pulp disintegration, the breaker has largely 

been superseded by the hydrapulper. However, it is still popular for the 

processing of cotton or jute pulp. It is hand fed, 'imple and inexpensive in 

terms of capital. However, energy consumption per unit weight of pulp 
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produced is relatively high. It operates at around 5 to 6 per cent 

consistency. Figure IV.12 shows the cross and longitudinal sections of a 

washer breaker. 

VI.3. Watford pulper 

This unit is essentially a cast iron, conical casing in which a shaft 

equipped with shaped, cast iron paddles revolves. The paddles have a screwing 

action on the material and move it from entry at the large end of the unit to 

removal at the small end. The pulper operates at a high consistency (around 

35 per cent). the pulped material, of a crumb-like character, falls into a 

collecting basket or trolley for removal. The pulping action is close to a 

kneading process. Steam or chemicals can be added. The machine is versatile, 

and is capable of pulping waste of the most stubborn kind, including old paper 

sacks and wet-strength papers. Papermakers appreciate its effect of 

dispersing asphalt or bitumen when steam is used. It does not clean waste 

but, since it is usually hand fed sheet by sh~~t. contrary removal does not 

pose a problem. It has recently been used in developing countries 

de-inking of newsprint. Steam and chemicals are added as part 

for the 

of the 

process. 

small. 

It is low in energy consumption because the amount of water is 

However, it has a small capacity (less than l tonne per hour). For 

this reason and because of high labour requirements, it has been superseded in 

developed countries by the now conventional pulper. These reasons should not, 

however, hinder the use of Watford pulpers by small mills in developing 

countries given the small capacity of these mills and the low wage level. 

Local manufacture of Watford pulpers should not be difficult in countries 

where engineering and foundry works are moderately developed. However, the 

first cost for such requirements as patterns would probably make production 

uneconomic unless a reasonable number can be sold. These pulpers can be 

fairly useful to small mills since they are able to recover, in particular, 

valuable long-fibre pulp from materials such as cement sacks, which are 

difficult to pulp satisfactorily by other means. 

VI.4. Beaters 

The beater (see figure IV .13) is similar in appearance to the breaker. 

Its rotor is barred in similar manner, but has narrower blades made of bronze 

or stainless steel. The roll is mounted on a pivoting arm, so that it can be 

raised or lowered in order to adjust the pressure between it and one or more 

barred bed plates located beneath it. The roll revolves at a peripheral speed 

of around 600 metres/minute, and absorbs 80 to 100 HP. The tub is normally 
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lined with tiles, and a wooden cover is fitted above the roll to prevent 

splashing. The beater blades are usually 10 mm wide, but can be smaller or 

wider, depending on operating conditions. Narrower blades tend to cut and 

shorten the Cbres while wider blades have a more brushing and bruising 

effect. For specialty papers which require intensive beating without cutting 

(e.g. grease-proof papers), the beater blades can be made of rock basalt and 

be much wider. 

The operation is carried out on a batch basis from previously pulpt;d 

material r•1mped from the breaker or pulper, or directly from the pulp mil 1. 

The beater was once the universal machine. It has since been superseded in 

developed countries by refiners, except for the production of low volumes of 

specialty papers where the desired characteristics can be obtained only by the 

beater. For small mills in developing countries, it is used in cases where 

the raw materials include textile or similar fibres (e.g. cotton, jute, hemp) 

for which there is no effective alternative to the beaters. 

VI.5. De-flaking 

In the recycling of waste paper, particularly low-grade, predominantly 

mechanical pulp wastes, fibre treatment is not necessary since it has already 

been carried out in the original production of the waste paper. Over-refining 

may impair the quality of the product, retard machine operation and waste 

power. Some treatment 

disintegration process. 

this opercHion. 

De-flaker 

is however necessary in order to complete the 

The de-flaker was developed in order to carry out 

There are many varieties of de-flakers including the conical, plate-type, 

barred, perforated, fixed or adjustable-gap de-flakers. However, the 

fundamental working principle is conunon to al 1 of these: the rotating and 

stationary elements do not touch and there is no applied pressure between 

them. The powel' consumption is low and the fibres are not unnecessarily cut 

or "wetted", thus reducing the drainage rate. The major purpose of de-flakers 

is, therefore, the treatment of waste papers for recycling. They are very 

useful and inexpensive tools for small mil ls processing waste paper because 

they are available over a wide capacity range. The de-flaker is also used in 

some mills as a preliminary step to disc refining of imported pulp. The space 

between the refiner plates and that between the grooved pattern channels is 

small and apt to clog if the entering pulp is not sufficiently disintegrat~d. 
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V!.6. Refining 

Refinint is the process of bringing the pulp to the condition required 

for the paper prcduct. It complements beating, and was first introduced in 

order to ~ubj~c~ the pulp to a final treatment inmediately before processing 

by the paper mach:..ne, and after beating. Refining is carried out under the 

control of the paper machine operator rather than that of th~ beater ro~m 

operators. The refiner is usually 1.•sed on a continuous basis, although it can 

also be used on a batch ~asis by recycling in conjunction with a chest. It 

requires less space and is cheaper than a beater in terms of cost per unit 

weight of pulp processed. It is also capable of applying much more power in a 

single unit, exceeding 1,000 HP for some applications as against the beater 

limit of 100 HP. For these reasons, it has gradually replaced the beater for 

all but special applications (e.g. c~tton-based furnishes). The refining, or 

beating work is usually defin~d \n terms of power per unit weight processed. 

It varies considerably accord tng to the nature of the pulp and the required 

paper characteristics. For example, cotton-based pulps can absorb and 

generally require refining in the order of 100 HP/tonne/day. This is one 

reason why the beater remains the best tool because single refiners seldom 

contribute more than 10 HP/tonne/day and a series of refiners are needed for 

higher levels. With a single beater, the cycle period is a function of the 

raw material used and of the required end product. Softwood pulps take around 

20 HP/tonne/day for writing and printing grades and a longer cycle for maximum 

strength papers (e.g. sack-kraft) or for papers which must be thin and strong 

(e.g. carbonising papers which require 30/35 HP/tonne/day). 

Mechanical pulps cannot accept high refining. The limit is close to 7 

HP/tonne/day. This level, or a slightly higher one, applies also to 

straw-based pulp for writing or printing grades. Bagasse require$ very little 

refining (around 3 HP/tonne/day). This is a distinct advantage in terms of 

power economy. Bleached hardwood pulps require up to 12 HP/tonne/day for 

writing and printing grades. 

In case the refiner is used to produce p11lp instead of treating the 

latter, the power requirements can be much higher. Thenno-mechanical or 

chemi-mechanical pulp refinE>·.;.s are often very large units which may absorb 

1,800 to 2,000 KWH/tonne. However, as previously indicated, these units are 

unlikely to be used by small mills which may, exceptionally, use relatively 

small refiners. 
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Immediately before the paper machine, "trimming" refiners are used for 

'ii l! control of t}i.e stock. Pow"!r requirements are low (2 to 3 HP/tonne/day) 

because this is merely a stock adjustment operation. 

The effect of beating, or refining, is to develop strength or fineness. 

For any given fibre, the work done can be quantified by measuring the drainage 

rate, or "freeness" of the pulp, because the pulp becomes less "free" (i.e. it 

drains more slowly) with increased refining. Drainage characteristics can be 

measured by a "freeness" tester which is calibrated to give a numerical value 

in relation to one or two accepted standards: the Schopper-Riegler standard 

which is generally used for well-refined or beaten stocks, and the Canadian 

freeness standard which is more conmon in the newsprint and mass production 

grades. The skill of stock preparation consists in controlling the process in 

order to achieve the desired effect with minimum refining. This will reduce 

power consumption while increasing the paper machine output because drainage 

r~tes, and the press and drying performances can be affected by over-refining. 

For small mills, the two most important characteristics of paper which 

are i.1fluenced by beating or refining are "burst" and "tear". Inert. ~d 

refining for a given pulp improves burst but lessens tear resistance. .us, 

the preparation treatment should be control led in order to achievt i. timum 

balance between these opposing characteristics. Refining also influences 

other characteristics (e.g. permeability, stretch or dimensional stability). 

Refiners operate over a very wide capacity range, some of them 

incorporating special design features. In broad t•~nas, however, refiners can 

be divided into two main classifications: conical refiners and disc refiners. 

These are briefly described below. 

Conica! refiners 

Tlu original conical refiner (see top drawin~ ·ure IV .14) was 

invented towards the end of the last century and was 66 ·' ,,.;;, '. •.. ..! name Jordan, 

after its inventor. It was the first continuous refining unit although it was 

probably originally used in conjunction with batch processing. It comprises d 

conical tapering shell, in wtaich a rotor with a matchi~-" 

rotor d shell are made of cast iron and are fitten 

·••;!er revolves. P.-oth 

the beater, with 

met.;, ~s held in po1'1ition by woode11 packings. The r an be moved along 

th~ ax; " .:.t the sh?' to exert a pressure bet. en the bars and to 
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coapensate for wear. lbe rotor bars are usually axial and spaced at equal 

intervals around the surface. Thus, short bars must be inserted, at the large 

end in between the longer bars extending the whole plug length. lbe shell 

bars are shorter and usually arranged in a herring bone pattern. Stoc~ enters 

at the saall end and leaves at the large end. The rotor has a peripheral 

speed of approximately 900 m (3,000 ft.) per minute at the large end. 

The Jordan-type conical refiner is still used extensively under a wide 

range of designs and capacities. Modern refiners may use solid cast rotors 

and barred stators, or may have pre-cut and asst:r .. :.1led replaceable bars and 

packings. For small mills in developing countries, replaceable bars and 

fillings are an advantage because they cost less as spares and can often be 

manufactured locally. The Jordan-type conical refiner is fundamentally a 

refiner of low power inter it seldOll! imparts more than 5 HP/tonne/day in 

a single pass. Kore powe be applied according to the motor fitted, but 

such an increase may result in fibre cutting. Although bars of varying width 

or !'laterial do have an effect on output, the conical refiner is generally 

regarded as a machine with cutting characteristics. It is coumonly used for 

final triaaing because the power application is smal \. while the volumetric 

capacity is large, so that few machines are required. 

The wide-angle conical refiner (see bottom drawing of figure IV.14) is 

similar to the Jordan-type machine but has a wider cone angle. The cutting 

effect is lessened while the brushing or fibrillation effect i& increased. It 

is a refiner of medium power intensity. A maximum of 10 HP/tonne/day can be 

applied without excessive shortening of the fibres. It has also been claimed 

that some curl or equivalent is imparted to the pulp, thus improving fibre 

bonding. It is a versatile refiner, growing in popularity recently and 

available over a wide capacity ranie• 

Disc refiners 

The disc ref ler consists of a circular, patterned disc rotating against 

a similar stationary disc. The driving shaft is normally horizontal, so that 

the disc faces are vertical. Stock is introduced into the r.entre at 5 to 6 

per cent consistency and leaves at the periphery. Single-disc refiners have 

only one set of op~osing plates ~hi le double-di&.: n~fineTS have one 

double-sided rotating disc and two stationary discs, one on each side of the 

rotating member. Pressure between the discs is pr.:>v!ded by mechanical or 

hydi'."aulic mt:ans. The patterned elements of rotati1.1g or stationary discs are 

usuall~· made of cast stainless steel or iron alloy. They are segmentally 
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bolted on to the disc body and may be replaced after wear. ilouble-disc 

refiners (see figure IV .15) can usually be adjusted so as to give series or 

parallel flow refining within the same unit. In series flow refining, the 

stock must pass from one set of discs through the other, doubling the power 

input per unit of pulp processed. In the parallel arrangement, the pulp flow 

is divided into two, each half flowing through one of the two sets of plates, 

thus doubling the volume. The plate patterns available are numerous, the 

selection being made according to the type of pulp and product involved. 'nte 

disc refiner is essentially power-intensive. However, since the arP.a of 

contact is relatively large and holds more cutting edges than a conical 

refiner, the pressure on the fibres is relatively low, thus accentuating 

brushing or fibri~lation and reducing cutting. 1be disc refiner can apply an 

energy ~f 10 HP/tonne/day or less per pair of plates. It has increased in 

popularity in cases where work of this order is necessary. Units with a 

capacity of 3,000 HP or less are available. However, the lo'ler li•it for 

effective performance is approximately 200 HP, although smaller units can be 

obtained. 

It 1s important that pulp supply to a disc refiner be well disintegrated 

because the pattern channels are relatively iimall and are thus liable to 

become blocked if the pulp is lumpy. Although the Jisc refiner has advantages 

for fiare treatment, its effective utilisation in small mills is limited to 

plants with a capacity of 50 tonnes per day or more unless the nature of the 

pulp can absorb the work potential. For exam., le, a 30 tonnes par day mil 1, 

using a furnish made of 75 per cent straw and 25 per cent softwood will 

require about 160 HP input for th£. straw and the same input for the softwood. 

Ideally, the straw and softwood should be treated separately since disc 

refiners with such low power inputs are not c0Dm10n. However, for 

chemi-mechanical pulp production, t~e work required to finish the semi-cooked 

pulp ia much greater and the disc refiner is therefore the ideal machine. A 

400 HP refiner will only produce around 10 tonnes per day, depending on the 

degree of pre-digestion. 

