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Abstract 

Auz examination of Ihe energv demands and the effluent 
characteristics of the kraft and refiner pulping processes indi- 
cates that the refiner process has a much lower environmental 
impncf than thc k m f t  process, but has a greater electrical 
tnergy demand. 

The minimum economic si7e of a rtfiner nzill is one with 
a prodzxtion rate of about 200 tonnes of pulp per day w h i l ~  
thaf of a lcraff -mill is generallv considered to be between 400 
und 500 tonnes. As ihe water demand of refiner pulp is of the 
order of 20 m'ltonne and the kraft pulp demand is approxi- 
mately ten lime5 as 1nz4ch. there is a significant difference in 
ihe fresh waier consumprion and resulting discharge rates. 

Also, the large effluent f l o ~ l  from fhp kraft process must  be 
treaied f o  remove 25 to  45 kg BOD,/fonne of pulp whereas the 
refiner mill cffluent normally has a loading of only 10 kg/ 
tonne. While the levels may be reduced with the implementa- 
tion of recenfly developed te~hnology,  it is likely that the rela- 
tive magnitudes of each will remain similar. 

The atmospheric discharge of the kraft process has an 
offexsive odour due to sulphur compounds. I n  contrast there 
is no significant discharge from the refiner process. 

Electrical energy is used intensively by  the refiner process 
and 1500 to 2 000 k w h  are required per tonne of pulp. This is 
approximately twicc the electrical energy demand of the krafi 
process. However, the kraft process also requires 3 500 k Wh/  
tonne of heat energy which is obtained by burning waste pro- 
ducts of the process in  a recovery furnace. 

INTRODUCTION 

The energy requirements and effluent characteristics of 
chemical and mechanical pulping systems are compared in 
this paper. Kraft pulping, the majoii- process useid folr chemical 
pulp prolduction, and refiner pulping, the mechanical pulping 
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prxess  undergoing rapid development a t  the present time, 
receive most attention because of their impotrtance. 

Pulping and papermaking are energy intensive operations 
and, because of the large quantities of water used in process- 
ing, discharge aqueous effluent which requires treatment 
(Marier, 1973). Both these factolrs could act as short-term 
constraints on the future development of the New Zealand in- 
dustry (Bunn, 1975). I t  is therefore approplriate to review 
the current status of technology in these two areas and to 
indicate how their effects may be minimised. 

Traditionally, kraft pulps have been used for the prepara- 
tion of high strength and high quality papers: the bleached 
pulps are used in printing grades. Endl uses include heavy 
duty wrapping paper, publication grades, office stationery, 
drawing paper, fine writing paper, and computer paper. The 
minimum economic size for kraft pulp production is generally 
considered to be between 400 and 500 toanes/day, mill cost 
being largely a function of the cost of the chemical recovery 
system. However, pulpmills smaller than this do exist. 

Mechanical pulps obtained by the refiner olr thermo- 
mechanical processes are used in the manufacture of news- 
print, absorbent tissues, office stationery, offset and drawing 
papers. Current minimum economic size for a refiner mill 
is one with production of 150 to 200 tonnes of pulp/day. The 
market price of mechanical pulps, an index olf their paper- 
making quality, is half that of lcraft pulps. Mechanical pulps 
require little or no] bleaching. An important feature of the 
refiner process is that it can use sawdust, generally mixed 
with wolold chips, for pulp production, whereas the older 
stone groundwood process requires roundwolod billets. 

PROCESS TECHNOLOGY 

Kraf t Pulping 

In this process, wood chips in a digester are delignified 
with white liquor ( a  solution of sodium hydroxide (NaOH) 
and sodium sulphide (NaS) )  at a temperature olf about 
175" C and a pressure of about 800 kPa. When coloking is com- 
plete, normally after 4 hours, the digester contents are re- 
leased to atmospheric pressure in a "blo~w" tank where the 
softened wood chips literally explode into fibres, or pulp. Pulp 
is freed of knots by screening, then washed, bleached if re- 
quired, and either dried fotr pulp sale or used directly for 
papermaking (Rydholm, 1965). 

