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ECo-;efficient thinking ,always recommend to
9tiliz~ our .resources in most effective and optimum
manner. Pulp.aoo paper industry whi,ch is highly
water intensive industry always comes under
scrutiny by various concerned agencies which have
similar thinking. It has become very important to
~e,view;time toti~e the performance of existing mills
with respect to ;ov~~aUenvironmental impacts and
possibilities to incorporate systems and technologies
h~ing developed to conserve the water by its
optim!Jrn use »
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•
•

•
i , ! " " ThiS 'p~per briefly discusses the .modern
(apprOaches 'and various systems being developed to

',Hose the ble~hed kraft pulp mills in terms of liquid
"\d~scharge. Various constraints and propsects to adopt
~:th~s:e'appro~he~ also. discussed briefly. PHOENI?"
··.Ilrnarketp,ulp mill, has taken a lead to respond quite
;!positivelyc)n these eco-efficient approaches to use
water. in optimum way ..,The experience gained at

,;PHOENIX in this regard has been briefly described
.in:thi~paper.

A careful review of overall systems,
~ppioaches and 'experience gained at PHOENIX
~le~rly indicate that there are good possibilities to
~i~i.f1cantly reduce the water consumption. How-
~ver. 'constant and careful foUowup in all the
~elated areas would be required to get the optimum
I~enefits. '

The .efficient water use and conservation of
iwater has ecological merits and this view has
influenced the people and increased the awareness
on environmental issuesrelated to water use. These
i~sues affected/ the 'pulp and paper industry by a
dactor r.e. environmental assessment process. In
.ostpart of the world it has become compulsory to
-;IoIDdergosuch an extensive study for identification
ref impacts on environment and their metigation

measures for existing mills, expansions and in
new capacity build ups. As industry is quite water
intensive one and water consumption remains
always under critical review for improvements in
the systems.

During the process of reduction of water.
the concept of complete closure of mills was devel-
oped by Rapson (1) and was tried ~or short period
on mill scale as well. The main features of the
concept were:

l. Use of contaminated condensates.
2. Closed screening room.
3. Spill collection system.
4. Perfect counter current washing
5. Salt control system.

The trials on mill scale were discontinued
due to increased bleaching chemicals consumption.
corrosion problems, and energy related issues. How-
ever, this experience has given a way towards the
complete closure of mills. The closure of kraft
pulp mills has been focussed mainly on the bleach
plant as its effluent is considered most polluting
and difficult to handle. The effluent from other sec-
tions are segregated, recovered and reused effi-
ciently with or without some treatments. It may be
mentioned here that the conventional effluent treat-
ment systems including activated sludge process
are not capable to reduce significantly COD (lignin
based), dissolved solids, colour and inorganic com-
pounds. With the growing industrialization the water
bodies are not capable in accomodating even the
small pollution loads of any kind coming even with
fully treated waste water. Due to these reasons
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efforts are constantly in progress to reach to
complete closure of mills. This. paper, deals a
few approaches and PHOENIX experience in'
this regard.

APPROACH FOR CLOSURE

The various steps are taken by the mills time
to time. to minimize the water use by improved
house keeping, segregation of clean and waste water,
improved process conditions and reuse of waste
water in the process.

These efforts have made tremendous impacts
world over on water consumptions in pulp and paper
industry. It has been reported that with various such
efforts water use from the industry has been de-
creasing steadly .over last five decades and pres-
ently standard new mills are designed on, an average
below 30-35 M3/ADT pulp basis.

The main reason of limitation of complete re-
use of water in the process and reaching towards
the closed mill concept depends on the concentra-
tion of chemical constituents in the waste water.
With the view to reduce chemical constituents of
high environmental impacts and at the same time to
have more opportunity to recycle the water follow-
ing steps are developed and come into practice for
kraft pulp mills operations.

Extended Delignification
.With a view to decrease volume and concentra-
tion of effluent discharged from the kraft bleach
plant extended delignification has been SUCcess-
fully incorporated. Various cooking technologies
including Super Batch, Enerbatch, RHD, RDH- ,
Enerbatch, Modified Continuous Cooking (MeC),
Iso Thermal Cooking (ITC) etc. are developed
and many of them are successfully running. With
.incorporation of these processes 'a very low kappa
number pulp is obtained, without any significant
adverse impact on pulp properties, which results
in lower bleaching chemical requirement and
subsequently low pollution loads and chemical
concentrations to 'effluent.

