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Executive Summary
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This report on RSC-DCPPAI Funded Project Development of Protocol for Evaluating
the Feasibility of Zero Liquid Discharge in RCF Based Pulp & Paper Mills comprises
of 6 Chapters

Chapter 1 covers Background, Objective & Methodology involved in execution of the
Project. The project was formulated in the perspective of need by regulatory authorities to
develop a protocol so as to validate / verify the feasibility of Zero Liquid Discharge ( ZLD)
status as claimed by RCF based Kraft Paper Mills in various parts of the country . This project
aimed at developing a systematic / methodical protocol to validate the ZLD status of RCF
based Kraft Paper mills operating on ZLD. A systematic and methodical work plan was

formulated to achieve the objective of the project as under:

e Identification and selection of RCF based Kraft , Newsprint paper and Writing &
Printing Mill

e Preparation of questionnaire for collection of secondary data

e Preliminary visit for study of process, data collection and identification of sources for
sample collection , raw material & end product collection.

o Monthly / bi — monthly visit to each mill for back water sample collection

o Analysis of sample collected for various pollutional parameters , pH , TDS , COD ,
BOD, Turbidity, Charge & Conductivity

e Lab scale study / evaluation of build up of COD, BOD, TDS etc using mill pulping
conditions

e Water & Material Balance Studies

o Study onimpactof ZLD visa vis product quality (due to accumulation.of contaminants
like slime , stickies , anionic trash) on paper properties and process operations their

remediation / control.

e Evaluation of options for reduction in odor related issues in paper and environment
due ZLD . ( Biomethnation and Chlorine dioxide treatment )

Vi
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Chapter 2 gives a brief introduction about the Indian Paper industry and RCF based
Pulp & Paper Mills particularly the process operation employed and effluent treatment

system employed by these mills

Chapter 3 discuss the concept of Zero Liquid Discharge in context of RCF based Kraft
Pulp & Paper Mills covering Historical Perspective, Benefits of ZLD , Challenges of ZLD,
Major Drivers for ZLD ete

Chapter 4 includes case studies taken up to develop protocol to validate the ZLD status

of Pulp & Paper Mills. The category of mills studied under the project include:
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1. Mill A ( RCF Based Produced Bleached Grade (Writing & Printing) Grade

Paper
2. Mill B ( RCF Based Mill Producing Newsprint Grade of Paper )

3. Mill C (RCF Based Mill Producing Kraft Paper)

As indicated in the studies periodical sampling of backwater was carried out in the selected
mills to monitor the buildup of TDS . .COD & BOD generation/build up in back water
simulating the existing mill conditions From the that the studies conducted it could be
safely presumed that the addition of TDS, COD and BOD in back water of RCF based

kraft paper mill operation on ZLD per day equals to their loss due to carryover with finished
paper & solid rejects .
Chapter 5 with reported cases of foul odor in atmosphere and paper products in

mills operating on ZLD the Chapter highlights studies carried out on technological

intervention like introduction of biomethanation in back water loop and chlorine dioxide

treatment of back water to mitigate the odors issue

Chapter 6 sums up the following conclusions related to the protocol for evaluating

feasibility / status of ZLD ina RCF based kraft paper mill which are based on the studies

conducted under the project :

O Fresh Water Consumption benchmark fora mill operating on ZLD is :

. <2.5 m>/tpaper for kraft paper mills & newsprint paper mill without cogeneration

power plant

vii
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* <35 m?’/tpaper for kraft paper mills with cogeneration power boiler including

cooling tower

O Removal of suspended solids through primary clarification / Sedicell is must for

checking build up and microbial growth development in water circuit.

O Without ETP or appropriate treatment the mills have to compromise with strength
properties of finished product, wire & felt life, machine down time, Odor problem in

finish product etc. which needs to be critically documented.

QO Critical monitoring of TDS, COD, BOD build up is necessary to check the impact

on process operations and product quality.
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O Based on the studies conducted , the average TDS, COD & BOD level in back water
of a ZLD based Kraft Paper Mill operating on ZLD without ETP operation is
Pollution load Range
TDS, g/l 35-50
COD, g/l 24- 35
BOD, g/l 16 - 23

O Based on the studies conducted the average TDS , COD & BOD level in back water

In such cases addition of imported waste paper furnish can help in improving /

maintaining product quality

Further studies are required with incorporation of advanced technologies with

minimum impact of ZLD on machine productivity and product quality

of a waste paper based Newsprint Paper Mill operating on ZLD without ETP

operation is :

viii
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O The mills need to operate the conventional ETP equipped with tertiary treatment

system for having less impact on product quality and machine runnability.

O Recently some mills operating on ZLD on CPPRI recommendations have incorporated

biomethanation plant in the backwater loop which has resulted achieving optimum
COD < 5000 mg/l resulting in elimination of odor in mill environment and paper as

well as reduction in breakdown

Pollution load Range
TDS, g/l 6-8
COD, g/l 4-7
BOD, g/l 1.5-3.0

O The mills operating on ZLD should also :

Maintain daily record / log book of raw material (waste paper) consumption , chemical
consumption (process & ETP separately) , paper production , energy consumption
(process & ETP separately)

Have maximum 2 borewell (1 in Operation & 1 Stand by).

Operational flowmeter with totalizer on borewell

Record daily fresh water consumption ( initial reading & final reading) along with
daily production in tpd in log book (in m3 /day and m3/ t paper) duly signed daily
by authorized signatory /competent authority.

Install appropriate flow meter / flow measuring device to monitor the volume of
backwater generation

Install a flow meter with totalizer on the recycling pipe line and the flowmeter should
be connected to State / CPCB Server

Install PTZ camera at Sedicell / back water storage tank from where the back water
recycled , backwater recycling flow meter as well as at ETP (if available)

The success of the case study of the RCF based kraft paper mill operatiné onZLD in

addressing the contentious issues related to ZLD operation specially odour in paper and
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paper products by incorporation of effluent treatment system comprising of anaerobic
treatment and aerobic treatment in back water loop has set an example for other similar
mills operating on ZLD / wishing to switch over to ZLD. The reduction / optimisation
of pollution load specially TDS, Calcium, COD, VFA etc has helped the ZLD based
RCF paper mills in overcoming the bottlenecks in ZLD operation like adverse impact
on product quality, machine runnability, VFA and odour in paper and surrounding
environment. The co-generation of biogas is an additional advantage along with water
conservation and elimination of wastewater discharge.

e Incorporation of chlorine dioxide dosing into head box / paper machine Silo tank has

shown encouraging results in terms of reduction in odor in paper and back water

circulating in closed loop
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Chapter 1
Background , Objective & Methodology of the Project

1.0 Backgound of the Project

The Project Development of Protocol for Evaluating the Feasibility of Zero Liquid
Discharge in RCF Based Pulp & Paper Mills , funded by Research Steering Committe
for Pulp , Paper & Allied Industries (RSC-DCPPAI ) was formulated in the perspective
of need by regulatory authorities to develop a protocol so as to validate / verify the
feasibility of Zero Liquid Discharge ( ZLD) status as claimed by RCF based Kraft

Paper Mills in various parts of the country .

Zero Liquid Discharge refers to process where no liquid leaves the mill / plant boundary .
Though called zero liquid discharge, still a pulp and paper mill will require at least 1.5 -
2.5 m3/tpaper asmake up water due to steam, evaporation losses , and loss of water

as moisture along with finished paper , sludge etc.

The need for ZLD has been advocated in Pulp & Paper Industry mainly due to depletion
of ground water level, less availability of surface water, impact on receiving stream due
to less flow , stringent new environmental norms under CPCB charter related to fresh
water consumption , regulatory pressure to minimize impact on receiving stream . In
recent times some RCF based kraft and newsprint based paper mills have claimed to have
achieved ZLD status . This project aimed at developing a systematic / methodical protocol

to validate the ZLD status of these mills.