Because of the loiss of lignin and hemicellulose which occurs 
in cooking, kraft pulp contains mainly cellulose and pulp 
yield is 45 to1 55% of original oven-dry woold. The various 
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F I G .  1 :  Kraft mill layout. 

processing stages are shown in Fig. 1. The main features of 
the kraft pulping system are that the chemicals required lor 
cooking are recovered, and that the heat energy generated 
within the recovery system is available for pulp cooking and 
processing. The key composnent of the system is the recovery 
boiler, an item of high capital cost. 

The recovery cycle is basically simple and generally eftcc- 
tive, but does give rise to some aerial pollution. Residual 
cooking liquor (also termed "black liquor"), when colmbined 
with liquolrs frolm the pulp washcrs, has a dissolved solids 
content of about 1594. This liquor, which contains lignin car- 
bohydrate degradation prolducts as well as sodium and sulphur 
compo~unds, is evaporated to 50 to 65% solids. The resulting 
concentrate is sprayed into the recovery furnace and burnt. 
Much olf the heat energy evolved is recovereid for processing, 
and the smelt of sodium carbonate and sodium sulphide form- 
cd on the furnace floor is removed and dissolved in water. 
Treatment of this solution with calcium hydroxide yields 
insoluble calcium carbonate (which is removed by filtration 
and returned to the lime kiln) and a solution of the chemicals 
required for pulping (NaOH and NaS). 

Reagents used for pulp bleaching are chlorine (C) and 
chlolrine dioxide (D). Alkali extraction stages (E)  are also 
employed. Bleaching operations arc generally conducted in 
sequences such as CED, or CEDED. Effluent from bleaching 
stages is more difficult to treat than, for example, that arising 
from black-liquor losses at the pulp washcrs, and for this rea- 
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son bleach plant effluent is often treateld separately, prior to 
final discharge. It is now polssible to replace the first and 
second stages of bleaching (CE ...) by treatment of pulp with 
oxygen at high pressure (500 kPa) in the presence of alkali. 
The alkali (NaOH) can also be replaced by oxidised white 
liquor (sulphide oxidised to thiolsulphate). This system has 
the advantage that the oxygen bleach effluent can go to chemi- 
cal recovery without affecting the ratio of sodium to sulphur 
employed within the pulpmill system (Jamieson and Smed- 
man, 1974). Washings frolm the oxygen stage can also be com- 
bined and biologically treated with the bulk of mill effluent. 
The use of oxygen is therefore advantageous . 
Refilzer Pulping 

In this process, wood chips, plus sufficient water to keep 
pulp consistency at 20 to 30%, flow centrifugally between the 
plates of a disc refiner. In the single-disc type, one disc rotates 
(at  about 1 500 rpm) and in the double-disc refiner the discs 
are contra-rotating. The plates' surfaces are radially grooved, 
and during pulp preparation the gap between refiner plates 
is small, about 0.5 mm. The friction of the plates on the wood 
fragments held between them generates considerable heat and 
causes lignin softening, so that individual fibrles and fibre 
bundles separate and form a pulp slurry. The pulp so obtained 
can then undergo a secolnd refining stage to improve pulp 
quality. Pulp yield is about 98%. 

The attrition occurring within the refiners causes consider- 
able fibre damage and a refiner pulp normally contains 20 
to 30% fines or fibre debris. Some of these fines are removed 
from the pulp when water is extracted during the dewatering 
stages and the resulting suspension, known as white water, 
is re-used in the process fcr pulp dilution (Leask, 1973; Keays 
and Leask, 1973). 

In the thermomechanical process the wood is steamed at 
120°C for 2 minutes before its entry into the refiner. This 
pre-steaming aids the fibre separation process, because of 
increased lignin softening. Thus, there is less breakage of indi- 
vidual fibres, and pulp with higher quality papermaking fibres 
is obtained. Pulp yield in this process is about 95% (Kalish, 
1974). More wood carbohydrates are dissolved in this process 
than in refiner pulping because of the higher temperatures 
involved. 

