G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

Distr.
LIMITED

1D/WG.102/16

30 June 1971
i ment Organization
i United Nations Industrial Development Orga ORIGINAL: ENGLISH

M

Expert Group Meeting
on Pulp and Paper

Vienna, 13 - 17 Septemter 1971

i0s 70 BUILY L LC oont PULP ATY 2PN ILL

1. UVCLOPT in couvlnInT

by
Fe 3¢ Chaunlhuri
‘ce¢nior Project T r‘ zincer

PR

vadd ."_:i" Y«trl 3trl.l j.oeden

L) |
= ’ 1/ The views and opmiona exnrefased in this paper are those of the author ahd do

do not necessarily reflect the vieus of the seocretariat of UNINO. This docwaent
has been reproduced without formal editing.




{ We regret that some of the pages in the microfiche
} copy of this report may not be up to the proper

legibility standards, even though the best possible
copy was used for preparing the master fiche.







Introduction

will require additional slushing equipment and/or de-inking

The title of the paper poses a very difficult question

and no clear-cut recipe cen be given, which is applicable
generally. Attempt ig, therefore, made to analyse and
isolate the fectors vaich contribute to the high cost

of building pulp and Paver mills with special reference

to the developing countries. Once, these factors are known
and their sinzuler and cumiilative effects are assessed,
it is possible to forrulate a general guide line for
building a low cost mill.

The outlines of tha genexral objective of the topics were
specified 8eparately for low cost Pulp and low cost paper
mili, = have, hovwever, taken the liberty of combining
both topics in the sc=o rercrt as - believe that most of
the mills in thr» doveloping countries will be integrated
units. Non-intcgras-d paper mills could be an alternative
on certain sp=zecicl ciiditions, which will use waste paper
or imported pulp for naking pener. Thesge special cases

system and coaventional paner riaking equipment. Non-

~integrated pulp mills are seldom considered in the develop-

ing countries, uvnless some cpecial conditions exist like
availability or large quantitiss of fibrous rav material
in a concentratead spot, which can support a big sise pulp

- mill, Integration has strong economic motive - specially
.ttor-ouall socle nills. Therofore, it is assumed that very

few non-integrated nills will be established in these

regions..

It has been pointed out by'Atchilon (1) that the cost of
 building a Pulp and peper nill in a developing country is




gsometimes 50% above the cost of the same type of mill in

the U.S. or in Western Europe. The basic reacnons are non-
availability of facilities like cheap electricity, bleaching .
chemicals, mechanical workshop service, etc, which compel

a new venture to install its own power house, own chlorine

caustic plant and elaborate workshop, etc. As the rule of ;
economy of size is applicable to power plant and caustic plant,
their investment is out of all proportion to their contribution.

The effect of mill size on investments is reported in various
papers and is summed up in the FAO report (2), which shows
clearly the economy of size. Consequently, a developing
country is faced vwvith two negative factors.

1/ The economic size of the mill tends to be rather on the
big side from the viewpoint of machinery cost.

2/ The total investment would be higher compared to the same
mill situated in a developed country.

These two negative factors discourage efforts for investment
in pulp and paper industry. There are, however, some positive

factors, which outweigh these negative factors, viz.:

1/ Cost of fibrous raw material is the single major item of

cost of paper and can, if low, compensate higher capital
cost.

2/ Most of the developing countries are situated in the
tropical and sub-tropical regions where growth rates are
high. Scientific forest management and plantation of new
high yield species can give extremely gzood harvest. -

3/ There are a number of agricultural residues like straw,
bagasse, etc, which can Dbe processed to produce paper.
As utilization of agricultural residues will boost agri-
cultural economy and at the same time provide employment
to surplus labour in rural districts, the Governmenrtsoften
support suchk projects.

4/ Cost of building is low due to climatic condition. Most of

the developing countries are favoured with warm climate
requiring less protection for equipment and workers.




In order to understand the factors which contribute to the

2. Pulping

5/ The market is generally well protectec by tarirf duty to
foster infant industry from outside competition.

6/ Market is not sophisticated and therefore, simpler
qualities can be sold without consiierable market develop-
ment activities.

It is, therefore, a challenge to the machine manufacturers and
Pulp and paper mill designers to find out @ way in which the
developing countries can begin industrializing in this sector.

The developing countries must face the pProblems realistically
and the following conditions are assumed to be valid for
these countries in seneral:

1/ Raw material situation as regards species and type is varied.
Therefore, the quantity of raw material of one 6r a few
selected species available within an economie proximity can
only support a small sige mill., - This is mainly due to the
absence of roads and other transport facilities from forest.

2/ Demand for Paper of one or few related varieties is not
very big. Consequently, the mill must be geared to produce
4 number of varieties of baper as demanded by the market.

What does cost

cost. I have made a breakdown of the equipment cost under
six basic heads:

1. Raw mgterial pre aration
comprising wood receiving terminal, debarking, chipping
and chip storage. '

comprising cooking, washing, screening and storage.

3. Bleaching
comprising i -stage bleach plant and bleach liquor
preparation.
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4. Paper making
comprising stock preparation, paper machine and
finishing.

