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EXPLANATORY NOTES 

absorb~ble organic halides, chlorine is the main halide present in the 
effluent is also called absorbable organic chlorine 
air dried tonne (pulp or paper with nearly 10 % moisture) 

best available technology economically achievable 
Best conventional control technology 
biological oxygen demand 
best practicable control technology currently available 
Chlorination st~ge in pulp bleaching (Cl2) 
Chemical oxygen demand 
Chemithermomechanical pulp 
Chlorine dioxide stage in pulp bleaching (Cl02) 
Alkaline extraction, normally with sodium hydroxide (NaOH) 
Oxidative alkaline extraction stage 
Environmental Protection Agency 
Giga-joules 
hypochlorination stage in pulp bleaching (ClO) 
kg platinwa per tonne of pulp 
kilogram per tonne with 10 % moisture, air dry pulp 
Mega Pascal 
Ne~ source performance standards 
oxygen stage 
oven dry tonne 
parts per million (1:106) 
parts per trillion (1:1012) 
return on investment 
tetra chloro dibenzo dioxin 
tetra chloro dibenzo furan 
thermomechanical pulp 
total organic chlorine 
total reduced sulphur 
total solids 
total suspended solids 
weight/weight 

of material in this The designati~ns employed and the presentation 
dorument do not imply the expression of any opinion whatsoever on the 
part of the Secretariat of th~ United Nations Industrial Development 
Organization (L'NIDO) concerning the legal status of any ~ountry, 
terriLory, city or area or of its authorities, or concerning the 
delimitation of its frontiers or boundaries. Mention of firm names 
and co1111ercial products does not imply the endorsement of UNIDO, Thia 
document has not been edited. 
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ABS'IRACT 

The total world production of paper and board in 1989 was 233 million 
tonnes and of pulp nearly 164 miltion tonnes. Out of this about 85 per cent of 
paper and board and 87 per cent of pulp was manufactured in developed 
countries. The expected increase in the consumption of paper and board will be 
3.4, to 3.6 per cent in developed countries and 5.8 to 5.9 per cent in 
developing countries. The expected annual growth in the pulp production will 
be 2.9 to 3.1 per cent in developed countries and 4.4 to 4.5 per cent in 
developing countries. 

The basic raw 11aterials used in pulp manufacture are renewable 
lignocellulosic fibrous materials. In developed countries mainly woods are 
used for pulping. In many developing countries, wood is in short supply and 
more than 45 per cent of the pulp is manufactured from other fibrous 
materials. mainly agricultural residues such as straw and bagasse and also 
bamboo. About 55 per cent of the other fibre pulp is manufactured from straw. 
Bagasse is used as fuel in sugar mills and surplus bagasse is used for pulp 
and papermaking. But in some cases bagasse as fuel is replaced by fossil fuels 
to increase pulp production. Wood supply in developed cauntries is based on 
the method of sustained yield. Plantations especially in tropical countries 
are an important source of wood. 

In the pulping process about 50 per cent of the lignocellulosic material 
:s dissolved by accion of inorganic chemicals generating a biological oxygen 
demand (BOD) load of about 330 to 390 kg per tonne of pulp. In modern pulp 
mills these dissolved substances are collected by washing of pulp, evaporated, 
incinerat~d in a recovery furnace and the inorganic chemicals recovered and 
recycled. The BOD load can be reduced to a value of 10 to 20 kg/t of 
unbleached pulp before biological treatment. 

The current best practicable technology standards in the USA for BOD are 
8.05 kg/t of bleached pulp and new source performance standards (NSPS) are 
5.5 kg/t of bleached pulp. Old wood-based pulp mills with recovery in 
developing countries still emit up to 40 to 60 kg/t BOD. Activated sludge or 
areated lagoon treatment considerably reduces BOD (70 to 90 per cent) but is 
expensive. In bleaching the BOD load is increased and in addition chlorinated 
organic compounds are generated. 

The absorbable organic halides (AOX) load from a conventional bleaching 
using elementary chlorine and chlorine dioxide is 5 to 8 kg per tonne of pulp. 
This can be considerably reduced by using oxygen pre-bleaching and 
substituting chlorine by chlorine dioxide. The AOX load in bleaching of 
soft•ood puip can be reduced to 2 kg per tonne and in bleaching of softwood to 
1 kg per tonne taking into consideration that biological treatment reduces AOX 
by about 40 per cent. The target in the future in developed countries is 
further replacement of chlorine and reduction of AOX in the range of 0.5 to 
1 kg (1995 to 1998) and later from 0.3 to 0.5 kg (2000) per tonne. 

Wood pulp mills arc using the sulphate process in which odorous gases 
such as h~·drogen sulphide and methylmercaptan are emitted. The a11<>unt can be 
reduced by collecting and burning the gases. Non-wood mills using agricultural 
residues use the soda process. which is sulphur free and does not emit odorous 
gases. These mills are facing difficulties in washing of pulp (low capacity of 
washers) and in recovery of chemicals due to high silica content resulting in 
scaling which prevents lime re-burning. Consequently the recovery efficiency 
is low and 800 discharges are considerably higher than in mod~rn wood-based 
mills. Small pulp mills () to 30 t/d) do not have a recovery programme as 
,capital investment: for rec:overv is about 30 per cent of total investment. 
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These mills discharge the total BOD and chemical oxygen demand (COD) 
load to recipient (about 250 to 300 kg BOD/t). However. as these mills are 
small. the total load on a locality is higher than that of a large capacity 
modern mill. 

papermaking furnish. The 
34 per cent but in some 
of wastepaper prevents 

paper processing is about 

Waste paper is an important component of the 
world utilization rate of waste paper is about 
countries it is up to 50 to 60 per cent. Utilization 
over-cutting of forests. The BOD discharge in "·aste 
15 to 20 kg/t. 

Papermaking is mainly a physical and hydromechanical process using raw 
materials which are nearly insoluble in water. The BOD load is low, but total 
suspended solid losses (TSS) are higher than in pulping. On a medium level 
paper machine, the BOD discharge is 2 to 3 kg/t and TSS is 5 to 6 kg/t. On 
paper machines using waste paper or mechanical pulp the BOD discharges are 
higher. 

Old or second-hand paper machines frequently used in developing 
countries have a BOD discharge of 7 to 15 kg/t and TSS and from 35 to 75 kg/t. 
This is due to high water consumption (up to 160 to 200 m3/t of paper) which 
is conversely very low on new paper machines (10 to 20 m3/t). 

Pulp manufacture is a thermal-energy consuming process (about 16 to 20 
GJ/t), but in a modern mill the energy is generated by incinerating pulping 
waste liquor and bark. Thermal efficiency can be improved by displacement 
cooking, increasing black liquor concentration etc. to about 9 GJ/t. Energy 
consumption in papermaking is mainly for drying of paper. The energy 
consumption on modern paper machines has been reduced in the past 10 to 15 
years by about 20 per cent in the range of 6 GJ/t to 9 GJ/t of paper. The main 
development is increasing dryness by better pressing. 

There are still some technical and economical barriers to overcome to 
meet environmental requirements and this is mainly for small mills based on 
non-wood fibrous raw materials such as bagasse, straws. The high silica and 
hemicellulose content of these materiai~ creates some problems in the pulping 
and papermaking process and not all clean production options developed for 
wood are applicable to pulping -!sidues. The economic barriers are also 
important. A modern 'greenfield' mill spent about 20 per cent of the total 
investment for cost environmental protection. These clean production options 
developed for large scale mills when scaled down would result in lower 
efficiency. Heat consumption and lower chemical recovery efficiency increases 
the relative investment cost per tonne of pulp. Import duty on equipment in 
some countries is another economic barrier. International lending institutions 
would finance only projects which meet environ111ental guidelines. This also 
could be a barrier for funding of small mills. Closing a mill because of poor 
enviro'lllental performance could be a social problem for developing countries. 
This option should be carefully evaluated by Governments. 

Despite financial and technical difficulties in implementing clean 
production options, the industry in many developing countries has improved and 
the valuable experience gained should be disseminated. 

Government can play an important role in the environ.mental protection 
and can bring about ciionges by issuing environmental guidelines 1nd standards, 
supforting environmental measures and by tax incentives or direct subsidies. 

\ 
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The environmental guidelines should be realistically attainable to avoid 
closing down mills and generating social problems. The Government progra.-e 
should provide a progressh·e approach for existing mills g1 v1ng them time to 
attain the limits. Furthermore assistance and support to research institutions 
in their search for appropriate effluent disposal technologi~s should be an 
integrated part of the government progra11111e. 

SECTION I 

1. IN"l'1lODUCfION 

The total world production of paper and board in 1988 was 224.329,000 t 
of which developed countries accounted for 189.604.000 t and developing 
countries 34.725.000 t [l]. The total world production in 1989 was about 
233.000.000 t [2]. A further steady growth is expected in the next 20 
vears. The Food and Agricultural Organization of the United Nations (FAQ) 
forecasts that by the year 2000 consumption in developed countries will grow 
by 3.4 to 3.6 per cent per annum and in developing countries by 5.8 to 5.9 
per cent. The expected world consumption in the year 2000 will be 303 
million tonnes [l]. 

Industry is using virgin fibres produced by pulping of lignocellulosic 
fibrous raw materials (wood, agricultural residues, grasses) but also a 
considerable amount of recycled fibres (waste paper) besides non-fibrous 
materials (chemicals. minerals e.g. china clay). The global mass balance of 
paper and paper board production in 1988 is presented in figure I [2]. 

World production of pulp in 1988 was 162 million tonnes and nearly 164 
million tonnes in 1989 [3J. About 87 per cent was manufactured in developed 
countries. The expected annual growth in the next decade according to an FAO 
forecast will be 2.9 to 3.1 per cent in developed countries and 4.4 to 4.5 
per cent in developing countriPs. The expected total world consumption of 
pulp in the year 2000 will be in the range of 200 to 220 million tonnes [l]. 

In 1989 there were 1,393 pulp mills and 4,390 paper mills in the world 
[3]. However. this number inclu1es only the larger mills. There are many small 
mills in developing countries which are not included in the above mentioned 
statistics. In China alone there are approx. 5,400 pulp mills but only 189 
have an output exceeding 10.000 t/a [4,5J. In lndia there are about 250 small 
pulp and paper mills having capacity up to 10,000 t/a [6]. Pulp is 
manufactured mainly from wood but also from other fibrous raw materials as 
s11own in table 1. 

TABLE l. WORLD PRODUCTION IN 1988 (1000 t) 

Developed countries 
Developing countries 
T o t a 1 

Wood 
pulp 

140,904 
11.078 

151,183 

Other fibre 
pulp 

1.346 
9,698 

11,044 

Source: FAO Yearbook Forest Products 1988 [lJ. 

Total 
pulp 

141,450 
20. 775 

162,225 
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More than 55 per cent of the other fibre puLp is straw pulp. Sagasse 
and bamboo pulp each represent about 15 per cent and various grasses, such 
as reeds. represent less than 15 per ceut of other fibre pulp proouction [7]. 