Refiner pulps must be screened to remove any oversize 
particles. This oversize material is then further refined. The 
final pulp is either used directly for paper production, or  it 
is flash dried and baled for sale. A typical mill system is shown 
in Fig. 2. 
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ENERGY USAGE 
Kvaf t Pulping 

The kraft process is virtually self-sustaining in terms of its 
heat energy requirements, as is shown in Table 1 (Rydholm, 
1965). Most of the heat required for cooking, drying, and 
bleaching of pulp is provided by the steam raised in the re- 
covery boiler. However, it can be seen from the heat balance 
data that the total heat requirement for pulp production is 
relatively high, about 3 500 kWh/tonne. The electrical energy 
demand in kraft pulping is but a small fraction of the total 
energy requirements. Electrical energy requirements for un- 
bleached and bleached kraft pulps are sholwn in Table 2: 
unbieached pulps require 600 to 800 kWh/tonne and bleached 
pulps require a further 300 kWh/tonne. Most of the increased 

TABLE 1: HEAT BALANCE I N  KRAFT MILL 

Heat Energy, kWh/tonne 
Min. Mean Max. 

1. Heat produced in 
recovery furnace .... 

2. Heat consumed in 
waste liquor evaporation 
cooking . . . . . . . .  
pulp drying . . . . . . . .  
bleaclhing . . . . . . . .  

Total, unbleached .... 
bleached .... 

Difference, unbleached 
.... (2-1) bleached 
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TABLE 2: SPECIFIC ELECTRICAL ENERGY CONSUMPTION O F  
KRAFT PULP MILL 

Unbleached Bleached 
Operation (kwhltonne)  (kWh/tonne) -- 

Woodhandling . . . . . . . . . . . . . . . . . . .  50 55 
Cooking and washing . . . . . . . . . . . . . . . .  70 80 
Screening . . . . . . . . . . . . . . . . . . . .  120 120 
Bleaching and chemical prep. . . . . . . . . . . . .  - 200 
Drying . . . . . . . . . . . . . . . . . . . . . . . .  170 170 
Recovery . . . . . . . . . . . . . . . . . . . .  90 100 
Evaporation . . . . . . . . . . . . . . . . . . . .  30 3 5 
Causticising and lime kiln . . . . . . . . . . . .  20 20 
Water and effluent . . . . . . . . . . . . . . . .  40 45 
Miscellaneous . . . . . . . . . . . . . . . . . . . .  20 20 

Tatal . . . . . . . . . . . . . . . . . . . .  610 845 

electrical energy demand for bleached pulp production arises 
from the pro~duction of chemicals such as chlorine by electroly- 
sis, though energy is also required by the pulp transfer equip- 
ment within the bleaching system itself ( Wahlman, 1974). 

Refiner Pulping 

Refiner pulping requires only electrical energy. The disc re- 
finers account for most of the energy demand within the mill 
system. In genaal, pulp quality increases w i ~ h  energy input. 

. Refiner pulp of newsprint grade requires 1 600 to 1 700 kwh/ 
tonnc of pulp. Board grade pulps could, however, be pro- 
duced at  lower ener-9 inputs. When allowance is made for 
the pumps, screens, and cleaners within the mill system, the 
total energy requirement for the production of newsprint 

. grade pulp is 2 000 kwhltonne (Wettergren, 1973). 
Thermomechanical pulp production requires heat energy in 

the form of steam, about 100 kWh/tonne of pulp. However, 
with suitable equipment most of this heat energy can be de- 
rived from the steam generated within the refiners them- 
selves. The total energy demand in thermomechanical pulping, 
mostly electrical, is also about 2 000 kwhltonne. 

The summary of wood and energy requirements for pulping 
(Table 3) shows that the refiner system has the advantage of 
high yield but has twice the electrical demand of kraft pulp 
production. In one respect this table is misleading. Mechanical 
pulps do not require further treatment prior to papermaking. 
However, for  certain grades of paper the beating requirement 
of kraft pulps may be as much as 300 kWhltonne. The total 
electrical energy input of bleached kraft pulp suitable for 
papermaking may be as high as 1200 kwhltonne, a demand 
similar to that for the lower grades of mechanical pulp. 
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TABLE 3: PROCESS ENERGY DEMANDS 

Wood Energy Consumption ( k w h  /tonne) 
Consumption 

Pulp Type (m3/fonne) Electrical Heat 7'otal 

Refiner .... .... .... 2.40 1 200-1 800 1 200-1 800 
Therinomechanical .... 2.45 1200-1 800 100 1300-1 900 
KraFt, unbleached .... 4.80 600. 800 3 500 4 100-4 300 
Kraft, bleached .... .... 5.20 600 800 4 OD0 4 60014 800 