Page | 1
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Chapter 2
About RCF based Pulp & Paper Mills — An Introduction

2.0 About Indian Paper Industry

Paper is one of the most environmentally sustainable products as it is - Biodegradable,

Recyclable, Renewable and produced from sources which are renewable and
sustainable. Indian Paper Industry is unique as it use diverse raw materials and

produces diverse range of paper products .
On the basis of raw materials used the industry can be classified into :

e Mills using Woody Raw Materials ( +15 varieties of wood species used by pulp and
paper mills)

e Mills using Non Wood Fibrous Raw material / Agro residues like Bagasse, Rice Straw,
Wheat Straw, Grasses/Reeds

e Mills using Waste Papers / Recycled Fiber

However, in today scenario , most of the mills are using mixed raw materials in fiber

furnish depending upon raw material availablity to cater the production requirement and

customer demand.

Based on the end products the industry can be broadly classified into :

Mills producing unbleached grade of paper (Kraft Paper/packaging grade of paper)

Mills producing Bleached grade of Paper ( Writing Printing / Duplex Board )

Mills Producing Specialty Grade of Paper ( Tissue, Food Grade etc )

Page | 3
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Recently while revising the environmental norms under Charter for Water
Recycling & Pollution Prevention in Pulp & Paper Industries of Ganga River

Basin , CPCB broadly classified the mills into following categories

Wood Based Pulp & Paper Mills producing Bleached Grade of Paper (Category Al)
2. Wood Based Pulp & Paper Mills producing Unbleached Grade of Paper (Category
A2)
3. Agro based Pulp & Paper Mills producing Bleached Grade of Paper (Category B1)
4. Agro based Pulp & Paper Mills producing Unbleached Grade of Paper (Category
B2)
5. RCF based Pulp & Paper Mills producing Unbleached Grade of Paper (Category C2)
6. RCF based Pulp & Paper Mills producing Bleached Grade of Paper (Category C1)
7. Mills producing Specialty Grade of Paper ( Category D)

2.1 Indian Paper Industry — A Brief Profile
The overall Indian Paper Industry Profile is summarized in Table 2.1.

Table 2.1 Profile of Indian Paper Industry(2020—2021)

No. of Mills 900

Total Installed Capacity, million tons 29.11
Operating Installed Capacity , million tons 23.99
Production of Paper, Paperboard and Newsprint , 21.36

million tons

Capacity Utilization, % ~89
Operational Units 526
Per capita Consumption (kgs) 15.63

Contribution From Different Segments (million tons)

Page | 4
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Wood Based Agro Based RCF Mills

3.91 1.16 16.29

Source: Census Survey of Indian Paper Industry

The share in terms of percentage of overall production is indicated in Fig 2.1.

B Wood based M Agrobased @ RCF based

Fig 2.1 Percentage Paper Production Share ( Raw Material Basis )

As indicated above due to raw material shortage and comparative simplicity in process
operation there has been a paradigm shift in raw material furnish from wood / agro to

recycled fiber for paper production .
General Pulp & Paper Making Process in RCF based Paper Mills

The RCF based Pulp & Paper making process as indicated in Fig 2.2 & 2.3 is
comparatively simple compared to general pulp and paper making process used by

Wood & Agro based Pulp & Paper Mills as depicted in Fig 2.4.

Page | 5
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Course Deinking Cell
Dump Screening
First Loo
Chest Cleaner (Slotted Screen) ( P)

) ; . Foaming agent
Rejects: Pins, Pebbles etc Coarse Rejects

Centri Cleaners

Deinking Cell Disperser Poly Disc
‘ -
| (Second ( Filter - (3/4 Stage)
) Loop)
Bleaching Chemicals: H,0,, NaOH, Silicate . : .
) Rejects: Sand, Fibre Bundles etc.
)
]
. Reductiv Head Wire Part Dryer ; -
Finished
e Tube & ]
Box Section Paper
Press Part

Fig 2.2 General Pulping & Paper Making Process in a RCF Based Writing & Printing
Grade Paper Mill

Page | 6
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Turbo

Separator
cleaner

& Johnson
Screen

I

Pll?\ejte.cts: Rejects: Pins, Coarse Rejects: Small
HE sand etc Size Plastics
Decker
SR Box
Thickener
( .
Centri Head Wire Part Dryer
Finished
Cleaners & & "
S Box Section Paper
gtse Press Part
Screen

I

Rejects: Sand, Fibre
Bundles etc.

Fig 2.3 General Pulping & Paper Making Process in a RCF Based Kraft Grade Paper
Mill
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/ Raw Material Preparation \ /

— Wood: Debarking & Chipping
— Wheat Straw: Dry Cleaning Followed by [
Wet Washing

\ washina j \

\

Pulping/Cocking of Raw Material
Hardwood: Kraft Pulping (NaOH + Na,S)

Agro Residues: Soda Pulping

— Bagasse: Depithing followed by Wet (NaCH)

4 Pulp Blowing &
Screening
Brown Stock Washers)
&

Liquor, Evaporation, Liquor Spent Cooklng Uncooked
Burning, Re-caustsization & Liquor to Chemical Knots/Shives are re-
Lime Re-burning Recovery cooked

Pulp Bleaching \ Stock Preparation B Paper Machine
Bleaching Sequences Refining (Wire Part + Press part +

Additives/Chemicals Dryer Section+ Pope
CEopH1H2 /DoEopD1 y Cleaning & Screening ) Reel)

Fig 2.4 General Pulping & Paper Making Process in a Wood & Agro Based Pulp &

Paper Mill

Effluent Treatment Plant (ETP)

Page | 8
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Almost all the pulp and paper mills in general have similar type of configuration for
effluent treatment plant which based on activated sludge process . The ETPs in general
mainly comprise of equalization tank , primary clarifier , aeration tank , secondary

clarifier , tertiary treatment system , and sludge dewatering system.( Fig 2.5 )

Wastewater generated from process operations like pulp mill, paper machines, power /
steam boilers is usually collected ina Equalization Tank (Fig 2.6 ) to avoid fluctuation
in pollution load entering ETP and subsequently clarified in a Primary Clarifier
(Fig 2.7 ) for removal of suspended solids to reduce pollution load of the effluent stream

entering aeration tank .

Carbon Filter / Dual
Media Filter / Chemical

Carbon Filter / Dual
(@) Treatment etc

Media Filter / Chemical
Treatment etc for
polishing Effluent Quality
| partial reuse / recyle of
waste water to meet the

—— Primary Secondary
Treatment

Secondary Wast
Clarifier —3f ''95°°

‘/ Water

Aeration Tank

Clarifier

4

Sludge Return

\

Fig 2.5 Effluent Treatment Plant in Pulp & Paper Mills

Page | 9
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Fig 2.7 Primary Clarifier

After clarification, the waste water is pumped into Aeration Tank equipped with
diffused aerators / surface aerators to maintain the dissolved oxygen level required

for proper metabolic activity of microbial culture. (Fig 2.8 ).

Page | 10
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: 3 ‘1

Fig 2.8 Aeration tank
The overflow of wastewater from aeration tank than goes into secondary clarifier (Fig
2.9) for settling of biomass. The settled biomass is recirculated to aeration tank to

maintain the adequate MLSS level in aeration tank while the rest is disposed off.

Fig 2.9 Secondary Clarifier

The clarified effluent is further subjected to tertiary treatment ( Fig 2.10 ) involving
dual media filter / sand filter / activated carbon filter and /or chemical treatment

to further polish the effluent quality and meet the stipulated norms.

Page | 11
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Fig 2.10 Tertiary Treatment System

Page | 12
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Chapter 3

About Zero Liquid Discharge - An Introduction

3.0 About Zero Liquid Discharge

3.1

The conventional ‘Physico-Chemical-Biological’ treatment in various industrial sector
including pulp and paper mills does not remove TDS and color significantly in the

treated effluent thus limiting its reuse / recycle back into the process.

Zero Liquid Discharge ( ZLD) is a system consisting of unit processes or unit operations
or their combination, such that there is no discharge of liquid effluent from an industry,
process plant, etc. ZLD status of a unit is a reflection of the fact that the effluent
generated is effectively treated, recycled and reused by the mill / unit and no liquid is

discharge outside its premises.

Historical Perspective

ZLD technology was initially developed for power plants, in USA and later implemented
globally. During early seventies, high salinity of the River Colorado due to discharge
from power plants, developed the need for imposing Zero Liquid Discharge. Regulators
were primarily concerned with discharge from scrubbers and cooling tower blow downs
in power plants. First ZLD installed was of 1 14-454m>/hour capacity , based on
evaporation/crystallization. Initially low-cost ponds were used for evaporation of
Reverse Osmosis (RO) reject. In Germany, ZLD systems for coal-fired power plants were

a result of strict regulations and laws in the 1980s.

