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ABSTRACT

In the pulp and paper industry several types of solid wastes and sludge are generated, mainly from pulping,
deinking processes and wastewater treatment. The waste generation is strongly affected by the production
process and wastewater treatment technologies. About 40-50 kg of ETP sludge (dry) is generated in the
production of 1 tonne of paper at a paper mill and of that approximately 70% is primary sludge and 30%
secondary sludge. The dryness of sludge varies from 20% in a newsprint mill to 40% in a tissue mill. As the
present practices of land filling and land disposal have many disadvantages and environmental problems, new
techniques are being developed. In this paper, generation and composition of wastes from recycled paper mills
and their gainful utilization using newer techniques have been discussed.

Keywords: Deinking sludge, primary sludge, secondary sludge, paper mill waste

Introduction

As a result of de-inking and bleaching, solid waste is
sometimes higher at recycled paper mills than mills that use
fresh fibre. However, the use of recovered fibre in the
manufacture of paper diverts paper from the waste stream
and, viewed from this perspective, the sludge from
manufacturing recycled paper may have a lower
environmental impact than paper that would otherwise be
land filled. Paper mill sludges have a net environmental
advantage over sewage sludges in that they are nearly
pathogen free; handling and use pose lower health risks.

Due to rapidly reducing landfill space and the secondary
pollution issues associated with the conventional sludge
disposal approaches and also the increasingly stringent
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environmental regulations, the disposal of sludges continues
to be one of the major challenges for the most pulp and paper
mills (1). This together with record high oil prices has
contributed to a need to investigate methods of converting
sludge waste into energy (2, 3). For example, the percentage
of pulp/paper sludges disposed by landfills has constantly
decreased in Europe in recent years, dropping from 40% in
1990 to 20% in 2002. In the meantime, the percentage of
pulp/paper sludge used as a raw material in other industries
and other applications - agriculture as soil improvers, in road
construction, land reconstruction and for energy recovery
has gradually increased.

This paper presents waste management in recycled paper
industry, waste generation, its composition, processes and
technologies for conversion of these wastes into valuable
products, worldwide waste reduction techniques employedin
the paperindustry.
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Table 1 Generation of solid wastes in paper mills (4)

Sr. No. Solid waste Description

1 Rejects From recovered paper: lumps of fibres, staples and metals from ring binders, sand, glass and
plastics and paper constituents as fillers, sizing agents and other chemicals
Screen rejects: produced during filtration steps with screens of very small slots to remove
pulp possibly containing stickies that might, have a high content of cellulose fibre.

2 Deinking Generated during recycling of paper, contains mainly short fibres or fines, coatings, fillers, ink

sludge particles (a potential source of heavy metals), extractive substances and deinking additives.
It has a poor heating value.

3 Primary sludge | Generated in the clarification of process water by kidney treatments, e.g. dissolved air
flotation. It consists of mostly fines and fillers depending on the recovered paper being
processed.

4 Secondary Generated in the clarifier of the biological units of the wastewater treatment. It is often difficult

sludge to handle (due to a high microbial protein content), and such solids are often mixed with
primary sludge to permit adequate dewatering.
Table 2 Generation of wastes in production of different paper grades from recycled fibre (8)

Paper grade Solid waste (dry basis, kg/t)

Packaging paper 50-100

Newsprint 170-190

Light-weight coated paper/super-calendared paper 450-550

Tissue and market pulp 500-600

Table 3 Rejects and sludge generation (kg/t) from different recovered paper grades and papers (5)

Recovered  paper | Total waste | Rejects Sludges
Paper grade grade Heavy-mass | Light-mass | Flotation de- | White  water
and coarse and fine inking clarification
Market DIP Office paper 32-46 <1 14-5 12-15 15-25
Graphic paper | News, magazines 15-20 1-2 3-5 8-13 3-5
High grades 10-25 <1 = 7-16 1-5
Sanitary paper | News, 27-45 1-2 3-5 8-13 15-25
magazines,
office paper,
medium grades
Liner, fluting Old corrugated 4-9 1-2 3-6 - 0-1
containers,
Kraft papers
Board Sorted mixed 4-9 1-2 3-6 - 0-1
recovered paper,
old corrugated
containers
Generation of Wastes Treatment of wastewater generated at pulping, papermaking

and deinking processes is the main source of wastewater
treatment sludge and deinking sludge. It has been reported
that about 300 kg of sludge is produced for each ton of
recycled paper. The amount of waste generated in paper
production varies within different regions, because of

Different types of solid wastes and sludges are generated in
the pulp and paper industry at different production processes
(4,5). Table 1 shows solid waste generated in paper mills (4).
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different recycling rates (6).

