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

In India pulp and paper Industry is the sixth 

largest consumer in the industrial sector and its  

energy cost account for about % of the total 

manufacturing cost 25



Due to shortage in energy availability and 

increase cost, energy conservation has become 

a necessity in the paper industry
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1.  Biotechnological treatments prior to 

pulping



Mechanical pulping is an energy demanding process 

and one of the main goals in the chip pre-treatments 

is to reduce the energy consumption in refining, the 

other target is to reduce paper machine runnability

problems caused by pitch



Pectinases enzymes lower energy consumption of 

mechanical debarking in wet conditions 



Penetration of cooking chemicals could be improved 

by enzymatic or fungal pre-treatment .Chips can be 

pre-treated with white-rot fungi, which selectively 

degrade lignin to facilitate mechanical pulping
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pulping



Fungal pretreatment of wood chips decrease the 

need of electrical energy in mechanical pulping, 

improve certain strength properties of the resulting 

pulp, remove pitch and give environmental benefits



The main obstacles, the required long fungal 

treatment time and the difficulties to control the 

process (Kallioinen et al. 2003). Pitch can be 

controlled by treatment of wood chips with lipo-lytic

fungi (Farrell at al. 1993). A commercial product 

based on blue-staining fungus Ophiostoma piliferum, 

which requires no pretreatment of the chips for 

colonization, is available
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

The reduction of refining energy consumption in 

mechanical pulping by use of enzymes, which 

may act on different wood polymers,. Most of the 

studies have been conducted after primary 

refining because chips are not very accessible to 

enzymes. 



An effort has also been put to enhance the 

impregnation of enzymes into wood chips by 

impregnation press devices (Mansfield 2002, 

Pere et al. 2004). Successful mill scale trials with
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approximately 10-15 % energy savings in TMP 

reject refining have been conducted with a novel 

cellulase product       



Many of the enzymes used in treatment of wood 

chips to reduce refining energy are commercial 

and the technique is more close to 

commercialization than bio-pulping, and has 

potential of being largely adopted (Kallioinen et al).
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[image: image8.emf]Main processes in the pulp and paper industry with indication 

of present and potential points of enzyme application



	
[image: image9.emf]Commercialized applications for enzymes

in the pulp and paper industry
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

Xylanase-aided bleaching, which was originally a 

Finnish invention (Viikari et al, 1986, Viikariet al. 1991) 

is today widely used to enhance the bleaching of Kraft 

pulp



Only in North America there are at least 16 pulp lines 

producing over 2.4 million tones of pulp annually using 

xylanases Hoddenbach et al 2004)



The benefits of xylanases treatment are cost reduction, 

increased   production,    effluent  color  reduction, pulp


	
	
[image: image11.emf]property enhancement and production increases 

forClO2 limited mills



Apart from xylanases, mannanases has also shown 

potential



At the same time as the price of the commercial 

xylanases has sank, the enzyme performance in the 

mill conditions, relatively high pH and temperature has 

improved, which has increased their usage

Hemicellulases in bleach-boosting
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

Inorganic or organic compounds are released from 

the pulp in bleaching and accumulated on process 

waters of closed-loop bleaching systems



Oxalic acid in process waters can be enzymatically

degraded with oxalate decarboxylase or oxalate 

oxidase(Cassland et al. 2004)



Catalase, which is produced commercially, breaks 

down hydrogen peroxide and can thus be utilized in 

natural removal of residual peroxide after bleaching
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

Pulp fibrillation by cellulases to enhance strength 

properties was patented as early as 1959



Commercial cellulases and hemicellulases can be 

applied to improve the drainage by hydrolyzing the 

most accessible parts ofthe cellulose and 

hemicellulose present in fibers, fines and dissolved 

and colloidal substances



This technology is widely used for speciality paper 

grades or recycled fibers
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

Cellulases and  hemicellulases have also been 

studied in modification of pulp properties, like wet 

strength in tissue applications.The new non-

hydrolytic enzymes including plant cell wall 

loosening enzymes such as  XET(xyloglucan

ndotransglycosylase) and expansin give new 

possibilities to modify fibercharacteristics without 

compromising the strength properties. XET 

enzyme could be utilized inadding modified 

xyloglucan on fiber surfaces. With this approach 

fibers may be given newproperties, like 

waterproofness (Teeri and Brumer 2003)
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

Enzymatic degradation of pitch



Enzymes in slime control



Enzymes in control of anionic trash



Enzymes in coating
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

Pitch contains triglycerides which agglomerate 

and deposit on the paper machine surfaces



Pitch control by lipase was originally developed 

in the 1980s. In addition to increasing runnability, 

production efficiency, lipase treatment improves 

paper quality and strength



The technology is now in wide use in mechanical 

pulp production
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

Recently a thermostable lipase that works alsoat

high temperature (up to 90°C) was developed 

(Host-Pedersen et al., 2004)