Oxygen Delignification -
Use of oxygen for further delignification is
another step to, reduce the-pulp kapp-a number
and ultimately reduce bleaching chemicals. The
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oxygen delignification is kept in close loop with
bro\VIl;,~tockGwa~lli~g.,I~ "this stage' -kappa
number' can be reduced 35:'45% which results In

similar reducti'onir'lBOD
7

G0.D;;colout and other
inorganic loadings"in blea~h plant ef'fTuenf It'is
reported that now more than 50% world's
bleached kraft-pulp production is using this stage.
However, incorporation of. this stage in the
existing mills requires carefully overall material
balance of the mill. Efforts are also on to
establish second stage-of oxygendelignification

.to fit in with the various 'techno-economic
constraints 'of the mills.

Bleaching Seqaence i'

The chlorinated organic compounds 'became
'matter of concern which resultedm Iirriitatioti of
useof elemental chlorine. ,It also restricts clo-
sure of mills as chloride ions are most corrosi ve.'
This fact brought the concept of Elemental Chlo-'
rine Free (ECF) bleaching sequence WWl 100%
substitutionof'Cl, by CIO~.HoWever, us'~of chlo-
rine dioxide-in bleaching alstY'results ..:in.sO-me
chloride, ionsandsome 'tmd6 'chethibfls billih a:-

. very low concentration. This '~ev~lop~d fJrthef
the idea of totally'cfrlorine free, (TCF)bl~ayl1ing'

. sequence arid subsequently total 'clos'l1te.' < , •

" .' ".

" Use of oxygen 'basedcllemicals'lhduding bA~n¢',
Oxygen.Peroxide, Peracids etc aJ~incorp'()r~t~rl
in TCF bleaching sequence. But it is eX-peden'ced .
that TCF bleaching sequences based on oxygen
related chemicals:incfeases the' cost for raw
material, chemicals, energy'aild ~quipmeilt At';'
the same time toxicity' of effluent of ECF bleach- '
ingsequenceWith new cookIng system' iinrlTCF "
sequence are also' foundrnoreor less'corppa-
rable:·Efforts are 'now on' to' corne 'to' a via 'media
where oxygen based chemicals and CI0

2
are Jsed'

together and which suit to existing and new mills
to getoverall-improved envirorrmerital situation
alongwith other-advantages bf CI((' lise'.' .

• '. r- ~ .:..

•

Process, Equipment 'andSystefu, S'elt'ctiQ'n' .
The developmental' efforts' are 3.1'50 on'to further

.improve the "process; equipment and systems
which will not only useltnv:volumes of water
but also require low energy and generate low
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pollution loadsfrom the pr9cess wh~ch will make
the closure of process easier ..

CLOSURE OF BLEACH PLANT
Apart from various efforts 'made, as dis-

cussed above towards closure of kraft pulp mills
further efforts are on to integrate the bleaching fil-
trates in the process to reach to zero level of ef-
fluent discharge from the mills. A few systems with
this approach are described briefly below:

Bleach Filtrate Recovery tBFR) System
This system is developed by Champion Interna-
tional Corporation -to eliminate chemicals pro-

. duced in elemental chlorine free (ECE) bleach
plant (2&3). In the process filtrates from Do and
extraction stage are taken to kraft recovery cycle.
The organic contents of the filtrate are burnt and
inorganic contents are removed separately. Chlo-
rides from bleach plant and potassium coming.
with wood are purged from Chloride Removal
process (CRP) which operates on the basis of
greater solubility of sodium and potassium chlo-
ride relative to sodium sulfate. ESP dust which
is enriched in chlorides and potassium is dissolved
and recrystallized to produce solid sodium sul-

fate which is sent "to recovery cycle and concen-
trated aqueous chloride and potassium waste
streams come out as purge from CRP system.

.The mineral impurities from wood such as cal-
cium, magnesium and manganese are purged
from "Metal' Removal Process" to avoid any
build up in system. It has been reported that this
system is in operation at Champion mill for dem-
onstration. Its simple flow diagram is given in
Fig.-l.

