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The wastewater form pulp and paper mills contains 
complex recalcitrant compounds that are hard to 

biodegrade. 

The wastewater from agro based paper mills contains 
large contribution of colour and COD due to black liquor 
which are hard to biodegrade in conventional processes.

Recently proposed stringent norms have put a great 
pressure on this sector and require immediate attention 
to develop techno-economical solution for treatment of 

wastewater.

BACKGROUND



To meet the stringent discharge norms for treated 
wastewater, improvement in biological treatment or 

introduction of efficient tertiary treatment of the 
biologically treated wastewater is must. 

This study will provide a solution for removal of 
recalcitrant organic matter (ROM) from the 

wastewater.

BACKGROUND



ÅCharacterization of all the different streams such
as mill effluent, wet washing (before & after
anaerobic treatment) and mixed effluent were
fulfilled

Characterization of 
wastewater from sectional 
streams of agro base pulp 
and paper mills for COD, 

BOD, AOX and colour etc.

ÅThe efficiency of laccase enzyme and microbial
consortia was investigated for the improvement
of ASP

Process development and 
application of efficient 

microorganisms in 
dispersed and/or attached 

growth process for 
treatment of wastewater 

from agro based pulp and 
paper mills

ÅTechno-economical process has been
developed by PAC using in pre and post
treatment of wastewater with cost of Rs 5.5/m3

Development of techno-
economical process for 
removal of recalcitrant 
organic matter (ROM) 

with coagulants, 
flocculants and advanced 

oxidation process

OBJECTIVES/SCOPE WITH DELIVERABLES



ÅChemical sludge was used as solid fuel by
forming briquette with saw dust and their
performance was investigated

Characterization of 
chemical sludge and 

identification of techno-
economical solution for 
handling and disposal of 

chemical sludge.

ÅPilot scale trial has been done at mill site
Demonstration of process 

at mill site

OBJECTIVES/SCOPE WITH DELIVERABLES



QUANTIFIED DELIVERABLES 

Å Characterization of all the different streams mill effluent

Å The efficiency of laccase enzyme and microbial consortia

was investigated for the improvement of ASP

Å Techno-economical process has been developed by using

PAC with pre and post treatment of wastewater

Å Chemical sludge was used as solid fuel by forming briquette

with saw dust and their performance was investigated

Å Demonstration trial has been done at mill site



WORK  COMPLETED (SUMMARY) 

S. No. Activities as per Work plan Status

1 Characterization of wastewater from sectional

streams of agro base pulp and paper mills for
different parameters

Characterization of all the
different streams mill effluent

2 Process development and application of efficient

microorganisms in dispersed and/or attached

growth process for treatment of wastewater from
agro based pulp and paper mills

The efficiency of laccase

enzyme and microbial consortia

was investigated for the
improvement of ASP

3 Development of techno-economical process for

removal of recalcitrant organic matter with

coagulants, flocculants and advanced oxidation
process

Techno-economical process has

been developed by using PAC

with pre and post treatment of
wastewater

4 Characterization of chemical sludge and

identification of techno-economical solution for
handling and diposal of chemical sludge

Chemical sludge was used as

solid fuel by forming briquette

with saw dust and their
performance was investigated

5 Demonstration of process at mill site Trial has been done at mill site

6 Validation by CPPRI Validation done by CPPRI

7 Report writing Final report submitted



S. 

No.
Parameter Unit

Wet washing 

before 

anaerobic 

treatment

Wet washing 

after anaerobic 

treatment

Mill 

effluent

Mixed 

effluent

1 pH - 6.85±0.12 7.43±0.15 7.05±0.16 7.19±0.09

2 COD mg/L 5024±205 1986±81 1379±68 1734±62

3 BOD mg/L 2312±110 250±15 750±36 532±42

4 Colour Pt-Co unit 12375±352 7640±306 929±39 3888±155

5 AOX mg/L 6.37±1.1 1.14±0.09 53.2±1.9 35.7±1.7

6 TDS mg/L 7513±256 7420±212 3142±142 3985±167

7 TSS mg/L 1919±65 1296±56 316±23 598±38

8 SAR - 5.13±0.4 5.88±0.5 9.29±0.3 5.50±0.2

CHARACTERIZATION OF EFFLUENTS



Parameters Reactor-I Reactor-II Reactor-III Reactor-IV

Laccase (IU/mg of 

lignin)
0 4.5 4.5 0

Enhancer (ppm) 0 0 50 50

Initial parameters of Feed Red., % Reactor-I Reactor-II Reactor-III Reactor-IV

Colour, Pt-Co 

unit
3888±155 Colour,% 22.6±2.5 26.4±2.7 34.7±1.5 28.0±1.5

Lignin, mg/L 136±4.1 Lignin,% 22.1±3.9 29.1±2.8 31.9±2.1 21.2±2.9

COD, mg/L 1734±65.6 COD,% 46.6±3.2 49.5±2.8 53.2±1.9 45.0±2.6

Dosage of enzyme and enhancer in different bioreactors

Performance of enzyme in different reactors

EFFICACY OF ENZYME TREATMENT



LABORATORY SET-UP 
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AUGMENTATION RESULTS



Chemicals

Dose per m3

COD,

mg/L

Red

%

Colour,

Pt-Co 

unit

Red., 

%

Cost 

Rs /m3Coagulant/ 

chemical

Flocculant

PAC 1.84 kg - 180 88.6 249 92.8 5.5

Alum 0.83 kg 5.17 g 198 87.4 212 92.6 7.1

Lignoclean-18 0.70 kg 1.00 g 187 88.1 147 94.9 14.3

Lignoclean-22 0.40 kg 3.00 g 311 80.3 572 80.3 16.8

Ozone 49.0 g - 303 80.8 254 91.1 4.9

H2O2 0.10 kg - 679 56.9 1643 42.6 7.0

EFFICACY OF DIFFERENT CHEMICALS



Parameters Unit
Sludge (on OD 

basis)

Saw dust (on OD 

basis)

Carbon

%

20.2 44.0

Hydrogen 3.54 5.02

Nitrogen 0.72 0.52

Sulphur 0.06 0.09

Ash 50.7 3.4

Volatile matter 44.2 80.3

GCV kcal/kg 2013 4518

CHEMICAL SLUDGE CHARACTERISTICS



Sludge : 

Saw dust

GCV (OD 

basis), 

kcal/kg

Ash, 

%

Volatile 

matter, 

%

1:1 3067 27.1 61.9

1:2 3348 18.7 68.1

1:3 3598 13.1 71.5

2:1 2576 35.1 56.2

3:1 2062 39.2 49.5

CHEMICAL SLUDGE CHARACTERISTICS



PRE AND POST TREATMENT AT LAB SCALE