5. Recovery
comprising evaporation, recovery boiler and
cooking liquor preparation.

6. Utility
comprising water treatment, power generation and
distribution, auxiliary steam boiler, workshop,
laboratories and stores, etc.

Figure 1 shows these breakdowns represented in percentage of
total machinery cost for mill sizes from 100 to 800 t/24n. |
The figures refer to conventional sulphate pulping of wood

in an integrated paper mill producing writing and printing
paper of 40-60 g/sq.m. - It is noteworthy that the percentage
of machinery cost for each of the basic heads, i.e. operations,
is more or less independent of mill sigze.

A general conclusion for this is drawn and shown in table I.

Table I

Operation Percent investment
Debarking and chipping 8
Pulping . 11

Bleaching ' ‘ 13

Paper making 29

Recovery of heat and chemicals ' 20

Utilities 19

It appears from the above that major efforts should be made to
reduce machinery cost of bleachinz, paper making, reéovcry

of chemicals and utilities, which represent 80% of the
machinery cost for sulphate pulp and paper mill.
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It is interesting in this connection to compare the
effects of bleaching and paper making on the increased
value of the product. The current international price of
unbleached and bleached pulp and unbleached and bleached
paper is, therefore, compared in relation to the prevailing
price of wood (in Sweden) - all reported as index and

shown in tabel II.

Table 1T

Product Value index
Fibrous raw material 100
Unbleached kraft pulp 175

Bleached kraft pulp 220
Unbleached kraft paper 270

Bleached kraft paper 290 J

The above figures are to be compared against the relative
cost of establishing integration facilities as shown in
table I.

Chemical consumption of alkaline pulping processes is

of the order of 35-40% in terms of caustic soda. Consequently
chemical and heat recovery has become an integral section

of an alkaline pulp mill. Due to high capital cost for this
section some of the new installations are trying to avoid
chemical recovery by disposing the waste liquor. Adamson (3)
reports of a 100 t/24h mill, which plans to dump all waste
liquor from soda pulping into the sea as recovery of heat

and chemicals does not pay. Contrary result is reported

in the secretariate paper (4), which is shown in table III,
concluding that under the present price level of chemicals

in India, it pays for a 50 t/24h mill to establish both
recovery plant and electrolysis plant. Apart from the
economical aspect of chemical recovery other factors like
Po*lution, non-availability of cheap pulping chemicals,
non-availability of fuel, etc will decide, whether a chemical
and heat recovery section will be installed or not.




However, it should be noted that saving of water and
avolding of Pollution are of paramount importance
not least from economical and ecological standpoint.
Modern technique, as developed recently, indicates
that for unbleached kraft mill fully closed system
can be adopted. Bleached integrated kraft mill can
have considerably reduced -effluent volume. Choice of

alternative pulping process, which does not consume
much chemical, may be a way-out.,
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The utility requirements of a pulp and pPaper mill varies
with the pulping process, degree of secondary heat
recovery, degree of closed backwater system, environment
pollution laws in force, availability and price of fuel,
water, electricity, etc.

By proper choice of a mill site, tne utility section can be
reduced considerably. It is, therefore, important to make
detailed evaluation of the various alternative sites
objectively so that the cost reduction does not become a
fictive one.

Equipment cost is the major component of the total
investment cost of a pulp and paper mill project. A zeneral
breakdown of capital estimate for a Pulp and paper mill

dn the industrially developed country compared to a
developing country is illustrated in table IV.

Table IV
Item of cost Industrially Developing
developeu, % 4

Civil and building 25 17
Process and service 50 65
equipment
Equipment installation 5 6
Construction overhead 15 9

- Engineering 5 ' 3

. It should be noted that the equipment cost of 65%

for the developing country includes a good portion of

design engineering cost as complete plants are normally
purchased by these countries due to financial and other

" ‘fadtors, therefore not quite alike. dxamination of the

above estimate shows that 10% saving in equipment cost will -
realise a saving of 53 in overall cost in case of a
dcvolopod country. The same 10f saving in equipment cost
for a dovolopin; country will achieve 6.5¢ in overall

oost, i ¢ approximately 20% more effective.
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It is therefore all the more important to carefully
evaluate each processing step in detail before
selecting the equipment.

All operations of the pulp and paper mill are today

more complicated requiring elaborate instrumentation.
This is the result of general industrial development,
high labour cost and high raw material cost. Moreover,
when the plant sizes are bir any interruptions in the
process mean considerable loss of production and is
there fore avoidcd. Similarly, material repair and main-
tenance is minimum. This .as led to increased use of
sophisticated material like stainless steel and titanium
in increasing proportions making the equipment cost very
high. All these factors have & cumulative effect on
pushing; the plant cost higher and nigher. In order to
build a low cost nill the developing countries must
start at a lower gear by judicious selection.

N




Choice of process

All the foregoing discussions are based on sulphate procass
as this has been the dominant process because of its versa-
tility and possibility of recovery. It is, however, not out
of place here to discuss in general terms the available
commercial processes with respect to product quality and
requirement of capital investment.