A greater amount of rejects is produced when processing
recycled fibre, because of the unrecyclable filler proportion in
the raw material. Great variations occur within plant types,
depending on the processes and raw materials (7). The
average quantities of waste generated through production of
different paper grades from recycled fibre are presented in
Tables2and 3 (5, 8,9).

Wastewater treatment sludge

Joyce et al. (10) have reported that about 40-50 kg of ETP
sludge (dry) is generated in the production of 1 tonne of paper
atapapermillin North America. Ofthatapproximately 70% is
primary sludge and 30% is secondary sludge. The primary
sludge can be dewatered relatively easier. But, the secondary
sludge is very difficult to dewater. It consists mostly of excess
biomass produced during the biological process (11). The
solid content is 0.5 to 2% solids. Moreover, tertiary treatment
can take place in addition to the above mentioned treatment
stages in countries with tight environmental regulations (12).
Inorganic part of wastewater treatment sludge is mostly
present in the form of sand, while organic part is present as
fibore or other wood residuals. During the secondary
(biological) treatment, soluble organic materials are
converted to carbon dioxide, water and biomass by
microorganisms present in active sludge and required for
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successful process implementation. Depending on a certain
treatment scheme applied at a certain mill, primary sludge
and secondary could be also either mixed together or
collected separately.

Deinking sludge

Deinking sludge is generated in the mills producing recycled
fibre from recycled paper (13, 14). The quantity on dry basis
can vary from 20% in a newsprint mill to 40% in a tissue mill.
Froth flotation deinking process is generally used in pulp and
paper industry for selective deletion of ink particles only
during recycled fibre processing. Wash deinking process is
also used. This kind of deinking is aimed at removal of small
particles, including fillers, coating materials, fines, and inks.
In tissue paper production, in addition to deinking, de-ashing
process is applied for better removal of fines and fillers (15).
Total suspended solids can be categorized into organic
matter, such as bark and fibre, and inorganic matter, such as,
kaolin, clay, calcium carbonate, titanium dioxide that are
resulting from coating materials and other chemicals used for
paper production.

Composition of Wastes
The composition of sludge depends on the raw material,

manufacturing process, chemicals used, final products and
the wastewater treatment technique. In case of recycled

Table 4 Ultimate analyses of different types of paper mill sludge (18)

Sludge Type Analysis (%)

Solids Ash Carbon Hydrogen Sulphur Oxygen Nitrogen
Deinking Mill 1 42.0 20.2 28.8 3.5 0.2 18.8 0.5
Deinking Mill 2 42.0 14.0 31.1 4.4 0.2 30.1 0.9
Recycle Mill 45.0 3.0 48.4 6.6 0.2 41.3 0.5
Bleached Pulp Mill 33.4 1.9 48.7 6.6 0.2 42.4 0.2
Pulp mill 42.0 4.9 51.6 5.7 0.9 29.3 0.9
Kraft mill 1 37.6 7.1 55.2 6.4 1.0 26.0 4.4
Kraft Mill 2 40.0 8.0 48.0 5.7 0.8 36.3 1.2

Table 5 Composition of sludges and rejects*(20)
Dry solids, % Organic matter*, % Mineral matter*, % Energy content,
MJ/tonwet

Primary sludge 50 40 60 2690
Secondary sludge 40-50 50 50 4000-5000
Deinking sludge 56 50 50 3000
Coarse rejects 99 92 8 12000
Screen rejects 55 90 10 8000