New pitch35biocontrol solutions, like steryl

esterases with wider substrate specificity have 

been developed.In addition to lipase, oxidative 

enzymes like laccase are capable to modify the 

composition and structure of lipophilic and 

hydrophilic extractives (Karlsson et al. 2001)
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

The process waters in paper mills present favourable

conditions for microbial growth. The attachment of the 

microorganisms on surfaces of the paper machine to 

form bio-films causes slime deposits on paper which 

lead to product quality problems to control bio-film 

formation that are based on or breaks (Kolari 2003)



The use of enzymes offers an environmentally friendly 

way to control microbial growth



There are several commercial enzyme preparations the 

action of enzymes such as amylases and proteases 

(Buchert et al 2004)


	
	
[image: image19.emf]Enzymatic improvement of 

recycled fibers



Stickies control with lipases and esterases



Enzymatic deinking and drainage aid



	
[image: image20.emf]Stickies control with Lipases 

and Esterases



Stickies are hydrophobic components that originate 

from adhesives and glues of recycled paper and 

cause problems at the paper machine



One of the main components of stickies is 

polyvinylacetate PVAc, which could be de-

acetylated by esterase enzyme to a less adhesive 

alcohol form which is easier to suspend in water 

(Host-Pedersen et al. 2004)
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Recycled fibers are increasingly used especially in 

Central Europe



Enzyme-aided deinking is a commercially available 

technology, which reduces the need for deinking

chemicals (Mansfield and Esteghlalian 2003)



The technology is based on the application of 

hydrolytic enzymes

Enzymatic deinking and Drainage aid
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Cellulases, hemicellulases and pectinases easen the 

removal of ink from fiber surfaces and esterases make 

the sticky compounds less adhesive



The use of cellulases and xylanases also improve the 

drainage of secondary fibers



The use of enzymes is limited by the pH area of the 

traditional deinking process which is too high for most 

enzymes

Enzymatic deinking and Drainage aid
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

Biotechnology is used by the Finnish mills in their 

waste water management in the active sludge 

process, which is based on aerobic microbial activity



The active sludge treatment markedly decreases 

the waste water biological and chemical oxygen 

demand (BOD and COD)  and the amount of 

organic chlorinated compounds and nutrients. 
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    property enhancement and production increases forClO2 limited mills

		 Apart from xylanases, mannanases has also shown potential

		 At the same time as the price of the commercial xylanases has sank, the enzyme performance in the mill conditions, relatively high pH and temperature has improved, which has increased their usage



Hemicellulases in bleach-boosting
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Enzymatic degradation of pitch

		Pitch contains triglycerides which agglomerate and deposit on the paper machine surfaces

		 Pitch control by lipase was originally developed in the 1980s. In addition to increasing runnability, production efficiency, lipase treatment improves paper quality and strength

		The technology is now in wide use in mechanical pulp production
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Stickies control with Lipases 

and Esterases

		Stickies  are hydrophobic components that originate from adhesives and glues of recycled paper and cause problems at the paper machine





		 One of the main components of stickies is polyvinylacetate  PVAc, which could be de- acetylated by esterase enzyme to a less adhesive alcohol form which is easier to suspend in water (Host-Pedersen et al. 2004)
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		Recycled fibers are increasingly used especially in Central Europe

		 Enzyme-aided deinking is a commercially available technology, which reduces the need for deinking chemicals (Mansfield and Esteghlalian 2003)

		 The technology is based on the application of hydrolytic enzymes



Enzymatic deinking and Drainage aid
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Use of enzymes in mechanical pulping

    approximately 10-15 % energy savings in TMP reject refining have been conducted with a novel cellulase product       

		Many of the enzymes used in treatment of wood chips to reduce refining energy are commercial and the technique is more close to commercialization than bio-pulping, and has potential of being largely adopted (Kallioinen et al).
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		Cellulases, hemicellulases and pectinases  easen the removal of ink from fiber surfaces and esterases make the sticky compounds less adhesive

		The use of cellulases and xylanases also improve the drainage of secondary fibers

		The use of enzymes is limited by the pH area of the traditional deinking process which is too high for most enzymes



Enzymatic deinking and Drainage aid
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Waste water management

		Biotechnology is used by the Finnish mills in their waste water management in the active sludge process, which is based on aerobic microbial activity

		 The active sludge treatment markedly decreases the waste water biological and chemical oxygen demand (BOD and COD)  and the amount of organic chlorinated compounds and nutrients. 
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Enzymes in slime control

