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ENERGY CONSERVATION '''1 THE PULP AND PAPER
INDUSTRY IN INDIA
IDe. Ab•• lsh P •••••

Oir.ctor (Technical)
Hindustan Paper Corp. Ltd.
CALCUTTA

In any country energy is a critical input xor production and
conl3umptionactivities in the developnent of economy. In addi-
tion to capital, land and labour, energy is the fourth factor of
production. The concern for developnent of economyin the country
has created great interest in the global energy resource inven-
tories and in their availability. The global oil and gas resources
at the present rates of increase of production and consumption
wouldget exhausted in approximately 50 years' time.

•
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Table -1•.gives energy consumptionof pattern in Indian in different
sectors. The Industrial sector is the second largest consumer
of total energy. both commercialand non-commercial, acconting
for nearly 30 % of the total energy consumption. The industrial
sector consumesabout 40 " of the total commercialenergy. This
is equivalent to 80 million of coal per year. Thus, the indus-
trial secto~ is the largest consumerof commercialenergy in
the country. Of the energy resources in our contry, they are at
present as follows:-

Coal :
~lectricity' :
oil :

47 "
45 "8"

Over 50 " of the commercialenergy is used by the following six
industries:

Steel 24.4 "
Textile 9.3 "
cement : 8.6"
Fertilizer: ~.5"

Brick maing: 4.9 "
Aluminium' : 3.3"

According to the latest long term prognosiS conducted by

the F.A.O.,the production of paper and board in the world would
be of the order of 256 million tonMs in 1990. It assumesan,
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annual increase of 3.7 %. Thus, to meet the overall demandof
paper and board, it wouldbe necessary to set up every weekan
additional capacity of 1,00,000 to 1,50,000 tonnes of paper and
Board. The world consumptionof the pulp and paper board during
1970-77 and the estimated consumption from 1975-1990.

Xngenera~, the growth in the economyand the increase in demand
of energy are co-related. Figure-2 shows the dependenceof GNPper

I

capi ta and the energy consumptionper capita. As indicated in
this figure, countries with higher GNPper capita have muchgreater
demandfor energy per capita.

Xnour country capital is a scarce commodity. India depends to
a large extent on foreign capital for newinv::::stments.The gene-
ration of more energy by installation of numerouspowerhouses
from conventional and non-conventional energy sources are in the
offing in our dountry. To help the Governmentand the Xndustry,
we must find out meanso.f reduction of energy consumptionper
unit of production. Pulp and paper industry has an important.
contribution in this regard not only 1n the national interest
but also to safeguard its continuous growth by wayof higher pro-
fitability and reasonable cost of production.

The energy bill for the industrial sector in Xndia amountedappro-
ximately to Rs.8,000 crores during the year 1980. The elec~rical
ene~gy in terms of kilo calories constitutes about 1'0" of the
total energy consumption and the th,ermal energy coal and oil cons
titute 89 % and 11 % respectively.

Based on a survey carried out by National Productiv,1ty COuDC·il,
the paper induStry has an annual energy bill of as 200 crores
ifhich iiS approximately 2.5 % of the total industrial sector energy
bill. Although the pulp and paper industry does not occupy a very
crucial position in the ov~rall industrial energy bill of the
country like textiles and cement, tbe importance of energy cost
in relation to unit weight of the product is higher for paper than
for the textile industry as would be evident from the table below.

o

o
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Sector AnnualproductJ.on
Textile 4000xl06

metres
22xl06
tonnes. 6l.87xlO
tonnes

Again the energy cost in b per k.g.of product is much higher than
that of cement. The figures below indicate the comparison of
energy costs in Re/tonne to product of cement and paper.

cement: b 280
Paper RsllOa

This indicates that energy is an important and critical i9PUt
for the paper industry.

Annual energy cost
in·esCrores % Energy cost to

cost of manufacturing
624 11

Cement
395 40

Paper 187 18

The capital demand and the operating costs for energy supply aDd
for environmental control are now rapidly rising in the pulp and
paper industry. Grea't efforts must be made to find energy savinq
technologies and loss costly solution to the energy control prob-
lems. There are no ~ick answers and therefore the dwindling
fossil fuel and the regulation for a cleaner environment are
li.ely to put strain on the industry in future.
Elesewhere in the Western world and more particularly in the
Nordic countries, COnsiderable efforts are being made to find or
make use of alternative eource of energy supply. Modifying the
process technology through better design of equipment and systems
and increasing the energy consciousness through propaganda and
education are crucial for conservation of energy •.
1. INDIAN PAPER INDUSTRY
The Paper industry in India has made considerable progress since
the 1ns~llation of the first paper mill in 1832. Its present
annual installed capacity is 2.165 million tonnes. Of the total
number of 223 units, about 24 units are with an annual capacity of
abJut 24 units are with an al'lY'lu..al c.apac..\~ of
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l't\~ tban 20,000 tonnes/year, constituting 53 % of the total
ilasblled capacity. The r-rpak up of the capacity of various cate-
gories is as follows:-

Category

I.Units having cap~city more
than 20,000 tonnes~year

II.Units having capacity more
than 10,000 tonnes and upto
20,000 tonnes/year

III.Units having capacity more
than 5000 tonnes and upto
10,000 tonnes/year

IV.Units having capaci ty more
than 2000 tonnes and upto
5000 tonnes/year

V Units of 1 to 2000 tonnes
per -year capacity.

2. DEMAND

o
No.of Annual Installed
Units ca12aci!:I.

24 11,72,360

13 1,68,300

60 4,99,475

65 2,30,420

61 94,545,

..lll 21,65,100
•

ACCording to the survey report prepared by HPC, to forecast the
demand for paper, paper boards and newsprint till the end of the
century, ,the principal findings are as follows:

Year Aggregate Demand for
Pa;per" Pa;perBoard

1,409
1,482
1,909
2,459
3,168

1984
1985
1990
1995-
2000

(Tonnes'ooo)

Newsprint.
293
305
371
452
550

In view of the financial constraints and of limited availability
of forest raw materials, the future trend for meeting the demand
for paper and paper board would be by way of expansion and mode-
rnisation of the existing capacities as well as installation of
small and medium mills utilising the secondary and other agrt-
cultural residues as raw materials.
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On the other hand, the demand for newsprint is estimated at
3,50,000 tonnes for the year 1984-85 which is slightly higher
than the demand forecast in the. survey report.

There are only fo~ units, ihcluding HPC's subsidiary(Hindustan
Newsprint Ltd) producing newspring I

TOTAL

Installed capacity
75,000

80,000
75,000
40,000

270,000

NATIONALNEWSPRINT&t PAPERMILLSLTD
HINDUSTANNEWSPRINTLIMIT
MYSOREPAPERMILLSLIMITED
TAMILNADUNEWSPRINTLTD

•
India bas been a traditional importer of newsprint. In spite of
the above indigenous capacities, lndia would continue to import
newsprint at an estimated foreign exchange outgo of about 1200

millions per annum, unless new indigenous capacities are created
to achieve self-sufficiency.

3. PRODUCTION

ProduCtion during the year 1983, was 1_178 milliontoones of paper
.nd paper board indicating a very low percentage of capacity uti-
lization viz. 61 % of the then installed capacity. Of the total
production of various grades of paper, more than 50 % constitute
writing .and printing papers.