VI. 7. Sc. reening 

What.ever the nature of the stock or of the end-product, the preparation 

of stock suitable for use on the paper machine requires screening. As a 

min!mum, stock diluted to the consistency required for the paper machine 

should be screened just before entering the paper machine flow-boY.. The 

function of screening is both to remo"e undes:rable particles an-I to "clear" 

the stock (i.e. to obtain an optimum separation of fibres and a uni fonn 

suspension of them). 
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Screens can he of varyi~ types: flat vibrating screens, cylindric.·} 

vibrating screens or pressurised, fully enclosed screens with rotating foils 

which induce the flow of material through a stationary sc en basket. The 

latter type of screens has a number of advantages: it is cleaner and does not 

take in air because it is fully enclosed. Furthermore, it can also be 

installed directly into the final line to the paper machine, thus simplifying 

control. For these reasons, pressurised screens have virtually replaced all 

other forms of screens. They are suitable for capacities of 10 tonnes per day 

and over. Rejects from these screens can be continuous or intermittent. 

Flat vibrating screens are still used, usually as auxiliary screens for 

rejects from the main screens whenever the quantity is sufficiently large. 

For very small mills, they may be used as main screens. 

Figure IV.16 shows a sectional drawing of a rotary type screen. 

VI.8. Cleaning 

Cleaners remove sand or grit from the paper stock by centrifugal act~on 

(see fig\;re IV.17). It is advisable, for mills manufacturing writing or 

printing paper to employ low-density cleaners. They operate before the 

screens, at the consistency applicabte to the paper machine ( nonaal ly, close 

to 1 per cent). For best results 'hey should have a separate pumping circuit 

because they are designed to operate at a constant pressure drop which can 

-:hange if the paper machine grade varies. Many small mills eliminate the 

separate pLDDpir.g loop iii order to reduce capital outlay. In that case 

substance and formation control for the paper machine becomes more difficult. 

Cleanars can also be of the thick-stock type (i.e. they can function at 

consistencies of 4 per cent). It is more economical in terms of capital cost 

and power consmption, but cleaning is less effective. There are also large 

capacity cleaners operating at around 2 per cent consistency. They are 

chiefly used for processing waste paper. Cleaners designed to operate on 

stock of high or medfom consistency normally have bui 1 t-in chambers which 

receive the collected dirt. Low density cleaners have continuous rejects and 

may be staged (up to three stages) for fibre economy. 

Low density cleaning improves paper quality and reduces wear on parts of 

the paper machine (e.g. machine wires, foil o vacuum top surfaces). 

Flg\lre ll'.18 shows a silll!'lified flow diagram for a two-fan pump by-pass 

sysLem u1e~ in conjunction wit!:l a three-sta,e centrifugal cleaning system. 
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Vl.9. Waste paper cleaning £ •• d screening 

If imported pulp, or pulp which has been previously cleaned in the pulp 

mil 1, are the furnish constituents, screening and cleaning can safely be 

limited to the use of the final screens and cleaners described above. On the 

other hand, if waste paper is used the proportion of dirt and contraries it 

contains requires more effort and equipment. 

For small mills, the pulper is unlikely to be large enough to operate 

continuously with the trailing rope or junk-remover. For these mills, pulping 

will generally be carried out on a batch basis. Contraries too large to pass 

through the perforations remain in the pulper and must be manually removed 

periodically. 1be disintegrated paper passes through the perforations to the 

dump chest, and carries with it such things as sand or dirt, incompletely 

disintegrated paper particles, bits of string and pins. If the trash content 

is high, it is best to plDDp the stock through a thick stock or a medium 

density cleaner in order to remove particles which can cause undue wear to 

de-flakers or refiners. If the degree of rejects is tolerable, it is 

preferable to use the de-flaker directly because it improves the performance 

of the cleaners which follow. De-flaking should occur as early as possible 

after pulping. After de-flaking, stock may be subjected to pressure screening 

in order to remove rejects continuously and to avoid blockage. The rejects 

can be screen~d over a simple vibrating flat screen and the remainder of the 

stock returned to the pulper or to the chest supplying the de-flaker. 

Refining follows screening and the stock can then pass, via low-density 

cleaners and a final pressure screen, to the paper machine. 

1be procedure described in the previous paragraph represents a good 

practice which is appropriate to small mi 11 s. In low wage developing 

countries, waste is often sorted by hand and obvious contraries or unsuitable 

material removed. Cleaning may then be restricted to the use of high-density 

units. Screening may also be limited to the use of the cheaper flat, 

vibrating units. However, only the lowest grades of paper can be produced 

with such equipment, and in the long term the savfogs are 1 ikely to be 

illusory. 

VII. ~TOCK CONTROL 

In stock preparation, it is necessary to control two majn variables: the 

degree of refining or beating and th~ uniformity of stock consistency prior to 

delivery to the paper machine. 1be former variable affects paper quality and 

the latter the paper substance variations, which, in turn, can affect the 

efficiency of operation. The degree of refining can bP. auessed by motor 
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loads for refiners or by human judgement for beaters. Large-sea le mi 11 s may 

have automatic refiner control, while small mills may ~ely on the judgement of 

the paper machine operator. Variations in freeness are not usually spasaodic 

or short-cycled: there is a time lag which is dependent on the storage chest 

capacity provided that the refining or beating load is constant. Consistency 

variations are almost impossif:ole to avoid without control and consistency 

regulators are indispensable for large mills. Theoretically, consistency 

control is inherent in batch processing. In practice, it depends on the human 

factor and also on a realistic measurement of moisture content in the in-going 

material. This measurement is, however, very difficult to obtain. 

Consistency regulators 

There are many types of consistency regulators. The modern ones emit an 

electrical or pneumatic signal to a recording chart, or in sophisticated 

versions to a computer. They are seldom in use in small mills in developing 

countries because of their high price. Furthermore, the operators seldom 

understand their functioning or can maintain and calibrate them. 'nte 

operating efficiencies in many such small mills are much lower than necessary, 

chiefly on this account. In the majority of cases, the probable reason is 

that only one unit has been installed and consistency variations are out of 

range most of the time. A consistency regulator can only add water in order 

to adjust the stock thickness. Control is better with two regulators in 

operation. Large, sophisticated mil ls have several consistency regulators, 

one at each practical point of application. Thus, the final unit has only a 

very small variance to control. 

Small mills in developing countries are unlikely to have a trained 

instrument supervisor required by modern regulators. There are, however, 

older, more mechanical units still available (e.g. the Salle unit). It is 

recommended that the mill manager should install at least two suitable units 

and persevere until reliable operation is obtained. 

machine efficiency and uniformity of quality through 

The rewards in pa.,er 

better refining are 

substantial and will certainly justify the additional investment. 

Figure IV.19 shows a simple stock control system with recommended 

consistency regulation. 
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CHAPTER V 

THE PAPER MACHINE 

The transformation of stock into paper or board is carried out through 

four main operations: 

- Formation and drainag&; 

- Pressing; 

- Drying; and 

- Reeling, winding and sheeting. 

This chapter provides a brief descrii--ion of these four operations, 

including that of the equipment associated with each one and of the various 

chemicals which are added to the stock. The ·~scription emphasises processes 

and equipment of interest to small mills in a~yeloping countries. Variations 

in these processes for the production of d are also provided. 

I. PAPER PRODUCTION 

I.I. Formation and drainage 

This processing stage consists distributing the fibre and water 

suspension evenly over a wiremesh so that when the water drains through the 

mesh a wet sheet of paper is retained. In the case of hand-made paper, the 

wiremesh is horizontally stationary while being manually agitated in order to 

ensure evenness of the formed sheet of paper. In the paper machine, the 

wiremesh carries the suspension along horizontally at variou~ speeds, 

depending on manufacturing conditions. 

Hand-made paper is produced in the form of individual sheets, the size of 

the sheets being limited by the ability of the operator to lift and agitate a 

wire-bottomed frame after dipping it into a vat containing a suspension of 

prepared fibres in water. 

Mar.hine-made ~apers are formed continuously on a moving wire, or between 

two synchronised moving wires, and are produced in wound reel fonn. In the 

standard Fourdrinier type machines (see figure V.1), the acock is allowed to 

flow on to the wire. A flowbox is used to ensure that it is evenly spread, 
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the fibres kept rn suspension, and that the hydraulic speed of the fibre and 

water slurry leaving the flowbox is equated with that of the travelling wire. 

As the machine speed increases, the hydraulic head rn the flowbox must be 

increased in order to give an . l . . l equ1va ent JCt velocity. For example, a 

speed of 300 m/mn requires a height of 130 cm. At very low speeds, an "apron" 

slice is used (a rubber apron resting on the wire while the stock is poured 

over it). The flow is controlled by an adju3table dam called a "scissors" 

slice located behind it. For speeds beiow 180 m/mn, the flowbox has an open 

top, and the stock flows by gravity onto the wi .. e through a projection slice 

opening. The top lip can be deformed slightly at intervals across its width 

in order to control the flow and ensure evenness of deposition. The gravity 

flowbox (see figure V.2) is inexpensive and can be locally made, except for 

the slice and perforated rotating rolls which are fitted to maintain 

disptrsio;i. It is suitable for speeds around 200 metres per minute and 

therefore appropriate for small mills. 

Gravity flowboxes are impractical for speeds much above 200 metres per 

minute in view of the height required in order to provide the jet velocity. 

Consequently, pressurised flowboxes are used instead. Pressure is exerted 

pneumatically, hydraulically or by a combination of both. Pressurised 

flowboxes are very expensive and need costly and sophisticated control. They 

are therefore not appropriate for small mills in developing countries. The 

latter should not, therefore, use paper machines with an output exceeding 200 

metres per minute. 

For very low speeds, boxes with a fan-induced vacuum compartment are used 

in order to increase the stock depth. These boxes ar~ not expensive and are 

simple to operate. They can assist in formation control by increasing the 

stock height with~ut correspondingly increasing jet velocity. 

Formation for hand-made papers is "square" (i.e. the fibres are not 

oriented to deposit in any given direction). On the other hand, machine-m1de 

papers are oriented in the direction of the paper machine. Consequently, the 

paper properties lengthwise are not quite the same as th..>se crosswise. Son:e 

control over this difference in properties can be exerted by adjusting the 

velocity of the stock through an increase or decrease of the pressure head, 

thus providing what is termed a "lead" or a "drag". 

1 The relationship between the .!et velocity and the hydraulic head follows 
Newton's law of gravity: v2 = 2 gH 

where: V speed in m/sec. 
g =gravitational acceleration in m/sec/sec. 
H height of thr-! I iquid in the f!owbox, in m. 
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The stock goes onto the wire at a consistency which depends on the type 

of output and the furnish used. Generally, thin papers need low consistencies 

(down to 0.25 per cent for tissues) while for heavier papers, higher 

consistencies (up to 1.25 per cent) can be used. Control is exerted by 

regulating the water added to the metered stock, before the screens. 

The separation of the formed paper from the wire requires that it 

supports itself across a gap. Thus, the water content must be reduced in 

order to give the paper the required wet strength. The consistency must be 

increased to a minimum of 12 per cent, or preferably higher. The wire is 

supported by small rolls, or foil surfaces which rupture the water film and 

induce a vacuum that promotes drainage. The vacuum effect is a function of 

speed, reaching barometric limits at high speeds in machines equippei with 

rolls. The foil was introduced in order to limit this effect by inducing half 

the vacuum intensity of a rotating roll since a high vacuum intensity can 

impair fonuation by unduly disturbing the forming paper. In order to keep the 

wire length reasonably short, air suction is created through perforated or 

slotted boxes fixed underneath the wire and sited in such a way as to 

consolidate the paper when it is sufficiently set. In modern plants, a 

rotating, perforated roll with an internal suction box loceted after the 

suction boxes is added. This additional feature further removes water and 

improves wet strength. 

Suction rolls are expensive and use a great deal of energy. Small mills 

are, however, advised tc use them because efficiency is substantially 

improved. Plain, felt-jacketted rolls, running above another roll beneath the 

wire, were employed before the introduction of the suction roll and are still 

used for very small capacity machines in order to reduce capital and operating 

costs. However, investment in suction rolls is justified for machines with a 

capacity of 20 tonnes per day and above. 

When the wet-fonr.ed sheet is separated from the wire, a tension is 

imposed on it and there is a risk that the paper may break. The jacketted 

couch roll induces a slight vacuum which lifts the sheet at low speeds. A 

strip can be hand-plucked from the fe 1 t surface and thrown onto an adjacent 

felt which takes it to the presses. The strip can be widened to a full width 

afte& it has gone through the machjne. The tension required to peel the paper 

from thL wire increases with speed while the strength of paper required to 

take the strain is lower for thin paper than for heavier grades. "Pick-up" 

devices have therefore been developad. For tissue grades of paper, a 

"lick-up" may be used: it involves the press felt running in synchronism with, 
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and touching the forming wire above an "open" roll in order to indi.;ce a vacuum 

which causes the paper to adhere to the felt. Papers which can be lifted, 

full-width, in this manner, must have a substance which cannot exceed 45 grams 

per square metre (45 g/m
2
). Consequently, other methods are necessary for 

high speeds and heavier grade-; of paper. The "vacuum pick-up" was developed 

for this purpose. It operates as follows. A suction roll, running inside a 

felt which also runs thro~gh the following press, is adjusted in such a way as 

to touch the forming wt.re. The wet sheet adheres to the felt and leaves the 

wire full-width. Vacuum pick-up arrangements are very expensive and involve 

sophisticated speed synchronism, adjusting controls, etc. A sophisticated 

pick-up is not necessary for small capacity mids. A less expensive pick-up 

can be used effectively for speeds below 300 metres per minut~. It removes 

the sheet at, or near, right angles to the wire, that b~ing the angle at which 

the tension requirements for removal are mi.ni.mum. A plain, forward wire roll 

must be added to the wire arrangement in order to provide the angle required. 