		The process waters in paper mills present favourable conditions for microbial growth. The attachment of the microorganisms on surfaces of the paper machine to form bio-films causes slime deposits on paper which lead to product quality problems to control bio-film formation that are based on or breaks (Kolari 2003)

		The use of enzymes offers an environmentally friendly way to control microbial growth

		 There are several commercial enzyme preparations the action of enzymes such as amylases and proteases (Buchert et al 2004)
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Enzymatic improvement of 

recycled fibers

		Stickies control with lipases and esterases





		Enzymatic deinking and drainage aid
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Enzymatic degradation of pitch

		Recently a thermostable lipase that works alsoat high temperature (up to 90°C) was developed (Host-Pedersen et al., 2004)

		 New pitch35biocontrol solutions, like steryl esterases with wider substrate specificity have been developed.In addition to lipase, oxidative enzymes like laccase are capable to modify the composition and structure of lipophilic and hydrophilic extractives (Karlsson et al. 2001)
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Modification of chemical pulp fibers

		Cellulases and  hemicellulases have also been studied in modification of pulp properties, like wet strength in tissue applications.The new non-hydrolytic enzymes including plant cell wall loosening enzymes such as  XET(xyloglucan  ndotransglycosylase) and expansin give new possibilities to modify fibercharacteristics without compromising the strength properties. XET enzyme could be utilized inadding modified xyloglucan on fiber surfaces. With this approach fibers may be given newproperties, like waterproofness (Teeri and Brumer 2003)
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Enzymes in paper and board making

		Enzymatic degradation of pitch





		Enzymes in slime control



		Enzymes in control of anionic trash



		Enzymes in coating
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Modification of chemical pulp fibers

		Pulp fibrillation by cellulases to enhance strength properties was patented as early as 1959

		Commercial cellulases and hemicellulases can be applied to improve the drainage by hydrolyzing the most accessible parts ofthe cellulose and hemicellulose present in fibers, fines and dissolved and colloidal substances

		This technology is widely used for speciality paper grades or recycled fibers
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Biotechnological treatments prior to pulping

		Fungal pretreatment of wood chips decrease the need of electrical energy in mechanical pulping, improve certain strength properties of the resulting pulp, remove pitch and give environmental benefits

		The main obstacles, the required long fungal treatment time and the difficulties to control the process (Kallioinen et al. 2003). Pitch can be controlled by treatment of wood chips with lipo-lytic fungi (Farrell at al. 1993). A commercial product based on blue-staining fungus Ophiostoma piliferum, which requires no pretreatment of the chips for colonization, is available
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Use of enzymes in mechanical pulping

		The reduction of refining energy consumption in mechanical pulping by use of enzymes, which may act on different wood polymers,. Most of the studies have been conducted after primary refining because chips are not very accessible to enzymes. 

		An effort has also been put to enhance the impregnation of enzymes into wood chips by impregnation press devices (Mansfield 2002, Pere et al. 2004). Successful mill scale trials with
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Hemicellulases in bleach-boosting

		Xylanase-aided bleaching, which was originally a Finnish invention (Viikari et al, 1986, Viikariet al. 1991) is today widely used to enhance the bleaching of Kraft pulp

		 Only in North America there are at least 16 pulp lines producing over 2.4 million tones of pulp annually using xylanases Hoddenbach et al 2004)

		The benefits of xylanases treatment are cost reduction, increased   production,    effluent  color  reduction, pulp
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Enzymatic treatments after bleaching

		Inorganic or organic compounds are released from the pulp in bleaching and accumulated on process waters of closed-loop bleaching systems

		Oxalic acid in process waters can be enzymatically degraded with oxalate decarboxylase or oxalate oxidase(Cassland et al. 2004)

		Catalase, which is produced commercially, breaks down hydrogen peroxide and can thus be utilized in natural removal of residual peroxide after bleaching
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Main processes in the pulp and paper industry with indication of present and potential points of enzyme application
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Commercialized applications for enzymes

 in the pulp and paper industry
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INTRODUCTION

		In India pulp and paper Industry is the sixth largest consumer in the industrial sector and its  energy cost account for about % of the total manufacturing cost 25

		Due to shortage in energy availability and increase cost, energy conservation has become a necessity in the paper industry
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Enzymes in Pulping



1.  Biotechnological treatments prior to pulping

		Mechanical pulping is an energy demanding process and one of the main goals in the chip pre-treatments is to reduce the energy consumption in refining, the other target is to reduce paper machine runnability problems caused by pitch

		Pectinases enzymes lower energy consumption of mechanical debarking in wet conditions 

		Penetration of cooking chemicals could be improved by enzymatic or fungal pre-treatment .Chips can be pre-treated with white-rot fungi, which selectively degrade lignin to facilitate mechanical pulping
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