" The composition can vary as per paper mill. The figures in this table are an average based on different reports. * of dry

content
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papers, it also depends on the type of paper used and the
number and types of cleaning stages used in the recycling
operation. Sludge from mixed office wastepaper may contain
high levels of clay and other types of fillers, printing inks,
stickies from envelope adhesives, as well as fibres and paper
fines. Sludges from mixed office wastepaper recycling
operations may contain as much as 20% ash fromfillers in the
wastepaper. Because of the constituents that may exist,
along with the water fraction, typical sludge analysis can vary
widely. Kraft, sulfite and deinking mills by and large generate
approximately 58, 102 and 234 kg of sludge per ton
respectively (9). These sludges contain approximately 40-
50% water by weight and a heating value of about 3600 Btu/lb
(dry) (16, 17). The low heating value is a result of high levels
of clay, calcium carbonate and titanium oxide. The ash
contentin paper mill sludge can be as high as 50%. High ash
sludges have a significantly lower heating value than low ash
sludges, which affect its suitability for certain disposal
methods (e.g., incineration and gasification) (9). Table 4
shows ultimate analysis of different types of paper mill
sludges (18). It also includes the data of kraft mill and

using techniques like thickening, conditioning and
sometimes drying. The most utilized methods of pulp and
paper sludge management have been land disposal, land
application and incineration. Land filling is the most common
method worldwide for the final disposal of paper mill wastes.
However, the landfill capacities have already become very
limited in densely populated countries and it is becoming
more and more difficult to obtain authorization to open new
landfill sites. Further development of land filling techniques
has dramatically increased costs for construction and
operation of landfills (21). Moreover, the major drawbacks
associated with the landfill are the possible chance of
contamination of land and ground water. Because of this
reason, most of the developed countries are banning landfill
in near future.

Land application (composting) is an acceptable and
recommended means of recycling wastewater treatment
sludge and is rapidly gaining acceptance in the world as a
method for stabilizing/sanitizing organic wastes. Composting

Table 6 Advantages of composting

landfills

The recovery of valuable organic matter and nutrients which are normally lost from agricultural systems when deposited in

Reduced mass and volume of material, and thus reduced transportation costs

Increased concentration of nitrogen and phosphorus through partial liberalization of the organic fraction, thereby decreasing the
risk of damaging plants by the microbial immobilization of soil nitrogen

of raw organic materials to soils

Minimization of odours which are normally produced following uncontrolled addition

Transformation of soluble nitrogen and phosphorus into organic forms, thereby extending the availability of these elements over
the growing season, and a decreased chance of nutrient leaching
Increased humus content and cation exchange capacity, thereby improving nutrient retention and availability and the production

of a higher value product suitable for horticultural and agricultural applications

bleached mill for comparison.

The deinking sludge has been reported to contain highest
ash content (19) as compared to other wastes. Along with
that, carbon content of the sludge is lowest between all
sludge types. Therefore, even if dry solids content of deinking
sludge is somewhat comparable or higher than others,
heating values on dry basis are the lowest (Table 5).

Utilization of Wastes

Several options are available for utilization of waste from pulp
and paperindustry. For this, the wastes need to be pretreated
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is biooxidative process, which involves the mineralization
and partial humification of the organic matter; leading to a
stabilized final product, free of phytotoxicity and pathogens
and with certain humic properties. The advantages of
composting are summarized in Table 6. However, land
application is not a trouble free technology. Odours,
groundwater contamination, heavy metals, and specific
organic toxics are the most common problems. Other
problems are noise, pathogens, excessive nitrogen
application and surface water contamination. The process of
applying sludge is dirty and noisy, so if there are houses in the
vicinity, potential difficulties will arise.



Vermicomposting, a low cost technology system for the
processing or treatment of organic wastes, could be another
suitable technology for the transformation of solid paper mill
sludges. The two factors limit the bioxidation processes; the
difficult degradation of the structural polysaccharides and the
low nitrogen content of the sludge. These problems can be
solved by mixing the paper mill waste with some nitrogen-rich
materials, which act as natural inoculants of microbial
communities. However, the mixture will affect both the
earthworm process and the quality of the final product.