Sometimes a small, slightly pressurised box (called a Baggely box), is added 

i.n order to facilitate the removal of tJ ... # .. _ ··- -

.,&VW~•CI., iL 

essential. Careful positioning of the roll (which carries the press felt) in 

relation to the wire should be sufficient. 

I. 2. Pressing 

The formed paper leaving the wt.re i.s 12 to 18 per cent dry, depending on 

the machine characteristics and the nature of the furnish. Its water content 

is therefore six or wort: time:; higher than that of the fibre. Most of this 

water must be removed before the paper can be reeled. Less energy is re qui red 

and Lne paper quality i.s improved if a maximum of water i.s expelled 

mechanically, by pressing. A press comprises two rolls revolving in contact, 

with pressure applied between them. T'.1ere should be at least two sequential 

presses in a paper machine. The first press is normally double-felted (i.e. 

each roll runs inside an endless felt so that the paper i.s squeezed between 

the two felts which absorb the expelled water, leaving the sheet drier and 

stronger). 

sustain. 

The pressure must be iimited to that which the wet paper can 

If too great a pressure is applied, the paper can crush and be 

spoilt. This is why successive presses are used i.n order to reach an optimum 

pressure by stages. The second press normally hes a single felt around the 

bottom roll, which is rubber covered and softer than the top roll. The latter 

is hard, and is ideally of granite, though more frequently made of a hard but 

porous composition such as Stonite. The pressed paper adheres to the top roll 

from which it is removed as a strip by air jet. The strip 1s widened to full 

width after it has reached the end of the paper machine. 
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A third, ~woothinb or reversing press may be incorporated for the 

production of writing or printing paper. The smoothing press has no felt, and 

both rolls arc hard. Bronze is often used for the top roll. The function of 

the press is not so much to remove water as to improve flatness .'Ind the paper 

finish. The reversing press has a bottom felt, but the paper is turned and 

fed into the opposite side of the nip after which it lS turned ~gain to move 

forward in the proper way. The object of this proce .. i...:.e is to have the hard 

roll applied to the underside of the paper as well rn order to equalise 

smoothness on both sides of the paper. 

Figure V.3 shows the pressing sectior. of a typical paper machine used ;or 

the production of 5 tonnes per day of tissue and MG Kraft papers. 

Presses 

Presses may be plain (i.e. both top and bottom rolls being undrilled) or 

grooved. They may also be suction presses on which the bottom roll lS 

perforated and has an internal vacuum chamber, or mav be grooved. Plain 

pressLs are particularly appropriate for smal 1 mi I Is because they are fairly 

cheap and require little skilled maintenance. At low speeds (JOO metres per 

minute Jr less), the plain press r~rformance is almost as gooQ as that of the 

more expensive typPs in view of the long pressing time in the nip area. The 

performance of plain presses ca11 equal that of the best if the fabric press 

principle is adopted whereby a relatively strong, open-meshed, endless plastic 

belt runs be~ween the press felt and the roll. An even simpler device makes 

use of special high-duty ribbed felt. The performance of a plain press 

equipped wit:1 th is felt can exceed that of the large. fast machine in view of 

the narrower width of sma11 paper machines. 

It is strongly recommended t'1at granite top rolls be used rn v1ew of 

their greater efficiency when man~ed by inexperienced operators. It 1s 

necessarj for most small ;nills in developing countries to import the special 

felt fabrics and the grar,ite rolls. The loading of presses ca· be carried out 

with pneumatic or hydraulic devices, or by h<ind. The latter method 1s 

suitable for the small, slow paper m.1chine and docs not require any cap?tal 

investment. 

The moisture cont~nt of the paper leaving the press section can hP as low 

as 50 to 60 per cent (depend in~ on the paµer grade), if high-duty pn-sses arc 

u:;cd. The latter can withstand n;p prc:;~urcs of aho11t 600 lh/l in~ar in. of 

width. While that pressure may he casil:r 1chicvcd 1n :;mall paper machif'~S 
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machines, it requires special materials and precision-cambered grinding and 

control in the case of large machines. It is now considered necessary for 

wide, fast machines to have crown-compensating press rolls (i.e. rolls which 

can be made to expand in 0rder to provide a cambered surface which, under 

pressure, becomes a horizontal nip for equal loading over the sheet width). 

Ute small machine does not need this expensive sophistication. 

Good pressing does more than reduce the amoun-t of steam required for 

drying. The paper is strengthened by good, even pressing and fewer breaks 

occur. Ute surface is also less fibrous, so that the dryers stay clean longer 

and operate more efficiently. Experience shows that the major cause of the 

inefficiency of some smal 1 mil ls is the lack of good pressing. This is 

paradoxical in view of the fact that small paper machines should obtain better 

results from pressing than can be achieved by large, fast machines. 

1.3. Drving 

After pressing, the paper still contains 50 to 60 per cent of moisture, 

most of which must be removed before reeling. Application of heat is required 

for this purpose. 'Ille most common drying method makes use of rotating 

cast-iron cylinders that are steam-heated internally. Plain or 

machine-finished paper is normally dried on a senes of such cylinders, 

depending on the quantity of paper being processed. The standard diameter of 

cylinders is approximately 1.5 m; smaller or larger cylinders can be obtained, 

but are seldom used. Cylinders must be capable of sustaining one of two 

standard internal 

8.79 kg/cm2 (125 

steam pressures: up to 5.27 kg/cm
2 

05 p.s.iJ
1 

or up to 

p. s. iJ • Other pressures are less common. The rate of 

drying increases proportionately with higher preesures and temperatures. The 

external surface of cylinders has a ground finish while the internal surface 

is machined in order to obtain an even thickness, and therefore equal drying, 

across the width. 

Each dryer is fitted at the back with a nozzle which combines the 

functions of steam admission and condensate removal. Large, wide cylinders 

may have such a nozzle at each end ln order to ensure a more even drying 

width-wise. A more uni form drying is achieved by narrow machines. The 

nozzles connect to a steam distributor pipe located inside the cylinder, and 

to a collecting syphon for the removal of the condensate. Syphons may be 

stationary (i.e. they remain in one position near the bottom of the 10ner 

surface) or of the revolving type. In this latter cat:e, they rotate with the 

cylinder and remain in one position relative to the inner surface. Usually, 

1 
Pounds per square inch. 
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stationary syphons have an inter.1al bearing which, 

cause problems. Thev are not recommended for 

over ~ perioJ of time. can 

the small paper machine, 

although their performance is better at speeds below 30J metres pe' minute. 

Above this speed. the condensate "rings" tne t:ylinder (i.e. it is held a5ainst 

the inner surface and revolves with it). At lower speeds, it remains in a 

pool near the bottom, 50 that a revolving nozzle collects it ~t each 

revolution while the stationary nozzle remr-ves it continuously. !fowever, 

internal 

between 

bearing wear 

the cylinder 

internal fittings. 

in ::;tationary 

surface and 

syphons can 

the syr.-hon, 

adversely affect the 

and •tltiwately danage 

gap 

the 

It is important to remove the condensate at a rate equal to that of 

for.nation because the power required to drive the cylinder can be several 

times greater if it is waterlogged. Large-capacity machines, with a 

multiplicity of dryers, have special, three-stage systems for steam supply and 

condensate r~moval. They use flash steam frolt' ful 1 pressure dryers in order 

to supply a number of dryers at lower pressure. Flash steam from the latter 

is then exhausted under vacuum rn order to supply the first dryers which 

should be kept at a lower temperature in order that the paper will not stick. 

Automatic pressure regulation between stages is incorporated, and overall 

drying control can be added. Such drying systems are expensive and need 

expert supervision. They are not required for smal 1 machines with a 1 imited 

number of dryers. A steam trap on each cylinder equipped with an air release, 

is more com~only used. 

The dryers are driven through a train of gears mounted on the back. Fast 

running, large-capacity machines need fully enclosed gears with a constant 

circulation of lubricating oil. Supporting bearings for these machines must 

also be of an anti-friction type, and force lubricated. For the smal 1, slower 

machine, open, grease-lubricated, much Jess expensive gears are sufficient. 

Furthennore, anti-friction bearings are not essential (an advantage in 

developing countries), and lubrication can be done by individual oil-drip, or, 

for very slow machines, by solid grease blocks. 

The paper is held to the dryer surface hy endless upper and lower felts, 

which are driven by the cyl indcrs. These felts W1!re originally made r.f 

cotton-asbestos weave. For the Jarg1!, modr!rn m;ichines, tlwv hilV•! hePn 

virtually replaced by "scrt!cr.s" which arc mad•! of strong, fairly op1•n plastic: 

mesh. The m•!Sh 1s more expens:ve but lasts long•!r, and )'.IV•'S an improv1!d 

drying p1!rformanc:e for the! followin><; r1!asrms: the S•:rP•·ns allow ~;t.,;1m from th•• 
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pap·:!r to escape more readily, do not need separate drying and carry air into 

the spaces between the cylinders, thus facilitating the remcval of 

moist1~re-laden vapour. For the small machine, with a r.arrower width, dryer 

screens are not essential, but may still have advantages which jus~ify the 

additional expense. 

Th~ feeding of paper through the dryers of a large, fast machine equipped 

with a large number of cylinders would be impossible without Sheahan ropes. 

These are a pair of endless ropes running together through the machine. 

following the paper run. They are carried rn a special ring bolted to the 

front of each cylir.der, and return over a series of pulleys under the 

machine. The tail of the sheet, from the presses, is laid between the two 

ropes which hold and ccnvey it to the last cylinder. F0r speeds of 200 metres 

per minute or below and a relatively small number of cylinders, Sheahan ropes 

are not essential. For these mac~ines, the tail of the sh~et can be hand-fed. 

Fo~· the lar~e capacity machine (see figure V.4), a fully enclosed hood 

over the dry2rs (extending right d.Jwn to the basemeut) is ess~ntial fot· two 

reasons: it pr.,vi.c!es a balanced pre~sure in the dryer zone for uniform drying, 

and it protects machine operators against exc~ssive heat and hUiDidity. 

High-duty exhaust fans and htmidity ~ontrol are in~o~por~ted. Autanatic 

paper-break detection equioment is eseential. The small machine needs, at 

best, a simple s~mi-open hood and exhaust fans. Thus, for high capacity 

machines, the dryer section must embody e::tp<?nsive refinements which are not 

necessary for the smaller, slower units. This is one respect in which unit 

capital costs are significantly lower for small machines. 

Toe foundry requirements for cast-iron cylinders are of a special nature, 

and the equipment for machining and grinding them is fairly expensive, and may 

not be available in most developing countries. For these reasons, the local 

manufacture of cylinders may not be economically feasible. In most cases, 

they must be imported. Rolled, welded steel cylinders are sanetimes made in 

developi:'lg countries, whenever imports are restricted. No internal machining 

is required, and they can sustain the interr~1 pressures more simply. Rusting 

may take place when the machine is stopped for a long period, unless adequate 

precautions are taken. In ge:leral, however, good performance may be expected 

from cylinders such as t.aese. 
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Any paper shrinks, lengthwise and crosswise, as it dries. The shrinkage 

is greater for well-beaten or refined grades than for other grades. To 

accommodate shrinkage as well as to li:nit the accumulation of broke during 

breaks or feeding-up, dryers in large machines are sectionalised, thus 

limiting the number of dryers in any section to a practical number (from eight 

to 16). Each s~ction has an upper and lower felt, and each felt needs a guide 

to keep it on the cylinder surface, in addition to a stretch gear in order to 

acco1D1Dodate sLret:h. The gear normally incorporates an automatic tension 

device. A machine with a capacity of JC tonnes per day can incorporate all 

the dryers required in one section, whereas a large machine requires at least 

three or more sections. The cylindrical dryer flattens the sheet (a desirable 

function) and is economical in the utilisation of heat. Other forms of drying 

are sometimes used as auxiliaries, but are unlikely to be of practical use in 

developing countries. 

1.4. Reeling, winding and sheeting 

It is not desirable for paper to be completely dried. A moisture level 

of 5 to 8 per cent should be retained for the paper to be in equilibrium with 

the atmospheric moisture. A paper with this standard degree of moisture is 

said to be "air-dry". After drying, the paper is reeled on the machine for 

subsequent finishing. Writing and printing grades of paper must first pass 

through the rolls of a calender in order to acquire a smooth surface. To 

achieve very high standards, two successive ca lenders may be used. On some 

mdchines, the last cylinder in the dryer train may be water-cooled rather than 

heated: it is cal led a "sweat-cylinder" because, in the htn.iid atmosphere 

surrounding it, condensation forms on its surface and is imparted to the paper 

before the calender, thus improving the paper finish. 

A calender and pope reel arrangement are shown on figure V.5. 

Size press 

For top quality writing 

instJlled after the main dryers. 

and printing papers, a size press may be 

It consists of a two-roll unit which may be 

vertical, horizontal or inclined. The paper passes through a solution of 

starch and water between the rolls which squeeze out the surplus liquid. 