The industry has an impact on air, water and land as shown in figure II 

The extent of this impact can be controlled by appropriate technology. 
There are still technical and economical difficulties to collect and to 
burn black liquor and to recover chemicals in small pulp milLs. 

About 75 per cent of the pulp production is chemical pulp 
manufactured by processing lignocellulosic fibrous materials with inorganic 
chemicals. During this process approx. from 50 to 55 per cent of the 
lignocellulosic 1118.terial is dissolved thereby generating polluting substances. 
In a modern mill these are, to a large extent, collected and incinerated and 
the inorganic chemicals recovered. Possible emission points in alkaline wood 
pulp manufacture are shown in figure III. 

Paper production is basically a physical (hydromechanical) process 
using materials which are almost insoluble in this process. Only a small 
amount of polluting substance is dissolved in this process but more suspended 
solids are discharged tha.1 in pulp manufacture. 

2 . ENVIRONMENTAL IKPACf OF PULP IWIUFACTURE 

2.1. IMPACT OF FIBROUS RAW MATERIAL EXTRACTION FROM NATURAL RESOURCES 

The basic fibrous raw material in pulp manufacture are renewable 
lignocellulosic fibrous raw materials (wood.straw, bagasse, bamboo) 
accounting for 85 to 95 per cent weight/weight (w/w) of all raw materials 
(except fossil fuels). The world consumption of fibrous raw materials in 
pulp manufacture is nearly 300 million t/a on an oven dry basis. Most of the 
fibrous materials are woods, both softwoods and hardwoods. The total world 
consumption of pulp wood including chips from industrial waste was more than 
500 million cubic metres in 1984 and is expected to exceed 700 million cubic 
metres in 1995 [8]. Host of the pulpwood is cut and used in developed 
countries as show~ in table 2 . 

TABLE 2. ROUNDWOOD PRODUCTIO~ AND UTILIZATION (1988) 

-Total roundwood production 
(1 million m3/a) 

-Total industrial roundwood (%) 
Pulpwood (%) 
(including induatrial waste) 
other industrial uses (%) 
-Fuelwood and charcoal (%) 

Developed 
countries 

82.0 
24.6 

57.4 
18.0 

Source: FAO Yearbook Forest Product! 1988 (l]. 

Developing 
countries 

1883 

20.0 
2.56 

17.5 
80.0 

Wood is the most frequently used fibrous raw material in developed 
countrif's and pulpwood production is an important part of forestry. 
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Forestry management. iu most developed countries is based on the 
method of sustained yield. It is ensured that annual growth is at least 
equal to cut volwaes. In some countries e.g. Germany [9) it is general 
practice to make alaost exclusive use of thinning material and industrial wood 
residues for pulp ~roduction. Such exploitation of th~ forests are harmonized 
with environmental protection techniques. However, the European forest is more 
homogenous and, therefore, 111<>re readily lends itself to efficient 
exploitation. lbere are still large resources of wood in North America, the 
USSR and minor resources in Central Europe. 

In developing countries fuel and charcoal wood are the main forest 
commodities. Pulpwood production is negligible except in some countries, e.g. 
Argentina, Brazil, Indonesia, Swaziland, Tanzania. lbe area of natural forest 
in developing countries is decreasing as a result of overcutting for fuelwood, 
shifting cultivatiQn and conversion of land to agriculture and pasture. In 
some countries, e.g. Nigeria, mixed Lropical hardwoods consisting of many 
species are used for pulp manufacture even though they are not suitable. There 
is a tendency to replace the natural forest by plantation species (e.g. 
Pinus, Gmelina, Eucalyptus etc). and to establish plantations on unused land 
and degraded forest areas. Annual yield of plantations in tropical and 
subtropical areas is considerably higher, than in a temperate zone forest [10). 
In 1985 the area of plantations was a little more than 1 per cent of the total 
world area of closed forest but the indus~rial wood supply from plantations 
accounted for 14 per cent. The area of plantations is expanding and the share 
of industrial wood in the year 2000 is expected to be in the range of 19 to 
22 per cent [11). Very successful is the plantation progra11111e e.g. in Brazil, 
supported by an efficient tax-incentive mechanism (12). In 20 years 6.3 
million hectares of forest have been planted. Such plantations reduce C02 
content in the atmosphere. An approx. 300,000 t/a pulp mill based on 
Eucalyptus that needs 1.5 million cubic metres of wood per year would need a 
standing timber volume that corresponds to about 5 million tonnes of oil in 
terms of carbon content (11]. 

In developing countries, such as China and India, the natural forest or 
plantation cannot satisfactorily SUf?lY the needs of the pulp industry. 
Non-wood materials, mainly agricultural residues (wheat and rice straw, 
bagasse) and bamboos are used for pulp manufacture. 

Although non-wood bamboos are actually considered a forest raw 
material. Wheat and rice straw are used mainly in China and India. There are 
still large quantities of unexploited wheat and rice straw of the magnitude 
of several hundred million t/a (moisture-free) which are lost and partially 
burned on fields. Utilization in pulp manufaccure is desirable as it holds 
carbon in cellulosic fibres for a longer time. The world prcduction of 
sugar-cane bagasse is 60 to 70 million tonnes (moisture free) per year. 
Bagasse is used as fuel in sugar mills and only surplus bagasse can be used 
for pulping. In old type boilers the bagasse surplus is about 5 per cent 
only. With improved thermal efficiency of the sugar mill evaporator~ and 
boilers this aDOUnt could be increased from 10 to 20 per cent. In some mills, 
bagasse as fuel is replaced by fossil fuel. 
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Ctilization of lignocellulosic fibrous raw materials for pulp 
manufacture is ecologically sustainable provided wood supply is based on the 
method cf sustained wood yield and if otherwise unused wheat and rice straw 
and surplus bagasse is used. Replacement of bagasse as fuel by fossil fuels, 
in order to deliver more bagasse for pulp production, is normally less 
favourable economically as it depends heavily on the equivalent caloric value 
of the bag3sse and oil at the time. 

2.l. PREPARING OF FIBROUS RAW MATERIALS 

Prior to pulping. wood has to be debarked. The bark content depends on 
the species of wood and diameter of logs and is usually about 10 per cent but 
can be as high as 17 per cent w/w. The logs are debarked either in wet 
debarking drums or by dry debarking methods (dry drums. knife-debarkers or 
manually). In wet debarking a part of scluble substances is dissolved 
resulting in BOD discharges o~ 4 to 12 kg and COD discharges of 20 to 40 kg 
per tonne of dry wood. Suspended solid discharges are about 5 to 20 kg per 
tonne (fine particles). In dry debarking BOD discharges are 0 to 3 kg/t of 
wood. The reduction of BOD by biological treatment is from 60 to 80 per cent 
of COD about 50 per cent [13]. Bark has a considerable value as a fuel. If a 
mill is using only unbarked roundwood it would be able to recover 3.5 to 4.0 
GJ/t in fuel. If the mill receives a considerable part of the wood as chips 
the recovered heat will be less [ 14]. In the chipping operation some fines 
are screened out and usually burned. 

Bagasse has to be stored to supply the pulp mill even if sugar cane is 
1lC.' crushed. The storage is dry in bale form or wet in bulk form and 
- inkled. The discharges of 30D are 20 to 40 and COD 80 to 240 kg/t of 
bagasse pulp. 

The next operation is moist or wet depithing removing from 20 to 25 
per cent of bagasse substance. The pith is usually burned as fuel. 

In some mills wood chips and bamboo chips are cleaned by water and in 
some cases straw as well. Mainly dust and inorganic substances such as silica 
are removed through such a treatment. 

2.3. COMPOSITION OF LIGNOCELLULOSIC FIBROUS RAW MATERIALS 

There are three main organic components in lignocellulosic materials: 
cellulose, hemicellulose and lignin besides smaller amounts of extracts. 
Cellulose has a fibrous character and pulping is used to separate the 
cellulosic fibres from the lignocellulosic structure. Woods contain a small 
amount of ash. generally below 1 per cent. The ash content in annual plants 
(straw. bagasse) is higher and is composed mainly of silica as presented 
in table 3. 

TABLE 3. ASH AND SILICA IN NON-WOOD PLANT FIBRES 

Raw material Ash % 

Bamboo 3 - 5 1. 5 -
Wheat straw 4 - 7 1. '.'> -
Rice straw 7 - 22 4 -
Bagasse 4 - 8 1. s -
Sourc~: A. Kulkarni, UNIDO Workshop on Non-wood Fibre 

Pulping ar.d Papermaking. Beijing 1988. 
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Softwoods have longer fibres than hardwoods and residues as well as 
some annual plants. Bagass~ contains up to 40 per cent pith. which has a 
non-fibre character. Straw. expecially rice straw. contains a portion of verv 
sh•Jrt fibres and therefore fibre losses in processing straw are higher than 
in processing of wood. 

2.4. CHEMICAL PULPING 

Review of most i11POrtant processes 

In chemical pulping. cellulose fibres are 
lignin and hemicellulose in an aqueous solution 
temperature and pressure. There are basically 
technologies: 

separated by dissolving 
of chemical~ at elevated 

two main established 

In sulphite pulping wood chips or other lignocellulosic material 
(e.g. bamboo) is digested at 130 to 140°c in a solution of calcium bisulphite 
containing excess sulphur dioxide or in a solution of sodium, magnesium or 
a ... onium bisulphite with or without excess sulphur dioxide. The advantage 
of sulphite pulping is the higher brightness and better bleachability of the 
unbleached pulp when compared with alkaline pulping and the possibility of 
by-product manufacture from the pulping waste liquor. However, not all 
fibrous raw materials can be processed by this method (e.g. some hardwoods). 
The recovery of chemicals is either not possible or too complicated except in 
magnesiumbisulphite. Only 10 per cent of the world chemical pulp production 
and only 5 per cent of the chemical pulp production in developing countries 
are manufactured by the sulphite processes. 

In alkaline pulping lignocellulosic materials are digested with aqueous 
solutions of caustic soda (soda pulping) or caustic soda and sodium sulphide 
(kraft or sulphate pulping) at 160 to 170 °c. All lignocellulosic materials 
can be processed by alkaline pulping. The soda process is especially suitable 
for agricultural residues and grasses. The recovery of caustic soda and 
sodium sulphide is a well established process. However, when fibrous raw 
materials with extremely high silica content are used for pulping. chemical 
recovery is made difficult. 