Waste incineration is becoming a more widely used waste
management option: burning waste to generate steam and
electricity for use at the plant and to sell to the national grid
(3). Some of the chlorinated organics not eliminated through
process modifications could be trapped on the sludge from
the external treatment process(es). Its disposal represents
an increasing problem. However, if these sludges could be
dried to 90%, in an energy-efficient manner, they could
provide high enough flame temperature upon combustion to
destroy the organic chlorides entrapped in the sludges. After
drying, the sludge pellets can be produced to reduce the
volume, odour control, and recovery of fuel value and
byproduct applications. The most common reason for
production of pellets is for use as an alternate fuel.

Several other new options of utilizing solid wastes are being
evaluated and tried. Brief account of these newer options of
utilizing solid wastes from paper industry is given in
subsequent sections.

Recovery of raw materials

Efforts on the reclamation of fillers from high-ash (deinking)
sludges started in early 1950s (22). Paper mill sludges
usually contain significant percentages of both cellulose fibre
and paper making fillers. Fibre and filler fractionation have
been pursued from non-destructive and destructive
perspectives, relative to the organic matter components in
sludges. The objective of non-destructive material
fractionation is to separate usable paper fibre from other solid
materials contained in sludge. The configuration of the
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reclamation processes and complexities vary depending on
the contaminants presentin individual sludges.

Primary sludges have been the focus of fibre recovery
initiatives. In most cases, the approaches to recovering fibres
from paper industry sludges involve cleaning and screening
processes to separate the usable long fibres from other
sludge components. Results of trials using a Celleco
Hedemora Fibre Recovery System and sludge from the
PonderosaFibre Products mill, Baltimore indicated that up to
40% of the sludge matrix consisted of usable fibre (>200
mesh) (23). The system relies on a cleaning stage to remove
grit, inks and lightweight contaminants, followed by fibre
recovery in a SPRAYDISC filter system. Good results were
reported for both virgin and recycled pulp sludges. The
operational system at the mill was modified to recover fibre
from high-fibre bearing streams before they enter the primary
clarifier with an intention to minimize additional sludge
cleaning associated with removal of contaminants, grit, dirt
and other solids. Prime Fibre Inc. (PFI) constructed a facility
to produce market pulp substitute from waste paper and
primary paper sludges, with an operating capacity of 30-50
T/day (24). The 40% recoverable level is the minimum level
for economic viability. Overall economics of the PFI system
have been improved by further developments relative to the
addition of filler recovery processes (25).

Use of fractionation system helps to recover filler. Most
systems, for which pilot- or full-scale data are available, have
employed a thermal oxidation technique for destroying the
organic fraction of the sludge to yield filler in the form of ash
(26). Experiments with calcination systems have showed that
controlling the kiln temperature 816-843°C helps to avoid
formation of fused agglomerates, which can cause the
recovered filler to be excessively abrasive. Wet air oxidation
method can be also used to recover filler materials from
sludge. This process is capable of reducing sludge volume
through oxidation of the organic fraction to yield an ash
composed of inert materials, e.g., filler clay, titanium dioxide
and calcium carbonate for reuse in the papermaking process.
Both pilot- and full-scale systems have demonstrated some
problems with low brightness of the recovered filler. Full-

Table 7 Advantages of paper mill sludge over other raw materials for ethanol production

Paper sludge consists of carbohydrate materials in the form of very fine fibres. These fibres have high specific surfacearea and lignin

is present in very low amount.

The sourcing of sludge is easy at practically no cost because it is produced at a concentrated site and permanent production location.

The use of sludge for ethanol diverts material going to landfills. This avoids transportation costs and landfill investments.
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Paper Sludge —p Enzymatic
Cellulose
Hydrolysis

— Hydrolysate —»
Glucose

Microbial — Lactic acid

Fermentation

Figure 1 Scheme for production of lactic acid from paper sludge

scale studies indicate that the use of 28 bdt/d of waste
primary sludge mill save $455,000/year on wood costs and
$130,000/year on electricity costs. Another method of
recovering filler clay from paper mill sludge has been
reported by Ellis and Fenchel (27).