Sulphate process

This is the most favoured process to produce pulp, having

the highest strength properties. The yield, however, is some-
what lower compared to bi-sulphite and neutral sulphite due
to dissolution of hemicellulose during the progress of the
cook. Hardvoods and agricultural residues respond very well
to this process and it is possible to delignify to a lower
lignin content without severely degrading the Pulp. liowever,
a8 the content of hemicellulose is comparatively high in
hardwoods and agricultural residues their retention in the
final pulp will increase the yield witiout negatively affect-
ing paper making properties.

There is some conflicting opinion in this respect with regard
to high Xappa number contra low Xappa number. Increase in
yield (high Kappa number) must be seen in tne light of cost
of increased chlorine consumption in order to find out the
optimum production cost. Pop agricultural residues like
bagasse it has been pointed out by Villavieencio (5) that
pPrehpdrolysis kraft pulp will @ive possibility to refine

more obtaining fidbrilation whioch will give stronger paper.

™he economy of the sulphate process lies in its possivilicy
“of resovery of chemicals. There are secondary disadvantages of
the kraft process which are of some importance. These are:




g -

-12 -

a/ Odour emission from the kraft mill

The emission of odour can be minimized but complete
Femoval is very difficult. There is little economic
gain in odour abatement and it is seldom justifiable
unless the demand from the community is overriding.

b/ The effluent from the kraft mill in certain cases is
soriewhat toxic. .lethods have been devised vo deal with
the effluent but it is expensive. Unless there are
severe restrictions imposed by authorities, mills are
reluctant to adopt pollution abatement, as stated above.

Soda proccess

This process is similar to sulphate in most respects, except
that the pilp is somcwhat poorer in sirength tiaan sulpnate.
mhe recover: of chemicals is also an economic necessity
for tnis process Lo be competitive. However, the recovery
system is somewhat simpler ir absence of sulphur. For
hardwoods and agricultural residues the difference in strengtih
properties vetween sulphate pulp and soda pulp is not so
wide and, tnerefore, a considerable number of soda mills
are operating througiiout the world. It is theoretically
possible and lavoratory scale experiments have verified
that it would be economically justified to pulp by soda
process to a higher Kappa number and proceed with further
delignification in bleaching by oxygen (6). This approach
seems to ve very attractive from the point of view of
economy and poliution control. The system will allow
recovery of alkali used in oxygen bleaching stage by using
the bleach stage surplus filtrate in the counter-current
washing of the pulp after digestion. In future it may be
possible that pulp bleached only with oxygen will have
acceptable brightness for direzt conversion to paper where
demand of brightness is not very high. The 02 semibleached
pulp hes a brightness, which by its lack of yellowness

appeuars brighte: .
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Bisulphite

This process im quite versatile and has gained pPopularity
mainly due to higher yield and lower chemical consumption.

Magnesium base bisulphite process has been practised without
being termed magnifite Ly one mill in Taiwan and one mill in
India for Pulping of bamboo. Laboratory experiments have been
made successfully on agricultural residues like bagasse.

The strength properties of the magnifite pulp are somewhat
lower compared to kraft pPulp. The unbleached yield is between
> and 7% higher than kraft and the unbleached brightness is
much higher. Bleaching is less expensive than kraft or soda.
Bleached yield is of the same order as for bleached kraft.

The main disadvantage of magnirite Seems to be the material

of construction for pulping equipment which must be aciudproor.
The advantage of simpler and cheaper recovery Ssystem is thereby
offset to some extent.

NSSC

The WSSC process is suitable for making coarse pulp for fluting
and also for bleached pulp for fine paper. The yield in cooking
is of the order of 75% as only partial delignification takes
Place. The bleached .!SSC Process gives higher yield than sulphate
or soda process due to very selective delignification. High
consumption of chlorine and absence of reconvery svstem for
chlorine makes the system uneconomic, where price of chlorine

is high. Although chiorine has been exclusively used for further
delignification of Pulp in the Prebleaching stage, it is possible
to use oxygen to achieve the same delignification and have the
-Possibility ta recover the sodium. Such a system (NSSC with 0,
bleaching) will produce bleached chemical pulp of good paper
making properties in the yield region of 50-553. Research in

this field is now being carried on.




Considerable efforts are now being directed to find methods
to brighten pulp without lignin removal and it is hoped that
results will be forthcoming which will make production of
high bright high yield pulp possible.

Recently a number of Ammonium base neutral sulphite pulp mills
nave been installed for production of fluting. This is due

t. simplified system for pollution control by burning the
waste liquor and also low price of ammonia 4«8 a base. Ammonium
base waste liquor can also be evaporated and dried to produce
valuable byproducts which can be used as fertilizer/soil
conditioner. Waste liquor from Ammonium base neutral sulphite
pulp mills is now exclusively used by a chemical company

to produce a soil conditioner/fertilizer after fortification
with potassium. This product (Bycobact) (7) is known to

give good results in the agriculture. It is therefore hoped
that use of ammonium base HSSC process will gain popularity
particularly in countries which are largely agricultured as
the pulp and paper miil will only borrow the ammonia and will
give to the agriculture a humus enriched nitrogenous fertilizer.
The econonic aspects of ammonium base process is discussed
more in detail in a paper by the author (3). Figure 2 shows
the flow sheet of an ammonium base neutral sulphite pulp and
fertilizer plant.