EFFLUENT TO ATMOSPHERE 

Kvaf f Pulping 

Small quantities of chemicals in solid and gaseous form 
are discharged to atmosphere from most kraft mills. With 
appropriate control technology, particulate emissions can be 
kept at  low level. Mill odour is more difficult to control, 
though systems have been devised to minimise the pPbblem. 
The characteristic oldour of most kraft mills is caused by the 
small amounts of hydrogen sulphide, methyl mercaptan, 
methyl and dimethyl sulphides, formed during cooking and re- 
covery operations. The quantities evolved are small, but these 
substances have low thresholds of detection by humans. Thus, 
as little as two to three parts per billion of methyl mercaptan 
in air can be smelt with ease. For reasons such as these, 
odour control in pulpmills is likely to be a continuing prob- 
lem to the industry, and to those immediately surrounding 
them. However, black-liquor oxidation reduces the formation 
of such gases appreciably. 

Refiner Pulping 

Apart from steam, there is virtually no aerial discharge 
from the refiner process. 

AQUEOUS EFFLUENT 

Aqueous effluents from pulp and paper mill systems 
generally require some form of treatment before discharge to 
creeks o r  rivers. This is because effluents of this type con- 
tain suspended matter and dissolved organic compounds some 
of which, as a result of microbial action, will relduce the dis- 
solved oxygen content of the receiving waters. I t  is generally 
considered that, for species of fish such as trout or other 
Salmonids, the dissolved oxygen content of the receiving 
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waters should not fall below 5 mg oxygenllitre (McKee and 
Wolf, 1971). I t  is also obvious that, in considering the impacr 
of outgoing effluent on water quality, factors such as effluent 
flow and receiving water flow rate (preferably at minimum 
known flow rate) should be known, so as to take into account 
the effects of dilution which will lessen the actual impact of 
the effluent on the quality of the receiving waters. 

The extent to which a particular effluent could deplete the 
dissolved oxygen content of receiving waters is normally 
assessed by determining the "biochemical oxygen demand", 
or BOD, of the effluent (APHA, 1971; Corson, 1972). BOD 
(generally determined on diluted effluent samples after a 5-  
day incubation period - thus BODS) is a measure of the dis- 
solved oxygen require~d for the biological oxidation of the 
effluent by micro~o~rganisms. BOD can be expressed as mg/l 
(mg of oxygen per litre oif effluent), as kgltonne (kg of oxygen 
per tonne of pulp), and so on. The units BOD kgltonne are 
those most used in this communication. 

The methods used for BOD assessment are basically simple, 
but rely on the oxygen consumption by effluent when micro- 
organisms are present, and so BOD values depend to a large 
extent on the seed olrgan~isms used (Leblanc, 1974). 

The nature of the effluents from kraft and refiner mill sys- 
tems are now described, and the main sources of BOD within 
the total effluent from each system are delineated. 

Krilft Mill Effluent 

The pulp washing and screening systems, and the bleach 
plant, make appreciable contributions to total mill BOD, and 
comprise most of the krafi mill effluent by volume as is shown 
in Table 4 (Totterman, 1972). The data in this table are those 
given by Lieben (1973) for a 500 tonnelday kraft mill using 
the technology of 1965: better mill systems are now available. 
Condensates from digesters and evaporators are low in 
volume, but are substantial contributo~rs to mill BOD. Cur- 
rently, systems for the combustion of some of the conden- 
sates, such as methanol, are being devised. The three main 
effluent classes are now considered separately, 
(1)  Effluent from washing and screening: This effluent is 

essentially dilute liquolr and contains residual wood ex- 
tractives, degraded carbohydrates, and lignin. Extractives 
and the carbohydrate degradation products are readily 
biodegradable and rapidly consume oxygen. They are 
therefore readily removad by aerobic secondary treatment 
of the effluent, before it is discharged from the mill site. 
Lignin degradation products are only slowly biodegrad- 
able and have low oxygen demand, but suffer from the 
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TABLE 4: EFFLUENT FROM A 500 TONNEIDAY KRAFT MILL 
- - 

Effluent Suspended Solids BODr 
(m3/day) (m3/tonne) (rngll) (kgltmne) (mgll) (kg/tome) 