3.2 Benefits of ZLD

e Installation of ZLD technology facilitate water conservation through recycling and

reuse of process water recovered from waste water
o Helps in improving receiving stream water quality due to elimination /
minimization of waste water discharge

e In addition to receiving streams ecology , soil salinity and groundwater nearby

discharging units are also not affected.

Page | 13
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Reusing & Recycling of Treated effluent without technology intervention leads to

various issues as summarized as under :

Impact of Dissolved
Collidal Substances / Total
Dissolved Solids Build up

a
a

000000 O0CO0QO

Problems of Scales (carbonates and silicates)
Corrosion (sulfates, chlorides, iron and aluminum
ions)

Brightness reversion (due to Fe?*)

Bacterial growth due to higher dissolved organics
Odour problem in paper

High TDS, COD , BOD and Color in effluent
Poor drainage

Poor web formation

Decrease in strength properties of paper

High ash

Increase in water absorptiveness of paper ( Cobb)

Impact of Temperature

Increase

Temperature increase in the closed loop / circuit may lead

to :

O Accumulation of pitch on machine fabric or press

felt leading to negative impact on paper making
process and quality

Create corrosive conditions in presence of high
concentration of chlorides and sulphates

Promote Bacterial growth which may impact
Paper Quality

Decrease in Ph value of backwater due to increase
in VFA

Page | 15
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Impact of TSS build up

0O 0O O

Plugging of shower nozzles, small lines and felts
Deposit formation ( biological . Non biological) and
Intensification of biological slime

Lower filtration capacity of fiber recovery units.
Poor Drainage

Increase demand of retention aids

Increase in Anionic Trash

and other materials

Increase the demand of wet end chemicals added
to increase the retention of fibers

Use of waste paper introduces adhesives , residues
, tapes, hydrolyzing sizing agents which in a water
system produce particulate component that tend to
stick to paper machine parts and final product

causing many problems

Other Impacts

(I

Low life of paper machine felt and wire
Increase in broke
Inorganic fouling in process equipments in different
unit operations frequently cause
— Downtime to clean the fouling causing

production downtime

— Quality defects in end products

ZLD in RCF Based Kraft Paper Mills

In recent times with implementation of Charter for Water Recycling & Pollution

Prevention In Pulp & Paper Industries in Ganga River Basin the fresh water

consumption and waste water targets for RCF based Pulp & Paper Mills has been
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formulated as under :

: RCF based Pulp & | Fresh Water Consumption, | Waste Water Discharge
i Paper Mills Category m? / t paper m? / t paper

: RCF based Pulp & 15 10
,.- Paper Mills producing
Bleached Grade of
! Paper

RCF based Pulp & 10 6

Paper Mills producing
Unbleached Grade of
Paper

In context with stringent fresh water consumption and waste water discharge norms as
4 well as well as to reduce cost of ETP operation many RCF based paper mills producing
: unbleached grade of paper have switched over to Zero Liquid Discharge ( ZLD) by
L complete reuse / recycling of back water without major technology intervention except

V fiber recovery system.

It is to be noted that inspite of operating on zero liquid discharge still a pulp and
paper mill requires 1.5 —2.5 m’/t paper as make up water due to steam,
evaporation losses , and loss of water as moisture along with finished paper ,

chemical preparation, sludge etc

¢
/
¢
"
¥
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Chapter 4
Case Studies

To study and develop the protocol for evaluating feasibility of ZLD in RCF based paper

mills following mills were selected as case study under the project

1. Mill A ( RCF Based Produced Bleached Grade (Writing & Printing) Grade
Paper
2. Mill B ( RCF Based Mill Producing Newsprint Grade of Paper )

3. Mill C (RCF Based Mill Producing Kraft Paper )

Case Study I: Mill A (RCF Based Produced Bleached Grade (Writing & Printing
Grade) Paper

Process Details
The mill has a Hicon pulper for waste paper processing. The waste paper pulp is subjected
to cleaning and screening through a combination of Poire, high density cleaner, VSM and

CLB followed by deinking using floatation cell, poly disc filter and disperser. Cleaned,

screened and deinked pulp is mixed with chemicals & additives to achieve desired product
specifications. The pulp stock after passing through pressure screen is sent to paper

machine for production of writing & printing grades of paper.

The mill has 02 borewells with a permitted withdrawal quantity: 1911 KLD. The
electromagnetic flow meters are provided at each borewell to monitor the fresh water

consumption . The average fresh water consumption of the mill 12 m? /t paper.

The unit has a full fledged ETP up to tertiary treatment . The dimensions of each unit are

summarized in Table 4. 1

Table 4.1 : ETP Design Specification

Unit Dimensions g
Equalization tank 16 m x 8 m x3.25m 416 m3
Sedicell - 350 mi/he
Primary Clarifier Dia: 18.0 826 3
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SWD 3.25 m

Aeration Tank (2 Nos.) 30mx24mx325m 3,516 m*
14mx24mx3.5m

Secondary Clarifier Dia: 18.0 m 826 m’
SWD 3.25 m

Tertiary Treatment System
Dual Media Filter (02)
Spray filter --

100 m3/hr each
80 m3/hr

Sludge Dewatering System- Available
Decanter Centrifuge- 2 Nos. &
Belt Press- 1 No.

12 tonnes dry solids per
day

The ETP Units are indicated in Fig 4. 1

Sedicell Equalization tank

Primary Clarifier

Aeration Tank Secondary Clarifier

Fig 4.1 ETP units at Mill A

Tertiary Treatment

19| Page




Development of Protocol for Evaluating the Feasibility of Zero Liquid Discharge in RCF Based Pulp & Paper Mills

Studies were initiated with initial fresh water consumption of 12 m>/ t paper followed by
increased recycling so as to achieve fresh water consumption of 10 m® / t paper as well
as 8 m3/ t paper . The impact of the reuse / recycling of back water without technological

intervention was also evaluated and is summarized in Table 4.2

Table 4.2 Impact of Increased Reuse / Recycling of Back Water

S. No. | Water Consumption, m*/t paper TDS, COD, mg/l | BOD, mg/l
mg/l
s Fresh water consumption 12 m*/Ton of Paper 1,300 800 280
@ 30% treated water/back water recycling
2. Fresh water consumption 9 -10m*/Ton of 2,200 1,000 400
Paper @ 50% treated water / back water
recycling
By @ 80% treated water/back water recycling 5,000 1,400 700
(fresh water consumption 7 - 8 m?> /Ton of
Paper.
4. Paper quality parameters 80 78 75
* Brightness 22 25 28
» Cobb
<3 Chemical consumption and other conditions 8 5 2
«  Clothing chocked, days. 30 8 4
+  Shower nozzles chocked, days. Normal Increased @ | Increased
«  Chemical consumption 20 % @ 40 %

As indicated above the build up of TDS, COD and BOD due to increased recycling /
reuse  of back water without any technology intervention adversely impacted the
brightness and cobb properties of the paper produced as well as led to increased chemical

consumption (retention aids etc ) and choking of shower nozzles short life of felt

As a result the mill discontinued its plan for increased reuse / recycling of back water and

went back to 30 % reuse / recycling of back water in its process.