A comparison of investment costs for the various types of
processes 1is shown in table V.

Table V

Process Index

Bleached sulphate 275

Unbleached - 235

Bleached magnifite 255

Unbleached ' 210 .
NSSC-bleached with recovery 215
ISSC-unbleached * 155
NSSC-ammonium base with byproducts 125
iSSC-unbleached without recovery 100
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From the foregoing it is apparent that the emphasis usually
placed on sulphate process should be somewhat questioned and
more attention should be paid to evaluate alternative processes

in order to find out the most suitable system.
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How to reduce equipment cost

1/
2/
3/

1/

Three major ways to reduce tne equipnent cost are.

simplified systems
use of cheap material of conrstruction
uee of second nand machinery

In the following scctions the pulp and paper naking process
will be discussad in the light of tl.e above thrce points in
the order of their processing

Steps. The processing steps ape

dealt under six groups as previously.

Raw matcrial preparation

This section will be entirely depcndent upon type of raw
material. Main occurring raw netverisls of incortance are:

- wWood

-~ bamboo
- bagasse
straw

Most of the natural stands of wood occurring in the
developing countries are of broad leaf variety and of
natural growth. The trees are generally crooked with
lots of branches. Plantation of hybrid eucalyptus and
Pine is now gaining popularity and the impact of
plantation on physical character of wood is yet to be
felt. It is recommendable that delimbing of the wood
is done immediately after felling and only reascnably
straight logs are diverted to Pulp mill. The netural
forest often contains trunks of large diameter - too
big to be handlcd manually. It is felt that debarking
and chipping should bé done in the forest with maximum
use of manual labour. Hand tools for debarking should
be devised for this purpose and the logs should be chipped
immediately after debarking. This would reduce all
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following handling cost as the chips can be easily
handled by means ol pneumatic or simple mechanical
conveyors in bulk form.

Iﬁ case of annual plants like straw, bagasse, etc

the preparation section will depend upon the form

in which the raw material is available. For bagasse
primary depithing is essential immediately after

sugar mill crushers to be followed by further rigorous
depithing at the pulp mill. The depithing snould be
preferably done in the dry or moist state in order

to simplify disposal of the separated pith. For straw,
cutting is necessary followed by dusting for removal
of sand and other mechanical impurities. Pneumatic
conveying coupled with special type of cyclones can do
the dusting and conveying operation simultaneously. Storage
of the raw material ahead of pulping is commonly used
in case of wood while it is not very common for bulky
material like straw, bagasse, etc.

Moreover straw, bagasse, etc are not free flowing materials
which give rise to bridging in tne silos. Common practice
is, however, to have all storage ahead of the preparation
section. This procedure, however, requires that the
preparation section is working 24 hours a day and is

able to supply the needs of the pulping section as and
when they arise.‘

Pulping

The type of pulping system chosen and the raw material

to be pulped will decide the type of equipment. It is,
however, felt that for the developing countries simpler
and very conventional equipment like batch digesters with
direct heating would be more convenient due to lower
investment cost and opcrational simplicity. Depending
upon the type of process - soda or sulphate, magnifite
NSSC and NSSC ammonium base - the material of construction
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of the equipment will vary. For soda and sulphate
conventional boiler plate with low silicon is the

most common material. Adequate corrosion allowance

should be of the order of 5 - 8 mm. For magnifite
process conventional boiler plate with acidproof

brick lining can be used instead of stainless steel

clad digesters. For NSSC, stainless steel clad

digesters would be more suitable than carbon steel
although carbon steel digesters can be used when the

PH of the liquor at the start is above 10.5. As corrosion
is often a local factor and cannot be predicted in
advance, it may be possible to use carbon steel digesters
in the initial stage and if severe corrosion is noticed,
stainless steel overlay can be done. There are installa-
tions where carbon steel digesters have been used for
N3SC over a period of 15 years without any marked
corrosion. This procedure of overlaying with stainless
steel is expensive compared to clad steel, as it is

very labour intensive. Therefore, it can be conveniently
used, where labour cost is low.

Batch digesters vwith direct heating against continuous
digesters in this particular case are compared below:

a/ A continuous digester being a single unit is dependent

- upon efficient mintcnanco for ensuring availability.
"Ina batch system there are a number of digesters, and
availability of one of them is more secured. The
number of rotating machinery nquiring constant attention
is less for batch system which makes liwlor maintenance.

b/ Continuous digesters require eladorate instrumentation
for control and operation which slso provides better ,
‘ product control and more uniforn product. Batch digesters
on the other hand can be operated with simpler instru-
mentation and the control is more difficult although
not impossible. Systematised charging of digesters and
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accurate control of temperature can provide means

to produce a uniform guality of pulp. As the raw
material fed to the digesters is often varying

with regard to moisture and other parameters, con-
trol facilities must be very flexible to produce

a uniform product out of a non-uniform raw material.