Since the paper is re-wetted by this process, it must oe dried again. 

Consequently, after-dryers, corresponding to approximately one-third of the 

first dryers, are added before calendering. 
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For large capacity machines, it lS necessary to install a broke pulper 

beneath the calenders and last dryer because the amount of broke involved 

during feeding-up or after a break is too great for physical handling. Small 

machines do not need such a unit: broke can be manually handled and taken back 

for repu lping. 

Reels 

At the end of the machine, the paper lS reeled up. Large machines use 

sophisticated reels, pnelElatically or hydraulically loaded. For small paper 

machines, a simpler and much less expensive pope reel may be used {see figure 

v.sJ. 

Winders 

After reeling, the reel of paper is lifted from the paper machine and 

taken to a winder. The purpose of the latter lS to slit the paper into 

commercial widths and to repair breaks, if any, ln order to obtain a 

continuous reel of paper. The latter ls then wrapped and despatched, or 

processed further. The winder operates intermittently, producing sets of 

smaller diameter, uniform sized reels frcm the full-width, large diameter 

machine ree 1. It must therefore operate at a higher speed than that of the 

paper machine. A speed two to three times higher lS usually required. For 

the large, fast machines, speeds above 2 ,000 met res per minute are necessary. 

These high speeds require special design, drive and operation. The size and 

weight of the parent r~els and that of the final reels are such as to require 

special lifting apparatus, built-in reel ejectors and mechanised reel bar 

removal. Thus, the large, fast winder is also a sophisticated and expensive 

machine. For the sma 11 mi 11, the winder is slower and much less expensive 

since it can be operated manually. 

It is normal for writing and printing papers to be cut into sheets before 

despatch to the custaner in the form of reams or ln smaller "cut-sizes". For 

developed countries, the proportion of sheets to reels normally exceeds 60 eer 

cent. For developing countries, the proportion should be higher (around 80 

per cent) because reel-fed printing machines are less conunon. Wrapping grades 

should also include a large proportion of paper in sheet form. 
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Cutters 

A cutter is used for the cutting of paper into sheets. For large 

capacity mills, the cutter has become a highly sophisticated, expensive 

machine equipped with such features as bui It-in inspect ion ... nd reject ion 

devices and automatic counting. For the small "cut-size" papers, special 

cutters with bui 1 t-in packaging are used. The smal 1 mi 11 can make use of a 

more simple cutter. In developing countries, manual sorting, packing and 

wrapping is feasible in view of the low wage level and is preferable because 

it creates employment. The smal 1, "cut-size" sheets may be produced with a 

simple, manually operated guillotine. 

II • THE BOARD MACHINE 

II.I. Formation 

In developing 

invariably of the 

countri~s, the wet end 

simple multi-vat type. 

of board machines 

Other boardmaking 

is almost 

units are 

available, but usually have a high capacity, and are specifically designed for 

operation at speeds beyond the cange of the vat. In its simplest form, the 

through-speed in the vat is limited to around 100 m/min. There are two types 

of vats: the counterflow vat and the uni flow vat (see figure V .6). In tht> 

former type, the stock enters the vat and mc.ves in an opposite direction to 

that of the cylinder mould rotating within it, whereas in the uniflow vat, the 

stock flows in the s3me direction as that of the mould. Counterflow vats tend 

to add a greater quantity of stock per vat but the formation from a uniflow 

vat is superior in quality. Thus, it is common for both types to be 

incorporated in the same machine. Uniflow vats are used for the surface 

layers in order to improve appearance and printing quality while counterflow 

vats are used for the middle layers. As many as nine vats can be used, 

depending on the thicknesn of board to be produced. For a given thickness, 

the quality improves with the numb ~r of vats employed. T'.: smal 1 mi 11 is 

unlikely to use more than six vats in view of the high capital costs and 

because extremely high quality boards are not widely marketed. Fair quality 

board may be produced with a board machine equipped with six vats. 

For most products, two grades ot stock are used; bleached chemical pulp 

for the liner and mixed waste for the remainder, the latter representing the 

bulk of the board. Thus, a board mill is predominantly a waste-based mill. 

Ope1ation of the mill is relatively simple. A long, endless felt runs Jn 

contact with each cylinder mould and is held in position by a soft rubber 

couch roll. The felt pick& up the formec! layers successively, one after 

another, until the desired number of plies has been added. The board remains 
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on the felt until it has passed through the first press section because it is 

heavy and wet and unable to support itself until the moisture content has been 

redt•ced. The felt runs in opposite c!irection to the machine until the last 

vat has been passed. It then turns and runs overhead, in the machine 

directicn, to the presses. The turning roll can be a suction roll. However, 

for a small capacity mill, it is unlikely to be of the suction t!"'PC in view of 

the high capital and operating costs. 

There is no control over formation or width-wise substance in the simple 

vat. For this reason, the "dry" vat, or "former" has recently been 

introduced. In operation, the cylinder mould does not run partially immersed 

in stock (hence the term "dry"). Instead, each vat has an individual flowbox 

with a slice which can be adjusted for level width-wise or for formation in 

machine direction by regulating the stock velocity. The scope of the vat is 

thus improved: higher spee:ds are possible (up to 200 m/mn) and more stock can 

be added per vat without loss of quality. High paper qualities can also be 

obtained. These vats offer excellent prospects for small mills in developing 

countries sir.ce with two or three such vats a very wide range of good quality 

paper and board can be produced from the same machine. The machine is simple 

to operate, conveys the sheet ful 1 width to the presses, is low in power 

consumption and maintenance, does not use •ire guides or stretches, and runs 

efficiently. It should be added that the normal "wet" vat can also produce, 

at low speed and narrow width, high paper grade qualities (e.g. banknote 

paper, filter papers and cotton-based art grades). The inhertnt formation 

characteristics suit such papers. 

11.2. Board pressing (see figure V.7) 

Because board is nonnallv hea'lv in substance (up to 450 g/m
2 

or more), . . 
it carries more moisture than paper per unit length. Furthermore, the water 

is more difficult to remove: pressure must be applied gradually in ordf'r to 

avoid crushing. For this reason, more presses may be needed than in the case 

of paper. The production of a board machine is usually limited by its drying 

capacity, which is strongly influenced by the press section. Another very 

important quality consideration is the ply-adhesion which is also influenced 

by pressing. "Baby-presses", which are small, plain presses with light 

loading, are often incorporated with the long felt in the vat section 1n order 

to bring the board to a condition suitable for the main presses. Plain, 

grooved or suction presses can be used. However, nip pressures are normally 

lower than for paper, and the moisture content is seldom higher than 6) per 

cent. The small mill may, at first, use plain presses in view of the lower 
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capital and operating costs. Suction presses, in first and second press 

positions, can be added latt?r in order to improve quality and increase 

capacity. Figure V.7 shows the flow diagram of a board machine with a 

capacity of 5 tonnes per day. The press is shown on the right in the figure. 

II.3. Board drying 

The drying sect ion of a board machine is ~ imi l ar to that of a paper 

machine but control may be different. Board is predominantly sheeted, and the 

sheets should stay flat in order to avoid problems with carton making. For 

this reason, board machines may have sc , . .,rate steam systems for the top and 

bottom dryers because curl is a functi ,.-i of the drying rate from the board 

surfaces. Board may also differ from paper in relation to M.G. finishes. 

Pre-dryers and after-dryers are normally used to increase the output 

determined by the capacity of the M.G. cylinder. The finish required can be 

obtained by having the board go on :J the cylinder at a 60 per cent dryness, 

and leave 85 per cent dry. The pre-dryers and after-dryers can contribute as 

follows: from press moisture to cylinder input level and from cylinder exit 

level to reel dryness. Some of the heavier M.G. paper grades use the same 

practice. The latter is also used for creped paper towelling where finish is 

not required. 

11.4. Reeling, winding and sheeting 

Board machines, other than M.G. machines, usually have two calender 

stacks in order to obtain the finish required and to control the bulk or 

thickness of the sheet. It is common, for the first sta~k, to use 

"water-docto::·~", or shallow wooden trays with an open side touching one or 

more calender rolls, thus adding water to the sheet. The desired board finish 

can ~hus ~e obtained without undue pressure, which would reduce bulk or 

thickness and consequently stiffness,which is a desirable board quality. 

The board machin~ reel is similar to that of the paper machine. However, 

small mills seldom use a separate winder because the bulk of the produ tion is 

sheeted. If reels are needed, they can be slit to width on the machine reel 

or produced from a very simple and inexpensive rewinder. 

Cutter 

The cutter is the most important finishing machine. For large capacity 

board mil ls, it can be very expensive. It is usually full-width. A double, 
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synchronished fly-knife cutter is used for the production of sheets of 

standard sizes. Small mil~s may use a simpler and less expensive technique 

which involves two operations: cutti!lg followed by guillotining. The added 

labour cost of gu~ l lotiniug lS fairly low, and should be accepted bv the 

discriminating customer. 



CHAPTER VI 

HE'iHODOLOGICAL FRAMEWORK FOR F.STIHATING 

UNIT PRODUCTION COSTS 

This chapter is intended to assist p£rsons contemplating the production 

of pulp and paper by providing them with a methodological framework for the 

evaluation of alternative small-scale production techniques. The staff of 

financial institutions, as well as businessmen and government officials, may 

have their own evaluation methodologies but could still find the following 

lllE:thodological framework useful, especially if they are unfamiliar with pulp 

and paper production. 

I. THE METHODOLOGICAL FRAMEWORK 

The methodological framework consists of three parts; 

the determination of the quantities of vaY:1ous inputs used in the 

process (steps 1 to 5); 

the estimation of the cost of each input and of unit production costs 

(steps 6 to 13); and 

the profitability of the process considered (steps 14 to 16). 

These steps are briefly described below. Producers who wish to identify 

the most appropriate technique should repeat these steps for ea.:h technology 

which may yield the required output. 

Step 1. Determination of the yearly production output. The product may 

be pulp and/ or paper. Th is figure is a fun ct ion of such factors as market 

demand, availability of investment funJo and the production technique adopted. 

Step 2. Estimation of the quantities of various material inputs for the 

adopted scale of production. The main materials are; 
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- straw or bagasse; 

- wood pulp; 

- various cuttings (cotton, jute); 

- caustic soda; 

alum; 

talc; 

starch; 

other :iquid or powdered additives (dyes, rosin, china clay); 

fuel; and 

power. 

The pre~1~us chapters and the examples in this chapter provide 

information on how these quantities can be estimated. 

Step 3. Compilation of a list of required equipment, including spare 

parts and servicing equipment. The list should include transport equipment, 

if applicable, as well as testing equipment. Both locally p1~duced and 

imported equipment should be specified. 

Step 4. Estimation of labour requirements. The productivity of the 

labour force may vary significantly from one country to another. Therefore, 

the producer should make his own estimate of the appropriate labour 

requirement. Th is estimate wi 11 depend on the number of shifts per day, 

working days per week and working weeks p:?r year. Separate estimates should 

be obtained f~r skilled and unskilled labour 

Step 5. Determination of local infrastructure requirements. 

include~ 

- land for the plant and buildings; 

land for storage; 

- plant tuilding; 

office buildings; and 

- other facilities such as power and water. 

This mav 

Step 6 • Estimation of working capital. Apart from purchase of land and 

eouipment, it is necessary to have sufficient initial capit31 for the purchase 

of raw materials, payment of wages, and for building up a stock of the 

product. It is recommended that s·1fficient working capital be avai table to 

cover one month's wages, one month's local raw materials requirements, three 

months' imported raw materials, one month's fuel and power and allowance for 

one week's work in progress (value of one week's production). 
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Stee 7. Estimation of the annual depreciation costs of equipment and 

buildings. These costs depend on the init ia 1 purchase price, useful life and 

prevailing interest rate. Whatever the type of equipment used, it will have 

a 1 i.inited life (a recommended life lS ten years). The same applies for 

buildings for which a recOlllllended life lS 25 years. 

Table VI.2 may be used to esti.inate these depreciation costs. It provides 

the discount factors (F} for interest rates up to 40 per cent and .:?xpected 

life periods up to 25 years. Thus, if Z is the purchase price of the 

equipment (or the cost of a building}, the annual depreciation cost is Z/F. 

For example, if Z = USSl,000, the useful life is ten years and the interest 

rate 12 per cent, the table provides a value of F equal to 5 .65. Therefore, 

the annual depreciation cost is: 

Z/F 1.000 -:---: 
5 .65 

uss111. 

The longer the useful life the lower the annual depreciation costs, and 

the higher the prevailing interest rate, the higher those costs. 

The CIF prices of imported equipment may be obtained from local equipment 

importers and the cost of buildings and of local equipment may be obtained 

from local contra~tors and equipment manufacturers. 

Step 8. Estimc>tion of the annua! rental rate of land. Land is considered 

to have an infinite life. Therefore, the annual cost of land, if rented, ls 

its annual rent. If the land is owned by the producer, the annual cost is 

equivalent to the annual interesL on the value of the land. 

Stee 9. Estimation of the annual cost of materials. The 1 ist of 

materials required for production along with their quantities (from step 2) 

should now be valued. The cost of the materials can be obtained from local 

supplier, or, if necessary, from overseas suppliers. 

Stee 10. Estimation of the total annual labour costs, on the basis of 

appropriate labour requirements (from step 4) and prevailing local wage rates. 
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Step 11. Estimation of interest payments on w0rking canital. The i.;ori.:ing 

capital required (step 6) involves payment or loss of interest on that sum. 