Conclusions

It is difficult to achieve ZLD without technological intervention in a mill producing

Bleached Grade of Paper
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4.2 Case Study II : Mill B ( RCF Based Mill Producing Newsprint Grade of Paper )

S.No Particulars of the Mill Details
1 Production Capacity, tpd 90 newsprint of high bulk (2.2 - 2.6
cm’/gm) of grammage 46 - 50 gsm
2 Raw material Indigenous old newspaper
3 Period of ZLD Operation 4 years
4 Fresh Water Consumption 1.94 m? / t paper
175 m*/day

Manufacturing Process

The paper manufacturing process includes processing of waste paper through pulper to ‘
produce pulp. The waste paper pulp is further screened & cleaned through two stage

turbo separators, Johnson screen and centric leaners. Then, pulp consistency is

maintained as per required grammage. The general layout of manufacturing process for

paper making is indicated in Fig. 4.2

Two Stage Turbo

Waste Paper Sand Refiller Separators & 1

T Chest Johnson Screen ‘

|

Machine Chest - Thickener
Chest

Three Stage Paper Machine
Cenrticleaners

Fig 4.2 General Paper Manufacturing Process of Mill B

Decker

Thickener

ZLD System Adopted by the Mill !|
L

After fiber recovery through sedicell, the backwater generated is stored in storage tank and ' ‘
reused either through spray filter (for use on paper machine) or directly in other pulp mill

operations The mill has discontinued the use of ETP as indicated in Fig 4.3
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Fig.4.3 : Closed ETP at Mill

A PTZ camera is also installed to monitor the reuse / recycle of the back water ( Fig 4.4)

Fig 4.4 Web Camera facing Closed ETP

The multi pronge methodology was adopted to validate the feasibility of ZLD is as under:

Monitoring of TDS, COD and BOD Level Accumulated in Back Water Samples

Collected from Different Sources

Comparative Study of Water Intake v/s Water Loss

Material Balance Study with Respect to Inputs & Outputs During Paper Making
Study in Laboratory Simulating Mill Conditions to Estimate the Constant level of
TDS, COD and BOD accumulated in Back Water Circulating in Closed Loop Due
to Zero Liquid Discharge
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Monitoring of TDS, COD and BOD Level Accumulated in Back Water Samples Collected

from Different Sources

The TDS, COD and BOD level in back water samples generated from different mill operations

as collected and analyzed at different interval is summarized in Table 4.3 below:

Table 4.3 Build up of Pollution Load @ Various Intervals of Time

S. Period Sources TSS, TDS, | COD, | BOD,
No. mg/l mg/l mg/l | mg/l
Tk 1% sampling Paper Wire Tray | 2316 | 6258 | 4355 | 2173
Machine # | Back
Water
Paper Wire Tray | 2426 6488 | 4332 | 2279
Machine # 2 Back
Water
Paper Wire Tray | 2657 6356 | 4546 | 2122
Machine # 3 Back
Water
Sedicell Inlet 2196 6419 | 4409 | 2021
Sedicell Outlet 403 6393 | 3112 | 1798
Spray filter Outlet 188 6316 | 3001 | 1687
2. | 2" sampling Paper Wire Tray | 2966 | 6344 | 4209 | 1944
Machine # 1 Back
Water
Paper Wire Tray | 2612 6233 | 4321 | 2138
Machine # 2 Back
Water
Paper Wire Tray | 2294 6493 | 4177 | 2157
Machine # 3 Back
Water
Sedicell Inlet 2435 | 6397 | 4249 | 2166
Sedicell Outlet 359 6266 | 3139 | 1734
Spray filter Outlet 202 6225 | 2997 | 1712
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As indicated above and in Fig 4.5 below the TDS , BOD & COD level was nearly stable

during the period of sampling indicating mill operation on ZLD

'v/_— —_——— —_——— —_— e ————— —_— T il N\
i
@ October, 2017
B November,2017
\_ o
Fig 4.5 Nearly Constant Level of TDS , COD & BOD in back water
Water Intake v/s Water Loss
Further water losses per day were estimated during the paper making and compared
to the total water intake i.e.182 m*/day which is used as make up water to compensate
water loss as evaporation from dryer section, as steam loss, as back water carryover
with solid rejects, as back water used in ash quenching and as miscellaneous losses. As
indicated in Table 4.4 the water intake was similar to the water losses estimated
Table 4.4 Comparative Estimation of Water Intake & Water Losses
Water Intake, m*/day Water Loss, m*/day
Fresh Water added as make 120 Evaporation at Dryers 114.5
up water in back water tank
Boiler House S5 Steam Loss 55
: Back W i i
With Waste Paper 7 ater with Solid 3
Rejects
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| Water with Finished Paper 4.5
as Moisture |
Miscellaneous/Open Loss 5
Total Water Intake, m*/day= 182 Total Water loss, m*/day = 182

Material Balance with Respect to Inputs & Outputs During Paper Making:

The major inputs involved in manufacturing of 90 tonnes/day newsprint are J
summarized in Table 4.5 and the Material Balance carried out is depicted in Fig 4.6

Table 4.5 Material balance of Mill B

Inputs, tonnes/day (OD Basis) Outputs, tonnes/day (OD Basis)

Waste Paper 88 Finished Paper 85.5

95 @7.5% (90 @ 5.0 %

J moisture) moisture)

Additives/Chemicals Nil Solid Rejects & 3.241

TDS in back water
TDS Carryover with 0.741
Finished Paper (Due to

reuse of back water)

Total 88.741 Total 88.741

- R R " 0 s TR v
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Waste Paper
88 tonnes
(95 tonnes @ 7.5 %

moisture)
Paper Making Process

Finished Paper
85.5 tonnes
(90 tonnes @ 5% moisture)

TDS Carryover
with Paper
0.741tonnes

|

Solid Rejects
& TDS in
Back water |

.

3.241tonnes

Fig. 4.6 Existing Material Balance in Paper Making of Mill B

Study in Laboratory Simulating Mill Conditions to Estimate the Constant level of ‘
TDS, COD and BOD accumulated in Back Water Circulating in Closed Loop Due to ‘

Zero Liquid Discharge

Further studies were carried out at CPPRI laboratory to estimate the TDS, COD & BOD %
generation/build up in back water simulating the existing mill conditions. The basis for |
study is as under : |

e Raw material used, tonne/day = 88 (95 @ 7.5 % moisture)

e TDS generation from waste paper, kg/d =766 (8.7 Kg/t waste paper)

e The COD generation from waste paper, kg/d = 370 kg/d (4.2 Kg/t waste paper)
e The BOD generation from waste paper, kg/d =211 kg/d (2.4 Kg/t waste paper)
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The detailed calculation related to continuous accumulation of TDS, COD & BOD in
backwater along with their concentration at which the addition of TDS, COD and BOD in
back water per day equals to their loss due to carryover with finished paper & solid rejects

is indicated in Tables 4,6 below:

Table 4.6 TDS Generation & Loss

Day
Particulars 1t 15th 30t 45th 60th | 75th
TDS Generation, 766 766 766 766 766 766
kg/day (Constant)
Back Water Volume 1000 1000 1000 1000 1000 | 1000

in Closed Loop,
m3/day (Constant)
TDS Concentration 770 5520 6360 6490 | 6515 | 6518
in Back Water, mg/l
TDS loss, kg/day 90.0 648.5 748 763.2 | 765.6 | 765.9
(Carryover with
Finished Paper, solid
rejects)

Table 4.7 COD Generation & Loss

Day
Particulars : 18 15th 30th 45th 60t 75th
COD Generation, 370 370 370 370 370 370

kg/day (Constant)
Back Water Volume 1000 1000 | 1000 | 1000 1000 1000
in Closed Loop,
m?3/day (Constant)
COD Concentration 370 2670 | 3070 | 3140 3147 3149
in Back Water, mg/l
COD Loss, kg/day 43.5 313.2 | 316.3 | 368 | 369.79 | 369.97
(Carryover with
Finished Paper &
solid rejects)
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Table 4.8 BOD Generation & Loss

Day
Particulars 18t 15th 30t 45th 60t 75th

BOD Generation, 211 211 211 211 211 211
kg/day (Constant)
Back Water 1000 1000 1000 1000 1000 1000
Volume in Closed
Loop, m%/day
(Constant)
BOD Concentration 210 1520 1750 1790 1795 1796
in Back Water, mg/l
BOD Loss, kg/day 24.8 178.6 206.0 210.2 |210.88 | 210.98
(Carryover with
Finished Paper &
solid rejects

It is clear from above tables that the concentration at which the addition of TDS, COD
and BOD in back water per day equals to their loss due to carryover with finished paper

& solid rejects is about 6.5 gpl , 3.14 gpl & 1.79 gpl respectively.