¢/ Steam demand for continuous digesters is uniform
and low whereas for batch digesters it is fluctuating
and high. More efficient use of relief gases for
preheating the cooking liquor can reduce steam demand
for batch digesters. The steam peaks can be evened out
by judiciously spacing digester charging and heating
cycles.

d/ Continuous digesters require less floor space and less
building volume. This advantage of the continuous
digester - although quite considerable - is largely
offset by higher machinery cost. As machinery is to be
imported it represents foreign exchange requirement
which is scarcer than local currency.

e/ Continuous digesters are more competitive from installa-
tion cost point of vicw for larger units. At low capa-
cities continuous digesters are more expensive than
conventional batch digesters. Other factors, however,
play a major roll in the decision like requirement of
very efficient washing which is nowadays demanded by
environmental pollution laws.

Fatch digesters should be provided with forced

circulation system in order to achieve uniform temperature
throughout the digester. Normally a force circulation '
digester is also equipped with heat exchangers for
indirect heating of the cooking liquor by steam. This

is advantageous from the point of view of overall steam
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econonmy but the capital cost is fligher . lioreover, scaling

often gives rise to
operational problems particularly wien th

to be pulped iz not very clean.

of the heat exchanging surface

e raw material
veposits of gilica and
chips give hard scale
Ccleaning of the heat
exchanging surface, which means a

<

other material accompanying the
requiring constant and frequent

snut-down.

The disadvantaces of having direct heating, i e
& g,

injection of steun in the circulatin liquor is the

“he equivalent amount of water
will have to be evaporate

dilution of the liquor.

d in the ¢vaporation plant at
a later stape requiring extra steam,

The above argumente are valid f

or material, which has high
bulk density such us Neod

bamboo, etc, where the density
is of the order of 150 to 200 kg BD/m3.

Agricultural residues Llike straw, bagasse, jute sticks, etc
have a low bulk density of the ord

er oI 100 to 120 ks BD/m3.
This means high digester volume in relation to the capacity.

It is for tnis réason that contiruous dige:

sters are more
favourable for this type of raw material even for low

capacities of the order of 25 t/24h and above.

Persson (9) in his paper gives very clearly the background

for utilization of Straw as a raw material and also illustrates

the new continuous process HF-method (Hejbygaard Fabrik),
where the diffuser develored

for sugar extraction from beet
by the Dannish Sugar

Co Ltd is used. The process yields semi -
‘chemical pulp at atmosphere pressure. It may be possible that

by addition of feeders at the inlet and outlet of the diffuser

pressure digestion a.d washing can be conveniently acnieved.
Figure 3 illustrates the system proposed.

The other available systems like Celdecor-Pomilio process,
Pandia digester, Defibrator digester, Kamyr Digester, ete
are all considered to be more capital intensive than the
HP-method. One of the major advantage of this HF-method is
that washing is also performed immediately after digestion
similar to Kamyr unit. For high tonnage the Kamyr system, as

illustrated in figure U4, is more suitable than the HF-method
°F any other available mygbod.
. .. ‘M‘ ‘
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Washing and Screcnin

Normally tne pulp after dipester is to be blown to a blow tank.
In order to ro. ver wteam the digester should be set at relief
and tne proes e Lecusht down before blowing is commenced.

The larpe (aount of “team released during the blow should

he recov. v 1 by 2 bhlow acar recovery system. The major

quantity o b1 oW condensate can be dircctly used as

hot wate o o washinT vne pulp, while only a small quantity
Feed Do Lt O sonabood aiieeotly to glve clean hot water for
Lle 2o 3 o .0 repcirer.ist. banald washing of the pulp should be
de. o proetoor ouly oonocrecned pudp. This would reduce requirement
of an extr: washer or lecker after screening. Figure 3Ashows

o ocampliftod rer Snect of tne system preposed, where the pulp

io first wan o d

CLo washers in series followed by pressure
screenin,, 4,3 4 ‘hird washer. Ail washers should be placed
at o hipgt tloor ouel, unich would enable pulp to proceed

direct U i denoLty o otorasc withouu any high density pump.

[+ Se o o oeiand o rxve lagw storap2s Ao tuffer between
depuartmerits anc portivularly so when batcn system is adopted.
Stordage voLulies dle reasonably cheap vhicn contributes to
better operation ani wicer operational flexibility in a system.
The materiail of ~onstruction for tne blow tank, screen and
washers can preferably be carbon steel for aulphate and soda
process. or NSHC Lhe blow tank can be of carvon steel but the
washers stou:d be preferably of stainless steel. iAll filtrate
tanks can L of varbon steel and inside painted with epoxy

to reduce corvesoon,

3/ DBleacning

The requirement of final brightness in paper seldom exceeds

80 to 850 GE. In case of an integrated mill wnere the bleached
pulp is directly processed to paper the brightness drop is
less compared to when pulp is dried and then processed in a
separate paper mill.