Therefore, the annual cost is equal to the intere.;t on the working capital 

based on the prevailing interest rate. 

Step 12. Estimation of total annual produc~ion costs. The total annual 

production cost is equal to the sum of annual depreciation costs for equipment 

and buildings, annual rental cost for laT?d, aPnual material costs, annual 

labour costs and interest payment on working capital. This is the sum of the 

amounts estimated i~ steps 7 to 11. 

Step 13. Estimation of the unit production cost by dividing the annual 

production cost by the total number of tonnes of paFer produced annually. 

Step 14. Estimation of revenues from sales. The total annual sales 

revenue is estimated by taking into consideration the prevailing local price 

for the product as well as any sales discounts offered. 

Step 15. Estimation of a,rnual net profit before tax. The annual net 

profit before tax is the difference between annual sales revenue and annual 

production cost. 

II. APPLICATION OF THE 11.ETHODOLOGICAL FRAMEWORK 

The use of the above methodological frampwork is illustrated in thE 

following examples. 

II.I Example 1~500 ADT/year paper mill 

The framew0-rk is used to estimate the cost per air-dry tonne lADT) ot 

high q•Jality drawing paper. The raw materials inc~ude waste cotton cuttings, 

waste jute cuttings, waste paper and straw or bagasse. 

Step l. Annual production: 500 ADT/year, with thf> mill operating :in a 

two-shift basis, 300 days/yertr. 

Step 2. Annual requir~ments of raw matPrials~ 

- waste cotton cuttings 2 50 tonnes 

- jute cuttings 15() tonnes 

- waste pa per l ()(J tonnr>s 

- straw or bagasse h() trinne:. 

- ca us t ir: soda i (j t 0110(•:. 
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- bleaching powder 10 tonnes 

- rosi.n 10 tonnes 

- china clay 5 tonnes 

- titanium oxyde 5 tonnes 

- alum 20 tonnes 

- starch 5 tonr.es 

- si.zmg glue 100 tonnes 

- dyes l,.00 kg 

Step 3. Equipment~ 

Item 

- rag chopper 

- straw chopper 

- static, atmospheric digesters (oil or gas fired) 

- beaters 

- autovat 

- cylinder mould 

- drying chauber (gas-fired) 

- vat for intermittent sheet production 

Step 4; Labour requirements~ 

- supervisor 

cleaning and cutting personnel 

- beatermen 

- cylinder mould operators 

- pressmen 

- dryermen 

- sorting and cleaning personnel 

- calendering personnel 

- cutting and packing personnel 

- indirect labour (manager, accountant, etc.) 

Step 5; Land and building requirements 

- land ; 1,400 square metres 

- buildings ; 300 square metres 

Number 

1 

1 

2 

2 

1 

1 

1 

1 

2 

r_ 

6 

12 

4 

6 

6 

4 

4 

9 
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Step 6. Working capital requirements: 

- one month's wages and salaries 

- one month's fuel 

- one mon~h's supply of local r4• materials 

- three month's supply of imported raw materials 

- one week's ,,ork in progress 

- total 

Step 7. Annual depreciation costs: 

- capita!. costs 

US$ 

2 220 

750 

16 000 

7 170 

9 760 

35 900 

US$ 

- l~~d 600 

- buildings 26 870 

- equipment 69 350 

- other assets (mostly office equipment) 2 990 

- spares (10 per cent of equipment costs) 7 230 

total 107 040 

The discount factors are taken from Table VI.2. For a building life of 

25 years, and a 12 per cent interest rate, F = 7.843. 

For an equipment life of 10 year~ and a 12 per cent interest rate, F = 

5 .65. 

The annu~l depreciation cost of the building is therefore 

26 ,870 = US$3 ,426. 

7.843 

The annual depreciation cost of equipment is 

79,570 = US$14,083. 

5.65 

The total annual depreciation costs are therefore 

3 ,426 + 14 ,083 US$17 ,509. 
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Step 8. Annual rental rate of land~ 

This is assumed to be 10 per cent of the value of the land and 1.s 

therefore 

600 x 10 

100 

US$60 

Step 9. Annual cost of materials 

Item 

Waste cotton cuttings 

Jute cuttings 

Waste paper 

Straw or bagasse 

Caustic soda 

Bleacning powder 

Rosin 

China clay 

Titanimn oxide 

Almn 

Starch 

Sizing glue 

Dyes 

Other chemicals 

Power 

Fuel 

Quantity/year 

(tonnes) 

250 

150 

100 

60 

10 

10 

10 

5 

5 

20 

5 

5 

400 kg 

Clothing and maintenance materials 

Total 

Unit Erice Cost 

(US$) (US$) 

360 90 000 

297 44 550 

265 26 500 

117 7 020 

715 7 150 

600 6 000 

1 200 12 000 

212 l 060 

1 315 6 575 

254 5 080 

710 3 550 

954 4 770 

16 700 

l 100 

3 600 

9 010 

3 715 

248 330 
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Step 10. Annual labour costs 

Grade 

Manager 

Clerk 

!>a lesman 

Supervisor 

Cleaning and cutting 

Beatennen 

Cylinder mould operators 

Pressmen 

Dryermen 

Sorting an~ cleaning 

Calendering 

Cutting and packing 

Other indirect labour 

Total 

No. employed 

1 

1 

1 

2 

8 

6 

12 

4 

6 

6 

4 

4 

6 

Rate/month 

(US$) 

60 

48 

48 

48 

36 

36 

36 

36 

36 

32 

36 

27 

Step 11. Interest payments on working capital. 

Cost/annum 

(US$) 

720 

576 

576 

l 152 

3 456 

2 592 

5 184 

1 728 

2 592 

2 304 

1 728 

1 296 

2 496 

26 400 

The interest rat~ is assumed to be 12 per cent. The working capital from 

step b is US$35,900. Therefore, interest= US$35,900 x 0.12 = US$4,308. 

Step 12. Toral annual production co~~ • 

The annual production cost is equal to~ 

U!:i$17,509 + US$60 + US$248,330 + US$26,400 + US$4,308 

Step 13. Unit production cost. 

The unit production cost is equal to 

US$296 ,607-;- 500 tonnes US$593.2l /ADT. 

Step 14. Sales revenue. 

US$296 ,607. 

An average sales price of US$1,0l5/ADT is estimated. Given the qua1ity 

of products involved, this ii'.'. not a high price, espec.ially &ince the import of 

w1uivalent paper would in'Jolve transport and duty costs. Therefore, the sales 

revenue is equal to 

1

US$1,0l5 x 500 t;::>$507, 500. 
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Step 15. Net profit before tax; 

US$ 507 ,50u - VS~296,607 US$210,b93. 

11.2 Example 11~25 TPD integ~atea pulp ar~ paper mill 

The major furnish constituents of this mill are straw and bleached 

softwood pulp for the long fibre support. 

Step 1~ Annual production 8,000 ADT/year, of which 

- surface-sized paper 

- lightweight papers 

non-sur:ace-sized writings and printings 

Step 2. Annual requirements of raw materials. 

- st.-aw 17 ,000 tonnes 

- impc:rted pulp 1,400 ADT 

- caustic soda 1,480 tonnes 

- chlorine 530 tonnes 

- lime 215 tonnes 

- rosin 400 tonnes 

- starch 250 tonnes 

- talc 960 connes 

- alum 400 tonnes 

- coal 8,000 tonn.;:s 

- power 14.58 x 10
6 

kWh 

Step 3. Eouipment~ 

- recond itio11ed paper machine 

- boiler ~lant 

- transformers, motors, etc. 

- indigenous equipment for plant 

- workshop equipment 

Step 4. labour requirements 

- salaried staff, all grades: ~16 

- skilled wage-earners 90 

- semi-skilled wage-earners 62 

- labourers 102 

3 ,500 AD1 

500 ADT 

4,000 ADT 
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Step 5. Land and building requirements; 

- land, roads, fencing; 

- drains; 

- paper machine house; 

- pulp mill and boiler house; 

- iinishing room; 

- office block; 

- stores; 

- workshop; and 

- paper stores. 

Step 6. Working capital; 

- salaries 

- utilities ( fue 1 + power) 

- local raw materials 

- imported raw material~ 

- work in progress 

Step 7. Depreciation costs~ 

Capital costs 

- land 

- buildings 

- equipment 

For 

one 

one 

one 

two 

one 

period 

month 

month 

month 

months 

week 

spares (10 per cent of equipment costs) 

Annual depreciation costs 

of 

Total 

Total 

The discount factors (F) are taken from Table VI.2 

USS 

32 000 

52 000 

l16 000 

140 000 

129 400 

469 400 

US$ 

79 050 

650 150 

2,946 250 

294 650 

3 970 100 

-For buildings; life of 25 years at 12 per cent interest; 

F • 7 .843 

-For equipment~ life of 10 years at 12 per cent interest~ 

F • 5.65 

The annual depreciation cost of the building is therefore~ 
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= US$82,895 

The annual d~preciation ~ost of the equipment is: 

USS3,240,900 

5.65 

= US$573,610 

The total annual depreciation cost is therefore: 

US$ 82,895 + US$573,610 US$656 ,505. 

Step 8. Annual rental rate of land. This is assumed to be 10 per cent of 

the value of the land and is therefore; 

US$79,050 x J.l = US$7,905. 

Step 9. Annual cost of materials 

Item 

Straw 

Imported pulp 

Caustic soda 

Chlorine 

Lime 

Rosin 

Starch 

Talc 

Alum 

Dyes, misc. chemicals 

Machine clothing 

Maintenance 

Packing and despatch 

Coal 

Power 

Water 

Quantity/year 

(tonnes) 

17 ,000 

1,400 ADI 

1,480 

530 

215 

400 

250 

960 

400 

Price 

(USS/tonne) 

24 

600 

239 

78 

36 

418 

300 

48 

96 

8,000 22 

14.58 x l0
6

kWh 0.03/kWh 

Total 

Annual cost 

(US$) 

408 000 

840 coo 
353 7 20 

41 340 

7 740 

167 200 

75 000 

46 080 

38 400 

24 000 

71 600 

66 850 

95 500 

176 000 

437 400 

9 560 

2 858 390 
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Step 10. Annual labour costs; li::>$384,000 

Step 11. Interest payments on working capital. The interest rate ls 

assumed to be 12 per cent. The working capital from step 6 is US$469 ,400. 

Therefore, the annual i.:tterest payment is 

US$469,400 x 12 = US$56,330. 

Step 12. Total annual production cost lS 

US$656,505 + US$7,905 + US$2,858,390 + US$384,000 + US$56,330 

US$3,963,130. 

Step 13. Unit production cost (average) lS therefore: 

US$3,963,130 / 8,000 = US$495.40/ADT 

Step 14~ Sales revenue 

Selling price 

Surface-sized paper 

Light weight 

Ordinary qualiry 

Total sales revenue 

Less sales aiscount 

Net sales realisation 

Q1.1antity 

(ADT) 

3 500 

l 000 

3 500 

7.5 per cent) 

Step 15. Net profit before tax; 

US$ 5,272,500 - US$3,963,130 = US$1,309,370. 

Ill. CuST DATA FOR INDIAN MILLS 

Rate/ADT 

(US$) 

750 

150 

550 

Annual revenue 

(US$) 

2 625 000 

1 150 000 

1 925 000 

5 700 000 

- 427 500 

5 272 500 

The following table (VI.l) has been drawn up from prospectuses issued by 

three Indian pulp and paper mills, each of 10,000 TPA capacity. This is the 

maximum capacity for Indian mil ls if they wish to obtain duty exempt ion for 

paper sales and permission to import second-hand machinery. 



- 121 -

Each mill uses imported, reconditioned second-hand paper machines which 

have been officially inspected and guaranteed. Each mill also uses straw, 

rags and waste paper for the production of furnish. Use of these materials is 

required by the Governmeni. if the will is to receive government subsidies. 

The unit cost of production i.s very low, but does not include chemical 

recovery or p~wer generation. It is interesting that, for each 0ill, 

compliance with local and national regulations in respect of effluent 

treatment is claimed. The overall costs in Table VI. l would probably be 10 

per cent !1igher if new paper machines were used but would still be low by 

com?arison with other projects. Second-hand machines often have features 

wh:.ch are not yet available from indigenous suppliers. However, the chief 

a~traction of these machines is that a project can be implemented more quickly. 

A proportion of the equity of mills Nos. 2 and 3 has been taken up by the 

state Development Board. Mills No. l and 3 have also obtained subsidies, 

presumably because they are located in development areas. However, the amount 

of subsidies, less than 4 per cent of total capital costs, must not have been 

a major factor in company formation, although they were undo~btedly welcome. 