Similarly the mass balance for TDS addition and TDS loss , COD addition and
COD loss & BOD Addition and BOD Loss was evaluated and is indicated in

Table 4.9 as under:

Table 4.9 Mass Balance of TDS Generation and TDS Loss

TDS addition, Kg/day TDS loss, Kg/day
Through waste paper 766 Carryover with finished paper 741
Carryover with solid rejects 19
Total 760
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Table 4.10 Mass Balance of COD Addition and COD Loss

COD Buildup, kg/day COD loss, kg/day
Through waste paper 370 Carryover with finished paper 357
Carryover with solid rejects 9
Total 366

Table 4.11 Mass Balance of BOD Addition and BOD Loss

The mass balance for COD addition and COD loss was evaluated as under:

BOD Buildup, kg/day BOD loss, kg/day
Through waste paper 211 Carryover with finished paper 204
Carryover with solid rejects 5
Total 207

Observations

The fresh water consumption as per mill record is around 175 m>/day (1.94 m>®/tonne paper)

which is used as make up water only.

The major water losses include :

The combined water loses as evaporation from dryer section of all the three paper

machine is around 114.5 m*day (1.27 m*/t paper)

—  The steam loss and other losses during paper making process i.e. 67.5 m?®/ day (0.75
m?/t paper)

The steam consumption at paper machines is around 2.5 tonne / t paper, which is

comparatively high probably high moisture in the paper sheet (57 % w/w) at dryer inlet.

The fresh water consumption i.e. 1.94 m3/t paper and fairly constant level of TDS ( ~ 6200
mg/l ) , COD (~ 3000 mg/l ) and BOD ( ~1700 mg/l) measured in back water (Spray
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Filter Outlet) at different time interval indicates the possibility of mill operating on

Zero Liquid Discharge.

— The lab scale studies on estimation of pollution load generated by pulping of waste paper
used by the mill and subsequent theoretical estimation of buildup of the pollution load
indicates that the concentration at which level of TDS, COD and BOD in back water
equals to their loss as carryover with finished paper & solid rejects is about 6.5 gpl , 3. 14
gpl & 1.79 gpl respectively which is in close proximity to the existing level of TDS,
COD and BOD analysed in the back water collected i.e 6.2 gpl , 3.0 gpl and 1.7 gpl

respectively. This further indicates mill’s operation at ZLD.

A decline in brightness of newsprint to from 44 % ISO to 42 % ISO as well as reduction
in wire & felt life by 15 —20 % has been observed which further indicates adverse impact
on paper quality and process operation probably due to mill switch over to ZLD without any

major technological intervention

An electromagnetic flow meter has already been installed to monitor the volume of back

water reused / recycled into the process.

4.3 Case Study III : Mill C ( RCF Based Mill Producing Kraft Grade of Paper )

The Mill C is manufacturing Kraft Paper from 100% waste paper (Indigenous & imported).
The Mill has two paper machines of production capacity 100 & 50 TPD. The mill is
manufacturing Kraft paper of burst factor from 16 to 35 depending on market requirement. At
present the mill is operating at around 67% of its production capacity and machines are being
operated for manufacturing of 100t/d of different quality of kraft paper. The paper machine I
is used to produce kraft paper (BF 14-16) in the GSM range of 100 -180 g/m? and the paper

machine 11 is used to produce multilayer kraft paper of high BF (22-35)

MANUFACTURING PROCESS

The mill uses indigenous and imported waste paper for production of kraft paper. The imported

waste paper which is high wet strength paper is difficult to slush in hydrapulper therefore the
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mill is using 3 Nos of digester for cooking of imported waste paper. Back Water from ETP is
used to makeup bath ratio around 1:2.5 then it is steamed for 1-2 hours to attain a temperature
of 125-130°C at a steam pressure of 3.5-4.0 kg/cm®. The retention time at top temperature is
around ~2 hrs. Thereafier the pulp is dumped and sent to hydrapulper through a conveyer for
its slushing. From hydrapulper the pulp is passed through poir screen, high-density cleaner,
turbo separator and hill screen. The thickened pulp from hill screen is sent to stock preparation
for addition of rosin, alum and dyes and from stock preparation the pulp is sent to paper
machines. Indigenous waste paper is directly fed to hydrapulper and indigenous waste paper is
used mostly for paper production in Paper Machine I (low BF) and for producing bottom layer

to multilayer Kraft paper produced in Paper Machine II ( High BF).

The mill has two numbers of bore well for extraction of the ground water to meet fresh water
requirement of the mill for manufacturing of kraft paper. Each bore well is equipped with online
magnetic flow meters for recording of volume of fresh water extracted. The fresh water is
collected first in a Reservoir Tank. From reservoir it is pumped to an Overhead Tank for its
further distribution to various paper making sections. Presently the mill is using only one bore

well and the second bore well is standby. The fresh water requirement at various sections is

indicated in Table 4.12 :

Table 4.12 : Fresh water Consumption in Mill C

S. Section Quantity, m? /day Purpose
No.
1. Boiler 200 -For generation of process steam for
paper plant
-For generation of steam for particle
100 P
board plant
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-For production of steam for

200 electricity generation for steel plant

23 Cooling Tower 150 -For make up of water required for
water lost due to evaporation at

cooling tower

3: High pressure 200 -For cleaning & washing of web
showers at forming wires & felts at paper
paper machine machine I & 11

4. Miscellaneous 250 -For supply of dirking water at mills
residential colony for more than 150

families and gardening at colony
guest house.

Total 1100

MEASURES TAKEN FOR FRESH WATER CONSERVATION

The fresh water requirement in paper making process can be reduced, through process
optimisation, efficient water usage and reuse of back water to the maximum extent. The
mill has already taken considerable measures to reduce water consumption particularly
through reuse of back water in pulp mill stock preparation and also in showers at paper
machine which is a main area of fresh water requirement. Some of the measures taken by

the mill to reduce fresh water requirement are as follows:
a) Reuse of back water in pulp mill & paper machine
= Hydrapulper
= Turbo separator dilution
» Slotter screen dilution
= HD cleaner dilution

= Reject sorter dilution
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* Chemical preparation
= Machine chest dilution
= Floor cleaning

b) Reuse of treaded effluent (Primary Clarifier Overflow & part of Secondary Clarifier
Overflow)

= Rewinder cooling

=  Vacuum Pump Sealing
= Digester makeup

= Hydrapulper dilution

= Reject sorter dilution

=  Foam Killing shower

Ash quenching

Reuse of treated effluent:

The part secondary clarifier overflow (~200 m? /d) is passed through filter press having
10pm cloth for filtration of biological solids and then after mixing with fresh water (~ 200

m?/d)" is service tank it is reused in high pressure showers

e Wire cleaning high pressure shower (I No in PM 1&3 Nos in PM 2)
= Felt cleaning high pressure shower (I No in PM I & 4 Nos of PM 2)
= Edge cutter high pressure shower in PM I & 2

= Knock down high pressure shower at PM 1 & 2

resh water for paper making in paper machine I & 11 and the mill is

es or ca oiler ash/ETP sludge.
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Table 4.13 Water Balance in Mill C

S Process Water Water Remarks
No. Requirement, | losses,
m? m?
I. | Digester - -To atmosphere due to
10 leakage/ evaporation of
steam

2. | Paper Machine

1) Showers 200 -
i) Dryers
- 100 -To atmosphere due to
evaporation
3. | Boiler
i) Make up water for 200 - -

production of steam
required for process and
also losses of steam
during transportation &
leakages

ii) Water loss due to
evaporation

iii)Ash quenching E 120 | -To atmosphere due to
(Back water) losses of water during
drying of paper sheet

- Going along with
- 130 boiler ash

4. | Turbine make up water at 150 150 | - To atmosphere due to
Cooling Tower evaporation during
cooling of water at
cooling tower

5. | Spray at Mill for dust = 20 - To spray for dust
suppression / gardening etc. killing as well as
horticulture activity
(Back water) inside the plant
6. | ETP sludge 2 20 Carry over with ETP

sludge to board mill
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Total, m? 550 550

DETAILS OF EXISTING ETP

The effluent treatment plant consists of equalisation tank, Johnson screen, hill screen,
primary clarifier (2 Nos), aeration tank, secondary clarifier (2 Nos) filter press ((2 Nos,
one for filtration of secondary clarifier overflow and other one for filtration of under flows
of primary & secondary settling tanks). The layout of modified ETP is given in Fig 4.7
and the details are given in Table 4.14 .