.•• ENERGYCONSUMPTIONIN INDIANMILLS

•

The specific energy consumption of steam and electrical energy of
a pulp and paper mill depends mainly on the basic concepts of the
mill design, choice of the processes and eqaipment and in8talla-
tion of captive power generation. The specific energy demands
of an Indian mill is high compared to a modern mill in Europe
or America. Table-2 gives a comparative picuture of energy con.-
sumption between an Indian Mill as compared to a Scandinavian
Mill. A modern mill in India consumes 70 " more heat energy and
7 % more electr1.cal energy per tonne of paper as compared to that
of a Swedish mill •

•
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•Description Indian Mill SwedishMill
(1980-81) (1979)

I. Purchased Energy(M.KQal):
(i) Fuel
(11)Power

9.37
0.7910.16Total

II. Fuel Sources (M.Kcal) :
(i) Purchased fu el
(ii) Internal fuel

(B.L.',Bark, etc.)

9.37
4.58

Total 13.95

III.Fuel Utilisation (M.Keal):
(i) Steam cycle and Processes
(ii)BaCk pressure power

Total

IV. Electricity:
(i) Purchased power
(ii) Back pressure power.

918
658

Total 1576
V. Back Pressure po er generation effi-

ciency, " 22.8

3.53..!sl6
~9

3.53
4.65
8.18

7.38
0.80rm •

902
787-1689

•

85

Note: B.L. - alack Liquor.

During the recent years in SwedenWherethe eDergyawareness 18
very great, the specific energy consumptionto pxoducebleached
kraft pulp in an integrated pulp and paper aill 1s 12 GJ/
tonne for steam and 2.1 GJ <580 KWH/tonne)for electricity giving
a 'b?tal energy requiranent of 14.1 GJ/tonne for pulp. Similarly
the. energy oonsumedin converting pllp into paper is 8.5 G.J/
tonne for .uam and 2.74 GJ/tonne (760 lQti /toane) for
electricity.Thus the energy conaumptionfor the pulp and paper
mill together is 20.5 OJ/tonne for ste_ and 4.8 GJ/tonne (1340
KWH/tonne) for electricity giving- a a total of 25 OJ/tonne•

.-
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Table -3 gives the specific energy consumption of steam and power
of also various mill in India.

TABLE-3
-" .. '. ..' Mills Specific Energy consumption

Steara per tonne PowerKWH/tonne)

•

A

B

C
D
E

P
G

H(Speciality Paper)

11.6
16.9
11.6
13.0
10.5
20.0
17.4
10.2

1305
1520
1710
1949
1576
1873
1947
2750

The'percentage of captive power generation varies between 23-
100 ,,~ The operating efficiency of energy conversion in a typical
Indian integrated pulp and paper mill is 58 " as against 76 " in
SandiDavia. The specif.ic steam consumption varies from 10.2 to
17.4 tonnes of paper and the specific power consumption from
1305 to 1949 KWH/tonneof paper.

A decline in capacity utilisation automatically leads to a poor
utilisation of available energy as the minimumenergy demandof
each sectiqn of the mill getd distributed over a lower volumeof
output. Secon~ly, frequent power cuts, load sheeddings leads to
wasteful use of energy.The energy consumption figures have to be
considered from the prevalent national scenario of power position.

The break up of steam coDSumptionper tonne of paper of a typical
Indi~ integrated pulp and paper mill is as follows:

~-- 1
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1.Digester House:
2.Bleaching
3.Evaporator
4. Causticizing
5. Peed Water Heating.
6.Auxiliar1.es.
7. Paper Machine
8. Miscellaneous

2.00
0.20
1.72
0.62
1.lS
1••3
4.00
0,50

11.62Total

Steam from Slack Liquor solids:
Steam from Auxiliary Fuel

•• 50
7,12

l!.:§lTotal

s, STEAM GENERATION

Most of the boilers in the mediumand large paper Mll~s are of
spreader stoker type. The pressure of steam various frca 40 KG
to 62 KGand the capacity of the boilers vary widely ranq1ng
from 10 tonnes/hr to 85tones/hr. The fuel efficiency of ste_
generation varies widely depeDdingon the t¥.Peof boiler and
the control systems installed in the boiler house and also the
quality of coal. Generation of steam per tonnes of coal var.lea
between 3.0 to 5.2 tonnes.

•

In s~ of the recently installed paper mills use Qf fluid1.sed
bed principle for burning coal has been ini t1ate4 where the thermal
efficiency aremuch-higher_of the order of 80 % comparedto 65-70 %
in a stoker fired boiler. '!'he fluidised bed technique also enables
to use low grade coal with high ash content or ord1.narycoal witil
high percentage of fines and also uses waste materials generated
in the pulp and paper mill. '!'his would naturally reduce the coat
of production of steam. In the recently installed mills, great
efforts are continuo~sly being madeto select and adopt energy
hsaving techniques.

~--------- -. ---



•
•
••

•
'-)·.

279

DESIGN AND SYSTEM DEVEIDPMEN'l'S 01' PULPIR:; AND PAPBR.
MAKING EQtJIPMEN'l' FOR REOOClION OF ENERGY·OONSUMPTION

Por preparation of chemical pulp, the cellulosic raw materials
are chipped, treated with chemical's and ste_ under pressure
in digesters for pulping, washed. freed of dissolved materials,
screened, cleaned and finally bleached. The bleached pulp
is further processed in Stock Preparation and made into paper
in Paper Machines. '!'he waste liquor .obtained by washing t.ae
digested pulp, called the 'Black Liquor', is concentrated in
evaporators and burnt to recover chemicals and to generate
steam.

The total demand·of heat and electrical energy of a pulp and
paper mill depends on the basic concepts of mill design aDd
choice of processes aDdequipment. A mill mayhave a captive
power generation plant to meet its full demand, elaborate
effluent treatment plant, captive plant for generation of
Vaustic andCh10rine and other bleaching chemicals; captive lime
burning or reqeneration plant or an elaborate Bleaching System.
'!'he total steam and electrical energy demandwould therefore,
differ from mill to mill depending on whether the mill inclu.es
the above concepts •.

Further, mills with simil~ concepts would also differ in their
total energy demanddepending on the ,choice of equipment and
processes. A comparison of figures of consumption of ste.. and
~lectr1cal power of mill should therefore, be viewed vi th great
care for assessment of their technical efficiuc:y. Whatevermay
be the consumption of steam and electricity, there is definitely
great scope for reduction of the total energy daaand of pulp
and paper mills •.

This note analyses howa large mill can re4u.ce its heat and
energy consumption by incorporating modern .ystallS and new
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designs in pulp and paper making operations of the following
areas:

"6.PULPINGaUse of continuous Pulping in place of Batch
PulpingSystem,

7.BLEACHING:Adoption of Displacement Bleaching in place of
Conventional Bealching in towers and rotary drum
filters,

a.BLACKLIQUOREVAPORATION:
a) Use of Falling Film evaporation in place of Rising

Film Evaporation
b) Inclusion ofVapour Recompression Evaporation for

initial concentration.