Alkaline pulping, washing and screening 

Wood is usually digested by the sulphate process. The chemical charge is 
usually from 16 to 20 per cent Na20 on o.d. wood at 20 to 30 per cent 
sulphidity (ratio of Na2 to active alkalies expressed as Na20). The yield of 
unbleached pulp is usually from 48 to 52 per cent. The total weight of 
inorganic chemicals is 420 to 600 kg/t of pulp. About 1000 to 1200 kg of 
oxygen consuming organic substances are dissolved in the black liquor 
resulting in a BOD value of 330 to 390 and COD 1300 to 1500 kg/t of oven dry 
pulp. The dissolved substances are deeply coloured resulting in a colour 
load about 1100 to 1200 kgPt/t of pulp and contain also small amounts of 
toxic substances such as resin acids and unsaturated fatty acids [15j. Some 
organic substances are volatile and are contained in the digester and 
evaporator condensates contributing to the BOD load by 12 to 20 kg BOD per 
tonne of pulp. During the digestion metoxyl groups are split off ~reducing 
methanol and also reacting with sodium sulphide forming odorous compounds 
such as methylmercaptan, methyl sulphide, dimethylsulphide and 
dimethyldisulphide. The amount of total reduced sulphur (TRS) is about 3.5 to 
5 kg per tonne of pulp, the higher value related to hardwoods. Bamboo is 
usually pulped by the sulphate process. 
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Agricultural residues are usually digested by the soda process 
(without sodium sulphide). The chemical charge is lower, usually 10 to 12.5 
per cent on o.d. material. In some cases, without chemical recovery the 
chP.11ical charge is even lower. lhe yield is about SO per cent and in the case 
of rice straw it is sometimes as low as 40 per cent and this increases the BOD 
load considerably. The discharge of TRS (odorous compounds) is negligible as 
only trac~s of sulphur are present from water and raw materials. 

An i11po·:tant operation is washing of the pulp and extraction of the 
black liquor ~ontaining the dissolved organic substances. Vacuum and pressure 
drum washer are commonly used for pulp washing mostly in three stages. The 
loading capacity of drum washers for wood pulp is from S to 8 t/113/24 h. Black 
liquor washing efficiency is from 96 to 97 per cent. The efficiency of modern 
belt washers is as high as 99 per cent. With this development the 
technological limits are most probably reached and in future efforts will be 
directed to increase capacity and energy saving for drives and vacuum systems. 

In old mills. the pulp is screened after washing, leaving shives and 
knots only partially washed and discharging BOD load in the screening s~ste•. 

By a closed hot screening the effluent can be reduced by 12 to 15 11 /t of 
pulp witii a corresponding decrease of BOD load. The carry-over to bleach plant 
should not increase, as it may increase AOX formation. By a closed system and 
good spill collection system discharges of suspended solids can be decreased 
from 25 to 35 kg/t to 15 kg/t of pulp. 

Washing of agricultural residue pulp is less effective and more capital 
intensive as drainage properties of these are poor and the loading capacity of 
drum filters low (bagasse pulp about 3 t/112/d, wheat straw 1 - 1.5 t/m2/d and 
for rice straw even less). The ¥ashing efficiency for bagasse is about 94 to 
95 per cent calculated on NaOH recovery but is very low for straw as shown in 
table 4 [ 3 j . 

TABLE 4. COMPARISON OF 

Washer type 

15 m2 
10 m2 
10 m2 

of 

Press washer 
Vacuum washer 
Belt washer 

No. 
washers 

3 
4 
1 

PULP WASHERS 

Total 
wash area 

45 
40 
10 

(Straw pulp 

Capacity 
odt/112/d 

0.86 
0.65 
1.66 

washing in China) 

BL 
extraction % 

75-85 
83 
96.S 

Source: C.Pu and S. Hu, Pulp Paper Can .. 91 (12):163 (1990) [4]. 

The table indicates that a belt washer may be the solution for straw 
less pulp washing. The black liquor from agricultural residues is 

concentrated e.g. bagasse or wheat straw black liquor is from 8 to 9 per 
cent of total solids, and in the case of rice straw it is considerably lower. 
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l. 5. l~CINERATION OF BL.\CI< LIQt.:OR .:\ND RECOVERY OF CHEMICALS 

The recovery of the chemicals from the black liquor of sulphate (kraft) 
and soda digestion process is a "·ital part of the pulping operation as it 
regenerates chemicals to f~rm fresh digestion liquor. It is also a most 
important environmental protection process. It supplies heat for the pulp mill 
by incineration and is a renewable fuel once considered waste. Simultaneously 
it minimizes discharge of water polluting substances. In a modern mill 
reductions are from l to 3 per cent. In the recovery process. the black 
liqu~r is concentrated in multiple effect evaporators followed frequently by 
a direct-contact evaporator using flue gases and incinerated in a recovery 
furnace with addition of sodiua sulphate to make up for loss. The resulting 
smelt of inorganic chemicals (Na2C03. Na2S) is dissolved in water and caustic 
soda regenerated by causticizing with lime. 

The tendency today is to improve evaporator heat economy. An important 
step is pre-e'\·aporation of black 1 iquor by using flash steam from a 
continuous digester. It is possible to increase dry solids in black liquor to 
30 per cent from originally about 14 to 15 per cent without direct heat 
consumption [10). Tilere are attempts to apply this also for batch pulping by 
conserving flash steam in an accumulator. By increasing the nuabe~ of 
evaporator effects from 5 to 6 to 7 the live steam demand will decrease from 
0.24 to 0.20 and even 0.17 t of live steam per tonne of ~vaporated water. 
corresponding to a live steam saving oi 0.23 and 0.56 adt of pulp. 

To improve heat efficiency it is advisable to increase black liquor 
concentration to over 62 per cent. A new development is super-concentration of 
over 75 per cent using a falling film evaporator [l6J. By using such a 
super-concentrated black liquor the total system energy recovery increases by 
9 to 12 per cent. The Pffect is a drop in S02 emissions to zero and H2S 
emissions near to zero and s!:owing a positive environmental impact. 

Evidently recovery of chemicals from wood black liquors can be 
substantially improved especially in terms of heat economy. Recovery of 
chemicals fro• agricultural black li :iuors is more difficult and less 
efficient. Black liquors from agricultural residues are less concentrated. 
(usually from 9 to 11 per cent, wood black liquors from 14 to 15 per cent). 
Black liquors from rice straw pulping are even less concEntrated [16; and 
evaporation is more difficult. 

High silica content in black liquor increases the melting point of 
recovery furnace smelt by approx. 30°c making the smelt easy to freeze (4]. 
High silica content makes calcium oxide recovery from causticizing unusable 
as calciwa silicate is formed by inactivating lime and causing build-up of 
silicate in the lime kiln. For a successful recovery of high silir.a containing 
black liquors desilication is required. Tilere have been many attempts to 
develop a commercially viable desilication process. A pilot plant has been 
installed in the Rakta mill in Egypt [17). A successful process has been 
jointly developed by UNIOO/SlDA, by the Central Pulp and Paper Research 
Institute in lndla and a demonstration-production plant has been installed in 
a South Indian mill using bamboo and reed.(Hindustan N£wsprint Ltd, Kerala) 
[ 17). 
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The submerse reactor capacity is nearly 40 g3jh of black liquor. The 
semi-roncentrated black liquor (from 14 to 18 per cent total solids w/w and 
silica from 3 to 6 g/1) is carbonated using recovery furnace hot flue gas. 
Carbonation is carried out gradually in three reaction tanks in series. The 
desilication efficiency is 90 per cent to about 0.6 g/l of silica. The process 
is unsophisticated ar.d operates with a low level of instrumentation. The 
investment cost of a desilication plant for a 50 t pulp/d mill is estL.nated to 
be about $US 500.000 to $US 600.000. 

A recovery system with especially high-efficiency and a sophisticated 
funu.ce is very expensive and hardly accessible to small mills. A simplified 
version called a Broby smelter was successfully installed in a Brazilian 
mill using bagasse. In China recovery furnaces suitable for non-wood black 
liquor have been developed and installed in several mills producing 10.000 
to 15.000 t/a of pulp [4.18J. The recovery efficiency is in the range of 65 
to 85 per cent. Recently a furnace for a 25 t/d straw puJp mill has been 
de'l.-eloped in China [4]. The furnace reportedly is operated without auxiliary 
fuel. 

Condensates from evaporation together with condensates from a 
digester contribute substantially to the BOD load. In the case of hardwoods 
it is up to 20 kg BOD5 per tonne of pulp. Condensates contain methanol and 
also malodorous substances (TRS). It is necessary to clean the condensates by 
stripping and to incinerate in a suitable furnace e.g. in the bark furnace or 
lime kiln . 

2.6. BLEACHING OF CHEMICAL PULPS 

The residual lignin. which was not removed during digestion 
(cooking). is responsible for the low brightness of unbleacted pulp. 
Especially sulphate (kraft) and soda pulps are of dark colour. To achieve 
the required brightness the residual lignin is removed by bleaching. The 
residual lignin in sulphite pulps is of lighter colour and easier to remove 
than lignin from sulphate or soda pulps. Hardwood and annual piants (straw. 
bagasse) based sulphate and soda pulps are easier to bleach as these usually 
~ontain less lign1n than softwood pulp. Bagasse and straw pulps are bleached 
by chlorination with elementary chlorine (C stage followed by alkaline 
extraction of chlorinated lignin (E stage) and by hypochlorite bleaching 
(H stage) in one or two stages. Sometimes only hypochlorite is used. With 
th~ introduction of sulphate bleached pulp and a requirement for higher 
brightnes chlorine dioxide (D) as bleaching agent is introduced. The 
com·entional sulphate softwood bleaching sequence is C-E-D-E-D, usually with 
some replacement of chlorine by chlorine dioxide (C/D stage). 

Most of the lignin is dissolved in the first two bleaching stages 
(C-E) ~nd some of the dissolved lignin has covalent!y bonded chlorine. Such 
compounds are not common in nature and are actually "man-made". A part of 
chlorinated lignin is difficult to decompose and may have harmful 
envirorunental effects. The bleach effluent has high COD value and is 
heavily coloured. In conventional bleaching approx. 5 to 7 kg of organically 
bound chlorine expressed as AOX or TOCl is discharged per tonne of pulp. 
World wide approx. 250,000 t of organically bound chlorine are discharged 
from pulp hleaching [19'.. Traces of dioxins are also formed in the 
chlorination stage. 
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However. it should be mentioned that about 40 per cent of AOX is 
decomposed in biological treatment of effluent. 

Even if the toxicity of bleach effluent is frequently overestimated 
the tendency is to reduce discharges substantially. Also there have been 
attempts to reduce discharges by precipitation of chlorinated lignin or 
by ultra filtration. The generally accepted method is to reduce residual 
lignin content in unbleached pulp by oxygen pre·ble2ching er by modified 
cooking or by a co•bination of both methods. In modified cooking or 
extended delignification the alkali charge is made more uniform during 
digestion and the concentration of the dissolve•i lignin in the pulping 
liquor must be lo•ered during the latter part of the digestion. In 
oxygen pre-bleaching the unbleached pulp is treated with oxygen and NaOH at 
about 100 °c and 0.8 ~a pressure. About 40 per cent of the residual lignin 
is dissolved. Oxygen bleaching is now introduced in about 40 mills 
worldwide. 

By oxygen pre-bleaching and oxygen delignification the Kappa number 
i.e. the lignin content of softwood pulp prior to bleaching can be reduced 
substantially and consequently the AOX. COD, BOD and colour discharge is 
significantly reduced. If the mill has activated sludge waste water 
treatment, the final emissions are further reduced. 