Table 4.14 ETP Design Specifications in Mill C

S. No. | Unit Specification Purpose

17 Equalisation tank Cap- 347 m? To avoid variation in
effluent characteristics

2. Johnson Screen - For removal of plastics
polythenes and other
coarse materials

3 Hill Screen 4.2x1.2 m? For recovery of fibres

4. Primary clarifier [ -Cap: 1293 m? For — =
I1 - Cap : 290 3 suspended materials

Se Aeration tank Cap: 2535m? For removal
Aerator : 6x25HP blodegradable organic
materials
6. Secondary clarifier |1 - Cap : 907 m’|For removal of
(Standby) suspended matter
Il Cap - 615 m® (biological solids)
7. Filter Press No. of plates — 52 (i)To increase dry solids
Size 12.m X 1.2m QIR EEEIud e
2 Nos (i)To  remove fine
suspended particles

from secondary treated
water for its reuse at
high pressure showers
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TREATMENT OF EFFLUENT

The combined waste water consisting mainly excess paper machine back water (overflow
of paper machines 1& 2 back water tank), pulp mill back water etc is collected in
equalisation tank. From equalisation tank, effluent is passed through a Johnson screen for
removal of coarse materials & then to a hill screen having 40 mesh screen for recovery
of fibre (recovered fibre is returned to hydrapulper and which ultimately increases waste
paper recovery by 3%) . The filtrate from hill screen is fed into primary clarifier for
removal of suspended fibres, fines etc to the maximum possible extent. The major part of
overflow (~1825 m3/d) is reused into pulp mill and resh (625 m*d) is treated through
activated sludge process. The required level of dissolved oxygen is maintained in aeration
tank using fixed mechanical aerators (6x25HP) as well as diffused aeration system. The
overflow of aeration tank carrying active biomass is clarified through two numbers of
secondary clarifiers. The part of underflow of secondary clarifiers is recycled to maintain
desired level of MLSS (2000- 2500 mg/l) in aeration tank. The excess underflow of
secondary and primary clarifiers is taken to filter press to increase the dry solids of ETP
sludge for further disposal to board mill or to be used as fuel in boiler. The essential
nutrients like nitrogen and phosphorus are provided by adding urea and DAP to promote
the bacterial growth in order to achieve the designed performance efficiency of activated
sludge process. The part of secondary clarifier overflow (~200 m?) is passed through filter
press for removal of fine particulate matter and the filtrate of filter press is reused at high
pressure shower after mixing with fresh water. The balance 425 m? is mixed with primary
clarifier overflow for further reuse into process. The mill is recycling entire quantity of

waste water into mill.

CHARACTERISTICS OF BACK WATER

The overflow of back water tanks from pulp mill and paper machines are going to
equalisation tank at ETP through a drain. The characteristic of combined waste water is

indicated in Table 4.15
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!' Table 4.15 Characteristics of Backwater in Mill C
Particular Equalisation tank inlet
pH ' 6.0
' Total solids, mg/l 6744
rf Suspended solids, mg/! ' 1221 |
| Dissolved solid, mg/l 5523 |
|
COD total , mg/I 2331
:I_ COD soluble, mg/I 1642
Volume, m? 2500

The performance of various units of effluent treatment system i.e. primary clarifier, secondary

e L e

biological treatment system, and filter press were also assessed, as indicated in Table 4.16 (a)

—(d) :
Table 4.16 ( a) Performance of Primary Clarifier

Particular PC inlet PC outlet Reduction %
pH | 6.4 6.4 ;
Total solids, mg/l 6805 5692 16.36

| Suspended solids, mg/l | 1138 366 67.83
Dissolved solids, mg/l 5667 5326 6.0
COD total, mg/l 2306 1632 29.23

] | COD soluble, mg/l | 1718 1475 14.14
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Table 4.16 (b) Performance of Secondary Biological Treatment System

N e Mg e TS TR

Particular PC outlet SC outlet Reduction %
pH 6.4 6.6 -
Total solids, mg/I 5692 2668 53.13
Suspended solids, mg/l | 366 146 60.10

: Dissolved solid, mg/I 5326 2522 52.65

: COD total , mg/I 1632 251 84.62

-| COD soluble, mg/l 1475 217 85.29

; BOD total, mg/l 1137 58 94.90

: BOD soluble, mg/I 997 26 97.39

F

A part of secondary clarifier overflow (~200m°) is passed through filter press for further “

removal of fine suspended & colloidal matter to make it reusable alongwith fresh water at high

pressure shower.

Table 4.16 (¢) Characteristics of Treated Effluent After Filter Press

o Jou T o

| Particular | Filter  Press | Filter press | Reduction %
| inlet outlet
pH — |66 66 :
| Total solids, mg/l | 2668 | 2544 4.65
‘I Suspended solids, mg/I | 146 60 58.90
Dissolved so I




"
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Table 4.16 (d) Characteristics of Combined Effluent of Primary & Secondary Clarifier

Overflow Reused into Process.

L i _ﬂ_‘“"_'-— B o

Particular ETP back water
pH 6.8
Total solids, mg/l 3682
Suspended solids, mg/I 167
Dissolved solid, mg/1 3515
COD total , mg/I 722
COD soluble, mg/l 570
BOD total, mg/I 357
BOD soluble, mg/l 243
Turbidity, NTU 263
Chloride, mg/l 213
Sulphate, mg/I 1150
Colour, PCU 79
OBSERVATIONS:

e The mill is using 100% Recycled fibre (RCF) & presently producing around 100 TPD

of Kraft Paper of different BF using two paper machines depending on the market

demand.

e The mill has cogeneration unit of ~6 MW turbines to meet the electric requirement of




Development of Protocol for Evaluating the Feasibility of Zero Liquid Discharge in RCF Based Pulp & Paper Mills

suitable for reuse after mixing with fresh water in high pressure showers at paper
machines.

e The fresh water is used only in high pressure shower at paper machines, boiler and
make up in cooling tower and it varies from 650 to 700 m? /d.

e The mill has upgraded the facility for treatment of back water/waste water suitable for
reuse into process.

e The major part of primary clarifier overflow ~1800m*d out of 2425 m*/d after mixing
with part of secondary clarifier overflow ~425 m>/d is reused in to process.

e The mill has recently installed filter press (Plate & frame) for removal of suspended
and colloidal matter from treated effluent (after secondary clarifier) for further reuse
after mixing with fresh water in high pressure showers at paper machines.

e The performance of effluent treatment plant has been found satisfactory with respect to
COD, BOD, and TSS reduction.

e The quantity of fresh water used is around equivalent to the loss of water in terms of
back water, steam losses, vapour etc.

e The mill has made remarkable efforts in recycling of back water particularly ETP

! treated water is completely reused in mill operation. The secondary clarifier overflow

rF (~ 35%) after passing through filter paper is used in High Pressure Shower along with

fresh water.
e The utility service area is the major area which consume about (~ 64%) fresh water
followed by high pressure showers at paper machine (~ 18%).

e No fresh water is used for operation of pulp mill. All the operation of pulp mill are on

nachine back water tanks or water from back

4
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® The mill uses ~200 m3/d fresh water after mixing with treated effluent (~200 m3) in
high pressure showers at the paper machines.

® The mill has stopped the use of low pressure showers.

e The mill is not discharging any quantity of effluent outside the mill campus.

e The mill has made considerable effort in improving the process as well as ETP facility
for reducing the fresh water consumption to the level equivalent to losses of water in
paper making process.

e The mill has already upgraded ETP for treatment of back water for its reuse in to the
process & now the mill has achieved zero effluent discharge.

e The back water generated is reused completely after treatment.

e The mill has started segregation & collection of back water in closed loop i.e. pulp mill

& paper machine for further cascading its reuse. |
e On the basis of findings of above studies CPPRI is of the opinion that if the mill operates
on its full installed capacity (~150 t/d), the fresh water requirement will be almost same
as presently used and even there are chances for reducing fresh water consumption due

to increase in evaporation of water through dryers.

(d) Case Study IV : Mill D RCF Based Kraft Paper Mill Producing Unbleached
Grade of Paper )

r The mill D is a RCF based kraft paper mill producing unbleached grade of paper with
production capacity 80 tpd . The mill uses both indigenous & imported waste paper for
producing Kraft paper of 100- 150 GSM . The mill is reported to be operating on ZLD for

last 2 yaers with average fresh water consumption of the mill is 1.9 m® / t paper

Manufacturing Process
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maintained as per required GSM. The general layout of manufacturing process for paper

making is indicated in Fig. 4.7 .