9. CENTRtCLEANING:
lse of Centri-cleaners with low pressure drop.

10. APPROACHFWWSYSTDh
1

Incorporation of Double Dilution in Approach Flow System
of Paper Machines in pIce of conventional single dilution,
and

11. DRYINGOF PAPER:
Use of Cylinder Dryers with new Design.

Bffects of energy consumption by integration of pulp and paper
JOi11s and by implementation of Effluent treatment programmes
ara indicate.
6. USEOF CONTINUOUSPULPING\'iI'l'HHI-HEATWASHING

IN PLACEOF SATCHPU,.:L::;.P.:::I.::.NG;:;:....:S:::.:Y:.:S::.:T~:D!:::;:.._

Kraft chemical pulp is manufactured by cooking cellulos~c
raw materials in Alkaline solutions and thereby separating
useable cellulosic fibres for further processing. This separa-
tion is achieved in pressure vessels Where cellulosic raw
materials are treated with chemical and cooking is achieved at
varying temperatures by injection of steam at a pressure.
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Cooking operations in digesters involve loading of raw
materials into the digester, charging the digesters with stearn
and chemicals and after the cooking cycle discharging the cooked
raw materials along with the spent liquor by a systEllllof blow-
ing. This is.a Batch type operation and each cooking cycle takes
six to six and a half hours. Nearly two and a half decades ago
a few firms have developed continuous digesters and ov~r the
years they have been perfected. There are numerous installation
operating efficiently allover the world. Most of the digesters
in India, are however, of Batch-type. Advantages of the continuous
digester over the batch digesters are:

1. Lower consumption of steam per 'tQone of pulp.
2. lA>wer power cOnsumption per toone of pulp.
3. Higher solids in spent liquor giving the advantage

of higher feed concentration ofEvaporators.
4. Lower chemical consumption in cooking.
5. Higher pulp yield and lesser man power requirement

Diagram 1 shows the continuous digester with vapour
phase cooking and hiheat washing adopted for HPC'S
paper mills.

A comparative statement has been prepared indict:ting direct and
indirect costs of the Batch versus the Continuous digester
pulping systems. It will be observed that the capital cost of
con~inuous digester with in.built diffusion washing system as
compared to ~ Batch Digesters with Brown Stock Washing system is
higher.

However, there are definite savings in the direct costs in case
of continuous digester by way of lesser steam and power consumption.,
higher pulp yield and less pulping chemical consumption.

The following table gives a comparison of the various
ac:hnical iJlP1Uo8between the operations of a continuous versus
the Batch digester:

--~------~---- ---
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DESCRIPrION DIGESTER.
BA~ CONl'INUOUS

l.~, l' SteamtrBD
UlibIeachedjpulp

2.Power,K~BD Pulp
(Dlgesterafi VS Washers)

3.Yield of Pulp, % of BDchips
4.Alkali Consumption for

Pulping· ":"a20 011 'EJI)<:hips.

151. 92

1.582 •0.9924

45.6

18.0

56.0

46.0

16.275

The following table gives the sllVings, converted in terms
of money, of Continuous Digester for a production of 376 tonne.
Bane Dry (BD) unbleached and unscreened pulp/day and with 330
working days.

Description •

aJREC'l'COST. 1.Savings in steam(1tI45!T
2. Savings
3. Savings
4. Savings
5. Savings
6. Savings

in po~aI{'30P/KWH)
in Bamboo
in Cooking chemicals
in Evaporation

-,
in Man-Power

Total

INDIREC'l'COST
1.Savings in Depreciation and interest
2. Maintenance, Insurance etc

Total
NE'l'SAVINGSFROMDIRECTANDINDIRECTCOST

Continuous Digester
(Rs.in lakhs/yr)

32.925
36.825
4.56
1.49
8.43
0.62

$4,85

7.38
2.38
9,76

75.19 lac8

Note: Cost of equipment includ!no erection
Batch digester Rs.599.66 lacs
Continuous digester 683,850 lacs.
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The above summarised statement shows that a saving of approx.
Rs.75.0 lacs/year can be achieved by going in for a continuous
digester for a pulp production of 330 tonnes/day or Rs.68/1Dr
bleached pulp.

Lower consumption of steam per tonne of pulp is dueto better
utilisation of steam in the continuous digester system in-
corporating hiheat washing.

- ,
\•

Recent developments of counter-current impregnation and counter-
current cooking would further reduce the specific steam oon-
sumption. ~9Cam ~ ~ tbe prine!ple ~ eeua~eE.G~rreat .~
i:ftt'. '!'heflow of chips is from top to bottom passing through
the impregnation zone, cooking zone and washing zone. Chemicals
and free liquor are also heated to the cooking temperature and
dispersed by recirculation. AS the chip column moves downwards a
Gufficient volume of liquor is withdrawn in cooking zone, so
that there is an upward flow of free liquor, provided by the
cooking liquor and wash water at the digester bottom. At the diges-
ter top, chip and spent liquor flow concurrently.

to

It might be further stressed that the cost benefit in favour
of oontinjous Digester due to improved and uniform pulp quality
resulting in improved runnability of the Paper Machine and hence
lesser breakages, have not been taken into account in the above

calculations. Even then the additional capital investment of
about Rs.82 lacs over that of Batch Digester can be recovered
within a period of 2 years.

The above statement refers to Bamboo Pulping. However,
continuous pulping of agricultural residues is also a cost saving
device •

..-

t
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A few new and modern Kraft Pulp Mills have installed Kamyr
continuous Digesters pf both Hydraulic and Vapour phased ~s

in India.

Most kraft pulping is d~ne with batch digesters. The biggest
drawback tif batch digesters is their relatively higll and uneven
steam demand. One way to conserve steam is by duel pressure
steaming i.,.e by heating the digester initially with low pressure
i.e,. by heating the digester initially with low pressure
steam (50 PSI) and then complete the cooking with high pressure
steam (150 PSI). The stea.;r.compustion can be further red ced
by the so-called Sunds.Ceelleco process in which the free liqaor
is drained from the digester at the en~ of the cook and then taken
to a pressurised liquor accumulator. The digester is filled, then
wi th washing liquor and is then blown by steam from the liquor
acc1lmulator. Fresh steam is used for steaming and pre-heating
of chips. The hot cooking liquor ~s reused to heat the next batch
in the form of black liquor or indirectly by white liquor pre-
heating. In this way, most of the sensible heat of the black
liquor is recovered and refused. The total steam requirement
can be reduced by approx.40 %.

,,-
, .

•
••

AJain in the Rader system, the digester is completely filled
wi th cooking liquor. At the end of the cook, the hot black
liquor is displaced by filling the digester from the bottom with
pulp washing filtrate. The hot black liquor is s.tored in an
acclli~ulator. Lower temperature black liquor is stored in a,
second accum lator. The ~ot black liq !or is used to preheat the
white liquor bi means of a heat exchanger. Thus,. cooking is carried
out by first filling with low temperature black liquor in the digester
then displaced with high temperature black liquor and finally with
pre-heated white liquor. Compressed air is used to blow the digester.
Steam consumption can be reduced by as much as 60 %.

•

•
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• Digester relief is another facctor for hig;1er steam COD-

sumption in batch digesters. Steam accumulators are used in
Scandinavia to save fuel by reftucing swings in steam demand.
The blow steam is used to preheat the white liquor and also in
pulp washing.

7. ADOPTION OF DISPLACEMENT BLEACING IN PLACE OF CONVENTIONAL
BLEACING IN TOWERS" ROTARY DRUM FILTERS

•

Bleaching of pulp is one of the most imporrant operations in
processing of pulp. It is done to remove the colouring matters
and the resideual lignin to make the paper white. Generaly, ,it
is done by using bleaching agents like Chlorine, Chlorine dioxide,
Hypochlorite, etc.in a manner of stages. In the Conventional
system, the pulp is waShed on Rotary drum vacuum filters after
each stage of treatment and the chemical treatment is carried out
in towers. The use of Drum Filters, pumping and circulation of
pulp necessitates consumption of considerable energy in the form
of electrici~y and steam.

An improved bleacing system call the 'Displacement Bleach-
ing has been developed. This bleacning system has been in
commercial operation in USA, Japan and Scandinavia for the last
two years.