Further reduction of AOX can be achieved by a high degree of 
substitution of elementary chlorine by chlorine dioxide. Chlorinated 
compounds are produced by chlorine dioxide to a limited extent. By a high 
degree of substitution the AOX discharges fro• bleaching of softwood pulp can 
be reduced to 3 kg AOX/t pulp. In the case of hardwood pulp a full 
substitution of chlorine by chlorine dioxide is possible reducing the AOX 
discharge to about l kg AOX/t pulp. This can be further reduced by 
activated sludge treatment. A high substitution is also beneficial to 
reduction of dioxin content in pulp from about 25 ppt to 0 · 5 ppt. 

A further reduction takes place in activated sludge treatment (see 
table 5) reducing the AOX final emission of softwood bleached pulps to about 
1.7 to 2 kg AOX/t of pulp, the limit anticipated in the next 2 to J years. 
The AOX emission of hardwood pulp bleaching will be even less. 
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TABLE 5. COMPARISON OF SOME PRESLEACHING DELICNIFICATION 
OPTIONS-SCANDINAVIAN SOFTilOOD 

Process Kraft Kraft Hod.Kraft Mod.Kraft 
+02 +02 

--------------------------------------------------------------

INITIAL LOADS 
SOD. leg 02/adt 
- bleaching 16 12 14 9 
- other. spills 8 8 8 8 
- total 24 lO 22 17 

COD (Cr) kg 02/adt 
- bleaching 80 50 60 39 
- other. spills 20 20 20 20 
- total 100 70 80 59 

SUSPENDED SOLIDS leg/adt 8 8 8 8 
COLOUR. kg Pt/adt 200 120 150 100 
TOT.ORG. Cl2. kg AOX/adt 7.0 3.5 4.8 2.8 

AFTER TREATMENT 
SOD kg 02/adt 2.4 2.0 2.2 1. 7 
COD (Cr) kg 02/adt 45 31 36 27 
SUSPENDED SOLIDS. kg/adt 1 1 1 1 
COLOUR leg Pt/adt 180 100 130 85 
TOT.ORC. Cl2. kg AOX/adt 3.9 1.9 2.2 1.3 
---------------------------------------------------------------

Source: J.Gullichsen. The Paper Industry and Its Environment Proceedings. 
OEZEPA. Vienna. 1989 [20}. 

Iapl~mentation of modified cooking and oxygen bleaching has an impact on 
the entire pulping process. Yield is lower in both cases resulting in a 
higher loading of recovery as the effluent f roa oxygen bleaching is recycled 
and burned. Hore steam and electricity is produced. but in oxygen 
pre-bleaching the heat demand is higher as co•pared with conventi?nal pulping 
and bleaching. The additional investment for a new mill or a •ill 
undergoing a major rebuild is mode$t. Oxygen bleaching requires a pressurized 
reactor and additional washing equipment. It is easier to add on to an 
existing mill. but it will lead to production losses if the recovery boiler or 
the recausticizing plant are capacity bottlenecks. The overall economy of a 
1000 adt/d pulp mill variations is presented in the following table 6: 
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TABLE 6. ESTIMATED COST OF ALTERNATIVES 
(production 1.000 adt/d) (softwood) 

Al ternath·e 

0p£rating cost saving* 
Required capital 
Marginal ROI 
Payback time** 

$US 1.000 per year 
$US 1.000 
(%) 
(years) 

Sulphate 
+ Oz 

633 
12.175 

5.2 
indef. 

~ .. ~ .......... ~_ -~ 

Modified 
sulphate 

2,987 
6,477 
46.l 

2.4 

Modified 
sulphate 
+ 02 

1,769 
17. 532 

10.l 
40 

Source:J. Gullichsen, The Paper Industry and Its Em;iroruaent Proceedings. 
OEZEPA. Vienna. 1989 [20J. 

Note: All in Fmk in 1985 
converted to $US according to exchange rate in 1985 
* 350 operating days 
** 10 per cent interest, constant annuity 

. ---. 

The investment costs will be affected by local mill conditions. In a new 
mill. bleaching can be reduced to three stages instead of five. If enough 
washing filters are available costs can be also reduced. Some authors are 
therefore more optimistic about investment costs [21.22]. If 25 to 30 per 
cent delignification is sufficient a less expensive hydrostatic. medium 
consistency. oxygen reactor may be installed. This may be interesting for 
pre-bleaching of straw and bagasse pulps as these contain less residual 
lignin and the bleaching sequence may be reduced. Such a SIHPLOX reactor 
is in operation in Carton de Colombia, Colombia [L3j. Up to this time no straw 
or bagasse pulp oxygen bleaching is in operation. Another possibility to 
reduce polluting discharges from bleaching is adding oxygen to thE: first 
alkali extraction stage (EO stage), reducing colour to some extent AOX 
and saving up to 40 per cent chlorine dioxide, which may be used to 
substitue chlorine in the C stage. EO stages can easily be made as a 
retrofit installation in existing bleach plants. Installation costs are 
between $US 0.5 million to $US 0.8 million and pay back period is usually six 
to eighteen months . 

2.7. MECHANICAL PULPING PROCESSES 

The total world production of mechanical pulps (including TKP and 
CTMP) from wood in 1988 was 34.157 million tonnes. NinE:ty-five per cent of 
the mechanical wood pulp is produced in developed countries (11. In 
mechani~al pulping fibres are separated by mechanical action in the grinder 
or in a disk refiner sometimes by combined heat, mechanical and mild 
chemical treatment. The yield is usually higher than 95 per cent. Only a 
small portion of the wood is dissolved and the BOD and COD discharges are 
correspondingly lo~. For mechanical pulping without chemicals the BOD values 
are 15 to 2~ kg/t and COD values 25 to 65 kg/t. In CTKP 
(chemithermomechanical pulp) sodium sulphite ls used and a larger portion of 
wood substance ls dissolved resulting in COD values 110 to 140 kg/t. 
including peroxlde-dithlonlte bleaching. The BOD and COD load generated in 
mechanical pulping is just a fraction of the load generated in chemical 
pulping. but equal or higher than the total discharge from chemical pulping 
with recovery. Biological treatment especially for TMP and CTMP is required 
to reduce pollution. Resins in waste water from mechanical pulping are to~ic 
and eay disturb an.aerobic biological treatment. 
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~echanical pulping was increasing at a faster rate than chemical 
pulping production until one or two vears ago due to substantially lower 
im·estment cost and "'ood consumption (high yield from "'ood). However electric 
energy demand is high (l.:>00 to 2.800 kWh/t) and this production is now 
grot."ing slo,..l::i-· particularly in countries with low energy costs. 

In countries wi.t.h a shortage of wood. pulp is produced from bagasse by 
mechanical treatment in disc refir.?rs. This technology is succesfuly used in 
India '.24!. 

2.8. ~ASTE PAPER PROCESSING 

Waste paper is an important ra~ material in paper production and 
especially paperb.:•ard manufacture. The world total waste paper recovery in 
1989 1"aS 80.369.000 t and consumption 79.568.000 t which means a utilization 
rate of 34 ~r cent and a recovery rate of 35 per cent [ 25 j. According to FAQ 
forecasts "'c~~~ waste paper consumption in the year 2000 will be about 110 
million tonnes. 

Waste paper is one of the most significant parts of colmllllllal refuse and 
yet less waste paper is utilized than discarded as garbage and this is partly 
incinerated. Less than 40 per cent of waste paper is actually collected. The 
highest 1"aste paper utilization rates in fibre furnish is recorded in the 
Netherlands. the United Kingdom and Denmark. where it reached around 60 per 
cent in 1990. In Asia many countries are above 50 per cent and in the Republic 
of Korea about 70 per cent [2SJ. Utilization of wast~ paper for paperaaking 
is ecologically desirable. as it lo"'ers refuse and ext.ends the life-cycle of 
carbons in waste paper fibres. In countries with short.age of other fibrous 
ra"' materials waste paper utilization is preventing over-cut.ting of forests. 
Replacerent of virgin pulp by waste paper also decreases energy demand. as 
energy consumption in waste paper processing requires approx. 1.3 HWh/t [2). 
The BOD discharge in mechanical waste paper processing is about 15 to 20 
kg/t and COD about 40 kg/t of waste paper processed. rn de-inking the 
emissions are higher (BOD 15 to 40 kg/t and COD 50 to 90 kg/t). 

Losses in repulping of waste paper are about 13 ~o 14 per cent. 
However it should be re!llE!mbered that these solid wastes would have been dumped 
in any event. 

Waste paper is used mainly in paperboard 
manufacture. but utilization in writing and 
newsprint after de-inking is increasing. 

packaging 
printing 

and tissue paper 
papers. especially 

Waste paper is a very important raw material in developing countries. 
However. to achieve a high recovery of waste paper collection has still to be 
improved and necessary conditions are high density population and existence of 
waste paper which is not too highly contaQinated. 

2.9. ESVIROSMENTAL IMPACT OF PAPERMAKING 

In the first stage of papermaking. stock preparation. the fibres are 
treated mechanically by rotating bars in a beater ("beating•) or in a 
conical or disc refiner (•refining•). This 11akes fibres flexible and to 
inc~ease the external surface in order to improve fibre bonding. In this 
operation some fibre material may be dissolvf'd. but the amount is 
marginal and is higher for unbleached pulps. 
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After refining of fibres. fillers and additives are added. Fillers. 
e.g. china clay. calcium carbonate improves optical and printing properties 
and by saving fibres reduces production costs. However. fillers are 
non-renewable materials. 

The most common additives are sizing a6Ents and starches. Resin size 
is fixed to fibres by alWM!n. A part of the resin remains in solution. To 
improve s1z1ng effect and retention on fibres. modified and fortified sizes 
arc used. Starch is used to improve surface strength. Native starch has a 
poor retention (about 15 to 20 per cent) and increases BOD demand of the 
effluent considerably. Cationic starches have a high (80 to nearly 100 per 
cent) retention and have a marginal influence on BOD. Retention aids e.g. 
polya~rylamid are added ~o increase retention of fillers. 

After stock preparation the stock is diluted fro• 0.5 to 1 per cent 
consistency pumped to the h~adbox and distributed to the wire section. The 
fibre slurry carries a large volume of water ilOO to 200 a3/t) which is 
removed by fiitration. suction boxes and foils and by pressing. 
increasing dry content from 35 to 40 per cent and with modern presses from 40 
to 50 per cent and reducing the volume of water by 1 to 1.5 m3/t. This is 
removed from the paper veb by drying. 

The se•i-dry paper may be surf ace treated with starch or other chemicals 
in a size press. Dry paper may be further processed by coating with 
pigments. starch and other binders. Th:..s is also a source of water 
pollution as some of the paper due to breaks or imperfection has to be 
recycled. 

The water removed in the wet part (white water) is partly recycled 
directly and partly processed in .t fibre recovery equipment (save-all) to 
clean water for re-use and to remove fibres and fillers. The volume of 
white water is increased by fresh water for sprays to clean wire and feolts. 

the save-all carries mainly suspended solids as not 
are retained in the paper mat. If short fibres 
used more fibres are passed to the white water. 

the main polluting factor in papermaking. 