Item 

Capacity 
Projected start up 
Land pure hased 
Raw materials 

Paper machi".le 

Power installed 

Water supply 

Steam supply 

Effluent treatment 

Workforce 

PROJECT COST (USS) 
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Table VI. I 
Cost data from Indian mills 

Mi 11 No. l 
Writings & 
printings 

10.,000 TPA 
March 1981 
17 hectares 

Mill No. 2 
Writings & 
printings 

101 000 TPA 
February 1981 
70 hectares 

Rice straw (from with- Wheat/rice straw 
in a radius of 100 km), rags, waste paper 
waste paper, cotton 
1 inter 

Imported, second­
hand 

3,000 KVA, Grid 

8,200 cu.metres/day 

1 T.P.H. 
3 coal-fired boilers 
To Indian standards 

100 salaried staff 
360 wage earners 

Imported, second­
hand 

4,000 KVA, Grid 

9,250 cu.metres/day 

10 T.P.H. 
2-6 T.P.H. boilers 
To Indian stan-

dards 
500 salary and 
wage earn.:rs 

Land & site preparation 129 870 177 100 
Buildings 920 900 l 109 800 
Plant & machinery 419 130 (imported) 2 669 410 

1 554 900 (indigenous 
Engineering 377 800 Cine. duty) 97 400 
Misc. fixed assets 1 617 480 l 284 180 
Contingency 354 190 330 600 
Pre-product ion 646 990 875 100 
Working capital 472 260 392 200 

Total 6 493 520 6 935 690 

Annual cost/tonne 649.30 693.50 

FINAr~ING (US$) 
Equity - Promoters 224 320 873 670 

Pub 1 ic 956 320 301 510 

Total 1 180 640 2 184 180 
Loans 5 076 750 4,427 390 

324, 12oa 
Subsidy 236 130 

Total 6 493 520 6 935 690 

Mi 11 No. 3 
Wrapping 
papers 

l O. 000 TPA 
July 1981 
19 hectares 
Wheat/rice 
straw, jute 
Hessian cut 
tings, waste 
paper,rags 
Imported, 
second-hand 
2,500 KVA, 

Grid 
9,090 cu. 
met res/day 
2-5 T.P.H 
boilers 

To state 
requirements 
Not stated 

124 580 
614 760 
426 570 

70 840 
108 860 
343 330 
514 760 
247 350 

4 451 050 

445.10 

1 149 41 0 
2 774 540 

177 100 

4 451 050 
---------------------·---------------------------------------------------------
a Unsecured. 



Year 

1 
2 

l 
5 

6 
7 
8 
9 

10 

l~ 
13 
14 
15 

5 6 8 10 12 14 

Table VI .2 
Discount factor (F) 

Interest rate (percentage) 

l '5 16 18 20 22 24 25 26 28 30 35 40 

0.952 0,911) 0.926 0.909 0.693 0.677 0.A70 0.862 0,0117 0.033 0.820 0,806 0,000 0,7911 0,701 0.769 0.741 0,714 
l.C-59 l.833 l.783 l.736 1.690 l.647 l.626 l.605 l.566 l.520 1.492 l.1157 l.440 1.4211 l.392 l.)61 1.269 l.224 
2.723 2.673 2.577 2.487 2.402 2.322 2.283 2.246 2.174 2.106 2.042 l.981 1.952 1.923 l.860 l.016 1.696 l.;~9 
).546 ),465 ).}12 ).170 ),0)7 2.914 2.055 2.790 2.690 2.509 2.49~ 2.404 2.)62 2.320 2.241 2.166 1.997 1.0~9 
4.330 4.212 3,993 3.791 3.605 3.433 3,352 3.27h 3.127 2.991 2.064 2.745 2.689 2.6)5 2.532 2.436 2.220 2.03~ 

5.076 4.917 4.62} 4.}55 4.111 }.089 }.?Oh ),605 5.490 ),,26 ),167 3.020 2.951 2.805 2.759 2,6hJ 2.)05 2.160 
5.706 5.562 5.206 11,060 4.5611 4.260 4.160 /1,0)<) ).012 ),605 ),1116 3,2112 ).161 ).00) 2.9)7 2.002 2.500 2.263 
6.46) 6.210 5.747 5.335 4.960 4.639 4.467 4,)44.4.070 ),0)7 ).619 },h2l ),)29 }.2~1 3.076 2.925 2,590 2,))1 
7.100 6.002 6.247 5,759 5.}20 11,946 4.772 4,607 11,)0) 11,0)l ).706 3.566 3,l163 3,366 3.1011 ).019 2.665 2.379 
7.722 7.)60 6.710 6.1115 5.650 5,216 5.019 11,0)) 11,11911 /1,192 ).923 ).602 3.571 ),1165 ).269 .).092 2.715 2,11}11 

0.306 7.007 7.139 6.495 5.930 5,453 5.234 5.029 11,656 4.327 h,035 3.776 3,656 3.544 J,JJ5 5.147 2.752 2.h58 
n.e6J a.304 7.536 6.0lh 6.l9h 5,660 5.h21 5,197 4.793 h.439 h.127 3,051 3,725 3,606 J.)~7 3.100 2.779 2.456 
9.}9h 0.05} 7.90h 7.103 6.42h 5.0h2 5.503 5.342 4.910 4.5)) 4.20) ).912 3.780 ).656 3,1,~7 ).223 2.799 2.460 
9.099"9.295 8,244 7.)67 6.628 6.002 5.724 5.460 5,000 4.611 h,265 }.962 ).024 }.695 ),459 ).249 2.8lh 2.477 

l0.}00 9.712 8.559 7.606 6.011 6.1112 5.Aq 5.575 5.092 4,675 11.315 4,001 3.859 ).726 ),1103 ~.260 2.025 2,11811 

16 io.03010.106 e.051 1.024 6.974 6.265 5.95h 5,669 5,162 4.730 h.357 4,033 3,00~ 3,751 3,503 3,20.J 2.0}4 2.4eq 
17 11.27410.477 <).122 0.022 7.120 6.373 6.047 5.749 5.222 4.775 4.391 4.059 3.910 3.771 }.510 }.295 2.BhO 2.49~ 
18 11.69010.020 9.372 0.201 7,250 6,1167 6.120 5.010 5.2'1) 4,0\2 l1,l1l.9 4.000 }.928 }.786 3.529 },304 2.8411 2.'•')11 
19 12.08511.150 9.6011 0.365 7.)66 6.550 6.190 5.07? 5.:H6 l1,0l1l1 11,11 112 11,097 3,9112 3,799 3.539 ),)ll 2,0liO 2,1,96 
20 12.1162U.1170 9.010 0.5111 7,1169 6.62} 6.259 5.929 5.3~3 11,f\?O 11,11(10 11,llO 3,9511 ),008 3.5116 ),)16 2.0~0 2,11')7 

21 12.021 ll.7611 l0,0l7 0.6119 7.%2 6.607 6.312 5.97.) 
22 u.16312.01.210.201 0.772 7.6115 6.743 6,359 6.011 
23 l),l,OC)l.2.30310.~71 0,00) 7,·110 6.792 6,399 6.01,1, 
24 13.79912.550 lD.529 B.905 7.7011 (>.0}5 6.11311 6.07.) 
25 li1,0911l2.70) D.675 9.0'17 7.011} 6,07} 6,l16l1 6.097 

5.}84 4.091 4,476 4.121 3.963 3.616 3.551 3,320 2.852 2.4<)0 
5.410 4,909 4,400 4.1}0 3.~70 3.622 3,556 }.323 2.853 2.490 
5,4}2 4.925 4.499 4.137 3,976 3.027 }.5~9 3,325 2.6~4 2.h99 
5.451 4.937 h.~07 4,lh} 3,901 }.031 ).562 }.)27 2.055 2.499 
5.467 4,9110 4.~14 4.147 3,905 ),0,4 ).~6h }.3~9 2.056 2.499 

~ 
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APPrnDIX I 

LIST OF EQL'IP~!ENT !'tANlJFACTURERS 

The numbers alongsiie the names and addresses of equ!prr.ent manufacturers 

:n th:s a?penj:x correspond to the following equipment: 

I. Paper-mak:ng machines 

Board-making machines 

3. Pul~ chargers 

~. Suction rollers 

5. Drying c:·I inders 

6. SI:tters and cross cutters 

7. 'i.'indt:rs 

,, • Ro 11 s l it t.:; rs 

~- Complete pulp mills 

10. Re!'"iners 

I I. Agitators and mixers 

1:2. A1.c:llarv eq;.iioment 

13. Instru~entation and controls 

l.:+. ~aLhine clothing (felts, wires, etc.) 

C.-i.f;ADA 

Albany Engineered Sys~ems Canada, Ltd., 

Port Albern:, B.C. 1,2,3,4,S 

Arh~.rn Press '·!fg. Co. Ltd., 

~ont~cal, ~uebec 

Beloit ~an.ida :.rd., 

Pointe Clai r.e, Q11ehec 

Black & Clauson-Kennedy Lt~., 

5, 7,8 

1,2,3,4,5,6, 7,q 

Owen Sic .nrl, Ont.1ri0 1,2,3,4,5,6, 7,9 



Dominion Engineering Works, Ltd., 

Mortreal, Quebec 

Li~htning Greey Mixing Equipment Ltd., 

100 Miranda Avenue, 

Toronto I. 9 

McLean H.J.G. Ltd., 

Brantford. Ohtario 

Suns Ltd., 

Vancouver, B.C. 

F INLANU 

A. Ahlstrom Osakeytio, 

S.F. 48601 Karhula 

Enzo Gutseit Oy, 

He 1 s inki 16 

Metex Corporation, 

He Is inki I 8 

Nasin Kiviteollisuus A.I. 

Avunien 

Tampere 10 

o it t iv a I u o_., , 

Oitti 

Rauma-Repola Oy, 

Helsinki 17 

Tarpella, ~~per Machinery Division, 

P .o. Box 26 7, 

33101 Tampere 10 

Uy Wartsilla Ah., 

He 1 sink i 53 

1,2,3,4,5.6. 7. 

6,7,8,9,10 

1 ,6, 7,8,9 

3, 9, 10 

1,2,3,4,6, 7,8,9, 10 

4,6, 7 

3, 9, 10 

1'2. 3, 9, 10 

1,2,3,4,5,6, 7,R,9, 10 



Yhtym. Paperitehaat Oy, 

Jylhavaara, 

Valkeatoski 

FRANCE 

Al limand 

38140 Rives 

Alstom Atlantique 

38, av. Kleber, 

75 784 Paris l 6e 

Black Clawson (France), 

30, ave. Pierre Curie, 

33270 Floirac 

COFPA, 

16002 Angou Ieme 

Cognasser, 

86, blvd de la Republique 

16000 Angouleme 

Escher Wyss France, 

208, rue R. Losserand 

75014 Pari!' 

Hery et Cie, 

56, rue de Passy, 

75016 Paris 

SEIHP, 

77, rue de Lourmel, 

75015 Paris 

Sulzer, 
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Compagnie de Construction mecanique, 

Paris 

1,2,3,4,5,6,7,8,9,10 

1,2,3,4,5,6,8,9, 10 

l ,2,3,4,5,6, 

i ,2,3,4,5,6, 7,8,9, 10 

14 

1,2,3,4,5,6 

1,2,3,4,5,6, 7,8,9, 10 

1,2,3,4,5,6 

1,2,3,4,5,6, 7,8,C!, 10 

3, 10 
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FEl.lERAL REPUBLIC OF GERMANY 

G. Uorries GmBH, Abt. Par-iennaschinen, 

U-5160 Ouren, Postfach 585 

Gustav ReinharQ & Co, Maschinenfabrik, 

D-5870 Herner, Postfach 460 

Escher-Wyss GmbH, 

U-7080 Ravensburg, Postfach 1380 

Maschinebau-Werkstatten Niefer GmbH, 

D-7532 Niefcrn-Oschelbronn 1, 

Bahnhofstr. 51-53 

ER-WE-PA Maschinenfabrik und Eisengiesserei 

Herbert Karl Schmidt 

U-4006 Erkat~ bci Uusseldorf, Postfach 260 

Gebr. Bellmer KG Maschinenfabrik, 

U-7532 Niefern-OsLhelbronn, 

Postfach 6 

Peter Schwabe & Co. K.G. Maschinenfabrik, 

D-4130 Moers, Postfach 2267 

Maschinenfabrik Stahlkontor Weser Lenze K.G., 

D-3250, llameln 1, Postfach 425 

Carl Krafft & Sohnc GmbH, 

U-)160 Llurcn, 

Schocllcrstrasse 164, 

Strccker-Bruderhaus, 

U-6100 Darmstadt 13, Postfach 130150 

J.M. Voith Gmbll, 

U-Heidenheim, Postfach 1940 

P.J. Wolfe & Sohne Gmbll, 

U-5160 Durt~n. Postf;;ch 125 

1 • 2. 6 

1,2,3,4,5 

1. 2. 4, 5 

1. 2. ~. 5 

1 . 2. 3. 5 

7,8. 

7,8 



Sandvik Process Systems GmbH, 

Salierstrasse 38 

D-7012 Fellback bei Stuttgart, 

Postfach 4180 

Wagner GmbH, 

D-7410 Reutlingen 

Jagenberg-Werke AG, 

D-4000 Dusseldorf, Postfach 1123 

INDIA 

Eastern Paper Mills Ltd., 

2 Dakshindari Road, 

Calcutta 700048 

43.D. Enterprises, 

16 Syed Amir Ali Avenue 

Calcutta 700017 

Hindon Engineering Works, 

Clubley, Bajoria Marg., 

Saharanpur 247001 (U.P.) 