Kaolin clay and calcium carbonate (grounded or precipitated)
are used in fillers and coating pigments (28). Also, talc
(magnesium silicates) and titanium dioxide can be used. A
study showed that calcium carbonate was removed more
readily than kaolin in the flotation step, its reduction being two
times higher than clay (29). As stated earlier, wet air oxidation
method has been used for filler recovery but problems have
occurred with brightness of the recovered fillers. The process
has been anyway practiced in some mills in the United States
to reduce the sludge volume (26)

Paper and board manufacture

Several industrial products have been produced from solid
waste of pulp and paper mills. The industrial reutilization
possibilities can be divided into two categories ones
requiring high inorganic content and a minimum amount of
organic compounds, the other ones benefiting from high fibre
and low inorganic content of sludge. The most widely
researched non-conventional management alternative has
been the reuse of primary sludge as feedstock in the
manufacture of hardboard, fibreboard, and building materials
such as cement, bricks, and concrete.

Some efforts have been made to use paper mill sludge for
value-added products, such as gypsum fibreboards or
fibreboard additives (30). Types of fibreboard include
particleboard, medium-density fibreboard, and hardboard.

Moulded pulp products have been produced since the early
1940's. Egg trays were the first product manufactured, but
the range of products manufactured has increased since that
time, to include fruit trays, simple containers, furniture corner
protectors, industrial product packaging/partitions, and
disposable products for catering and hospital applications.
New techniques for producing smooth surfaces, precise
shapes and dimensions have been developed by the
introduction of the thermoforming process.
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Millboard is also manufactured from 100% recycled fibre. It
is a generic term referring to various high density and
thickness board products. The product ranges in grammage
from 1000 up to 5000 gsm, and is used in the automobile
industry, shoe industry, furniture, luggage and leather
products, and in the packaging and stationery industries. This
type of use requires high fibre content and low ash content to
guarantee wanted caliper (31). Millboard is a very hard board
with high density and is manufactured by hard rolling
(calendering) the semi-wet intermittent sheet on a solid board
machine.

Softboard is primarily used for pin boards, and construction
applications including insulation and fireproof applications.
The raw material consists ideally of short fibres and has ash
content below 10 % for optimal thickness. Soft board is
produced from a thick wet pulp blanket, which passes
through a high intensity press and a drying tunnel.

Production of ethanol

The idea of converting paper industry sludge to ethanol has
been extensively studied in the past decades (32). Deinking
sludge is not suitable for bioconversion due to the low content
of cellulose fibres associated to the papermaking process.
The advantages of paper mill sludge over other
lignocellulosic raw materials for ethanol are presented in
Table 7. Researchers at North Carolina State University
(NCSU) have been developing novel conversion process to
convert paper sludge into ethanol (33). The focus has been
on low capital investment, operating costs and environmental
impact.

Polysaccharides in recycled paper sludge are much more
amenable to enzymatic hydrolysis, in comparison to raw
wood or plant material because industrial paper sludge has
already been subjected to an extensive mechanical and
chemical processing. This process avoids costly
pretreatments to make paper industry sludge more
accessible to enzymes. Recycled paper sludge is basically
made up of secondary poor-quality non-recyclable paper
fibres. Itis believed to be one of the most promising feedstock
for near-term commercial application of technology for



converting cellulosic raw materials into commodity products.
(34, 35). In fact, this substrate has some distinctive
advantages among cellulosic feedstocks including negative
cost at many locations and the potential availability of pre-
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Sludge
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Fertilizer/Soil Water Generator
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Fig 2 Anaerobic digestion of secondary sludge
for biogas production

existing facilities.
Production of lactic acid

Though limited in availability, paper sludge is more promising
for such bioconversion processes as compared to other
lignocellulosic biomass because it has already undergone
processing and thus no pretreatment is required. This makes
it an attractive point-of-entry and proving ground for
commercial processes featuring enzymatic hydrolysis of
cellulose (34, 36). It has been found to be a suitable substrate
for lactic acid production (35, 37, 38). In comparison with
alternative feedstocks, paper mill sludge shows several
advantages, including; high enzymatic digestibility due to its
low lignin content and very small particle size, high protein
content (from secondary sludge), negative cost and
environmental benefit due to the reduction of waste volume.