In the Displacemen~ bleaching the pulp consistency is
maintained constant while it moves in one direction.' Bleaching
solution moves continuously and transversely through the layer
of pulp. continuously displacing the partially consumed bleaching
liquor containing the reaction products diffused out of the
fibres. The consistency remains constant throug~out the succe-
ssive bleaching stages with different chemicals. The chemicals
in each stage displaceS the chemicals in other subsequent stage.
No ,-"ashingis required between the stages. The pulp is washed
at ~~e end by fresh water at the same consistency displacing
the solution. Maintaining the consiste cy at around 19 % in any

,.

•

•

·r
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number o£sequences of bleaching saves a substantial amount of energy
and still more substantial amount of water in.bleaching washing.

Diagram shows the flow of a conventional bleaching sequence
with towers and filters as well as that of a displacement bleach-
ing system with Chlorination (C)/Extraction (E)/Hypochlorite
(H)~action (E)Dioxide (D)states.
In the Displacement Bleaching the chemicals i,e the bleaching
agents are displaced through the pulp instead of being mixed into
the pulp. This results in fapi~ bleaching. The several stages
of bleaching by different bleaching agents are carried out in
a Single tower in the Displacement bleaching. The advantages of
Displacement Bleaching over the COnventional Bleaching System are:

1. Reduction in Electrical Energy,
2. Reduction in Steam Consumption.
3. Reduction in Water consumption.
4. Reduction in volume ofEffluent d.ischarged aDd

S. Reduction in the cost of Civil Construction due to lowerspace requirement.
The following table gives acomparison of the various inputs

like electricf.cty, steam. water requirement, effluent discharges
~d the building area necessary for the two bleaching systems.

•
..•...,
•

(aasis per tonne of BDPulp) Bleaching System
CONVENTIONAL DISPLAC~EN'l'

,1. El.etri~ity, KW 141.0 45.4
2. Stean, M.T 2.8 0.53
3. Presh water, M3 98.0 17.0
4. Effluent, M3 98.0 17.0
P'2r 330 M'l'aD PULP
Buildi~ area, M2 1640.0 72.0 -~Tower M 5000.0 400.0

•
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• A comparison of the two systems of bleaching in ter.ms of
theu-equiva'lent capi,tal costs as well as 1;heOperational costs
has been give-u below. The capital cost for the conventional syatem
is for two separate streets, each of 165 TPD BD.Pulp while that
of the Displacement Bleaching is for a single .treet of 330 TPD
pulp. The capital coat includes ,the cost of equipment, spares,
civil engineering, erection of the bleaching plant as well u
those of the water and effluent treatment plants for the entire
mill.

•

The cost of water and effluent· treatment pl!!Ultsof the
entire mill has been included in the total costs of calculation
of the two bleaching systems because the new bleacing system
will need considerably less quantity of water and hence result
in le.ser effluent volume and capital cost. The total cost of
investment, would, therefore, reflect a correct picture of the
comparison of two systems.

"l·'

Bleaching System
CONGENTIONAL

(2-Street) (Slngeo..street)DISP~CEMENT

1. Capital cost
2. Operating cost/year
3. iOperating cost/tonne

of pulp

Rs
Rs

11,23,85,120/-
6,47,63,908/-

RS 13,16,67,779/-
Rs 5,46,60,015/-

RS. 594.71 Rs 502.95

•

The capital cost investment in 1the case of Displacement Bleach-
ing. alone is higher by approx. Rs.2.8 crores than that of the
con~entional Bleaching Plant. However, the capital cost of
vater and eff~uent treatment plants for rhe two systems of
bleachiaqwhen taken 'into account will reveal an overall diffe-
rence on 8;ppzOX.Rs 1.9 corres only. This is due to the lower cost
i4vestment in water and effluent treatment plan~ in case of
Displacement Bleaching.

•
II

..
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The operating cost includes the costs of electrical, power che-
micals, steam, repairs and maintenance, depreciation and insu-
rance for the bleaching plants as well as the water and effluent
treatment plants. The depreciation, repairs and maintenance &
insurance are based on the machinery cost while the interest is
on the total capital investment of the particular section. It
would be observed that the operating cost per tonne of paper in
case of Displacement Bleaching would be lower by approx.Rs.93/-
The higher investment cost in the case of Displacement Bleaching
can be well justified by its lower operating cost and in fact
the entire extra investment could be recovered within two to
three years.

•
,

The higher capital investment in the case of Displacement
Bleaching is partly due to better materials of construction which
are mainly Titanium and Hestelloy. These materials, though many
times costlier than the stainless steel, are more corrosionre-
sistant and hence have a longer life.

•
•

Pumping of Pulp stock
Nearly 40..50" of the total energy requirement in a pulp and

paper mill is spent on pumping dilute suspension of fibres.
The plup suspensions are usually at low consistency in the
range of 3-6 %. If pumping can be carried out at higher con-
sistancy/g:Xr 10 ", then a lot of energy can be saved./One
developnent for the design of a medium consistency pump has been
made by Kamyr of Sweden. The so-called MC pump can use the pulp
with a consistency of 10 " and more.

The Kamyr MC pump is basically a centrifugal pump with
an open type impeller. The impeller extends axially into the
pump inlet, where it acts as a tubulence generator and fluidises
the fibre suspension before pumping. In the fluidised stage, the
fibre suspension behaves like water.

•
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The fibre suspension contains large quantities of gas or air
which must be, removed for smooth pumping action. The turbulence
generator also removes the gas Which axially enters a separate
compartment behind the pump housing;. A higher shear field is
created resulting in fibre fluidisation. The gas is discharged
through a vacuum pump system. The degased pulp improves the pulp
flow and pressure stability on the discharge side of the pump.
This pump has been used to pulp of 12 % consistency from a
thickner outlet to a storage tower and also from a high consistency
tower to another place. The reduction of energy consumption
is considerable.

8 (a) USE OF FALLING FIlM EVAPORATION IN PLACE OF RISING FIU1.
EVAPORATION

Chemical and heat recogery systems in the pulp mills are
of prime importance when evaluating plant economics. In the
chemical recovery system, one major area Where considerable heat
and po~r are consumed is the evaporatio.n plant for concentra.-
tion of black liquor.

Multiple-efrect evaporators have been in use for BlaCk Liquor
concentration in the Iridian Pulp and Paper Industry from the very
beginning. Most of the evaporators are either Long Tube Verti-
cal (I!I'V') or short tube types. The rising film mv evaporator
is the overwhelmingly dominant type in use in India.

In a B.L.Evaporator, liquir is inSide the tubes and steam
is outside them. In transfer cf heat from a condensing vapour
through a metal wall to a boiling liquid, the largest and the
dominant thermal resistance is the liquid film. If this thick-
ness of liquid film can be reduced, there would be greater heat
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transfer. One way of doing this i8 to increase the liquid
velocity~ In long vertical tubes, with low liquor level inside
the liquor bubblesfoDned have a violent pumping action Which
causes high velocity. The high liquor velocity is also achieved
by pumping the liquid through the tubes with a positive head.
As the liquor passe~ through the tubes, it boils and the vapour
and the liquid force out to the top of the tubes at a high
velocity. This is known as "Forced Circulation-.

The disadvantages of a rising film ~ Evaporator are:
1. Low heat transfer co_efficient at low bodl.lingtemperC?ture,

and,
2. Low temperature difference.
When these evaporatOrs are used for concentration of Black
Liquor from Bamboo, hardwoods and agricultural residues,scales
are formed as these liquors contain several impurities inherent
in raw materials.

o
1'- ,

•
•

Some of these scales are water solubles While others require
chemical and/or mechanical cleaning of the tubes. The frequency

at which the evaporators must be .taken out of operation for
washing varies from once a day with weak liquors or once a week
with water boiling. ·The high rate of scaling and high frequency
of downtime of washing has been the limiting factor for steam
economy and plant utilisation capacity. In fact it has become a
general practice in India that one of the bodies of a multiple
effect evaporation system is taken out of the system and
used as s standby 'for the cleaning intervals. Thus, a five-
effect multiple effect evaporator is ~ed as a four-effect
one and a six-effect evaporator used as a live-effect one.
This means larger capital investment and higher ateam conswnp.
tion.