Smme———
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Bleaching should be done in three or four stages in the
following sequence:

Chlorination - Alkali gxtraction - Hypochlorite

Recently considerable work is being carried out for the
bleacﬁing of pulp by oxygen, which - it is hoped - in the long
run will gain ground. The equipment cost, however, for such

an installation is rather high and the development is still
considered to be in the experimental stage. Therefore no
consideration is made here for oxygen bleaching. Chlorination
of pulp is quite problematic in the warm climates, where
normal water temperature is above 30°C. Maximum degradation
also takes place in this stage mainly due to the large
variation in temperature from the winter to the summer months.
Efforts are now being made to find a system of gas phase
chlorination, which would reduce the reaction time and will
also consume less water. In order to overcome the problen

of chlorination it is proposed that the chlorination should

be done in a short retention upflow tower followed by downflow
tower. Tnis will provide means to control the reaction time

by varying the level. aAll the following bleaching stages
should be in downflow towers and this will avoid the use

of high density pumps. All filters will be placed at a

high level for achieving gravity flow to the towers. Simple
volumetric measurement of inflow pulp to the chlorination stage
followed by level control in the intermediate towers will
ensure constant condition. Figure 5 shows the flow sSheet of a
3-stage bleaching plant.

Considerable saving in equipment cost can be made by adopting
~ & batch system of bleaching as shown in figure 6 by one
upflow tower, one downflow tower and one washer. Bleaching
sequence and condition as per tnple V1.

Stage Concentration Time  Temperature
_ 2 ' minutes ©OC
Chlorination 3.5 ' 60 20
Extraction 10 120 60
Hypochlorite 10 120 35
Hypochlorite 10 120 35
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The unscreened pulp is metered and chlorinated, which rises

through the upflow tower. When chlorinated stock starts
overfiowing into the launder it is piped to the washer and
the stock feeding is discontinued. Chlorine stage filtrate
or fresh water is then injected at the tower bottom, until
all the pulp is displaced. The rate of dischargze is controlled
to avoid too long or too short chlorination. The stock is

to be washed witn hot water 70°C and caustic soda is to be
added. Tic alkali extraction stage is carried out in the
dovnflow tower at high consistency. Pulp is diluted at the
tower bottom and washed on the washer. The hypochlorite stage
follows similarly but the temperature of wash water is
adjusted to 300C for attaining 35°C in the hypo stage.

The transition from the chlorine to alkali and from alkali
to hypo stage 1is casy to recognize for changing operating
condition of the uasher.

T,e washer is to be placed at nigh floor level for allowing
gravity flow through the tower without use of additional pump
and also for direct conveylag to high density storage.

The material of construction for the bleaching towers should
be rubber lined carbon steel or tile lined concrete, whicheve
is found to be cheager. All major piping should be made

of PVC and fibreglass reinforced peolyester. Agitators and
pumps should be lined with rubber and/or plastic to maximum
extent. Minimum use of stainless steel will reduce investment
cost :onsideravly. /loreover repair of plastic equipment would
be simple as they require less elaborate working tools.




Paper ilaliing

The economic condition of the develﬂolnw countriecs

malnly supports the consumption of :ac cultural papers, i e
- newsprint, writins and printing. Taole VII illustrates

the forecast of consumption (1975) of diffeveny mrades

of paper in S.E. Asia (10) bas>d on an income Lrowth

of 2.5% per capita and year

- — e — . P -~ werme . -

Table vu :
Grade of paper Percentage ;
- Hewsprint 21 f
- Printing & 37 £

Writing ,
- Other paper 17 I
- Paperboard 25 f

j 100 |

The furnish for newsprint is normally 00} groundwood

and 205 unbleached sulphite or semibleached kraft., The
furnish for writing and printing varies widely, but is
exclusively from bright Pulp. Tae non-integrated paper
mill has wide flexibility in chosing pulp for making paper,
while an integrated unit is bound to the quality of pulp .
produced in the pulp plant. Admixture of small quantities
of pulp or deinked waste paper from outside source,
Fowever, gives required flexibility in an integrated paper
nill.

Paper making operation can be divided into three distinct
sections, viz. stock preparation, paper machine and finishing.

' Tho'distributi@n of machinery cost within these three
sections is, roughly, as shown in table VITI. This distribution’
is based on fine paper mill.
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Table VIII

? Cost, %

s al/ Stock preparation 20

| b/ Paper machine 65 ~
1¢/ Pinishing 15

The stock preparation section comprises refining of virgin fib:
proportioning of broke, size, loading, chemicals, stock cleanil
and screening. The type of equipment to ve cnosen for refining
is dependent upon quality of pulp and final quality of paper
to be produced. Pulp from hardvood and agricultural residues
require special treatment in order to utilize the specific
inherent properties of these types of fibre. Algar (11) points
; out that strength development characteristics of eucalyptus Kkr
pulp and probably of short-fibred pulp in general are depender
upon type of beating action employed. Jormally higher speed,
narrov close spaced tackle, multiple ped plate and higher

T ——

concentration provide increased opportunity of strength
development of short-fibred pulp.

Disc refining of pulp at medium concentration (10-12%)
immediately after the bleach plant washer provides a
simple arrangement for prerefining of stock. Prerefined
stock can thereafter be stored at (10-127) consistency

in the normal way and withdrawn from the tower bottom

at suitable consistency for final beating. The arrangement
by is shown in figure T.