The overflow from 
all fillers and fibres 
e.g. straw pulp is 
Suspended solid loss is 

In Czechoslovakia a paper mill integrated with a modern sulphate pulp 
mill is producing writing and printing paper and foodboard, total 76.357 t/a 
on 2 older paper machines. The water consumption on the writing-printing 
paper machine is 50 to 55 m3/t. The BOD discharge is 2.45 kg/t and 
suspended solid discharge 6.2 kg/t. 

In India, there is a great difference between medium sized mills (150 
200 t/d) integrated with pulp mill including recovery and small pulp 

mills (2 - 25 t/d) as seen from the following table 7: 

TASL£ 7. DISCHARGES FROM INDIAN PAPER MILLS 

Waste water 113/t 
SusFended solids kg/t 
BOD kg/t 
COD kg/t 

Old type 11ediW1 
mill tn~egrated 

60 - 80 
35 • 70 

7 - 14 
)6 • 84 

Small mill 
wastf! vaper and 
purchased pulp 

72 - 1'>9 
47 - 78 

9 - 38 
1,q - q 1 

-----------------·---·-·--··--·--------·------------·-------
' 

Sourcf': S. G. Ra;igan. Conventional Jssu~. IPPITA. NP.If Df'lhi. 1987, Vol I p.1 1·! 
[ 2~ J. 
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Small paper mills have higher discharges. This is evidently the 
result of high water consumptio~ and also outdated and less sophisticated 
machint:rv. These paper machines are frequently old second-hand machines from 
Europe and usually not upgraded. 

the 
not 
water 
mill 
white 

Discharge of suspended solids are related to water consumption and to 
perf~rmance of fibre recovery equipment. Closing of the mill system does 
solve the problem of soluble substances causing BOD load, but reduced 
consuaption reduces suspended solids discharge. To implement a closed 

system with reduced water consumption requires good purification of 
water and sufficiently large storage tanks are required. 

water consumption are the result of lower 
collection and reduced costs for secondary 
extremely low water consumption causes 

Savings owing to reduced 
expenditure for fresh water 
effluent treatment. However 
corrosion and disturbances 
content of ions and ot~er 

paper grades from waste 
mills are in the Netherlands 

in the paper chemistry system due to increased 
undesirable substances. For some low quality 
paper a nearly total closure is possible. Two such 
and Denmark. 

Another 
i.e. a well 
fibres should 

requirement is a low carry-over of pollutants from the pulp mill 
washed pulp. Further chemical additives with good retention on 

be used e.g. cationic and not native starch. 

3. EllERGY CONSP.llVATIOll IN PULP AND 
PAPER IWIUFAcnaE 

Energy consumption is a complex process involving many aspects such as: 
- selection of suitable equipment 

proper design of production line e.g. avoiding over-sizing 
of pumps. electric lllOtors, drives, etc. 

- optimization of energy distribution 
avoiding losses by steam leakage and no-load running of 1110tors, etc. 

En~rgy consumption is also a result 
and techniques with considerably lower 
be discussed as other aspects are beyond the 

3.1. PULPING 

of development of new processes 
energy demand. Only this aspect can 
scope of this study. 

Digestion (cooking) of lignocellulosic fibrous raw material (wood, 
straw) is a thermal process requiring to heat up fibrous raw material and the 
cooking liquor in a pressure vessel (digestor) is around 160 to 170°C either 
by direct steam or indirectly heating up the liquor in heat exchangers. 
Steam d~mand ~ill depend on the material to liquor ratio and packing density 
of fibrous material in the digester. With straw the packing density is 
lower and liquor ratio usually higher resulting in a higher steam 
consumption. At the end of the digestion the pressure is relieved and 
temperature lowered to 130 to l40°C and the content is blown to a tank 
relieving pressure to the atmosphere. The heat content of the liquor is 
degraded to low pressure flash steam. In a modern continuous digester the 
high temperature liquor is displaced by washing water and the hot liquor is 
cooled down in a heat exchanger heating up the fresh cooking liquor and 
thus conserving high potential energy and reducing heat de111&nd from 4 GJ/t to 
about 2 GJ/t of pulp and in a new type of digester even to a lover level. Such 
a system of energy conservation can be applied for hatch cooking a5 well as by 
installing additional pressure vessels for displaced high temperature liquor. 
heat exchange etc. 
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The investment cost will depend on the available equipment in a mill 
and may be ."or a 200.000 AOT/a pulp mill in the range of $l:S 10 million to 
$US 20 million USD. Heat demand reduction is substantial and operation 
cost saving high resulting in a ROI of about 60 per cent and pay-back period 
of from 1.5 to 2 years depending on fuel prices [27J. It should be mentioned 
that old type simple horizontal tube continuous digesters used for straw and 
bagasse pulping do not have liquor displacement arrangements. 

In a pulp mill without recovery in old type digesters the heat demand 
for cooking of wood is about 4.0 GJ/t of pulp and for straw about 5.0 GJ/t of 
pulp.In an old type mill recovery steam is produced by burning of black 
liquor reducing heat demand for cooking from 2 to 2.5 GJ/t of pulp. 

The heat demand in bleaching can ht: lowered by reducing water demand as 
mentioned in a previous section. Electric energy demand can be lowered by 
shortening the bleaching sequence after oxygP.n pre-bleaching (21]. However. 
straw and bagasse bleach plants have always a short sequence (3 or 4 stages). 

The overall energy balance for 
presented in table 8. 

new and old wood pulp mills is 

TABLE 8. ENERGY BAUNCE FOR NEW AND OLD PULP HILLS* USING WOOD 

New mill 
(GJ/t) 

Old mill 
(GJ/t) 

-·-------------------------------------------------------------

HEAT DEMAND 
Cooking and washing 1.0 4.0 
Bleaching 0.8 1.5 

Drying 3.0 3.5 
Evaporation 2.8 4.0 
Recovery boiler 0.9 1.0 
Hi scellaneous 0.2 0.5 

TOTAL PROCE.;S 8.7 14.5 
STEAM FROM IN-HOUSE FUELS 
Recovery boiler 15.0 14.0 
Wood waste 3.0 2.0 

TOTAL 18.0 16.0 
These figures can be applied to a steam 
turbine CHP plant as follows: 

Back pressure turbine (kWh/t) 600 950 
Heat for turbine 2.4 3.8 

OVERALL STEAM BALANCE 
Process demand (GJ/t) 8.7 14.5 
Turbine (GJ/t) 2.4 3.8 
Total demand (GJ/t) 11. l 18.3 
Own fuels (GJ/t) 18.0 16.0 
Surplus/deficit +6.9 -2.3 

-------------------------------·----------------------------
* Excluding the lime kiln. 
Source: E. Jeffs, Pulp and Paper Int .. 31 (6):85 (1989) [~4}. 
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This is 
depend on 

a simplified view and actual possibilities in 
fibrous raw material. 

a specific mill 

will 

In outdated pulp mills the consumption is much higher. In two Indian 
mills using bamboo and hardwoods the heat demand for pulping is 7.4 and 
10.7 GJ/t and for evaporation 6.8 GJ/t and 10.8 GJ/t respectively. This is 
due to low black liquor concentration and low number of evaporator effects. 
The total heat demand including bleaching and recovery is 18.3 GJ/t and 
24 GJ/t respectively (IPPTA. March 1985). 

3.2. PAPERMAKING 

Papernaking from the energy consumption point of view is a process of 
removing water from the fibre slurry and fibre mat by filtration. 
suction by vacuum pressing and ultimately by drying. The bulk of the 
energy is consumed in drying (70 to 80 per cent). The more water that is 
removed by hydromechanic processes (filtration, suction, pressing) the lower 
the heat demand is for drying and tbe total energy demand, even if energy 
consumption in the wet part of the paper machine slightly increases. A good 
press section is a very important factor in energy conservation. Energy 
conservation in the drying section is also important. An open paper machine 
without a hood, or only partially enclosed and without heat recovery. has a 
substantially higher energy consumption. Different paper grades have also 
diff~rent energy cnnsumption as seen from table 9. 

TABLE 9. ENERGY CONSUMPTION BY PAPER GRADES 

PAPER GRADE 1984 
GJ/t 

1973 
GJ/t 

---------------------------------------------------------
Newsprint 
Magazine 
Liner 
Sack paper 
Fine paper 

5.9 
8.4 
5.1 
8.6 
8.4 

7.8 
10.3 

7.2 
10.2 
11.0 

---------------------------------------------------------
Source: 1987 EUCEPA Symposium Proceedings, EUCEPA, Paris, 19£7 [28J. 

This table also shows the decrease in energy consumption in 
manufacturing various paper grades in developed countries. Energy 
consumption decreased from 1973 to 1984 by about 20 per cent. 

Old paper mills have a much higher consumption, both 
heat energy. Such mills are usually in developing countries 
the small paper mill sector. Table 10 shows the energy 
Ind:an mills (1984) as compared with German mills in 1973. 

electrical and 
especially in 
consumption in 
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TABLE 10. COMPARATIVE ENERGY CONSUMPTION FOR PAPERHAKING 

Country 
Type of mill 

INDIA 

Medium mill 1 

Medium mill 2 

I SD IA 

Small mill 
Small mill 

GERMANY 

Woodfree 
Packaging 

IN INDIA (1984) AND GERMANY (1973) PER TONNE OF PAPER 

Paper 
grade 

Kraft 
bleached 
Kraft 
bleached 

Wrapping 

Power kWh/t 
Stock Paper 

preparation machine 

280 470 

130 550 

White offset 

250 
225 

450 
406 

Total 

750 

680 

Steam 
GJ/t 

10.9 

8.2 

816 9.0 
889 9.8 

700 
631 

6.6 
6.0 

Source: IPPTA, New Delhi, 22(1): (1985) [29] . 

An example of an important development is improvement of paper 
web presses. Modern presses increase the dry content of wet paper by 5 
to 10 per cent as compared with conventional presses. This makes it pos5ible 
to reduce steam consumption by 15 to 25 per cent, such presses are especially 
efficient in liner or corrugating medium manufacture and are useful also 
for light paper grades. 
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4. EMERGING 'l'RENDS IN TECHNOLOGY DEVELOPMENT 

Nev pulping (cooking) methods 

The trend is to reduce residual lignin in pulps by extended 
del ignification (modified cooking). In this way active chlorine demand and 
the formation of organic chloride compounds during bleaching stages are 
reduced. 

minimize sulphur in alkaline pulping of wood to 
emissions. A development is expected in the 

delignification with a more efficient catalyser as 

Another trend is to 
reduce malodorous sulphur 
improvement of catalysed 
antraquinone. 

An alkali-oxygen process for pulping of straw is emerging. This uses 
sodium carbonate and caustic soda as cooking agent together with oxygen. 
Caustic soda should be used as a make-up chemical only, resulting in a 
recovery without causticizing [30]. A similar process is being developed for 
other non-wood fibrous raw materials [31]. 

Organosolv pulping may be also developed on a commercial scale. Lignin 
dissolved in organic solvents may he used as by-product. 

Pulp washers 

It is anticipated that belt 
straw pulp washing which has poor 
concentration of black liquor and less 

washers will be further improved 
drainage properties. Thus a 

fibre losses may be achieved. 