•
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Somephenomenawhich contribute to scaling are:

1. Precipitation of organic and inorganic salts forming sludge.
2. Precipitation of inorganic sales of CalciumAluminiumor

Silica introduced as impurit!es in the fibrous rawmaterials.

3. Limefrom Recausticier and water.
4. Deposition of solids due to inverted solubility,
5. Presence of fibre fines in Black liquor,
6. Abnormalviscosity and non-Neutoniancllaracteristics due to

high concentration of solids in Black liquor and
7. Decom~sition of organics and their change ~n the phase

equilibrium at elctvated temperatures and higher concen-

trations.

•

• Someof these phnomenacan be controlled or leiminated~
Hilters, for example, can be used to removethe fine fibres,
impurities can be controlled by the use of better grades of
raw materials, by purging impurities from the mill system 0.1." by

a close control of Ph.

Wbile these measures can be taken, ,somemaynot be economi-
cally justified. A better wayto solve these problems would
be by proper selection and improveddesign of the evaporation

plant.

•

The scaling problemeccure at hl.g,hertemperatures and at
higher concentration of solidS of the black liquor. ones~ple
way is to aaakeuse of fOJ:Cedcirculation whenthe liquor is
pushed up at a greater than normal velocity which itself acts
as the dual role of cleaning and reducing the retention time
of the liquor over the heating surface. There are several
types of high solidS concentrators where forced circulation
is affected. Onewidely acCepted and more effective concentra-
tor is the so called -Horton High SOlids concentrator-. In
Horton concentrator the retention chamberaway£roa the heating
surface is provided where the oxganic col1\ponentsand certain

;,

r
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salts, ~ause of their inverted solubility or a shift in the
ph"e equlibrium, precipitates and grow as sludge particles.
'!'he scaling components are released in the growth chamber and
fOOl a deposit on the existing sludge surface area. By re-
cycliDg the sludge through the heat exchaDger tubes, an
eDViroanent is created where the super-saturated cauponent
deposits on the sludge Particles and not on the tube Surface.
This concentrator has been used for concentrating black
liquor of bagasse, Sisal, Eucalyptus and several other agri-
cultural residues. Due to recirculation the power requirement
is very high and therefore is recommendedwhere the power
costs are comparatively cheaper. Abetter method is to use
the fal11nq film IIrV evaporator where the liquor is madeto
fall over the entire surface of the heating tube. The advant;;..
ages of the falling film evaporators are:

•
..

•
1. Very moderate themal drop needed,pemit'bing smooth.

operation in quintuple, sextuple and septuple effects.
2. Availabi14ty of higher heat transfer coefficients OVer

the long period of time and higher evaporation rates at
the final stages.

3. Lowfouling resulting from wetting of the heating tubes
and absence of local over-heating due to very short I

retention tJae of liquor in the tubes. This is Parti-
cularly advantageous to reduce the scaling problem.

4. A specially deSigned feeding system and the internal
.eparator pro.ided in the falling film evaporator system
ensures separation of the scale foming agents in the
separator itself and prevents entry of the same into the
evaporation tubes, and

S. Flexibility in operation at reduced capacity. The iX>wer
requirement of the falling film evaporator is also high.

•

•

..

-
I
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• There are manyhyb!:'id systems of fallillQ film and rising
film evaporators.

'~
• f

The falling film evaporators thus helps to overcape the
problems of high viscosity and scaling tendenc~es of the liquor.
It is also very attractive from the point of view of min~
capital investment. The lower capital investment is mainly
due to reduced heating surface area. The following compara-
tive table shows the power requirement and the steam require-
ment for concentrating bambooblack liqUor for a production of
1,00,000 tonnes per year paper -.

- - - - - - - - - - - - - - ~ - - -- - - - - ~ - - -
CONVENTIONAL RISIYJ
Fu.K IJN EVAPORATOR

FALLINGlIN
EVAPORATOR

• - - - - - - - - - - -\

1. Power requirement

3. Steam economy, kg of
water Evaporation/Kg
of steam

A.5-Effect
45 KWH

B
A
6-Effect7.5 KWH

A 5-Effect2~,800Kg/hr
B.6-Effect
24, 535 Kg/hr
A.5-1i:ffect4.405
B,6-Effest5.35

157.5 KWli

221,25 KWH
2, steam requirement 30,500 Kg,ihr

25,735 Kg/br

4,303

5.1
- - - - - - - - - - - - - - - - - - - - - - - - - - - -

•

.Since eoale formation is con'Uolled aDd therefore the
frequency of cleaning and shut downie redUced, the falUng
film evaporator has more running hours in an year. Assumin9
~hat 16-effect conventional risinq film evaporator will work
as a 5-effec:t one (oDe body always as a standby) and a 6-effect
falling fillll.IJrV evaporator works with 100%efficiency, the
operaUng cost difference in tems of power and steam will be
as follows I

•

T
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- - ~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
CONVENTIONALRISl!G FALLING FIlIi urv
FlU( m!V JWAPORA1'OR EVAPORATOR •- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Operating Cost/annum
of power and ate.. as. 107,27,640/-

i •

- .- - - - - ~ -- - - - - - - - - -- - - - - - - - - -.- -
However, the falling film evaporator does DOt1I1Orkat

100 % efficiency, as assumed, aDdgenerally the utilisation
efficiency is 85 % of the time in a year and 15 %of time
as a 5-effect one. Taking into consideration this fact, the
difference in operating cost between the conventional rising
film and the modern fall1nq film evaporator system 1I1Ouldbe
around Rs. 7.98 lacs/year or roughly Rs. 8 per tonne of paper.
rhis saving does DOtinclude the saviDg~ due to lower interest
and depreciation of lower in! tial investment of the fa~liDg

film evaporator.

•
•

The~e is cons1derable interest in' eveporatinq ,black liquor
to hiqher than DOrBlalsolidS content in order to improve the
energy balance in the recovery system. The energy advantaqe
of removing more vater at the multiple effect ecoDOlllYin
evaporators comPUed to the removal of 111 economyia another
step in :l.mprovinqthe energy balance in the rec:oveJ:ysystem to
inc:rease solids content from 65 % to 80 %, epproximately,0.45
GJ/tonne 1&needed, but an additional 1.28 GJ/tonae is qane-
rated in the recovery furnace. Of the several equ.ipaent
designs used for high solids concentration of black liquor,
the use of tube and lamella types falliDg filJu eYaporators,
r;l.siDg film evaporators, vapoure6apressor evaporatQrsaDd
indirect steam heated concentrators are in voque. Palliag
film eva'Jorators are very yersatile with high themal effi-
ciency. The PFRevaporators installed in the AssamPulp «
Paper Projects of HPCconsist of 3-pass liquor flow with a
preheating section, a falliDg film section and a rising film
section to concentrate bambooliquor solids from 15%to 50%.

•



•
• 295

• 8. (b) INCLUSIONOFVAPOURRECOMPRESSIONEVAPORATORFO.i\
INITIALCONCENtRATIONOF pLACKLIQt!OR

\ ...•.. ' ... ~

The principle of Vapour Recompression Evaporation (VRE)
haa been widely used in various industrial Qpli~ations.