Power consumption in the prerefining stage -should be of
the order of 505 of the total refining energy. Normal
design data for this stage should be 125 kWh per ton.
Further refining of the pulp should be done in the

. consistency range of 5-3% in conical refiners. This
arrangement will enable the paper maker to vary the
refining within wide 1imits and at the same time utilize
simpler installation.

e ——
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Simple overflow systems should be used for controlling
pulp flow. A simplified arrangement is shown in figure
(8). Simple control system for proportioning broke,
size, stock and consistency control cives ease of

maintenance and low cost of instrumentation.
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Tie poper 'oooone 1 the most capital insensitive single
mactiine oo ol ot raper mill. Che machine alone
reyrecont. o by 20 of the total muchinery cost of a
pul - olg o o il sae Jdistritution of capital and
operaliry .t 1t o tnree sections of @ paper machine,
wire oot lon, pr et ion and dryer section, i8 shown
IRRTR X

- . - e e e e
Tat
i
|
poeetion Soof ,oof » of
‘ TdOhL e operating water removed

S cont

‘n’u»- e 30 g7
(Ere g 22 20
!Dryer b2 HU
Due to Lovw cort water removel 1o the wire section and

increased stireos

on sheet unitormity new neadbox design
has bLeen evelved. whicn coperates at lower consistency
for achieving J.uproved formation. This has triggered
development in tue wire section for increased

drainage and has resulted in new hign capacity drainage
systems. High cost of water removal in the dryer section
has brought forward new design of press, which gives higher
Therefore

dryness. Bilg macnines cannot afford down time.

suction transfer has become a standard unit. Machine down-
time excceding %-6% for breaks etc is today considered
uneconomical. Speclal designs have been evolved to reduce

wire and felt change in ‘he machine.

The paper machine is not a single machine but a number of
machines put together to work in exact pace with the pre-
ceding and following unit. During the last 30 years
enormous development has taken place in paper machine,
although the basic design remains the same. Despite all this
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development the paper machine is perhaps the only major
machine in a pulp and paper mill, which has departed from tae
rule of economy of size. The price of the paper machine

of various types varies within narrow limits. A standard
fourdrinier machine with UNI press and conventional

dryer section with calender and reel is priced for

different width and shown in figure (90). The effecct

of wire width on price is so pronounced in the width region
of 7 m that from the standpoint of machine cost it would be
cheaper to buy two machines of half the width rather than one
single machine. However two paper machines would require
50-60% more operating labour and more floopr space. Preference
for one unit is more dictated by labour cost than any other
factor,

These arguments are mainly valid where labour cost is high
and building cost is 50% of the machine cost, i e
industrially developed contries. For the developing
countries the problem is different. It is more important
to buy cheaper equipment at the cost of increased labour
and higher building cost. Moreover, as maintenance is

more time-consuming due to lack of tools, gadgets, spares
and skill, one-machine mill often suffers more loss of
production than a multipaper machine mill. '

Industrially developed countries are today faced with
problem of labour shortage and high wage rate. Mills are

- therefore anxious to replace number _og‘ small machines

by one large unit. This has resulted in eax;ly replacement

of paper machines, which are far from obsolete. ilumber of
paper machines below a trim of 80-100" are now operating
under great economic strain in all the industrially developed
“countries. The used equipment market is soaring with

old paper making machines and other ancillary equipment.

- The price of old machines are difficult to judge and they
vary depending upon their condition and age.
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Figure 10 shows two curves used by valuers and insurance
company for assessing vresent worth of macihine derending

upon age of the machine and original price.

Stenberg (12) pointed out that there is little risk

of revolutionary change in a paper machine design and

that the effective life span of a machine can be increased
by rebuilding sections of paper machine. Life span of
paper machines is ol the order of 50 years. iMany

of the old machines are today running at double the
original speed after major rebuilding.

Substantial saving in capital investment and on strean

line can be accomplished by 'composite concept . AYF mill
reports (13) $ 300,000 to 400,000 saving in capital invest-
ment on a 75 t/24n cerrugating machine by using this concept
which means that the machine incornorates ncw, used and
remanufactured components in a unit specifically designed

to fit the mill.

Small scale paper nill can be built exclusively by using
second hand machinery at a considerably reduced capital
cost. Revamping of a paper machine wet end by installing
8 new headbox and a new dewatering element will greatly
improve quality and production capacity

The press section can be modified to improve dewatering
capacity. By installing an enclosed hood over the paper
machine and blowing hot air, the capacity of the dryer section
can be increased considerably. idew drive for the paper machine
may be necessary to boost the production. All these steps

can result in a low cost paper mill unit, which will proceaa
either purchased pulp or deinked waste paper.
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Hewsprint

Newsprint is a trade name of a paper, which has Lhe following
inherent properties:

a/ It is cheap - thererore after use it can be discarded

b/ It withstands = rotary press tension

c/ 1t receives and absorbs printing ink

d/ It is opaque so that both cides can be printed without
show through.

dormally newsprint is made from gsround spruce 807 and
unbleached spruce sulphite 20j.

For the developing countries spruce is a scarce raw material.
Tnerefore newsprint is normally not made except under special
conditions like Pakistan using 'Sundari' & Gewa, India using
"Salai , Brazil & Australia using eucalyptus. Considcrable
attempt has been made to produce newsprint-like paper from
bagasse by various organisations, out no commercial venture
has yet been launched.