Simplified small scale cheaical recovery unit 

Two trends are emerging: 
- simplified recovery furnace for small capac1t1es 

to suit 
higher 

recovery using amph~teric oxides, mainly ferric oxide binding alkali 
during burning of black liquor. The sodium ferrite is hydrolyzed to 
NaOH and ferric hydroxide. Burning of black liquor mixed with 
ferric oxide in a fluidized bed has not been successful on an 
industrial scale. Development is continuing i.a. in a pilot plant in 
India under a UNIDOjUNDP-Goverment of India project. A furnace or 
rotary smelter may ~e a solution. 

Simplified oxygen bleaching for 
agricultural residues bleaching 

At the present time possibilities 
hydrostatic pressure oxygen reactors 
partly exclude chlorine from bleaching. 

Bio-bleaching 

are 
for 

being explored to use simple 
bleaching of straw pulp. This may 

Xylanase is active in cleavage of lignin cellulose bonds making 
lignin more accessible in bleaching. This process is being studied in 
order to reduce chlorine in bleaching. High temperature in tropical countries 
may be beneficial for the process. 
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Chlorine-free or chlorine reduced bleaching 

New sequences applying 
reduce or exclude chlorine. 

oxygen pre-bleaching. peroxide and ozone. will 

Improving drainability of straw 
pulp on the paper machine 

New retention and drainage aids may increase capacity of 
machines which is at present low when especially using rice straw. 

SECTION II 

l . ENVIRONllF.ll'l'AL UQUIREllDTS FOR AalIKVINC 
ECOLOCICAU.Y SOUND INDUSTRIAL DEVELOPMENT(ESID) 

paper 

In the previous section an array of technologies and processes has been 
presented which make possible the harmony of pulp and paper manufacture with 
the environment. Most of the options presented are already established 
technologies. Some are emerging alternatives which may be implemented 
gradually. 

1.1. WATER POLLUTION LIMITS 

Water pollution is of primary interest in most countries. In the USA 
the Environmental Protection Agency (EPA) has established technology-based 
regulations on various levels without any consideration to the absorbing 
capacity of receiving waters on grounds that most advanced regulations can be 
introduced only gradually. The main levels are as follows [32j. 

Best practi~able control 
Based on the average 

discharges in the industry. 
regulation for an industry. 

technology currently available (BPT): 
of the best existing performance of direct 
BPT is generally the first stage or baseline 

Best available technology economically achievable (BAT): 
Represents the best existing performance in the industry controlling 

the direct discharge of toxic and non-conventional pollutants. BAT is the 
second stage of regulation for these pollutants. 

Best conventional control technology (BCT): 
Control of the direct discharge of conventional pollutants in the second 

stage of regulation. 

New source performance standards (NSPS): 
Based on best available demonstrated technology and apply for new 

direct discharging facilities. All pollutants are controlled. 

Pulping produces a large amount of oxygen consuming substances 
resulting in high BOD and COD. By applying modern technology BOD and COD can 
be reduced to a minimum. Fibre loss expressed as total suspended solids is 
also important. The current EPA (1988). BPT and NSPS standards for BOD and 
total suspended solids (TSS) for bleached kraft (sulphate) wood pulp are given 
in the tables 11 and 12. 
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TABLE 11 _ CL'RRD.1 BPT AND SSPS STANDARDS FOR BOD AND TSS IN USA (1988) 

Bleached kraft 
market pulp 

Bleached kraft 
fine papers 

in kg/t./90 wood 
(air-dry pulp) 

pulp 

Max 30 dav 
BOD 
BPT NSPS 

8.05 5.5 

5.5 3.1 

average 
TSS 

BPT NSPS 

16.4 9.5 

11.9 4.8 

Max per day 
BOD TSS 

BPT NSPS BPT NSPS 

15.45 10.3 30.4 18.2 

10.6 5.7 22.15 9.1 

Source: J. Folke, Regulatory Requirements for Pulp and Paper Hill Effluent 
Limitations, COWi Consult, Denmark, 1989 [33}. 

Practically achievable levels are dependent on raw material used 
and technology applied. The Spanish BCT and BAT Standards specify besides 
wood pulp also straw pulp effluents for various technologies as presented in 
table 12. 

TABLE 12. RECOMMENDED SPANISH STANDARDS 
kg/t/90 

BCT 
Max 30 day 
BOD TSS 

Max per day 
BOD TSS 

BAT 
Max 30 day 
BOD TSS 

Max per day 
BOD TSS 

-----------------------------------------------------------------------------

~eat straw 
corrugated 
paper 

~eat s~raw 

pulp integrated 
production 

70.0 5.5 140.0 11.0 

5.0 3.5 10.0 7.0 

-----------------------------------------------------------------------------
Source: J. Folke: Regulatory Requirements for Pulp and Paper Hill Effluent 

Limitations, COWI Consult, Denmark, 1989 [33]. 

In InJia, the Central Board for the Prevention and Control of Water 
Pollution issued Minimum National Standards in 1985 presuming biological 
wastP water treatment (see annex I). A review of standards up t.o 1980 is 
shown in UNEP publication [13}. 

In France, pollution standards for pulp mills date back to 1972, but 
actual waste water discharge permits are generally more strict. 

• Besides BOD, COD and TSS limits for organically bound chlorine are 
also considered. There have been contradictory results and views regarding 
toxicity of bleach waste water containing organica~ly bound chlorine. A recent 
comprehensive work in Sweden confirmed toxicity of these effluents (19]. 
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The effluent froa a conventional C(95+D05)EDED bleach plant showed 
strong biological effects after 166 times dilution with low survival of 
fish fry. decreased invertebrate density. and parasitic infestation of 
stationary fish species. Even with dilution of over 5.000 times it was 
determined that all these effects could be found. although to a 
substantially decreased degree. 

The addition of an oxygen stage or an aerated lagoon significantly 
decreased the intens1 ty and extent of these effects_ However. S• .e mild 
effects could still be detected after 2,000 times dilution. The c<>11bination 
of oxygen delignification with either high chlorine dioxide substitution or 
with an aerated lagoon substantially de~reased the effluent effects. but mild 
effects could still be observed after 500 to 1,000 times dilution. 

Based on 
have been laid 
table 13. 

these results 4 levels of AOX kg/t/90 of suiphate pulp 
down in a tentative action plan in Sweden [34] as indicated in 

Basic 

Level 

Level 

Level 

TABLE 13. TENTATIVE ACTION PLAN IN SWEDEN FOR AOX (kg/t/90) 
DISCHARGE IN SULPHATE PULP MANUFACTURING 

level softwood 
hardwood 

I softwood 
hardwood 

II softwood 
hardwood 

III softwood 
hardwood 

kg AOX/t/90 

2 
1 
1 
0.5 
0.5 
0.3 
0.1 

Expected 
implementation 

year 
1992 

1995-1998 

2000-2005 

2010 

Source: N. Jirvall, EnviroTllllenial Conference 'The sustainability of 
Australian pulp and paper industry', APPITA. 1990 l34J. 

the 

The basic level has to be reached by 1992. The basic level can be 
achieved by introduction of oxygen pre-bleaching. chlorine substitution by 
chlorine dioxide and biological treatment. Higher levels will require 
introduction of new technologies such as ozone bleaching. i.e. bleaching 
without elementary chlorine. However some authors consider the value AOX 
1 kg/t as already sustainable (34]. 

Dioxins (TCDD and TCDF) are in very low quantities in bleach 
effluent, and the amount is only a small fraction compared to other 
industries. Dioxins can be actually eliminated by oxygen bleaching and 
good washing of pulp. In Australia, the limit for new eucalyptus mills is 5 ppt 
of Dioxin 2,3,7,8, TCDD per tonne of pulp (see annex II). 

The proposed standards for non-integrated paper mills in Germany and 
France are very strict and detailed (33). 
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TABLE 14. PROPOSAL FOR NEW EMISSION Sn.MDARDS FOR GERMAN PAPER HILLS 

TSS 
mg/l 

COD 
kg/t 

BOD/5 
kg/t ag/l 

AOXC 
kg/t 

-----------------------------------------------------------------------
Uncoated fine paper 50 3 1 10 3 0.04 

Coated fine paper 50 6 2 10 3 0.04 

Tissue 50 9 3 10 3 0.04 

True pergament 50 12 6 3 0.025 

Yhite board 2 25 10 3 0.02 

Integrated groundwood 3 25 10 3 0.01 

if >501 TKP is used 5 25 10 3 0.01 

t.lastepaper 5 25d 10 3 0.012 

-----------------------------------------------------------------------
Source: J. Folke. Regulatory Requirements for Pulp and Paper Hill Effluent 

Limitations. COWI Consult, Denmark, 1989 [33}. 

a For effluents exceeding 500m3/d 
b for effluents exceeding 1000 m3/d 
c In special cases this value enlarges to 0.12 

and 0.2 kg/t90 
10Jm3/t the d if water used is lower than limit is 0.25 kg.It 

up to a maximum of 50 mg/l. 

French emission standards for the larger paper mills (>60 t/d) are 
from 1989 and operate on six different classes depending on the relative 
amounts of virgin/secondary fibres used and the quality of products (coating 
and additives used). Furthermore. the standards are different for new mills 
and existing mills. i.e. existing mills have a five year period to adapt to 
new standards. table 15 [33]. 

TABLE 15. EMISSION STANDARDS FOR PAPER HILLS IN FRANCE (kg/t/90) 

New installations Old installations 

-------------------------------------------------------------
TSS 
SOD5 
COD 

0.7 
0. 7 - 1.4 
2.5 - 4.0 

1.5 - 1.9 
1.0 - 2.0 
4.0 - 8.0 

-------------------------------------------------------------
Source: J. Folke, Regulatory Requirements for Pulp and Paper Mill Effluent 

Limitations, COWI Consult, Denmark, 1989 [33]. 

1.2. ACTUAL WATER POLLUTION SITUATION 

The effluent limitations are rather stringent but a mill with a medium 
level technology and good management can meet these requirements. A short 
description of a mill in Czechoslovakia (North Slovakian Pulp and Paper 
Mills. Ruzomberok) is presented in the following paragraphs. The pulp mill 
was erected in 1979-1980 by Canadian suppliers. The mill is currently 
producing 222,000 ADT/a of kraft unbleached pulp from softwoods and 
mixed hardwoods alternatively on the same production line. The wood is 
unbarked in dry drums. The mill has conventional batch digestors with 
computer control. The pulp is washed in 3-stage dru.;a filters (Na2S04 losses of 
6.0 to 7.0 kg/ADT). The recovery boiler has a capacity of 47.2 t of dry solids. 
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The major part of the pulF is bleached by a C/D-E-D-E-D sequence 
producing 170.000 ADT/a softwood and hardwood bleached pulp. 22.500 ADT/a 
of softwood pulp is used as unbleached. The water consuaption in bleaching 
is about 40 to 50 a3/t. The effluent froe the pulp •ill is treated in an 
activated sludge treatment plant together with aunicipal effluent. The 
efficiency on BOD is about 80 to 90 per cent for the aixed effluent. The 
heat consuaption in the pulp aill is 19.5 GJ/ADT. The bark is burned in a 
boiler together with heavy fuel oil and natural gas. Evidently it is a 
aediua level •ill with a co•paratively high heat de.and. 