,

Diagram 9 shows the principle of Vapour Recompression
Evaporator for concentration of black liquor of ,a Kraft Pulp
Mill. The vapour fJ;Omthe boiling liquor is forced throuqh a
compressor to increase its pressure and hence its temperature
and is used aqain as the heating aqent in the evaporator,
wh.re it condenses giving its latent heat. In fact, the total
heat content of one kg. of vapour leaving the evaporator body
18 slightly less than that of the ste. used to heat the
evaporator tubes. Liquor is circulated as a fallinq film and
the oondensate leavinq the evaporator is used to preheat the
feed liquor. One thus gets multiple effect economyin a single
effect evaporator.•

Although Vapour Compression Evaporation has been used in
<evaporation of Sulphite liquor, it has not been USed in Kraft
liquor evaporation.

The compression of vapour requires electrical energy
(drive motor) or hiqh pressure steam(st.eam turbines), Since

'in a evaporator 0 - UxAXT, where 0 represents the flow of heat1
U overall heat transfer coefficientl A
Heating surface area of the tlibes and '1' the temperature differemce
between the heatinq agent and the temperature in vapour,
space in the evaporator body, there must be a balance between the
cost of compression and the cost of evapora+-,ion.

High temperature difference would mean higher compreSSion
ratio and cost While lower temperature difference would mean
larger heating surface area of the tubes •

•

r•
•
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A comparison ot the energy consumption has been made
for a system where the Kraft liquor of a 15 " total solids ('1' .S.)
is concentrated to 50 " '1'.S. in a 6-effect evaporator in one
case and in a Vapour Recompression Evaporator system with 4 sumps
each with pumps in the other oase. The rate of water evapora-
tion is 136,000 Kg/hr.(300,00o 1bs/'hr.) in both cases the
temperatureof the water being 43°C (UOOF).

•
i •

COMPARISON' OF ENERGY CONSUMPTION IN KUI4'IPLE D'FliX:'!'
EVAPORATOR & VAPOUR RECOMPRESSION EVAPORAXOR FOR

KRAFT LIQUOR OONCBN!RA'1'ION '- - - - - - - •.. •.. •.. - - •.. •.. •.. •.. - ... •.. •.. - - •.. - -, - •.. - - •.. - -
MULTIPLE EFli'EX::'1'
EVAPORATOR(HEE)

VAPOUR REX::OMPRESSION
EVAPORATOR(YRE)•.. - - - .. - - - •.. - - ~ •.. •.. •.. •.. - ~ - - - •.. - ... -- - - - - - - ..

Energy demand, Jou1es/ICq
of water evaporation
1bs of Steam/1bs. of
water evaporation

54.7%10
S.8xl05

5
(4.7xlOSJ/Kg)
(200 Btu/lb)

•
•

Electrical IEnergy,KWH/ICq
of water evaporation

0.026 KWH/Kg
(l.2x105J/ICq)
(50 Btu/lb)

--------- .. -----------------
It ShOWS that· energy oonswnption in WE is approx.imately.

1/4 of the consumption i~ MEE. WE thu provides a better and
efficient utilisation of energy.

Whyis it then that VREhas not been widely accepted in
the P\11pand paper industry? Let us see the limitations of
this process.

Kraft liquors have high boiling point rise and are vis_
eeue end often foamy. The fonaer two iDCrease with increase in
the ooncentration of total solids.

•

..
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•

•

For example, whenKraft liquor is conC8ntratedfrom 20 "
T.S. to 45 % T.S. the boiling point rise increases from loe
2.SoC to 5.5°C. A single-stage compressor has a maximum
ration of discharge to inlet pressure of 1.4 to 1, giving a
temperature of 11°C above the boiling point of water. Increase
in the boiling point rise of Kraft liquor will reduce the
overall temperature difference (T). Although, naultiple stage
compA880rs in series operation CaDgive a greater pressure
difference, 1.e. greater T, the capital costs and the operating
costs CUlDOtjustify their use. VREtherefore CaDbe used
to pre-evaporate the Kraft liquor ahead of MEE. There is thus
a limit to the final concentration of liquor due to the boiling'
point rise of high solids Kraft liquor in VRE•

1-:"
\.•

In a mill where MEEhas been installed, warmwater is
obtained from the evaporator condenser. An existing mill cannot
have a VREWhereonly small quantity of cooling water is needed
to condense the vapour in the non-corXlensategas and hence WE
cannot form a source of hot water.

One advantage, ,however, from the effluent treatment
point of view in VRE1S that nearly 75 % of the BOD is in 10 "
of the corXlensate and hence lIOD removal is cheaper.

VREcan be installed in newplants for pre-evaporation
of 'Kraft liquor to be followed ~ a reduced size and numberof
stages of MEE. Existing mills can use it to augment their
evaporation capacity by incorporating ~j where wanD water from
the evaporator condenser is in excess. VREcan he recOlllDo
ended ,-'ttere low cost electrical energy or highpressure steam
from backpre=~ure power turbine is available •

•

•
•
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9. USE OF CENTRI CLEANERS WITH MODIFIED DESIGN

Centrifugal cleaners have been used in the Pulp & Paper Mills
for many years. Centricleaners are used to remove the process
contaminates, like sand, dust, rubber, iron and any uncooked knots,
shives, barks, etc. All types of Centrifugal cleaners look
basically the same. They have a tangential inlet, a central
accept and a reject outlet in the conical part of the cleaner.

•

,

All types of Centriculeaners are based on the same
principle. The centribfugal force creates a vortex in the cleaner.
Due to difference in the specific gravity, the impurities get
a higher settling velocity than the fibres. This results in the
impurities being concentrated near the wall of the cleaner Where they

move downards and are discha~ed at the reject outlet as a
thickened suspension.
During the last few years development in Cleaner design have
taken place to make them more economical. These developments
have resulted in increaSing the cleaning efficiency, reducing
the power consumption, reducing the space requirement and the
maintenance costs.

•
•

A good Centricleaner should have :
1. a high overall cleaning efficiency over a wide opera-

ting range at low power consumption:
2. be able to eliminate plugging,
3. be compact with minimum space requireinent and maintenance.
4. Use material of construction will not wear and siturb

the cleaning efficiency; and
5. allow inspection of the cleaning units and make it possible

to change units during 'operation without disturbing
the production.

To get high cleaning efficiency, the centrifugal force should
be as high as possible. The simple formula:

Fl MxV2/R_ Where F denotes Centrifugal forcel on a particle,
M its maSSI V the tangential VelocitY1 and R the
Radius of the Cleaning Unit. •
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determines the Force. To make centrifugal force high, one needs
high tangential velocity and low radius of the cleaner. It is
also true that higher the tangential velocity, qreater will be
the pressure drop over the unit.

with right dimension and right construction of the inlet
and height of the cleaner, high cleaning efficiency can be
ob.ained. However, high pressure drop increases the power
consumption. If both pressure drop and radius are reduced in
such a way that the ratio v2/R is kept constant, then no
change will occur in the Centrifugal Force F. By using a small
cleaner, lower power consumption can be achieved for. a given
centrifugal force. The nozzle design and the material of cons-
truction of the cleaner are very important to reduce the power
consumption for a given cleaning efficiency. ~he tangential
inlet located as close as possible to the inner wall of the
cyclone ensureS smallest possible angular difference
between the liquid flow floating in the cyclon~ and the flow
entering through the nozzle. There have been several design
modifications of centricleaners giving improved performance.