New Allied Capital Industries, 

27 Industrial Area, 

Chandigarh 

Paper Mill Plant and Machinery 

Manufacturers, Ltd., 

Jogeshwari Estates, 181, S.W. Road, 

Bombay 60 NB 

Saharanpur Engineers and Suppliers, 

Ali Mahajan, Khalapur, 

Saharanpur 
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Tungbhadra Machinery and Tools Pvt., Ltd., 

43/163 Narasimha Rao Peta, 

Kurnool 518004 

12 

14 

6,7,8 

1 • 9 

6,7 

1. 3 

2 (up to 1 0 TPD) 

2' 3, 6, 8 

1'3, 6 



Indo Berolina Industries Pvt. Ltd., 

5-86 Andheri Kurl2 Rd., 

Bombay 40018 

Jessop & Co. Ltd., 

63 Netaj Subhas Rd., 

P.O. Box 108, 

Calcutta 

S.K. Paper Machines Pvt. Ltd., 

Aban House, 5th Floor, Ropewalk St., 

Bombay 
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Utkal Machinery Ltd., Kanshahal 770034 

District Sundergarh, Orissa 

Bakubhai Ambala Pvt. Ltd, 

Kaiseri Hind Bldg, 3rd Floor, 

Currinbhoy Rd., Ballard Estate, 

Bombay 400001 

Ci foods Ltd., 

Madhupatna, 

Cottack, Orissa 

EIMCO-KCP Ltd., 

2/34 Kodambakham Rd., 

Madras 600034 

Mechano-Industrial Suppliers, 

2 Ganesh Chandra Ave. 

Calcutta 70001 3 

P.A.S. Engin~ering Co., Pvt. Ltd., 

8th Floor, Madhuban, 55 Nehru Place, 

New Delhi 110019 

Span Enterprises, Marirawsh Plot No. 115, 

Sahakara Nagar No. 2, 

Poona 411009 

1 

12 

12 

9, 12 

1 '9' 12 

12 

1 3 



Porrits & Spenser (Asia) Ltd •• 

308 Kanchenjunga Bldg, 

18 Barakhamba Rd •• 

New Delhi 

ITALY 

Carcano, 

Via Roma 8, 

22026 Haslianico 

Over Heccanica. 

Via Toricelli 25, 

37100 Verona 

Recard S.P.A., 

55019 Villa Basilea, Lucca 

S.N.I.A, 

18, via Montebello, 

20121 Hi la no 

JAPAN 

Hitachi Zozen, 

6-14 Edobon I-chrome Nishi-Ku, 

Osaka 550 

NETHJ::RLANL>S 

Berends van Loenen F.A.P., 

Apeldoorn 

Engel Machinenfabriek CV. S.W., 

Zaandam 

KP.rsten NV. Gebr, 

Eerbeek 
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14 

9 

9 

3, 9, 10 

9, 10 

I, 4, 5, 6, 7 



Robur N.V. Transportwagen, 

Honselersdijk 

Veldhuis & Hulsebos NV., 

Hoogezand 

SPAIN 

Sener Technica lndustria Y Naval, 

Madrid 

SWED~N 

Alfa-Laval AB, 

P.O. Box 500 

S-14700 Tumba 

AB Karlstads Hekaniska Werkstad, 

S-65101 Karlstad 

Ho Do Mekan AB, 

P.O. Box 29, 

S-891 01 Ornskoldsvik 

C.J. Wennberg AB, 

Ostanvindsgatan 2, Fack 

S-651 01 Karlstad 1 

CellwooJ Machinery AB, 

S-Nassjo 

Elof Han~on, 

Goteborg 

AB Hedemora Verskstader, 

Hedemora 

Kamyr, 

Box 1033, 

S-6SJ 15 Karlstad 

- IH -

1,4,5,6, 7, 

1,3,4,S,6,7,9, 10 

9 

1,2,3,4,5,6,7,8,9, 10 

1,2,3,4,5,6,7,8,9, 10 

l,2,3,4,5,6,7,8,9, 10 

1'9 

1 • 10 

1,5,7,9,10 

1,9 

9 



Sunds Defribrator, 

P.O. Box, 

S-8510 Sundsvall 

Celleco AB Fack, 

S-100 52 Stockholm 

Eurocontro 1, 

Box 96, 

S-66100 Saffle 

Staafsjo Bruk, 

Stavsjobruk, 

S-610 23 Kolmarden 

Lorentzen & Wette AB, 

Box 4, 

S-163 93 Stockholm 

Nordiskafelt AB, 

Box 161, 

301 103 Holmstead 

Scandiafelt AB, 

S-64010 Hogsjo 

SWITZERLAND 

Emile Egger and Co. Ltd., 

2088 Cressier, Neuchatel 

UNITED KINGDOM 

A.B. Graphic Machinery Ltd., 

3, Princess Rd, 

Ikley, West Yorks LS29 9NP 
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9, 10 

12 

13 

12 

13 

14 

14 

12 

4, 5' 6, 7' 



Black-Clawson International, 

20-26 Wellesley Rd., 

Croyden, Surrey 

Bielomatik London Ltd., 

Cotswold St., 

London SE27 UDP 

Dorr-Oliver Co., Ltd., 

Norfolk House, Wellesley Rd., 

Croyden, Surrey 

Dezurik, 

Wrotham Place, 

Wrotham, Kent 

Eldec (Bury) Ltd., 

Brookshaw St., 

Burv, Lanes. BL9 6EF 

Foxboro Yoxal 1, 

Redhill, Surrey RHl 2HL 

Holder Group, 

Brandlesholme House, 

Brandlesholme Rd., 

Bury, Lanes. BL8 lJJ 

Hunt and Hoscrop Ltd., 

P.O. Box 8, Apex Works, 

Middleton, Manchester H24 IQT 

C.H. Johnson & Sons Ltd., 

Bradnor Rd., 

Wythenshawe, Manchester H22 4TS 

J. Kenyon & Son Ltd., 

P.O. Box 35, 

Bury, Lanes. 
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l 

9 

12 

1 • 5 

13 

Calenders 

14 

14 



Lenox Machine Co., Ltd., 

Mistral No., Parsons La., 

Hickley, Leics. LEIO lXT 

Lippke (U.K.) Ltd., 

11 Alma Rd., 

Windsor, Berks. 

Hasson-Scott Thrissell Eng., 

Easton Rd., 

Bristol BS5 OHE 

Vickeries Ltd., 

Norman Rd, Greenwich 

London SE09 QJ 

E.D, Warburton & Co., Ltd., 

Barnbrook Eng. Works, 

Bury, Lanes. 

J. Winterburn Ltd., 

P.O. Box 6, Riverside Works, 

Woodhill Rd, Bury, Lanes. 

UNITED STATES 

American Defribrator, 

Chrysler Blds, 

405 Lexington Avenue, 

New York, N.Y. 10017 

C.E. Bauer Inc., 

Springfield, Ohio 45501 

Ingersol I Rand, 

150 Burke St, 

Nashua, New Hampshire 03061 
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1 • 5 

1 3 

6,7,8 

12 

12 

9 

9,10,12 

9. 12 



Lodding Engineering Ltd., 

P.O. Box 269 

Auburn, Mass. 01501 

Manchester Machine Division 

Diamond Int. Corp., 

P.O. Box 509, 

Auburn, Mass. 01501 

Radiclo Noss AB, 

2331 San Luis Place, 

Greenbay, Wi. 54304 

Sprout-Waldron Inc., 

Muncey, Pa. 17756 

Testing Machines Inc., 

400 Bayview Avenue, 

Amityville, N.Y. 11701 

Williams Apparatus Co., 

55 Park Place, 

Watertown, N.Y. 
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12 

1 

12 

10 

13 

13 



APPENDIX II 

EUROPEAN LIST OF THE STANDARD QUALITIES OF WASTE PAPER 

Group A; 1~dinarv qualities 

Mixed paper and board No. 2 consists of a mixture of various grades of paper 

and board, without restriction on short fibre content. 

Mixed paper and board No. 3 consists of a mixture of the various qualities of 

paper and board and containing less than IS per cent short fibre papers, such 

as newspapers and magazines. 

Board cuttings consists of new shavings or cuttings of pressed board or of 

mixed board free of strawboard. 

Mill wraopers consists of packing papers, cal led reel wrappers such as are 

used as the outer wrappings for reels, parcels, or reams of new paper, free of 

bitumen, waxed or plasticised papers. 

Corrugated containers consists of used cases or sheets of corrugated board, 

with or without kraft covers, and a n.iddle of straw or waste paper, free of 

bitumen, waxed or plasticised papers. 

Mixed pamphlets and magazines consists of pamphlets, magazines, catalogues, 

printed matter and old newspapers, mixed, with or without staples, free of 

cardboard bound books. 

Overissued pamphlets, brochures and magazines in bundles consists of unused 

pamphlets and magazines, coloured printed matter, free of latex and insoluble 

glues, in bundles. 

~oloured letter (or coloured records) consists of copy and writing ~aper with 

or without print in mixed colours. 
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Light coloured letters Cor light coloureJ records) consists of copy and other 

writing paper, printed or not, mixed light colours with an allowance of 5 per 

cent of dark co lours. The allowance of papers with a mechanical pulp base 

shall be agreed between the buyer and the seller. 

White pamphlets, without cardboard consists of books or white sheets of paper 

for printing and may include mechanical pulp, with black print, no colours, 

free of book covers, linen, synthetic or latex glues. 

White pamphlets without cardboard, wood free consists of books or of white 

sheets of paper for printing, free of mechanical pulp and of coated papers, 

with black print, no colours, free of book covers, synthetic or latex glues. 

Group B - Middle qualities 

Old newspapers consists of used newspapers which contain less than 5 per cent 

of coloured booklets or of publicity pamphlets, free of crumpled paper. 

Overissued ~ewspaper in bundles consists of unused daily newspapers printed on 

white ne.rsprint and which do not contain more than the normal percentage of 

coloured illustrations, without staples and in original packed bundles. 

Overissued newspapers in bales or palletised consists of unused daily 

newspapers printed on white newsprint which do not contain more than the 

normal percentage of coloured illustrations, without staples, and in bales or 

on pal lets. 

Mixed coloured shavings consists of shavings of magazines or simi Jar printed 

matter, without restrictions as to colour and of the content of short fibre 

paper or of coated paper. 

Light coloured bookbinders shavings consists of white shavings, without 

beater-dyed papers printed in mixed colour, made up for the greatest part of 

chemical pulp with a maximum of 20 per cent of coated paper, unless stipulated 

otherwise and of a generally bright clear appearance. 

Speciallv light coloured bookbinders shavings consists of white shavings, 

without beater-dyed paper, printed in mixed colours, made up for the greatest 

part of mechanical pulp with a maximum of 20 per cent of coated paper unless 

otherwise stipulated and of a specjally bright appearance. 



Group C: High qualities 

Mixed light coloured shavings (printers shavings) consists of shavings of pale 

coloured writing and printing paper, made up mostly of white chemical pulp. 

Printers shavings of verv pale mixed colours consists of mixed pastel shade 

shavings of writing anj printing paper, made up of white chemical pulp, free 

of dark colours. 

Coloured shavings, sorted in colours with mechanical pulp consists of shavings 

sorted according to shade, bulk coloured, without print, with mechanical pulp. 

Coloured shavings, sorted in colours, free of mechanical pulp consists of 

shavings shorted according to shade, bulk-coloured, without any print and free 

of mechanical pulp. 

Overissued pamphlets, brochures and magazines in bales or palletised consists 

of unused brochures and magazines printed in colour, free of latex or 

insoluble glues, in bales or on pallets. 

Cuttings of duplex or multi-plv board with a white liner (grev-white) consist 

of new cuttings or other wa~te of duplex or multi-ply board, with at least a 

white liner over a grey interior or back, with or without print. 
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APPENDIX IV 

SELECTED RE SF.ARCH AND DEVELOPMENT INSTinJTIONS 

India 

- Forest Research Institute, 

Dehra Dun (U .P.) 

- Institute of Paper Technology 

Saharanpur (U .P.) 

Indonesia 

- Celulose Research Institu~e, 

i)andung 

United Kingdom 

- Research Association for the Paper and 

Board, Pr int ing and Packing Industries ( PIRA), 

LEATlERHEAD, Surrey 

Philippines 

- Forest Products Research and Industries 

Deve lo pme1.t Commission, 

Laguna 

United States 

Technical Association of the Pulp and Paper 

Industry (TAPPI), 

1 Dunwoody Park, 

ATU\NTA, Georgia 30341 



A.D. 

...... D. T. 

Bagasse 

.8 .D. 

B.D.T. 

Beating 

Brown liquor 

Black liquor 

APPENDIX V 

GLOSSARY OF TERMS AND ABBREVIATIONS 

Air-dry, 

equilibrium 

conditions. 

i.e. containing 

with that of 

An (,rbitrary 

moisture in 

amb~ent air 

definition 

normally interpreted as 95 per cent drv for 

paper and 90 per cent dry for market pulp. 

If dried more, the latter is difficult to 

re-pulp. 

Air-dry metric tonne • 

The fibrous residue from sugar cane after 

the sugar juices have been extracteo by 

crushing • 

Bone-dry, i.e. dried completely, sometimes 

termed oven dry. 

Bone-dry metric tonne. 

The mechanical treatment given by a beater 

to a suspension of pulp and water to 

improve the paper-making qualities. 

The term used to describe the final 

effluent resulting from washing chemically 

cooked pulp. It contains the combustible 

lignin and chemical compounds. 

Strictly speaking, this term should apply 

to brown liquor which has been evaporated 

to the level where it will support 

combustion, but it is sometimes loosely 

applied to brown liquor and the evaporated 

liquor is then called "strong black liquor". 