The effluent discharges are as follows: 

BOD5 
COD 
TSS 

kg/t air dry pulp 
kg/t air dry pulp 
kg/t air dry pulp 

Before biolo­
gical treatment 

26.2 
145 

35.0 

5.24 
72 
10.S 

After treataent 
(estimate) 

(80% efficiency) 
(50% • ) 
(70% " ) 

Taking into consideration the ainimu11 efficiency of the activated sludge 
treatment the •ill is within the liaits of US-EPA BPT standards. Fibre 
losses are high most probably due to hardwood pulp. The pulp mill is partly 
integrate~ with a paper mill producing 76,500 t fine paper and foodboard. 
The BOD discharges are about 2 to 2 .4 kg/t and TSS about 6 kg/t. BOD 
discharges are high. as undried pulp is used from the pulp mill. The 
effluent is discharged directly to the river increasing total BOD discharges 
(together with pulp effluent) from 7.2 to 7.6 kg/t which is slightly over 
the BPT limit. 

Most advanced mills can achieve the NSP limits as BOD is decreased 
when using oxygen-bleaching. The situation is more difficult in developing 
countries. A new, llOdern, high capacity mill recently rebuilt in Brazil (e.g. 
Suzano mill) or in Indonesia (Indah Kiat mill) using very modern equipment 
and technology can fulfil BPT and even NSPS standards. However old type 
mills with poor efficiency of chemical recovery and small mills without 
recovery capacity are discharging large quantities of polluting substances 
(see annex Ill). Certain old mills with chemical recovery are discharging 60 
to 90 kg BOD/t of pulp. Even with activated sludge treatment it is unlikely 
that these mills can meet stringent standards. Small mills are even in 
a more difficult situation as they discharge a total volume of black liquor 
with a BOD load of 220 to 280 kg/t of paper. However, in a given locality 
the impact of an old type 100 to 150 t/d mill with recovery or a small mill of 
10 to 20 t/d is not necessarily higher than that of a very large modern mill 
with 1,000 to 1,500 t/d. It depends on the absorbing capacity of the rece1v1ng 
waters whether such a load is acceptable. Nevertherless, the ultimate goal is 
to improve recovery eff.iciency in medium size mills and to develop a 
suitable recovery as well as implement biological treatment to prevent 
oxygen-deficiency in receiving waters. 

1.3. MEASURES TO REDUCE WATER POLLUTION 

The largest source of polluting substances is the cooking operation. 
Evidently the m~st important measure to reduce water pollution is a proper 
extraction, colleclion, evaporation and burning of cooking waste black liquor 
including recovery of chemicals. The most expensive part of the recovery 
system is the recovery furnace. 
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A furnace with a capacity of 200,000 to 300,000 ADT/a of pulp is about 
S~S 60 million to $US 90 million. This represents about 10 to 14 per cent of 
the total investment costs for a big new •greenfield •ill•. The costs are even 
higher for a s.all pulp •ill. In China, the costs of a recovery syste• for a 
10.000 t/a pulp •ill are esti.ated to be $US 4.5 •illion (in 1989) (4). In 
India. the fixed cost esti .. tes of a recovery syste• for a 50t/d (ab.>ut 15.000 
t/a) pulp mill including desilication are esti .. ted to be $US 6.6 •illion to 
SUS 7.2 million [35,36j. The econ~y of such an investment depends .. inly on 
caustic soda prices. In Europe, in 1988 the NaOH price was about $US 210 per 
tonne. in the USA in 1989 it was $US 330 to $US 360 per tonne. Th~ caustic 
soda prices in India are extremely high (nearly Rs 10,500 per tonne i.e. 
SUS 560 per tonne). Annual costs of caustic soda for a 50 t/d pulp mill are 
about 50 •illion Rs ($US 2.75 million to $US 2.80 •illion per year). At a 
recovery efficiency of 75 per cent, savings in purchased caustic soda will be 
about $US 2.0 •illion per year. Actual savings will be less owing to cost of 
lime for causticizing. operation costs of desilication and recovery plant. 
Nevertheless an acceptable pay-back period is anticipated. 

Black liquor incineration and chemical recovery substantially reduces 
the amount of polluting substance, but cannot ensure li•its of BOD discharge. 
A biological treatment is required. Aerated lagoons and activated sludge 
treatment are frequently used in advanced pulp mills. The retention time in 
aerated lagoons is usually 3 to 10 days but in extreme cases up to 
30 days [37). The BOD reduction rate is 50 to 75 per cent and in some Finnish 
plants during swmaer it is from 85 to 90 per cent. The retention time in 
activated sludge treatment is 2 to 18 hours. Average BOD reduction rates are 
85 to 95 per cent. COD reduction is about 50 per cent. AOX values are reduced 
at a rate of 40 to 60 per cent and chlorinated phenolics from 60 to 95 per 
cent. Aerobic biological treatment produces a large amount of sludge which 
is dewatered on filter or screen presses from 25 to 37 per cent and at least 
partly burned in a bark-fired boiler disposed of in land filling. The weight 
of sludge is about 0.09 kg solids per kg of BOD re111<>ved. The activated sludge 
process is successfully used e.g. in an Indian rayon pulp mill [38) with 
a BOD reduction rate of over 90 per cent, a COD rate of over 50 per cent and 
TSS reduction rate of about 70 per cent. 

Cost comparison 
basin for a 270,000 
USA, I-Quarter 1988): 

between activated sludge and aerated stabilization 
ADT/a greenfield mill shows the following data (prices 

Activated 
sludge 

Aerated 
stabilization 

basin 

-------------------------------------------------------------
Capital costs $US/ 39,770,000 27.159,000 
- per t of pulp $US/adt 147 100 

Operating cost assuming 
10 % interest and 20 
years of pay-back $US/adt 17 12 

Operating cost 
per t of pulp $US/adt 11 6 

Total $US/adt 28 18 

The increase in the pulp operation cost ls expected to be in the range 
of 7 to 9 per cent and 4 to 6 per cent for activated sludge treatment and 
aerated stabilization basin, respectively. This percentage however will depend 
very much on the mill characteristics. 
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The operating costs are in accordance with estimates in India [38]. 
Investment costs for a 50 ADT/d pulp •ill are estimated to be Rs 12 •illion 
(about $~S 660.000) i.e. about $US 47 per tonne of pulp [35. 36). This is in 
accordance with an installation mentioned earlier [38]. The investment and 
operation costs are considered as too hea'"Y a burden and the use of waste 
liquor for irrigatior. in agriculture is recommended (26J. In India. the 
tolerance limits for effluent for irrigation are specified in Indian 
Standard ISi No 3307/1977. A si•ilar good experience with irrigation using 
pulp •ill waste water is found in Indonesia. 

In some cases anaerobic treatment can be used. Under anaerobic 
conditions carbohydrates are converted to methane. but lignin is not 
affected. This method is used in a Spanish mill producing high yield pulp by 
the soda process froa wheat straw and together with waste paper 
corrugating medium. The black liquor and paper •ill waste water are treated 
in 2 simple void reactors. The retention time is seven days. The BOD 
reduction rate is about 95 per cent. COD rate is 60 to 65 per cent. Ab.>ut 
0.142 •3 methane per l kg COD reduction is produced. Such an investment is 
profitable as with an investment of about $US 4 million. the profit from 
methane production is about $US l •illion per year in 1983 prices [39). The 
advantage of anaerobic treatment is the low amount of sludge but the process 
is more sensitive. 

Neither aerobic nor anaerobic treatment affects lignin and colour. 
This can be reduced by oxygen bleaching or by precipitation into effluents. 
This alternative is expensive . 

A lover brightness paper is the cheaper way to reduce the discharge 
from bleaching plants. it will not eliminate the problem but may be a step in 
the right direction. 

1.4. MEASURES TO REDUCE AIR POLLUTION 

Particulate emission from recovery boiler (mainly Na2S04). sulphut 
dioxide and total reduced sulphur compounds (hydrogensulphide. mercaptan, 
methyl- dimethylsulphide) are problems in sulphate pulping. Finnish limits are 
some of the problems given in annex IV. The S02 in Finland is limited to 4 
kg/t of pulp in new installations since 1.7.1987 and to 6.0 kg/t in old 
installations (up to 31.12.1987). Swedish new guidelines limit total sulphur 
emissions to 1.5 kg/t of pulp. In Czechoslovakia individual TRS compounds 
are limited as follows: 

Hydrogen sulphide 
Methylmercaptane 
Dimethylsulphid~ 

Dimethyldisulphide 

Cone. outside atmosphere 
kg/m3 daily kg/m3 max. 

8.0 
0.2 
1.0 
0 .1 

8.0 
0.4 
2.0 
0.2 

As mentioned earlier regarding the pulp mill in Czechoslovakia 
condensates from digestor and evaporation plants are stripped in a column 
and burned with all concentrated TRS compounds in the bark boiler. To avoid 
escape of malodorous compounds during shutdown of the boiler a MODO 
emergency incinerator was installed (about $US 1 million). Diluted gases are 
at the present time vented into the atmosphere, but a collection syst~m 

is being installed. The total S02 emissions incl~ding bark boiler are 
13.19 kg/t of pulp. However, the main part (80 per cent) is from the bark 
boiler. Without this the S02 emissions are 2.38 kg/t. TRS emissions as 
sulphur ar~ 0.27 kg/t of pulp. 

- ·~ -

.. 



i -

-

' 

- ----
JS 

SECTION I II 

BARRIERS 

An array of technologies is available to meet enviro1111ental requirements 
but there are still soae technical and economical barriers: 

In wood pulping almost all stringent li•its can be met by implementing 
•odern t~chnology. However discharges of chlorinated organic compounds froa 
bleaching and malodorous sulphur coapound eaissions frot1 kraft pulping cannot 
be reduced by available technology to meet stringent ESID norms. It is 
expected that by the year 2000, bleaching discharges will be at a sustainable 
level. 

In agricultural residues pulping (straw. bagasse) clean production 
options are more limit~ due to specific properties of these raw materials 
e.g. high silica content and not all clean production options developed for 
wood pulping are applicable to agricultural residues pulping. Consequently in 
the next decade it will not be possible to reduce e.g. BOD and suspended 
solids discharges as drastically as with wood pulping. 

Most important are the economic barriers. In a modern, large scale pulp 
mill combustion of pulping waste black liquor and recovery of chemicals 
requires about 30 per cent of total investment cost. Modern •greenfield' mills 
spend about 20 per cent of total investment costs for environmental 
protection. 1hese investments are absent in small pulp mills. To implement 
these clean production options would double investment costs as compared with 
a mill without re~overy, biological treatment of effluents, etc. 

These clean production options have been developed mainly for large 
mills and scaling down would result in lover efficiency such as heat 
consumption and chemical recovery efficiency. It would also increase relative 
investment cost per tonne of pulp. In China, the budget for a recovery system 
in a 10.000 t/a mill is estimated to be $US 4.5 million. In many cases, small 
mills cannot afford such an investment [4). 