In a Centric leaner a particle of a certain weight and
size can circulate in a horizontal path due to the fact that
t~e upward component of the centrifugal force equals the
opposite directed component of the hydraulic force. This is
called the level of balance

•

•

A particl~ wears down the cone rapidly and also wears
itself down. This is avoided by having a negative angle way
sown the cone to prevent the above wear. To get a declreasing
radius with a negative angle down the cone, spirral or stepped
cone designs are more successful. In a normal cone the
accepted stock continuously leaves the cone part into the
upward going stream in the vortex. HO'dever, small flows go
back and. hi~ the upward component flow close to the wall. Thus

,•
II

·r



•
o

300

cross flow and turbulances result and the dirt due to these
disturbances s thrown into the upgoing stream and joins the
accepted flow. In the Stepped Cone there is no upgoing compo-
nent at the cone wall and hence there are not cross flows apd
turbulances. This means we can save energy by minimising the
turbulances iin the cone part and also by getting the shaking
action downwards the cone. with no cross flows and turbulances,
the flow rate of the cleaner increases at the same pressure
drop. principle of Trap Cone and
Spiral Cone centricleaning of pulp A SC(Spiral Cone}cleaner
can have a higher cleaning efficiency at a given Feed consis-
tency with a lower reject rate than a flat cone cleaner.

•
'",-, .

The comparison of performance date between the Convent~onal
and improved Centricleaners is given in the foJ.lowing table a

POWER CONSUMPT ION IN CENTRICLEANERS.
" •

DESCRIPTION (x)NVENl'IONAL IMPROVED
DESIGN

1. Pressure Drop 1.4 kg/cm2
(14 MWG)

2. Energy Cost/year
(assuming 1 Kt'ffi costs
30 Paise)#~/1acs 15.4 8.5

3. Feed rate, lpm
primarY
Secondary
Tertiary

81,000
27,000

7,200

70,500
18,800

6,300

The difference in operating energy cost is approximately
Rs.7 lacs per year fo~ 330 TPD ble"ched pulp mill.
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10. IK::ORPOARATION OF DOUBLE DILUTION SYSTEM IN PLACE OF
SINGLE DILtJTION IN THE APPROACH FlOW SYSTEM OF THE
PAPER MACHINE.•
The pulp stock coming out of the machine refiners has

to be diluted to a consistency less than 1% before the sheet
fomation takes place on the machine wire. This is done by mix
ing the machine stock with White water from the white water silo
collected mainly from the wire trays from the paper machine by
means of a pump called the "fan pump" iRmediately ahead of the
centric leaners • Approximately 80"'" of the water and as high as
40% of the fibres and fillers leaving the slice are drawn into
the White water trays. '!'hefan pumps, centricleaners, deculator.
screens, the head box, are trays and the white water silo from
an inner ·loop in the paper machine water recirculation system.
This inner loop circulates a huge amount of water and has a
comparative short circulation period •

•
The largest circulation pump in the paper machine house

is the fan pump circulating and feeding the centric leaners at a
pressure head of 25-30 metres water approximately a quantity of
250 tonnes of water for every tonne of paper made. Diagram 10
shoWS the conmon method of stock dilution where the stock from
the paper machine chest is diluted with White water of the trays,
over-flow of the head box, accept from the secondary screens,
etc., collected together in the white water silo. The diluted
stock at a consistency of 0.5-0-8% is fed to the primary centri-
cleaners for the removal of dirt and specs. The centricleaners
operate on the vortex principle. The accepts go to the deculator.
The deculator is an equipment for removal of air from the stock.
Tl>e pre••nce of air in the stock, which is in the range of 2 to
4% by volume, causes foam, affects drainage and impairs sheet.
fOl:mation. In the deculator, which is combined with the centri-
cleaners to avoid another pumping stage, air is removed. This

~••
•
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helps prevention of flocculation, improves drainage on the table
rolls, gives better foomation of sheet, causes increase of
vacuumat the couch and decrease of porosity of the sheet. The
secondary fan pumpfinally feeds the head box of the paper
machine through the presure screens located between the
centricleallers and machinehead box. This ooumonmethodof
stock dilution is knownas single-dilution system.

•

A look at the diagram would indicate that a huge quan- I

tity of water and stock is forced through the centric leaners
at a considerable head, resulting in a considerable energy
consumption. Onemethodof reducing this enexgy consumption
is to device improvedcleaning system with reduced pressure drops
through the centric leaning equipment. An alternative method
would be to device somesystem by which the quantity of
dilute stock fed to the cleaners is reduced. This can be
done easily by either increasing the consistency of the dilute
stock or by bypassing a part of the already cleaned stock
through the centricleaners. The fO.J;1lleralternative naturally
will put a limit in the cleaning efficiency. The second altern-
ative is shownin diagram 11. The overflow from the machine
head box, the secondary screen accepts and a part of the wrire
tray water, whichhaveonce been cleaned and have little
change of picking of any contaminant accept air, bypass the
centric leaners and go directly to the deculator receiver.

•

An additional pump,called 'dilution pump' is necessary
for this purpose. The dilution pumpfeeds the deculator
which is under vacuum. The dilution pumphead is nearly half
the primary pumphead. Thus a great amount'of energy can be
saved. Besides~ the reduced feed to the p.rimarycentricleaners
reduces the feed to the cleaners in the subsequent cleaning
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• stages. This arrangement shown indiagram 11 is the -Double-
dilution System-. A comparison of feed quantity, consistency,
pumphead and the absorbed power of various pumpsin the
inner ~p of the paper machine whitewater circulation of
the two systems .18 given in Table 1.

Adoption of the co-c:alled Double-dilution system
would enable a mill to save 20 to 24 " in power demandof a
S1ngle-dilution system. The other savings in terms of
reduced size of deculator and numberof cleaners would amount
to 20 to 25 " of the equifOlent costs •

••

•

•

••
•
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TABLE I 1
STOCK FlOW & POWER DEMAND (ABSORBED POWER)FOR
sJ:mLE & DOUBLE DJ:LUTJ:ONSYSTEMS OF A PAPER
MJ:LLPRODUCING 100,000 TONNES OF FJ:NISHED

PAPER PER ANNUM

•
- - - - - - - - - - -- - - .. .. - - .. .. .. .. ..SJ:NGLEDJ:LUTION

Q CY H P
(J:pm) (%) (m) (Jew)

DOUBLE DJ:LUTION
Q Ci H P

(Ipm) (%) (m) (Kw)- .. .. .. - .. .. .. .. .. .. .. .. .. .. .. .. .. .. - .. .. .. _----
1. Primary

Fan Pump 60000 0.8 29 319 33000 ,.8 29 192
2. Secondary

Cleaners
feed pump 15000 0.6 32 99 8000 0.6 32 58

3. Tertiary
cleaners
fe.d pump 5500 0.5 32 34 2700 0.5 32 18

". Quarternery
Cleaners feed
pump 1400 0.25 35

5. Dilution
pump

-'I ..
12 1400 0.24 35 12

25000 0.25 16 34
6. Secondary

Fan Pump 54000 0.6 15 160 54000 0.6 15 160
7. Secondary

SCreen
Feed Pump 3500 0.8 10 10 3500 0.8

m
10 9

483.. - .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. - .. - .. .. .. .. .. .. .. ~ .. ..