Bleaching 

Blow tank 

Board 

Brown stock 

Calender 

Chemical pulp 

Cleaners 

Consistency 
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The process of whitening pulp by removing 

residual organic matter 

level. 

to the desired 

A ver~ical tank used to receive cooked pulp 

under steam pressure from the digester. In 

the blow tank, the pressure is reduced and 

the pulp diluted to pumping consistency. 

Useful heat is also recovered. 

The term is used to describe materials with 

the required stiffness and flatness for 

making such articles as cartons, boxes, 

cards. Generally understood to be 

multi-ply, but can be single-ply, of heavy 

substance. 

Pulp which has been cooked, 

bleached. 

but not 

A component of the paper machine used to 

impart smoothness to the paper or to 

control thickness. 

Pulp which has been produced by subjecting 

the raw fibre source to chemical action 

under heat, in order to accelerate the 

process. 

Cent ri fugal separators which remove 

substances such as sand, grit and small 

metallic particles which are denser than 

the rest of the pulp.The separators can be 

of the low density type ( O. 25 to per 

cent), medium density type, more commonly 

known as liquid cyclones, (1 to 2 per cent) 

or high density type, (3 to S per cent). 

The term quantifies, by percentage, the 

amount of fibre in an aqueous s1urry. For 

paper- slurries, the expression "density" 1s 

also used in the same context. 



Consistency 

regulator 

Cook 

Couch 

Crepe 

Chemi-mechanical 
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A device used to achieve constant 

consistency. In practice, it can only 

reduce consistency by adding water. 

See "chemical pulp". 

This term is used as a poun to describe the 

last roll on a Fourdrinier before the paper 

is separated from the wire. Couches can be 

plain, felt-jacketed or (more coamonly 

today) suction rolls. The expression can 

also be used as a verb, to describe the 

action of separating the formed paper sheet 

from the wire. It can also be used to 

describe the juxtaposition of a top press 

roll from the bottom press roll in terms of 

the horizontal differ~~ce in centres 

between the touching rolls. This definition 

can also apply to the podtioning of the 

top roll relative to the cylinder mould in 

a board machine vat. 

Paper which has been removed from an H.G. 

cylinder whilst still adhering to it by 

"doctoring" 

wrinkled or 

it off. 

creped 

It IS 

and wound 

naturally 

in that 

condition to give elasticity and softness. 

"Wet" creping can be done off a press roll 

before drying but is less pronounc:ed. 

The term describes pulp which has been 

produced by a combination of chemica 1 

cooki1'6 followed by mechanical attrition. 

Such pulps have higher yields than purely 

chemical pulps but cannot be bleached or 

beateil to the same extent to develop 

strength. 

The terms mechano-chemical or semi-chemical 

are a I so used to describe these pulps but 

the latter term has a special connotation 

for corrugating medium. 



Decker 

De-fib ring 

De-flaker 

Digester 

Doctors 

Fabrics 
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The term describes a machine used to 

increase the c1>nsistency of pulp by 

removing water. Normally it comprises a 

cylinder mould in a vat with a top roll 

from which the thickened pulp is doctored. 

Deckers may a 1 so be "couch less", (i.e. have 

no top roll). 

The process of breaking down market pulp, 

or recycled paper, into individual fibre. 

A unit used to de-fibre a pulp slurry 

without cutting the fibres and with minimum 

power input to m1n1m1se the effect on 

drainage qualities. 

The cooking unit for producing chemical or 

semi-chemical grades of pulp. It may be of 

the continuous or batch type; the former 

type can be screw propelled or free flowing 

while the latter can be static or rotary. 

Digesters are normally under steam pressure 

and cook the raw material with the 

chemicals added. 

The name is given to blades used for 

cleaning drying cylinders, wire, or press 

rolls continuously during operation. 

Doctors may be simple, stationary or 

complex, with oscillating mechanism, angle 

and pressure adjustment, quick-release 

action and special flexible design to 

ensure even contact across the full width. 

The term is used to describe substitules 

for bronze forming- wires, leds vulnerable 

to damage and giving longer service, or for 

special endless woven units in combination 

with felts at the presses to improve water 

removal. 



Felts 

Fillers 

Flow-box 

Foils 
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Press felts are endless woven units used in 

the press $ection to protect the paper or 

board in the tip of the press, to convey it 

to and from the press and to absorb excess 

water. On board machines, the long felt is 

used to pick up successive layers of the 

board and convey the composite to the 

presses. The foregoing fel~s were once all 

made of wool but today they are more 

commonly made from synthetic materials. 

Dryer felts are not endless but seamed in 

position; they serve to hold the paper or 

board firmly against the dryer surface. 

They were originally of cotton asbestos 

illllterial but have today been virtually 

superseded by "screens" (heavy p 1 ast ic 

woven material) which last longer and 

improve the drying rate. 

These are materials used to improve the 

opacity, brightness and printing qualities 

of paper. China clay, talc, and for 

expensive papers titanium oxide are the 

most co01Don fillers. 

Prepared stock, diluted to the correct 

consistency, is introduced to the 

paper-machine wire through a flow-box, the 

function of which is to keep the fibres in 

suspension a11d present them evenly through 

a "slice" to the wire. 

Specially profiled stationary plastic 

blades used to support the upper horizontal 

section of a Fourdrinier wire and to 

promote drainage. Their action generates 

less vacuum than rolls and formation can be 

improved. 



Formers 

Fourdrinier 

Furnish 

g/m2 

Green 1 iquor 
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Machines differing from the fundament'-1 

Fourdrinier or vat for the forming of paper 

or board. There are several proprietary 

units which may be divided into two 

classes: twin wire formers on which the 

paper is formed at high speed between two 

synchronised wires, or cylindrical units in 

which a flow-box is used to deposit the 

pulp slurry on to a wire-wound cylinder. 

The latter category ranges from simple, 

vacuum less units to highly sophisticated 

units with internal vacuum boxes and 

additional wires. 

The original continuous paper forming unit 1 

comprising an endless mesh of bronze wire 

or plastic running over rollers. This 

forming machine is still the most conmonly 

used and versatile in performance. 

Blend of fibres and additives which makes 

up the final paper sheet. 

Grams per square metre: a measure used to 

define paper or board substance as weight 

per unit of area. 

This expression is used to describe the 

solution of the smelt obtained from burning 

evaporated black liquor. After 

clarification, green liquor can be 

reconverted to cooking liquor by 

re-causticising. 



Ground wood 

Hardwood 

Hydrapulper 

Kraft 

Mechanical pulp 

M.G. 

- 153 -

Pulp obtained by subjecting wood to 

grindstones in the presence of water. Also 

"mechanical pulp". The yield lS high but 

the strengh ls low and cannot be much 

improved by refining. Groundwood is used 

for the cheaper, less permanent types of 

paper such as newsprint. "Refiner 

groundwood" is obtained bv using refiners 

instead of grindstones and the resultant 

pulp lS stronger. "Thermo-mec han i cal" 

groundwood uses refiners but also the heat 

generated to produr.e a high yield pulp with 

a strength superior to that of groundwood 

or refiner groundwood. 

Wood from deciduous trees, normally 

short-fibred. 

A machine used to slush waste paper or 

imported pulp. It is a proprietary trade 

name for one particular design. However, 

it is now often used to describe units with 

similar functions. 

The term describes pulp produced by the 

sulphate process, 

pulp. nte paper 

or paper made from sui::h 

is stronger than that 

produced by most other processes. 

Ground wood 

Machine-glazed. Under the machine glazing 

technique paper is dried by applying one 

side 

When 

to a 1 arge cylinder 

sufficiently dry, 

under pressure. 

it leaves the 

cylinder 

that of 

and has a finish equivalent 

the cylinder surface, which 

to 

is 

ground. A machine-glazing cylinder is more 

connonly known as a "Y~nkee" cyl foder. 



Pick-up 

Potcher 

Refiners 

Size 

Softwood 

Suction boxes 

Suction roll 
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Action of lifting the wet sheet from a 

Fourdrinier or vat ful ! .. width onto a felt 

which conveys it to the presses. Va;::uum 

pick-ups use a suction roll inside the felt. 

Shallow tub with a mid-feather used for 

was!ling rag-base~ JUlp. 

Machines which subject a pulp slurry to 

mechanical treatment in order 

charact~ristics 

end-product. 

appropriate 

to develop 

to the 

Liquid added to the paper to control ink 

penetration into the final product. Size 

may be an emulsion of rosin added to the 

stock, a starch solution added to the paper 

surface or gelatine added to the surface. 

Wood from coniferous trees, normally having 

fibres that are long by comparison with 

those of hardwood. 

Wire (q.v.) suction boxes are of 

rectangular cross-section and full machine 

width and have a slotted or perforated 

wooden or synthetic top supporting the 

wire. The rear end of the box is connected 

to a vacuum source to promote drainage. 

Suction boxes are also used to remove water 

from press felts. 

Hollow metal roll perforated with a close 

pattern of drilled holes and having one or 

more vacuum compartments inside. Used for 

the final stage of water removal from a 

Fourd rin ier, or rubber-covered as a press 

roll • 



Supercalender 

Sulphite pulp 

Winder 

Wire 

Vat 
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Machine used in a secondary process to 

impart higher than normal finish to paper 

or board. It is a vertical stack of rolls, 

made alternately of chilled iron and 

compressed fabric. 

Sulphite pulp is pulp that is chemically 

cooked by the acid, sulphite process. It 

was once universal but has been replaced 

for most purposes by kraft pulp which 

permits chemical recovery and is stronger. 

The machine following a paper or board 

machine. 

reels to 

smaller 

material. 

Its purpose is to rewind machinE 

reels of narrower width and 

diameter and to remove faulty 

Full width, endless wire mesh belt on which 

the paper is first formed. Originally, 

wires were all made of bronze, hence the 

name. Synthetic plastic filament wires 

are increasing in popularity. 

The trough 10 which a cylinder mould runs 

in a board machine is, strictly speaking, 

the vat. The term is also loosely used to 

describe the complete unit, including the 

vat, the cylinder mould and the couch roll. 



QUESTIONNAIRE 

l. Full name ••••.•••••••••••••••••••••••••••••••••••• ••••••••• •••••••••••••• 

2. Address •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

3. Profession (check the appropriate case) 

Established paper manufacturer •••••••••••••••••••••••••••••••••••••• _/_/ 

If yes, indicate scale of production •••••••••••••••••••••••••••••••• 

Gove rr .. men t off i c i a 1 ••••••••••••••••••••••••••••.••••••••••••••••••••• _/_/ 

If yes, specify position ••••••••••••••••••••••••••••••••••••••••••••• 

Employee of a financial institution •••••••••••••••••••••••••••••••••• _/_/ 

If yes, specify position •••••••••••••••••••••••••••••••••••.•••••••• 

University staff member •••••••••••••••••••••••••••••••••••••••••••••• _/_/ 

Staff wember of a technology institution ••••••••••••••••••••.•••••••• _/_/ 

If yes, indicate name of institution •••••••••••••••••••••••••••••••• 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Staff member of a training institution ••••••••••••••••••••••••••••••• _/_/ 

If yes, specify .................................................... . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . " .................... . 

Other, specify ••••.••••.•••••••••••••••••••••••••••••••••••.•••.••••• 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

4. From where did you get a copy of this memorandum? 

Specify if obtained free or bought •••••••••.••••••••••••••••••••••••• 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
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5. Did the memorandum help you achieve the following: 

(Check the appropriate case) 

Learn about paper manufacturing techniques you were not aware of 

6. 

Obtain names of equipment suppliers 

Estimate unit production costs for various scales 

of production/technologies 

Order equipment for local manufacture 

Improve your current production technique 

Cut down operating costs 

Improve the quality of paper produced 

Decide which scale of production/technology to 

adopt for a new paper plant 

If a Government employee, to formulate new measures 

and policies for the paper industry 

If an employee of a financial institution, to assess 

a request of a loan for the establishment of a paper 

plant 

If a trainer in a training instit~tion, to use the 

memorandum at. a supplementary training material 

If an interna~ional expert, to better advise counter­

part& on paper manufacturing technologies 

ls the memorandum detailed enough in terms of: Yes 

_!_! 

_!_! 

_/_/ 

I I 

_!_/ 

_!_! 

_!_! 

_!_! 

_/_! 

_/_! 

_/_/ 

No 

- Description of technical aspects ••••••••••••••••••••••••• ~~·····~--

- N ·mes of equipment suppliers ••••••••••••••••••••••••••••• __ ••• ··---
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- ~osting information ••••••••••••••• . " .................... . 

- Information on socio-economic impact ••••••••••••••••••••• ~~ 

- Bibliographical information •••••••••••••••••••••••••••••• 

If some of the answers are 'No', please indicate whv below or on a 

separate sheet: 

.............................................................................. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

7. How may this memorandum be improved if a second edition is to be 

published? •••.•••••••.••..•.•••••.••...••.•••••••••••••• ~····················· 

.............................................................................. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

8. Please send this questionnaire, dt1lj .:..:.v11pleted to~ 

Technology and Employment Branch 

International Labour Office 

CH-1211 GENEVA 22 (Switzerland) 

9. If you need additional 

this memorandaum, the ILO 

information requested. 

information on 

and UNIDO wi 11 

some 

do 

of the subjects 

their best to 

covered 

provide 

by 

the 