Zero Liquid Effluent Process
Zerotech Technologies Inc. developed and dem-
onstrated successfully Zero liquid effluent pro-
cess at a BCTMP market pulp mill in Canada(4).
In this system (Fig.-2) all the waste water col-
lected and after primary treatment sent to Me-
chanical Vapour Recompression (MVR) evapo-
rator via fiber filter. The waste water is concen-
trated from 2% solids to 35% dry solids. The
distillate (or condensate) from MVR evapora-
tions is segregated into fractions and used
directly or sent for cleaning through steam strip-
per to remove volatile organic compounds.

The concentrate from MVR evaporator IS

t

Chloride
L- ---IIIIIIRemoval

Process

Metal Removal Process
~.. .

Fig. 1: Bleach Filtrate Recovery (BFR) Process
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Fig. 2: Zero Liquid Effluent Process- Zero Tech

RECOVERY
BOILER

further concentrated to 70-75% dry solids in two
steam driven concentrator and incinerated in
chemical recovery boiler. The smelt from fur-
nace is cooled, solidified and deposited in a bun-
ker. This system is in operation successfully for
last four years. Further investigations are in
progress to treat TCF and ECF bleach plant fil-
trate through this system(5).

Zedivap Zero Discharge
Ahlstrom Corporation has come out with. a low
cost, low energy zero discharge evaporators( 6).
In this system (Fig.-3) effluent is concentrated in
8 to 15 consecutive stages at temperatures from
30 to 80°C under reduced pressures. All type of
waste heats from the system i.e. warm water.
flue gases, etc are used in this system. The

FEED

PUREWATER
PROCESS

EFFLUENTS

Fig. 2: ZEDIVAP Recycle System

PURE WATER
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eendensates ate collected and used back in the
process either as such' or after passing through
stripper to remove volatile compounds. The con-
centrate from evaporation is taken, to final con-
centrator and subsequently incinerated.
Apart from these systems other efforts are also
in progress in this regard to develop system which
can help for closure of mills.

•

ISSUES REQUIRE ATTENTION
Various efforts made by pulp and paper milts

have very positively affected not only the reduction
of volume of waste water but total chemical & pol-
lution loading also. This has given a way to goto the
level of zero discharge. However, the following few
aspects require special attention while incorporation
such schemes for closing the mills .
Deposits,

The incorporation of various schemes for closing
the mills further aggravate the problems of de-
posits i.e. inorganic and organic scales through
out the system. The mills normally try at some
locations special additives and chemicals to avoid
deposits and at some locations periodic mecham-
cal cleaning. However, this aspect has to be
critically reviewed time to time with the closing
of the mills.

Non ProcessElemellts.
A large quantity of inorganic compounds which
come mainly from, wood get accumulated in the
system as these have little opportunity to be
purged out in closed cycle. Normally the heavy
metal ions such as manganese, copper, iron-e$e
which are present in wood get concentrated and
adversely affect the various process operations
particularly bleaching chemical response, pulp
degradation, recovery operations etc.

..
•

• •
Chloride Concentration

Closing/the bleach pianthas distinct affect par .•
ticularlyfor chlorine compound based bleaching
sequence including ECFandit requires special
attention. The,"hloride ions build up in thesys-
tern causes severe corrosions, deptlsits etc.

Material Balance
The. complete closure of mill has direct impact
on the material balance specially of sodium and

sulfur and capacities of individual sections mainly
of chemical r&overy. Hence, prope-r'inorganic
& organic compounds, water and 'electrical &
steam energy balances etc. have to be critically
reviewed before gOing ahead with dosure. Here
it is worth while to mentibh that the increase
closure many a times causemoreelectrical' en-
ergy consumption and the aspetf also require
speciaiatteRtion. . '.

ETPOpe••••••
It is very important to oote that during the pro-
cess of reduction of water consumption the con-
centration levels of organic and inorganic con-
tents in efi1uent 'increase signific$11tly which
many a times result in adverse affect on effluent
treatment plant operations. The reduced water
consumptions also increases the effluent tempera-
ture and requires cooHngto have good perfor-
manceof ETl>. At the same time if the regula-
tions are on contentratiott basis effluent treat-
ment requires special attention to meet the regu-
lations.