Almost all of the process operations are being carried out with back water after treatment for
removal of suspended impurities through Rifflers and Sedicell and fresh water is used as make
up water only. The mill has two Bore Wells equipped with flow meter and running hour meter.
At a time one is in operation and one kept as stand by. Regular log book is being maintained
by the mill for daily fresh water consumption including operating hours. The average fresh
water consumption is around 150 m3/day i.e. 1.9 m%/t paper, and the section wise water

consumption is given in Table 4.17 :

Table 4.17 Fresh Water Consumption in Mill D

Unit Fresh Water Consumption, m3/day
Pulp Mill Nil (back water is used)
Paper Machine 80

Glands Cooling
Nil (back water is used)

Vacuum Pump Sealing

Boiler Feed water 35
Chemical Preparation 25
Domestic Use 10
Total @ 80 TPD Kraft Paper

production 10
m3/t Paper 1.9

PRESENT PRACTICE OF BACK WATER TREATMENT & ITS REUSE INTO
PROCESS:

The excess back water from pulp mill & paper machine is first passed through Riffler for
removal of heavy particles (dust, sand etc.) and collected in Primary Tank. From primary tank,
back water is sent to Sedicell based on dissolved air floatation (DAF) for fibre recovery using
coagulant & flocculent. Sedicell outlet is collected in Back water Storage Tank. From Storage

Tank, clarified back water is reused for vacuum pump sealing & cooling, in paper machine low
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pressure showers, for consistency regulation, H.D. Dilution, Turbo dilution in different
operations etc. as per requirement. The mill has installed flow meter at back water reuse line.
The fibres recovered from Sedicell are reused in pulp mill which results in enhancing the overall
fibre recovery. No trace of waste water being discharged outside the premises of the mill, as
observed at the time of mill visits. The general layout of back water treatment system is indicated

below in Fig. 4.8

Methodology for Evaluation of ZLD Feasibility

e Monitoring of Total Dissolved Solids (TDS), Chemical Oxygen Demand (COD) and
Biochemical Oxygen Demand (BOD) level in back water samples collected at different
time intervals from various sources of the mill.

e Water balance study with respect to intake & losses during paper making.

e Material balance study with respect to inputs & outputs during paper making.

e Lab study for estimation of TDS, COD & BOD generation per day in back water due to
raw material (waste paper) used by the mill.

e Evaluation of TDS, COD & BOD loss due to carryover with finished paper & solid wastes

w.r.t. their generation due to raw material (waste paper) used by the mill.

Monitoring of TDS, COD and BOD Level Accumulated in Back Water Samples Collected

from Different Sources:

The level of TDS, COD and BOD in back water sample collected from different sources of

the mill at different time intervals are summarized in Table 4.18 below and also depicted in

Fig.- 4.9 (a)—(c) :
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Fig 4.7 Manufacturing Process in Mill D
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Treated Back
Water for Reuse

Recovered Fibre to pulp <
mill for reuse

Cap.: 40 m® Sedicell Cap.:100 m*
Cap.: 200 m®
Riffler Primary Tank Recycli;rg/itorage
an

Fig. 4. 8 : Layout of Existing back water treatment system at Krishnanchal Pulp &
Papers Private Limited, Muzaffarnagar

Table 4.18 Characteristics of back water samples collected at different time

intervals
S: Period Back Water Source TSS, TDS, COD, BOD,
No. mg/l mg/1 mg/l mg/1
Tl I Paper Machine Wire | 3,424 36,195 31,754 | 22,150
Sampling Tray
(July, 2019) Primary Tank | 3,476 | 34,748 | 33,461 | 23,050
(Sedicell Inlet)
Sedicell outlet | 615 33,664 | 32,778 | 21,850
(Storage tank)
2. ond Paper Machine Wire | 3,445 [35316 |30,848 | 21,500
Sampling Tray
(August, 2019) [ Primary ~ Tank (3,459 (34,922 [32424 |[22,300
| (Sedicell Inlet)
[ Sedicell outlet | 628 | 33,452 | 31,788 | 21,150
}j  (Storage tank) | |
per Machin 36825 [ 32652 | 21,400
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(August 2019) | Equalization  Tank | 3,865 [35/412 |31,865 |21,586

(Sedicell Inlet)
Treated Back | 635 34,825 | 32,100 [21,758
Water(PC QOutlet)
Paper Machine Wire | 3,667 36,112 31,751 | 21,683
Tray

Average Primary Tank | 3,600 |35,027 |32,583 |22,312

Characteristics (Sedicell Inlet)
Sedicell outlet | 626 33,980 | 32,222 | 21,586
(Storage tank)

TDS Level V/S Different sampling

40.000 -

34.825

33.664 33.452
'_‘;

35.000 -

TDS Concentration, gm/I

Ist Sampling lind Sampling 11l rd Sampling
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40.000 -

COD Level V/S Different sampling

35.000 -
32.778
32.100

31.788
—0

30.000 -

COD, Concentration, gm/|

25.000 T T . !
Ist Sampling lind Sampling 1l rd Sampling

Fig.-4.9( b) : COD trend in Back water (Storage tank)

25.000 ~

BOD Level V/S Different sampling

21.850 21.758
21.150

20.000 N

BOD, Concentration, gm/|

& | 15.000

Ist Sampling. lind Sampling Il rd Sampling

Fig.-4.9 ( ¢) : BOD trend in Back water (Storage tank)
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carryover with finished paper & solid rejects, domestic loss etc.

Table-4.19 : Water balance

include evaporation from paper machine pre & post dryer sections, steam loss, water

Water Intake, m3/day

Water Loss, m*/day

FT"_'"H'-'T'H:'H'F.-IET*—""‘H"'—

et e Ll L el

Total Water Intake including moisture

in raw material, m*/day= 157

Paper Machine %0 Evaporation from Pre-dryer section
71
Boiler Feed as Make Up Water 35 | Evaporation from post-dryer section 24
Chemical Preparation Steam Loss 35
(Surface Sizing of paper and -~
treatment of back water) Carry over with solid rejects 5
Moisture with raw material : Carry over with finished paper 5
(Waste Paper)
D tic U. 10
OUESIZE Domestic Loss 10
Miscellaneous Loss 7/

Total Water loss, m*/day = 157

. Material Balance

The major inputs & outputs involved in manufacturing of 80 TPD kraft paper are

rized as undgr in Table- 4.20 and also depicted in Fig.- 4.10 :
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Table-4.20 : Material Balance

' Inputs, tonnes/day Outputs, tonnes/day
Waste Paper Finished Paper
- On as such basis 83 - On as such basis 80
(Moisture:8.5 % w/w) (Moisture: 6.29 % w/w)
- On oven dried basis 76 - Onoven dried Basis 75
Dissolved Solids 3.06 | Solid Rejects 3.37
(Due to carryover of back water (Sand, plastic, pins etc.)

with paper sheet going to dryer

section after press part)

Starch 25 Solids 3.19
(Surface Sizing Chemical etc.) (Dissolved in back water
generated)
| Total 81.56 | Total 81.56 : !

RS R, R, R, O EED TR TR D S MR, WD S TN DT MR W RN




On as Such basis: 83 tonne
On OD basis: 76 tonne

Paper Making
Process

3.06 tonne

Starch as sizing
chemical

2.5 tonne

Solid Rejects

& dissolved
solids in.

~ back water

6.56 tonnes

Fig 4.10 Material Balance in Paper Making in Mill

Finished

Paper

- As such: 80 tonne
- OD Basis: 75 tonne
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Estimation of TDS, COD & BOD generation per day in back water due to raw material

(waste paper) used by the mill

As indicated earlier, on an average 76 tonnes per day indigenous/imported waste paper on

oven dried basis is used as raw material and a little amount of chemicals (Starch, Flocculent,

Colour etc.) are used for kraft paper manufacturing as per requirement of the product quality.