A saving of 151KW x 24 x 330 x 0.3 would amount to Rs.3.59 lacs.100,000
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• 11. 'l'HERMORINGSIN DRIVERCYLINDER

Cylinder drYing is the most COIIIDOnmethod of paper
drying. The steam condensed in slow speed paper machines is
removed by scoops which rotate with driers. M the speed of
the machine increases, the pool of condensate fOJ:DlS a ring
around the cylinder inner wall. Siphons are used to remove
the condensate in the high speed machine. The heat transfer
takes place through the condensed film, whose thermal resis-
tance is almost 100 times that 'of cast iron wall of the
cylinder. ~afram}q abows the relation between the overall
thermal resistance (paper+Cyl1nder wall+condensate film) and
the machine speed. At higher speeds the condensate film
resistance increases rapidly, thereby increasing the specific
steam consumption in drying the paper.

y
• Due to practical difficulties, there is a l~it of

reducing the clearance between the tip of the shoe of siphon
and the cylinder wall inner surface. Hence if the film can
be broken or made turbulant, the themal re:Ustance of
condensate film is red~ed, ther~by increasing the overall
heat transfer rate.

The driers for high speed machines can be ribbed
ins1de for increasing the heat transfer rate. For existing
machines the~rings are set along the drier axis at inter-
valS which are determined by the film condensate thickness
and the drier diameter. The elements of the thermorings
are generally 4 mmthick and one metre long. Thermorings
can reduce the specific steam consumption by about 6 to 10%~
In som~cases tbemachine speed could also be increased for
higher pX'oduc:tion. The pay back period for thermorings is
less than a year •

•

••
COMPRESSEDAIR

CompI:'essedair is used in several areas in process

..
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& instrwnentation controls. There are considerable diff-
erences between the. consumption of compressed air at
different mills depending on the type of tbe product.
equipment, age and size. In many cases, it also depends
on the interest the Managementtakes in ratiQnalising aDa
economi'sing the use of compressed air.

•

An ~pproximate estimation indicates that about 1.5%
of the electrical energy consumption is used to produce
compressed air.

In has been found that centralised installations of
compressed air systems with large compressor units is most
economic because:

1. Large units have low energy consumption per M3of CCIIIlp-

ressed air produced.
2. The availability of central reserve capacity means

smaller total installed compressor capacity and hence a
higher degree of utilisation.

3. Lowmaint~nance cost and smaller staff for supervision.

•

One of the greatest air ¢o~umer is the leakage.
Unfortunately its importance is often underestimated. If
the capacity of the compressor installation is twice that
of the average consumption, the loss in percentage of the
consumption is twice the percentage 'figured on c~acity.
Assuming 20 % is the loss due to leakage ~d lOK3free air
requires 1 KWHto produce compressed air, one can calculate
the amount of savings a mill could ahieve.

IN'l'EGRATEDANDNON-IN'l'mRATEDMILLS
ANDTHEIREFFEC'I'SONENERGYCONSUMPl'ION

Whena pulp and paper making operat1on is a continuous
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operation without intexmittent drying of pulp, we call it an
Inteqratedoperationand a pulp mill with such operation is
ltDownas IIlte9rated Pulp and Paper Mill. MOst of our JIlills
in India are oninteqrated beais.

I

•
When e. pulp mill and a paper mill are to be located at

different places with considerable distaDCe between them,the
pulp is generally dried either in sheet foxm(Cylinder drying)
or in Pallet form(l'lash drying). This is on non-integrated
basis.

In India there is a thinking to establish pulp mills
to feed to a DUlllber·of small paper mills to be located at
several places in the country. The advantages of small paper
mills are:

•
1. nisposal of industries,
2. BriZl9ing the paper industry within reach of the middle

level emtrepreaeur,
31 Reduction of gestation period and capital costdue to.smaller

size and lesser sophistication 6f equipment;
4. Development of Industrieseven in areaS of poorer infra-

structural facilities due to limitedrequirement of such
facilities, and

S. Larger employment potential.

(

On the other hand there are several disadvantages from
technical and financial angles. In an integrated pulp and paper
mill there are some common se~ice facilities to be provided
for both pulping and paper making operations.The following are
the common services generally provided in an integrated pulp
and papermmill:

•
1. Steam generationsystem;

ii) Power generation system,iii) water sUPfly, effluent treatment and disposal
iv)Workshop facilities;
v) Compre~?ed air system ; and

vi) LabOratory facilities.
/
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Since in aJ1 iDt89tated plup and paperl1lill the abo••
services are :planned for Providing facil~t1u to both pulp aDd
paper maki,D9activities, the unit coat of conmona~10e8 __
comes cheaper. Apart from this, all larve aise4 pglp and paper
plaats ge.rally have·their _ovacaptive power ge.r.tion units

and the process ate. ia obtained •• extr •• -=t:iOD ste.
from the extraction coDdeD8iD!iJtype of 'bU:'boge•••• tora.
In th.1.8wayboth ate.. aDdpower c.-a be.obtai ••• Oil • caapa-
rative.ly lesser unit cost.

Inteqrat10n eliminates th. han4ling,tiaJ.ntegr.t1on and the
dry1ilqup of the pulp. The resultiDg oost •• vinga are 10 to 2~
of the total cost of pulp compared to • *>II integr.ted adll.
The following table show .the oo_waptioa of ate".and electrical
power of inteqrated and 11On.-lntegr.te(ta111a. The total r~ire-

. !ment of steam and power per tonne of peper are thua~ iill

&llap-_ :be)

•

PPWB
(JMVl'>

Integ-rated Mill_
Non.-inteqr.te.d Mill
EXCESSDOETO "lI:>N-IN'l'EGaATJ:ON

l6S0
·2000

350

11.0
13.0

2.0

_Withincreasing energy costs,tbMe a"iD9avill b$ even
more pronounced in future. ..aidea, ~Il of ••• rw .
coll8Wllpt1onhas becomea social necea• .s.". . Jrot ollly there 18
.reduction of eilergy .costs but a180fr •••..•••••••. cODa_pUo. can .
be reduced through the iink tAt:h .the ..PIllIJ. -.u. neultiaf i.
less amountof polluting efflueDU.
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•
Integration, ••. ....-D7otUr abpt..,., •• 1n cases _en the

once 4riecl pulp~a1re4·the Poll!)qulity. Other advaDtag••
"~are of course 011 'the aaa1Dt.e~ .aDCl organisation side. In

a part1aular c.... the difference in cost of pxoduction })Ietween
an i~rate4 unitaad a DoDo-integratedone vas of the omerof
1000 rupees per tonne of paper.

Taken all effects toge~r, savings by integration are of
such a magnitude that competition with integrated mills for bulle
grades, paper with reels and uee4 in xolis~ will be more difficult
for DOn...integratedmills. Purther larger units caD afford costly'
equ.ipaent 'aDdsystem to reduce the operation cost. What4Wermay
be the philosophy of employmentand dispersal .f industrie •• an
integrated paper aill aDdthe economyof scale of l~ aill

would boUndto have consequeaces in the structure of the paper
industry in ourcouatrr.

POLl»£lON AM1!ME!l' AND ENERGY-CONSUMP.rIOB

! would like to touch the envirornental contxol and iu
effects on the ellU'9Yconsuaptioa of p.alp aDdpaper Mill ••

Here we have a conflicting situation. The m.ajority of the
Pollution Abat_nt Me.sures iDCreaset~ coDSWDptior.of both
ste ••• aDdelectricity. For a chemical pulpm1ll with internal
measures combine. with primary auGsecondary treatment and
sludge handling, both .te electricity demandis of the
order of 15 to ,20,," higl1er than ~at of corresponding mill
without the.e •••• ure.. HOliNrYer,newpulp and paper mills
must be provided with all possible pollution a}:)atealentcontxols
and treatment as it i. the industry'. soci.l obligation and hence
the steam and power consumption and their.costs would be' ~C;her•