PHOENIX APPROACH
PHOENIX from its inception adopted best

available technolopes ami systems aJ1d bas.been
putting its best efforts 'to red~. the water con-
sumption. The mill has two lines and producing
100,000 TPA each market pulps from kens, bamM

boo and eucalyptus a raw materials. Its line number
1 started production in 1982 and line-2 in 1994. The
details of the processes are reported earlier in
IPPTA Journal(7). The approaches followed at
PHOENIX to reduce water consumption are' briefly
described below:

Good Hoase Keeping

This. is an important area which cansigniticantIy
cut down the water consumption. Special care is
talcen aUbe mUlto have very good water distri~
bution system With proper maintenance. The
efficient use and minimum wastage have given
good results at PHOENIX. Due care has been
taken to plan water and effluent drainage system
in the mfll.

Inprouss Reuse etC Waler
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H

,:th~f,~dp,~#pp'of w~~er tl1iiqug9It~i~method re-
ql,iir~~specia,lattel}t.on f9r pl'HUlin;gof water .use

.m bo'~h,'the Hues. Time to>time- various schemes
'h,v~ ·,9¢eq 'illlply~enteQ·io.·r~duc~ .water con-

·'.:.sum·ptiq.n.PNticUIa,rly Jil}c;l--L.The waste water
'I~dischafg:~d:... from . individual section is
, :cliara~t~i;ris~dperiodically and 'possibilitr is..ex-
.plored wherever' it' can be suitablyused. It may
be noted that higher recirculation results in higher
consumption of energy, additives.and f~etpicals,·
higher scaling andcorr~ipn and some time
imbalance ill waste. .water characteristics as
memioned above. Hellce, duecareis being .taken
whileimplementationof water reduction schemes
so. that these should rot affect process, equip-
ment, waste water~d product quality.

Efficiep( P~ocess" ~qqipni~nt '~nd ~ystelDs.
,. The foHo~ingchanges have been incorporated in

line il\lmber 1 to reduce the water consumption,
pollution load and chemicalloads in,'theeffluent

," '" ..' . ."" " ." ,

o Incorporation of Oxygen
Delignification stage.

o . Installation of displacement presses
.in post oxygen lie lignification .washing

o Change of bleaching 'sequence.
.. CEHD----CEoHD ---CEoDD---C/DEoDD

(Initial) . 1 '(Present),

o Algas microfi iter to efficiently reuse
Sheeting Machine ·back water .:

In line number 2 the process equipment and
systems selections were done with .a-view to- have
minimum water consumption with low pollution loads.
The selection of material of construction for pumps,
pipe .lines etc was also accordingly made. The-main
features of this line with particular reference to low
water consumption are .as given, below.

o Extended Delignification cooking system.

o Efficient screening and washing systems with
displacement press.
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o . Oxygen delignification stage with post washing
on displacement presses,

o ECE bleaching with Do Eo D] D2 stages and
with intermediate washing.

Q Efficient post bleaching screening system.

o Closed sheeting machine back water system.

o Condensate recovery system

o Cooling towers:
The above efforts combininglyfor line 1 &2"

resulted in reduction of water from 126 M3 to 35 M3
with in 5 years of time is given below.. ,

o

Effluent Flow at PHOENIX

Year
(Average)

Effluent flow
f(m3/tonne pulp)

1991·
1992
1993
1994
1995
1996(since June,96)

126
106
90
55
45
35

PHOENIX is very carefully following the
recent developments regarding total closure of mills
and reviewing possibility of incorporation of techno-
economical and environmentally sound system at
mills.

PROJECT GREEN
The use of waste water from pulp and paper

mill always remained an interesting subject. of study
and implementation in tropical countries like China,
India, Indonesia, Thailand etc. particularly where
availability of irrigation water is limited. A few re-
ports are also. available based on successful use of
waste water for irrigation of different crops (8-9).
Recently under UNEPINIEM activities in Asia &
Pacific region including Thailand conducted detailed
investigation on use of pulp and paper mill waste
water for irrigation(lO). These studies generated
various .data in this regard and confirmed that under
given conditions pulp and paper mill waste water

t
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can be-used for irrigation, of different cropswithout
any adverse effect on water, soil and' crop charac-
teristics.