Lactic acid is manufactured either using a chemical or a
biochemical route. The biochemical process involves
fermentation of sugars such as glucose and lactose (39)
using appropriate microorganisms. Figure 1 shows the
scheme for production of lactic acid from paper sludge. The
enzymatic hydrolysis and fermentation steps for lactic acid
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production can be performed as SHF or SSF. The SSF
process offers various advantages over SHF such as the use
of a single-reaction vessel for both steps (allowing process
integration with the consequent reduction on capital cost),
rapid processing time, reduced end-product inhibition of
hydrolysis and increased productivity (40).

Production of lactic acid from paper sludge was studied by
Budhavaram and Fan (41) using thermophilic Bacillus
coagulan strains 36D1 and P4-102B. More than 80% of lactic
acid yield and more than 87% of cellulose conversion were
achieved using both strains without any pH control due to the
buffering effect of calcium carbonate in paper sludge. The
average lactic acid concentrations produced using semi-
continuous SSCF was 77.0-77.5 g/L from 100 g/L cellulose
equivalent and yields were 72-75% with the productivities of
0.82-0.96 g/L/h. B. coagulan strains 36D1 and P4-102B are
promising for converting paper sludge to lactic acid via SSCF.

Animal feed

There are two basic techniques for using sludges in animal
feed. One is to incorporate sludge directly into animal feed
mixtures. This method exploits the presence of
carbohydrates, which are primarily in the form of cellulose
and other nutrients present in primary or combined sludges.
Hardwood pulp residues tend to be more digestible than
softwood residues (42).

The cellulosic component of sludges is available directly to
ruminant animals such as cattle, but the digestibility is
impaired by the presence of lignin and mineral matter.
Conversion of mill sludge's cellulosic components to single
cell protein can be achieved by a range of bacteria and fungi,
but the overall yield is often low (around 25%) after a high
incubation period (about one day). The producthas shownto
be reasonably digestible, but the economics are very
sensitive to the fluctuating price of alternative protein
sources. One mill in USA installed a process to convert
secondary sludge into a saleable protein product for use in
animal feed (43, 44).

Biochar production

Biochar is carbon-rich product. It is produced by thermal
decomposition of organic materials under limited supply of
oxygen, and relatively low temperature (700 °C), a process
mirror the ancient production of charcoal. Biochar is often
alkaline, so can have liming value. Biochars from materials
such as paper mill sludge have a high content of minerals
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(45), which can be a valuable nutrient source. Biochar
appears to be a viable option for sequestering carbon in soil
(46). It is also being considered as a soil amendment,
adsorbent and fertilizer. Conversion of paper mill wastes into
biochar through slow pyrolysis has several environmental
advantages. The thermal processing of wastes into biochar
has been identified as an opportunity to destroy
contaminants (47). This makes beneficial land application
possible.

Arisk analysis was performed to study the bioavalability and
eco-toxicity of heavy metals in biochar obtained from
pyrolysis of sludge of a paper mill effluent treatment plant
(48). It was observed that the leaching potential of heavy
metals decreased after pyrolysis and the best results were
obtained for biochar pyrolyzed at 700°C. Pyrolysis is a
promising sludge treatment method for heavy metals
immobilization resulting in reduced eco-toxicity of the heavy
metals after the pyrolysis and so the decrease in the
environmental risk of biochar utilization.

Anaerobic digestion

Anaerobic digestion is biological decomposition of
biodegradable materials resulting in methane and carbon
dioxide production. The microbiology of anaerobic digestion
is complicated and involves several bacterial groups forming
a complex interdependent food web. The methane in biogas
can be burned to produce both heat and electricity, usually
with a reciprocating engine or microturbine often in a
cogeneration arrangement where the electricity and waste
heat generated are used to warm the digester or to heat the
buildings. Thermophilic anaerobic digestion (at 55 °C) is
generally more efficient in terms of organic matter removal
and methane production than the mesophilic process (37 °C).
Figure 2 shows the flow diagram of anaerobic digestion.

The treatment of deinking sludge by anaerobic digestion is
quite questionable because of its high inorganic content. The
major problem of anaerobic digestion of WWTS generated at
paper mill is long residence time of sludge in the digester (20-
30 days). However, modern sludge preconditioning methods
allow shortening of the residence time to only 7 days. These
pretreatment technologies include: untrasound treatment,
thermal treatment, ozone treatment, mechanical
degradation, etc. These methods are aimed at destruction of
cellulose walls in order to make them easily degradable (49).