- -- - -- - 

Debarking 5 000 10 1400 14 250 3 
Cooking and 

washing 5 00 1 - - 4 000 4 
Screening and 

refining 50 000 100 140 14 130 9 
Bleaching - 

acid 30 000 60 40 2.4 170 10 
Bleaching - 

alkaline 20 000 40 40 1.6 125 5 
Pulp sheet 

formation 2 000 4 250 1.0 - - 
Condensates 3 500 7 10 0.1 2 000 14 
Causticising 2 5CXl 15 20 0.1 - - 
Recovery boiler 7 500 15 10 0.1 - - 

Total 120000 240 138 33.3 188 45 

disadvantages that they are dark in cdour, are aesthetic- 
ally unpleasant in appearance, and can aidversdy affect 
some bio~logical processes because they retard the trans- 
mission o'f sunlight in aquatic systems. 
Resin and fatty acids are a minor source of BOD and 
their colncentration will be reduced by the recovery of such 
materials as "tall oil". Removal of resin acids is ad- 
vantageous since these substances are toexic to fish, even 
at low concentrations (Rogers, 1973). 
In earlier mill systems, the BOD load from the washing 
and screening systems (Lieben, 1973) was as much as 20 
to 30 kgltoane. In  more modern mills, the BOD load has 
been reduced to levels of between 4 anid 10 kgltonne. 

( 2 )  Effluent from bleach plant: This effluent contains chlorin- 
ated quillones and related compounds which in high con- 
centrations are toxic to rnicrcu-organi~sms. The alkaline ex- 
tracts are very dark in collour and the overall BOD lolad 
is between 5 and 10 kg/tonne. It is colmmoin practice to 
hold this effluent in deep earth basins under virtually 
anaerobic cotnditioas, before discharging it to the main 
secondbry treatment system (which is discuslsed later). 

(3) Effluent from condensate systems: Mercaptans, methanol, 
and terpenes are present in condensates (Hynninen, 1971). 
The condensates comwrise about one-third of total mill 
BOD (Table 4).  The use of treatments which remove 
methanol and terpenes within the mill can, however, re- 
duce BOD to between 2 apd 4 kg/tonne olf pulp, and will 
undoubtedly be used in ew kraft mills. t 
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One method of reducing the volume of effluent leaving the 
mill system is to re-use water within the mill itself, but this 
is largely governed by the necessity to maintain water quality 
at  some desirable norm, and in consequence the extent to 
which recycyling of water occurs varies considerably between 
mills. The average recycle ratio for water in mills producing 
unbleached kraft pulp is about 2.6 and that for bleached pulp 
is 3.2 (Timpe et al., 1973). Water usage generally is between 
100 and 400 m3/to1nne of pulp but rates as low as 60 m3/tonne 
have been achieved (Evans, 1975). 

Treatment  Methods for Kraft Effluent 

The methods used for the reduction of BOD of lcraft mill 
effluent are similar in some respects to those applied to other 
organic trade wastes and to domestic sewage. The particular 
metholds employed by a specific kraft mill will depend upon 
its locatian, the extent of flat land surrounding it, the size 
of the river into which treated effluent is to be discharged and 
hence the effects of dilution, and the costs associated with indi- 
vidual stages of treatment The various stages of treatment 
are generally classified as follows: 

(1)  Primary treatment: Kraft effluent, like other pulp and 
paper effluents, will contain fibre and other suspended 
solids. Primary treatment is designed to remove suspend- 
cd solids and fibre by sedimentation. Many kraft mills, in- 
cluding the two New Zealand kraft mills, use mechanical 
clarifiers for this purpose. Other. mills effect sedimenta- 
tion of solids in earthen basins, from which the deposited 
sludge can be removed annually, and burned or  used for 
landfill. This stage has been shown to remove 30% of 
the BOD (Mitchell, 1974). 