;;

•

In view of increasing social and indtistrial
activities in the north eastern region of', Thailand
where PHOENIX is situated particularly by the side
of Nam .Pongriver from .where mill drawswater
and discharges treated effluent .and also que to fluc-
tuations in rainfall put the limitation of river to take
adqitio~~l pollution .load without adversely affecting
the river water quality. The coneemed authorities
after due consideration advised PHOENIX to limit
discharging treated effluent to river and use the same
for irrigation, PHOENIX after carefully studying the'
overall situation initiated a projectin name of Project
~ree~ to utiliz~ t~e ~ullrtrea,ted~ffluen.t, meeti~g
norms set by te'gulatory"aiIthoriti~s,;for irrigation.
'··;':,·,.;_,:t:

..
•

•
Project Green Implemelitition:

This project was started by the participation
of the farmers as PHOENIX was not having its
own land for this purpose. The farmers were in-
formed and educated about the project and have
been given following incentives for the participation
in the project.

1. Free treated waste water to irrigate farms

2. Free eucalyptus seedlings and fertilizers

3, Financial incentive of 500 Baht per rai (1 ha =
6.25 rai) per year for four years until eucalyp-
tus is harvested.

4, A guarantee minimum price at 800 Baht per
tonne of eucalyptus for a minimum wood yield
of 20 tonne per rai for one rotation.t

5. Membership in company's medical coverage
scheme.

6. Assistance in developing alternative means of
Income.

Project started in May 1993 and necessary
pumping and water distribution facilities were gradu-
ally developed and by December 1994 about 2,000
Rai came under this project. Mahasarakham Uni-
versity was appointed to monitor impacts and rec-

')

ornmendnooessary' c,?ftective measures.
. r

.' Under, this proj¢ct about. 60% of waste water
generatedet :PHQENlX for. .irrigation .through tile.
3.opip,e lines. put by the company. Due-to unevem
lW19:Wea,non :py,ailabilityoflan~ area in.big 'block
and;vari;l:ltiQos.inseil-chatacteristica.etc .sorne prob-
lems.were.faced p~r.ticularly,of.seepage and.run off
)Vater~dqe~o :exQesswa,ter;.in ·rainyseason::ln View
of experience gained, Khon Kaen University. and.
Mahasarakham University are appointed to evaluate
the impacts systematically and recomp1r,nd. th~im.,.,
provement to get better performance 'Of th"e'Project
Green. Th¢' ~:bjecti \lesser f'()r~th~stu'dy·fo'rtooth the
universities are given heJ'ow:;' ',1 ~',« ,,;:

, j ~:' ~ .-}'} _..' ':,t
Khon Kaen University, Khon Kaen ill'

1. ,To ~tudy, analys~ and~u5v~y to.~og~ap~y, ~Ii-
'mate, hydrology and existrng eQvu:onmentallm-
pacts.· ., . . ., ,'.'

2. Water use and distribution rates for irrigated
plants.

3. Design of water distribution and drainage sys-
tems.

4. To propose corrective measures to minimize
the impacts.

Mahasarakhan Univ~rsity, Mahasarakham

1. Impact on ground and surface water

2. Long term effects of treated effluent on soil
and seepage water.

3. Soil amendment with use of sludge and WOOll
dust.

4. Colour reduction of treated effluent

Various details are being worked out by the
experts of the universities, mill personnel.and gov-
ernment authorities to ',run the project effectively.

CONCLUSION

The environmental impacts of pulp and paper
production are two folds i.e. consumption of re-
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sources and ,~missjons· W~ter beillB·an important
resource requires. its optimum utilization through
varionsc.onservati()n options as discussed above. At
the·same time these appl'oaohes would resultin-sig-
nificant reduction in emissions through waste water
iJt:..tertnresulting incleanes. environment. It canbe
a" 0 ',coneluded that many· of theseappraaelles which
are leading away· for closed lo.o.P 'Process will-be
established • teehno-economicallyfeasible and most
eco-.friendly.

, 'J:
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