Serious economic barriers are the regulations pertaining to import duty 
on imported equipment in some developing countries. In India, import duty for 
paper machinery is 40 per cent. There are similar restrictions in Brazil. 
Shortage of convertible currency is also a limitation as most modern clean 
production technologies and equipment have to be imported from Europe, North 
America or Japan. 

The pulp and paper industry is a capital intensive industry. A large 
pulp mill of 200,000 to 300,000 t/a pulp will cost about $US 340 million to 
$US 450 million. Such a mill will meet present environmental norms and will be 
in a position to adjust to even more stringent ESID norms at the expected 
level by the year 2000. To finance such a greenfield mill in developing 
countries requires international financing. Such a mill gives less employment 
opportunities than small mills. These two barriers will prevent implementation 
of clean production options available in large mills for the next 10 to 20 
years. 
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Soae coun!ries e.g. India. give ta~ incentives to small mills to promote 
employaent. 

International lending institutions. such as the International Finance 
Corporation (IFC). the World Bank. would only finance projects which meet 
environ11ental guidelines. This also could be a barrier mainly for small mills 
until new economically sound technologies for such mills can be developed. To 
close down a mill because of poor environmental performance could be a so~ial 

problem for developing countries. Maybe a partial solution could be to 
transfer pulping capacity fro• the small pulp mills to large units with 
recovery systems. and use the small ex-pulp mills for conversion to paper. 

Price fluctuations of chemicals such as caustic soda and chlorine may 
act against implementation of clean production options. As caustic soda prices 
increase more rapidly than chlorine some mills have the tendency to reduce 
caustic soda charges thus increasing residual lignin content and using more 
chlorine in bleaching. 

It can be concluded that varying raw material p~operties in developing 
countries and high investment costs are the main barriers to implementation of 
clean production options. 

SECTION .iV 

INDUSTRY 

Despite financial and technical difficulties in implementing clean 
production options the industry in many developing countries has improved the 
environmental situation. In India, evaporation and combustion of black liquor 
and recovery of chemicals from bamboo pulping has been solved even if the 
bamboo contains a high amount of silica. In fact in India most of the pulp 
production is manuf&ctured in mills with recovery. In China, recovery furnaces 
have been developed for medium pulp mills and the number and production of 
mills using recovery is increasing. The annually recovered caustic soda 
increased by 30 per cent between 1982 and 1987. In South America bagasse mills 
have alkali recovery. In North Brazil a Broby-type smeJter was introduced in a 
mill using bagasse. 

Large new mills e.g. the Indah Kiat mill in Indonesia and the Suzano 
mill in Brazil have applied new technologies such as displacement cooking 
thereby saving energy and oxygen bleaching. The Carton Colombia mill 
implemented a non-pressurized SIMPLOX oxygen pre-bleaching stage. Hindustan 
Newsprint in Kerala (India) is testing, on a commercial scale, desilication 
developed by UNIDO/SIDA together with the Central Pulp and Paper Research 
Institute. India. 

Apparently valuable experience has been gained in industry in developing 
countries and this information should be disseminated. Industry should be 
encouraged to implement better pulp washing eq~ipment and oxygen bleaching in 
straw and bagasse pulping. 
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SECTION V 

Government has an i11p<>rtant role to play in environmental protection and 
can bring about changes by issuing environmental standards, supporting 
environmental measures and by tax incentives or direct subsidies. Host 
countries have issued such standards. In India there are three specific teras 
of legislation: 

The Water Prevention and Control of Pollution Act of 1974 and The Air 
Prevention and Control of Pollution Act of 1981 and a comprehensive 
legislation of the Environmental Protection Act, 1986. The Indian Central 
Board for Prevention and Control of Water Pollution issues standards. The 
Government Institutes, NEERI (National Environmental Engineering Institute), 
and the Central Pulp and Paper Research Institute, are conducting research in 
environmental protection. Similar government supported institutes are found in 
China, Myanmar, Indonesia, and other countries. 

Government tax incentives or subsidies support environmental projects in 
India and other countries. 

It is suggested, that governments co-ordinate environmental protection 
guidelines and limits and concentrate on all aspects, such as 

- limiting discharge of BOD and TSS 
setting acceptable levels for organic chlorinated compounds 

- setting limits for a~r pollution. 

The environmental guidelines should be realistically attainable to avoid 
closing down mills and generating social problems. 

Tax incentives and direct subsidies should pre~P~ably support projects 
with the maximum positive environmental impact. 

The Government programae should provide a progressive approach for 
existing mills giving them time to attain the limits. Furthermore assistance 
and support to research institutions in their search for appropriate effluent 
disposal technologies should be an integral part of the Government programme. 

SECTION VI 

INTERNATIONAL CO-OPDATION 

UNIDO and FAO have supported and upgraded research centres and 
institutes in India, Indonesia, Myanmar, Thailand, the Philippines and other 
countries. These institutes are conducting research in environmental 
protection. Some specific projects supported by UN Agencies and national 
assistance agencies are: 

- Desilication project executed jointly by UNIDO, SIDA and the Central 
Pulp and Paper Research Institute, India; 

- A UNIDO and Government of India project chemical recovery (pilot) 
plant for small pulp mills using non-wood raw materials 

- A UNIDO supported project in India focused on energy saving etc. 
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Seminars have been organized by UNIDO and UNEP in Bangkok (1985) and 
Beijing (1988. 1989) focusing on new technologies and environmental 
protection when using non-wood materials; 

Assistance of UNY.JO in the following areas is suggested: 
- Continuation of testing and development of a recovery system for small 

pulp mills: 

Adaptation of oxygen bleaching to non-woody materials in small pulp 
mills; 

- Improvement of washing of non-wood pulp: 

- Fibre recovery in processing non-wood pulp to reduce TSS losses: 

- Improvement of fibre retention in non-wood pulp paperaaking; 

Intensification 
conditions; 

of biological waste water treatment in tropical 

- Extended delignification of non-wood raw materials; 

- Non-sulphur carbonate-caustic soda pulping of straw 
recovery; 

- Transference of technology between countries 
co-operation North-South; 

with simple 

through TCDC. 

- Dissemination of 
countries; 

information between developed and developing 

Energy and water savings in existing mills; 

- Establishment and strengthening of research centres for the develoment 
of appropriate effluent disposal technologies; 

- HUJDan resources development . 

SECTION VII 

CONCWSIONS 

At present clean production options are available for wood pulp 
manufacture especially for BOD and COD and TSS discharges. The situation is 
still not satisfactory regarding reduced discharges of chlorinated organic 
compounds. A suitable technology will be developed probably by the year 2000. 
However this will increase production costs. Less optimistic is the outlook 
regarding malodorous sulphur compounds in kraft pulping. 
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The main barriers in implementation of clean production technology in 
developing countries in order of importance are: 

different properties of non-wood fibrous raw materials used 
developing countries making environmental measures less effective 
compared with wood pulping; 

high investment costs of clean production technologies; 

in 
when 

- difficulties in scaling down clean production technologies to small 
pulp and paper mill level; 

- high import duty in some CQUntries for equipment. 

To overcome these technical barriers further UNIDO assisted research is 
required. To overcome financial problems Government support in the form of tax 
incentives or direct subsidies and import duty exemptions is desirable. 
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ANNEX I EFFLUENT STANDARDS FOR PULP AND PAPER INDUSTRIES IN INDIA 

(Ref_: Minimal national standards small pulp and paper mills. 
Comprehensive Industry Document Series: COINDS/23/8S, Central Board 
for the Prevention and Control of Water Pollution, 198S) 

Permissible Limit 
Parameter -------------------------------------------
Wastewater discharges 
(•3/t) 
pH 
Suspended Solids 
(mg/l) 
BOD5 (mg/l) 
COD (mg/l) 
Implementation date 
for water quantity 

Without Recovery 
200 

(pulp and paper) 
6.5. - 8.5. 

100 

30 
350 
Dec.1990 

With Recovery 
so 

(\laste paper) 
6 - 9 
100 

so 

Dec,1993 (10 1 
reduction each year) 

In the future a limit will also be put on the discharge of: 
- TOCl (Total Organic Chlorine Compounds) 
- AOX (Absorbable Organic Halides) 
- colour . 

ANNEX II 

AUSTRALIA: EMISSION STANDARDS FOR NEW BLEACHED EUCALYPTUS KRAFT PULP MILLS 

Discharge opacity (1 obscuration) 
Recovery boiler 
Other boilers 
Lime kiln, rotary 
Lime kiln, other 

Final discharge particulates (mg Nm3) 
Recovery boiler at 12 1 C02 
Lime kiln at 10 1 C02 
Power boiler at 12 1 C02 

Sulphuric acid mist and sulphur trioxide 
measured as S03 

Total reduced sulphur measui·ed as H2S 
(mg/Nm3, continuous 12-h moving average) 

Recovery boiler at 8 1 02 
Lime kiln at 10 1 02 

Hydrogen chloride (mg/Nm3) 
Chlorine and chlorine compounds other than 
hydrochloric acid (mg/Nm3) 
Total suspended solids (kg/adt of pulp) 
BOD5, one day maxillWll (kg/adt) 
Organochlorines measured as absorbable organic 
5halide (AOX) (kg/adt) 

Yearly moving average 
Baserl on any one test 

Dioxin 2,3,7,8 TCDD (parts per trillion) 
Oil and grease 

Source: Pulp and Paper Int., 32 (3):45 (1990). 

35 
20 
10 
20 

150 
lSO 
225 

200 

5 
10 

400 

200 
8 
7 

1 
2.S 

5 
no visible 
contamination 

--~ 

\ 

? 
t 



.. :±di •.. . -. 

-

, ,,. 

\ 

t 

·~ \~ 
~ 

~ 

t 

ANNEX III 

Large mills 
(wood based) 
Kraft 

Mill 1 
Mill 2 
Mill 3 

Small mills 
(Straw based) 

Mill 1 
(Bleached) 
Mill 2 
(Bleached) 

Source: IPPTA, 
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EFFLUENT FROM LARGE MILLS IN INDIA 

Capacity Effluent Suspended BOD BOD/Load 

(TPD) (•3/t solids (ppm) (kg/t) 

paper) (ppm) 

200 315 200-500 80-350 99 

150 450 400-700 200-250 91 

120 270 400-600 200-300 60 

EFFLUENT FROM SMALL MILLS IN INDIA 

Capacity Effluent Suspended BOD BODfLoad 

(TPD) (m3/t solids (ppm) (kg/t 

paper) (ppm) paper) 

30 320 800-1000 600-800 224 

40 400 600-800 800-1000 280 

21(2). (1984). p. 26. 

AIR QUALITY GUIDELINES - FINLAND 

Substance 
Max. concentration 

Sulphur dioxide year 40 ug/m3 
day 200 ug/m3 
hour 500 ug/m3 

Particulates year 60 ug/m3 
day 150 ug/m3 

Nitrogen dioxide dll.y 150 ug/m3 
hour 300 ug/m3 

Carbon monoxide 8 hours 10 ug/m3 
hour 30 ug/m3 

Source: Ministry of the Environment, Finland, 1986. 
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