(2)  Secondary treatment: The clarified kraft effluent is sub- 
jected to microbiological treatment, which causes the re- 
moval o r  oaidation of those organic compoundls with high 
demand for dissolved oxygen, which are the main con- 
tributors to effluent BOD. Several methods of secondary 
treatment are available, but all have their problems. 
The activated sludge process used by some mills, is simi- 
lar to the process used for treatment of domestic sewage. 
Quite frequently reduction in BOD is achieved by the 
passage of effluent through a series of stabilisation basins, 
BOD reduction being effected by natural oxidation. A 
disadvantage of this form of treatment is that it requires 
large land areas and effluent retention times of 10 to 30 
days (depending upon climate) if appreciable reduction 
in effluent BOD is to take place. 
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A fo~a-m of treatment which is becoming increasingly com- 
mon, and which is used by the two kraft mills in New 
Zealand, is that of forced or melchanical aeration. This 
aerated basin treatment has the advantage of a more 
rapiid effluent oxidation rate. It has a sholrter retention 
time and hence requires less land for lagoons, but i t  can 
protduce foams. Aerated basin treatment also rcquires the 
addition of nu~trients, nitrogen plus a little phosphate, to 
the effluent in order to accelerate reduction in BOD. The 
iorced aeration systcm can achieve 60 to 80% reduction 
of BOD in effluent, and is therefore a satisfactory pra- 
cess. 

( 3 )  Tertiary tveatrnmt: Systems for the removal of colour 
olr compounds of low BOD from kraft effluent are being 
dcvised but, becausc of their high cost, are not currently 
used. The lime or massive lime treatments for reducing 
colour are being studied on the large scale (Dugal et al., 
1974), but to be economic would require a lime recovery 
system. 
Decoloration of eff'luent can be accomplished using carbon 
treatment. Tertiary treatment will be required in future 
(certainly in the United States) but, unless a break- 
through occurs, will substantially add to pulp production 
costs. 

Refiner Mill Effluent 

Aqueous effluent from refiner mills contains only fibre 
particles and dissolved organic material, since no chemicals 
are used in processing. Fibrc removal, or primary treatment, 
is consiidlered later. 

The effluent from refiner mills using solftwoolds is light in 
colour, generally being a very pale brolwn. As would be cx- 
pected, the intensity of this colour varies with the extent of 
water re-use, and also1 with the equilibrium temperature of 
the recycled water within the mill; high temperatures gradu- 
ally cause a darker colour. Refiner mill effluent is very light 
in colour in comparison with that from kraft mills. 

In refiner mills, water recycle ratios of 5 ofr 10 are colmmon, 
and total water usage is only 20n;'ltonne. There is ample 
scope for further reuse d water. Normally at least o5ne-third 
of the water flow within the mill is warm but clean water 
used in the various motor cooling systems, and this coulld be 
recycled through a cooling tolwer. 

The literature on mechanical pulp effluent is sparse (Back, 
1974), particularly h- mills manufacturing pulps of papzr- 
making quality. Data are, however, available for effluents 
lrom mechanical pulps of various types (Bond and Straub, 
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1974), and also for a mill making refiner pulp from radiata 
pulp (Corson and Lloyd, 1974). 

The fibre content of unscreened effluent from refiner mills 
is fairly high, with that from the radiata pine mill (making 
pulp of 400 freeness) having a discharge rate equivalent to 
7 kg of fibre per tonne of pulp produced. However, with suit- 
able screens, fibre loss is reduced to a level of about 2 kg/ 
tonne, and further improvements can probably be achieved. 
The aqueous effluent has BOD of 9 kgltonne, similar to that 
reported for a mill producing board grade pulps from radiata 
pine (Hall and Stanton, 1968), as is shown in Table 5. 

Dissolved carbohydrates are present in the effluent from 
refiner mills and these are the main contributors to effluent 
BOD. However, small quantities of wood extractives are also 
present in mill effluent, as was shown by Corson and Lloyd 
(1974) in their study of a mill using radiata pine. Resin acid 
concentration in effluent was about 50 mg/l. Since resin acids 
(Row and Cook, 1971; Rogers, 1973) are toxic to fish at  low 
concentrations, the extent to which the acids were associated 
with fibre was determined, and it was shown that, in un- 
screened effluent, resin acids were distributed between the 
aqueous and fibre phases in the ratio of 2:l. These results 
emphasise the need to retain fibre within the mill, and, in any 
event, any fibre loss must be considered as an unnecessary 
production loss. Available literature data indicate that, pro- 
vided the effluent is diluted some forty-fold on discharge to 
waterways, then the effects of resin acids on fish will be small. 
I t  should also be pointed out that resin acids, like carbohy- 
drates, are realdily biodegradable. Hence the refiner mill 
effluent will readily undergo secondary treatment for reduc- 
tion of BOD. 