The biomethane potential of Swedish paper mill sludge has
mostly been focused on biosludge, whereas the focus in
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other countries has been mainly on primary sludge (50). To
improve the nutrient status of anaerobic digestion of pulp and
paper mill sludge, several researchers have studied co-
digestion with a nutrient rich waste material. Lin et al. (51)
used co-digestion of pulp mill sludge and monosodium
glutamate waste liquor to successfully eliminate the nitrogen
deficiency problem. Berg et al. (52) presented a preliminary
investigation of anaerobic co-digestion of bio-sludge with a
large number of co-substrates, including cows manure.
Municipal sewage sludge is an especially suitable co-
substrate as it is rich in nitrogen and other required macro-
and micro-nutrients.

A Canadian paper mill located in British Columbia has
recently installed a high pressure cell disrupter named
MicroSludge to breakdown bacteria's tough cell walls of
activated sludge followed by anaerobic reactor to produce
biogas (53). In fact, biogas synthesis is the only economical
viable method to produce biofuels from activated sludges.

Mineral based products

Reuse possibilities of deinking sludge and other recovered
paper residuals depends on the composition of inorganic
compounds. Common inorganics in deinking sludge are
calcium carbonate and clay. In the combustion ash of
deinking sludge, calcium oxide and sintered clay are primary
components. Generally, three methods have been used to
use (paper mill) sludge in building material industry. One of
these is the sludge use as a feedstock to cement kiln. Another
option is to use sludge in cementitious composites, where the
use of organic fibres would increase the durability of the
product and reduce cracking related to shrinking. From the
studies it was concluded that combining Portland cement
with deinking sludge could contribute to a composite material
suitable for building blocks, wallboards, panels, etc. Use of
sludge in the production of lightweight aggregate was also
studied (26). In the reference document of Best Available
Technology (BAT) for pulp and paper industry (54), it has
been proposed to use sludge in cement industry, brick
production, building industry, as well as for road construction.
In addition to the options mentioned, following options seem
to be possible: building board, glass or lightweight aggregate.
Fire resistant products manufacturing with sludge is also
possible. However, the selection of a real option is influenced
by a number of factors (26).

Following options of producing different products/

applications of paper sludge are: (i) cement and cementitious
products as potential ingredient (in the cement Kkiln,



contributing calcium, silica and alumina; the manufacture of
blended cements), (ii) cement mortor products (based on
organic filling material, produced from formation and
solidification of mixture consisting of Portland cement,
deinking sludge, chemical additives and water), (ii)
pozzolanic material or simply pozzolan defined as: “a
siliceous or siliceous and aluminous material, which in itself
possesses little or no cementing property, but will in a finely
divided form and in the presence of moisture chemically
react with calcium hydroxide at ordinary temperature to form
compound possessing cementitious properties”, (iv)
concrete (part of the cement replaced by waste paper sludge
(v) ceramic material (deinking sludge in producing ceramic
material/ ceramic bricks made of clay and deinking sludge),
(vi) lightweight aggregates (using deinking sludge and
cement), (vii) plasterboard (sludge as additive in gypsym),
and (viii) insulating material (thermal and acoustic thermal
conductivity lower than 0.055 W/m’K).

Other applications

The use of paper mill sludge as a paper and wood adhesive
is an interesting concept (55). Secondary sludge alone
displayed adhesive properties with 0.87 MPa dry shear
strength of panels with phenol formaldehyde, but primary
sludge alone did not exhibit much bond strength. Recovered
sludge protein was found to be compatible to formulate hybrid
adhesive blends with formaldehyde and bio-based polymers.

Wastewater treatment sludges have been used as raw
material in industrial absorbents, which are available in the
market. A Wisconsin company named Thermo Fibregen had
developed a system to recover long fibres and extract water
from sludge to use the fibres in papermaking and the material
of short fibres and fillers were used as oil and grease
absorbents, cat litter and granules. As the short fibre
materials are highly exposed and have very large surface
area, its absorption capacity is very high. The paper mill
sludge can also be indirectly used as an active adsorbent by
converting itinto activated carbon.