The following processes are available.

a/ Simon Cusi

b/ Crown Zellerbach
c/ Aschaffenburger
d/  KMW/Defibrator

Capital as well as operating cost for all these processes
was rather high, which is one of the main reasons hindering
commercial enterprise. '

',Baga'sse as coming out from crushers in a éugar mill is
reasonably white. The colour deteriorates during storage in
the outer layer of a bale and also sometimes inside the bale.
Biological activity due to presence of sugar is the main
reason of colour detoriation.
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One of the wosoible methods whien KMW did suggest for Kous

! newsprint project was drying ahead of baling. This is a

{ cestly oporiticn und 19 effeetive only in a dry climate

t like iyt
A possivic variatics suryested is wet bulk storage with
chemicals no that the pl is brought down under 4 to avert
crowth o icrecrr onisn.

i Nz-sulpulte liquor can ve used as shown in figure (11).
A possoble variaton 13 to store pretreated bagasse in
loose form inside an cnclosure of the type of a tent with
dark coulour to unsord heat. Prolonged storage will result
in a slow delipnification at low temperature.

The treated vagusse can then be quickly heated and refined

z under proescure to yield a pulp suitable for making newsprint-

4] N . .

A like paver as regzards the premises set forth excepting opacity.
A

Paper machine desiron should take care of low retention, low
wet strength, nigh press sticking tendency and high fluff
production.
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5/ Recovery section

This section will be identical for soda and sulphate. Normal
multistage evaporation should be adopted for evaporating

liquor to 55-50% solids. It is assumed that the type of

raw material used does not give any soap and therefore no
skimming is required. The liquor at 55-50% solids is to be
fired in a stationary reactor for pyrolysis under reduction
atmosphere. The pyrolysis reactor designed by SCA/Billerud

(14) converts all sodium salt to Hazco3 and C. The main advantage
of this system is that no smelt is formed and the heat recovery
is by use of a waste heat boiler and a conventional gas-fired
boiler. Figure 12 shows the simplified flow sheet for NSSC

recovery and figure 13 for sulphate recovery. |

The economy of a sulphate mill lies in the efficiency of the
recovery section. This factor is all the more important for

mills in the developing countries where the chemical costs

are high. For ammonium base neutral sulphite process this
problem is solved by converting the waste to a salable product
and thereby recover a good portion of the cost. However,

the main pulping chemical in such a case is sulphur, which

is lost in the system.

Recovery of magnesium base liquor has been much more simplified
by fluidised bed reactor (15) and is shown in figure 14.

Utility

The utility section differs according to the pulping processes
used. Table X shows the comparative figures of the different
processes. These figures are very average and cannot be
considered as binding, but they are quite realistic figures.
Figure 15 shows power & heat balance of the integrated mill,
based on sulphate process and figure 16 based on ammonium
bisulphite process.
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STEAM BOILER : Lo t/tp 12kg/ c"f, — Bqﬁi ester
Z 600 kW/t.p.
Available by product
power .

POWER REQUIREMENT 450 kWh/ t.p.
STEAM REQUIREMENT 55 ton/tp

ANS PROCESS PULP-FLASH DRIED
POWER & HEAT BALANCE

FIG 16
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Table X : |
Utility:

Bl.kraft Paper mill iewsprint Unbl.sulphite

pulp with int. pulp

bl.kraft
Steam t/t.p. 5 L/ g 2/ Y ' y ;
Power kWh/t.p. 500 2/ 1500 >/ 1600 300
!

Water m3/i.p. 100 /150 ¥/ 150 200

1/ Net requirement 1 t/t.p. as recovery gives 4 t/t.p.
2/ Net requirement 4 t/t paper.
3/ By-product power not accounted.

L/ Very closed system for reduced pollution
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Concluding remark

It is found that the investments made and the type of

equipment chosen for many of the new installations of pulp

and paper mills in the developing countries are not economically
Justified. This is due to the intricacy of financing these
Projects. Normally a lump sum contract is placed with one
supplier who can offer deferred payment conditions. Equipment
manufacturers are seldom interested in dealing with the

second hand machines and machines outside their own scope

of manufacture. It appears that credit conditions are often

the determiring factor and all technical considerations are

of secondary importance. For the low cost pulp and paper mills
to be a reality the technical aspects must lie in the foreground.
Judicious thought should be given to secure Second hand machinery
for the major item like paper machines, turbines, etc which

can be easily dismantled and conveniently reerected. Modi-
fications and integration of modern improvement of the

second hand machines can also be done before shipment so as

to fit in the total picture. Use of second hand machinery
requires elaborate design of the total system, which requires
thorough knowledge of machinery and process.

Management of such a project should be in the hands of
competent people and as long as there is dearth consulting
firms should engaged. It is hoped that special cadre of
consultants are coming forward for this type of work

‘Where system solution as well as adapting old machines to a
new system are the main duty.

The opinions expressed in this paper are the author's
and do not necessarily mean that it is shared by KMW, !
g;though KMW has largely accepted these reasonings. I thank
‘the.managementhof KMW for entrusting me with this duty,

which has been more a pleasure than anything else.
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