TABLE 5: REFINER MILL EFFLUENT 

Flow Dissolved BOD, 
Source (rn3/tonne) solids (kgltonne) (kglfonne) 

Groundwood (a)  10 
Refiner ( b )  20 
Refiner (c) 17 
Groundwood ( d )  - 
Groundwood ( d )  20 
Groundwood ( d )  30 

References: 
(a )  Marier, 1973 
(b) Corson and Lloyd, 1974. 
( c )  Hall and Stanton, 1968. 
( d )  Bond and Straub, 1974. 
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Treatment of Refinev Mill Effluenf 

The quantity of fibre leaving the refiner mill system can be 
controlled to a large extent by screening and, in this context, 
screening can be considered as part of the primary treatment 
process. Various types of screens are used for the removal 
and recovery of fibre from effluent, and the diverse equipment 
types available are generally termed "savealls". The amount 
of fibre leaving the mill depends upon the efficiency of the 
equipment used for pulp dewatering, and also upon the 
efficiency of the particular "saveall" system employed. 

Most of the fibre leaving the mill is contained in the white- 
water discharge. Within the mill, white water is recirculated at 
a temperature of between 50 and 80" C, and, in order to prevent 
temperature rise, small quantities of white water are dis- 
charged and replaced with cold fresh water. There is much 
available waste heat from the refining process. Another reason 
for white-water discharge is to prevent increase in water 
colow (caused by temperature increase) since this will de- 
crease pulp brightness. This white-water discharge is dis- 
cussed in some detail because it seems possible that this 
effluent co~mponent could perhaps be treated separately. 

In theory the refiner mill effluent could be treated by 
methods similar to those described for kraft effluent. The 
effluent could be stored in lagoons and subjected to1 natural 
oxidation before discharge or, alternatively, subjected to 
forced aeration. In practice, however, because the quantities 
of effluent available are small in comparison with kraft 
effluent, other approaches have been used by in~diustry. One 
approach which shows considerable promise is the use of 
effluent for Iand irrigation. 

This method requires that the effluent be sprayed over land 
at a controlled rate. As it percolates through the upper soil 
layer the complex microbial flora present break down the 
organic compounds. The water is either absorbed by the 
plant roots and evaporated to the atmoisphere by evapo- 
transpiration, or discharged to the groundwater. Thus, it is a 
treatment process in its own right and is not merely a method 
of burying the effluent. 

One North American mil1 achieves 99% reduction of BOD 
for its effluent which has an initial level of 1 150 mg/l. Aver- 
age daily flow rate is 2 000 m3. It is of interest to note that 
the treatment area borders one of the better trout streams 
in the area and continuous monitoring has failed to detect 
any deterioration in water quality (Philipp, 1971 ). 
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CONCLUSIONS 
Generally, the kraft process consumes 800 kwh electrical 

energy and 3 500 kwh of heat energy per tonne of unbleached 
pulp produced. Waste products of the process, which equal 
the pulp yield, are burnt to recover the cooking chemicals 
and to generate most of the process heat demand. In contrast, 
the refiner process is an intensive user of electrical energy 
and 1 500 to 2 000 kwh are consumed per tonne of pulp pro- 
duced. 

Both processes use water to transport the pulp fibre, and 
the kraft process demand of 100-100 m3/tonne of pulp is of 
the order of 10 times that of the refiner process demand. 
Average water re-use is three times in the kraft process and 
10 times i11 the refiner process. 

As the kraft process is a chemical one, a capital intensive 
recovery operation is required to minimise chemical make- 
up costs and to prevent massive pollution loads. Even so, 
presentday mills discharge effluent with a BOD, loading of 
25 to 45 kgitonne of pulp. Implementation of recently de- 
veloped technology allows this load to be reduced to 10 to 
20 kgitonne. Two-stage treatment removes most of this oxy- 
gen demand. Tertiary treatment is required to remove the 
characteristic dark colour. 

Atmospheric discharges from the kraft process have an 
unpleasant smell and are difficult to reduce below the thres- 
hold of human detection. There is no atmospheric pollution 
of significance from the refiner process. 

In conclusion, it can be stated that the refiner process has 
a much lower environmental impact than the kraft process 
and, provided its electrical energy demand can be fulfilled, is 
likely to continue as an effective means of transforming a 
significant proportion of New Zealand's exotic forest re- 
sources to a valuable export commodity. 
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