Edalatmanesh (56) studied the use of pulp and paper mill
sludge as renewable and cost-cutting filler in the
composite. The results of mechanical strength tests showed
that a 10% secondary sludge content does not lead to any
significant deterioration of either tensile or flexural strengths.
Therefore, it was concluded that the secondary sludge may
be used as filler to reduce the cost while maintaining the
mechanical properties of Nylon.
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Significant progress has been made in the use of paper mill
sludge as a material for land fill cover by replacing the clays
or geo-composites (57). Several countries within the
European Union (Finland, Sweden, etc.), as well as Canada,
the United Stated and South Africa are investigating the
possibility of implementing paper sludge as the hydraulic
barrier material in landfill cover systems. Paper mill sludge
behaves similar to a highly organic soil and has good
chemical, hydrodynamic and geotechnical properties which
make it an efficientimpermeable hydrodynamic barrier for the
land field cover.

Production of nanocellulose from paper mill sludge seems
to be a great opportunity, because this sludge is already
partially bleached, therefore it is interesting to use it as raw
material due to its features, very less lignin, hemicellulose
and other low molecular weight components, in a way to
isolate the pure cellulose. Leao et al. (58) reported the
successful isolation of nanofibrils from primary sludge by
steam coupled acid treatment. . The addition of only 4 wt%
cellulose nanocrystals, obtained polyurethane
nanocomposite with tensile strength of 45.6+1.4 MPa and
modulus of 152.63+1.3. The developed nanocellulose and its
composites confirmed to be a very versatile material having
the wide range of biomedical applications and
biotechnological applications.

Paper mill sludge, is a good material in asphalt road
pavement work. The fibres from paper mill sludge can
withstand harsh processing, including high temperature for
mixing with asphalt, as shown by the presence of fibres that
were recovered after extraction (reported the Los Bafios-
based Department of Science and Technology Forest
Products R and D Institute (DOST-FPRDI). Recycled fibre
can be used in bitumen modifiers to achieve better properties
for road surfacing materials (31,59). The fibre additive is
known to reduce noise, and provide enhanced binding,
elasticity and durability to the pavements.

Indian Practices

As the dewatering of secondary sludge is very difficult due to
its slimy nature, the excess secondary sludge from the
activated sludge process is mixed with the primary sludge to
facilitate dewatering. A small portion of the ETP sludge from
few mills is sold to low grade board manufacturing. Recently,
few mills like Emami Paper Mill have started using primary
sludge inthe power boiler to realize its heating value (60).

The secondary sludge is rich in nitrogen and other nutrients.
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Few mills have started using it, in combination with other
substrates like wheat straw wash water, in the anaerobic
digester to produce methane and utilizing it as a fuel (Setia
Paper personal communication). Other mills are also
planning to use secondary sludge in anaerobic digester as its
dewateringis not required in this application.

As far as deinking sludge is concerned, it contains
appreciable proportion of inorganic compounds. It is
considered to be hazardous due to presence of ink containing
heavy metals and other toxic components. It needs to be
disposed off with due caution. However, following options are
available to utilize it in an environmentally friendly way:
producing cementitious products, cement motor, pozzolanic
material, concrete, ceramic material, lightweight aggregates,
etc. In these applications, the heavy metals and other toxic
components get stabilized/ immobilized for ever with the
mineral based products. This application has not picked up in
India but it is one of the best options to make use of deinking
sludge. Only a few mills have used it once in a while in the
pavements etc. in the mill itself.

Conclusions

There are good prospects for recovering usable fibre and
fillers from paper sludges in papermaking, and, therefore, this
area warrants further assessment for sludge from a variety of
different mills and product lines. Wet air oxidation processes
have been extensively examined in this regard, but have not
been adopted widely due to costs. In light of current economic
and environmental circumstances, it needs to be
reevaluated. High-value product nanocellulose can be
prepared, from the primary sludge, which has been found to
improve the strength of polyurethane nanocomposite with
tensile strength of 45.6 MPa and modulus of 152.6 by adding
only 4wt%. The use of deinking sludge in cementitious
product applications warrants considerable attention. Initial
bench-scale testing is required for some of the prospective
applications; pilot studies are required for many of them to
establish the practical and technical feasibility of each sludge
use option.
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