An attempt has been made in CPPRI laboratory to estimate the generation of TDS, COD &

BOD in back water due to waste paper as given in Table 4.21 :

Table 4.21 Generation of TDS, COD & BOD in Back Water due to Waste Paper

Particulars Kg/tOlllle waste paper kg/day
TDS generation 41.97 3,190
COD generation 37.86 2,877
BOD generation 25.32 1,924

The estimation of the concentrations of TDS, COD & BOD at which their generation per day

due to process of waste paper equals to their loss per day due to carryover with finished paper

is calculated as given in Table 4.22 (a)—(c¢) :

Amount of back water with paper sheet after press part: 82.0 m?

Amount of back water with solid rejects: 5.0 m*

Total amount of back water with paper sheet + solid rejects: 87.0 m?

Particulars Estimated Pollution Load Estimated Concentration,
Generation, kg/day g/l
TDS 3,190 36.67
| cOD 2,877 33.07
| BOD 1924 22.12
e — = eSS : . L=
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Evaluation of TDS, COD & BOD Losses Due to Carryover with Finished Paper |
& Solid Wastes w.r.t. their Generation Due to Raw Material (Waste Paper) Used
by the Mill

4.22( a) Evaluation of TDS generation & its loss

Particulars Value i
Back water carryover with paper sheet after 82 m* 5
press part 7
Back water carryover with solid wastes 5m’ 1
[
TDS carry over with finished paper, kg/day 2,961
|
[
TDS carry over with solid wastes, kg/day 181 ;
\
Total TDS loss (calculated), kg/day 3.142
Estimated TDS generation, kg/day 3,190
: |

Table 4.22(b) Evaluation of COD Generation & Its Loss

Particulars 7 value »
Back water carryover with paper sheet after 82.0 m®
press part

Back water carryover with solid wastes G
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Estimated COD generation, kg/day 2,877

Table 4.22 (¢) Evaluation of BOD Generation & Its Loss

Particulars value
Back water carryover with paper sheet after 82.0 m
press part

Back water carryover with solid wastes 5m’@
BOD carry over with finished paper, kg/day 1,778
BOD carry over with solid wastes, kg/day 108
Total BOD loss (calculated), kg/day 1,886
Estimated BOD generation, kg/day 1,924

The results reported above indicate that the generation of TDS, COD & BOD from

waste  paper iie. ie. 3,190 kg/day, 2,877  kg/day &

1,924 kg/day respectively estimated in lab is almost equal to their losses due to
o carryover with finished paper & solid wastes ie. 3,142 kg/day,
- 2,763 kg/day & 1,886 kg/day respectively calculated at the concentration of TDS,
" COD & BOD analysed in back water samples

OBSERVATIONS

ing 80 TPD kraft paper from waste paper by operating on
) since May, 2018.
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= The fresh water is used as makeup water only (1.9 m?3/tonne paper) to compensate

water losses during paper making process.

= The fresh water used as make up water (150 m*day) is used consumed in high

pressure showers of paper machine, steam boiler and chemical preparation.

= The mill has an adequate facility for treatment of back water for removal of

suspended/settled impurities to make it suitable for reuse into process.

= The existing back water treatment system consisting Primary Tank (40 m?), Sedicell
(200 m?) and Back Water Recycling Tank (100 m?) is adequate to treat even more
than the present back water volume generated from 80 TPD kraft paper.

= No traces of waste water being discharged was observed at the time of mill visits.

= The average concentration of TDS, COD & BOD ie. 36.11 gpl,
31.75 gpl & 21.68 gpl respectively as analyzed in back water sample collected
during mill visits has been found to be in close proximity to the concentration of
TDS, COD & BOD ie. 3667 gpl, 3317 gpl &
22.12 gpl respectively estimated in lab study which clearly supports mill’s claim of

operation on zero liquid discharge (ZLD).

= The carryover (loss) of TDS, COD & BOD with finished paper & solid wastes i.e.
3142 kg/day, 2763 kg/day & 1886 kg/day respectively has been found almost
equal to the generation of these parameters from waste paper estimated in lab study
i.c. 3190 kg/day, 2877 kg/day & 1924 kg/day respectively which further validates |
Mill operation on ZLD |

talled online camera facing backwater treatment system and its
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Chapter S

Technological Intervention to Achieve ZLD

In context of issues related to foul odor in the environment as well as in paper products
produced by Pulp & Paper Mills operating on ZLD studies were initiated for appropriate

technological intervention to address these issues which are summarized as under :

5.1 Incorporation of Anaerobic Treatment in Back Water Loop of RCF based Kraft
Paper Mill Operating on ZLD

With the studies conducted by CPPRI it was observed that due to build up of TDS,
COD , BOD due to operating of mills on ZLD there has been adverse impact on machine
runnability leading to frequent break down, low wire and felt life, as well as foul odor

issues related to working environment and paper product .

Lab studies indicated good biodegradability potential in back water of RCF based
Kraft Paper Mills operating on ZLD ( 70-80%) . In this perspective a joint synergetic
effort was undertaken by CPPRI, Paques India, and al 50 tpd RCF based Kraft Paper Mill
operating on ZLD to incorporate biomethanation plant in the back water circuit to

reduce the COD & BOD level

5,2 Paques India’s BIOPAQ® ICX Technology — Mechanism
BIOPAQ® IC reactor is a new generation dynamic reactor recently introduced to treat wide range
of organic pollutants, i.e. from 1,000 to 20,000 mg COD/I. The BIOPAQ® ICX Reactor
(Fig.5.1), was recently commissioned at this selected RCF based kraft paper mill which was
incorporated as a pre -treatment step before conventional aerobic treatment for handling the back
water of the paper mill. The anaerobic reactor is designed to biologically convert organic
pollutants (measured as COD) present in the wastewater into biogas. The major merits associated

with BIOPAQ®ICX reactor are:

e Reduction of VFA in water loop to ensure odour free paper production.
e Co-geneartion of energy as biogas along with treatment of wastewater
Reduction in pollution load to achieve environmental compliance

Reduction of the operational costs of conventional ETP
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The anaerobic conversion of COD into methane is a biological process carried by a mixed culture of

anaerobic micro-organisms and the mechanism involves following major steps:

1. Acidification

2. Methane formation

During the acidification process large organic compounds are converted into volatile fatty acids (VFA)
which are small organic molecules, mainly acetic acid. This acidification process does not significantly
change the COD concentration itself, but just changes the composition of the COD. Large organic
molecules are basically “broken” into smaller organic molecules, which subsequently serve as food for

the methane producing micro-organisms.

The acidification process occurs partly in the pre-treatment upstream of the anaerobic reactor (e.g.
buffer/acidification tank) as well as inside the anaerobic reactor. The acidification which takes place
upstream of the anaerobic reactor is called “pre-acidification”. In most cases a certain degree of pre-

acidification is desired because it enhances the performance of the anaerobic reactor and the biomass

quality inside the anaerobic reactor.

-------------- { Vacuum/ pressure relief l

o L e { Head space ]
-----------------------
----------- { Biomass lean zone j
=) EEEEEEER { Top separator ]
........ { Sample / (CIP) ]

........... { Expanded biomass bed ]

";;{ Clean out ]
.

..... Drain and biomass sup
and discharge i

1)

Fig 5.1 Schematic Diagram of BIOPAQ® ICX

In the reactor the anaerobic micro-organisms convert the COD present in the pre-acidified
wastewater into methane (CHa) and carbon dioxide (CO2). The generated biogas is collected
in the headspace of the reactor and subsequently transported to a gas buffer or other gas

treated wastewater is sepmmd from the biomass in the separators and
_ ' i tﬂ@@E\?@m n.
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Besides the formation of biogas from COD, sulphurous compounds (sulphate, sulphite,
thiosulphate and sulphur) are converted into hydrogen sulphide (HS") by sulphate reducing
bacteria, which leads to the presence of HaS in the biogas. This reaction is unwanted because
it consumes COD, which cannot be used for methane production and the formed H>S is toxic,

corrosive and odorous; this reaction however cannot be avoided.

The performance of the reactor depends on several parameters of which the major one is as

under:

e The quantity and the quality of the biomass in the reactor.

e The composition of the wastewater to be treated (COD composition, presence of toxic 4_
components).

e The operation conditions of the reactor (e.g., Temperature, pH, recycle flow rate etc.).

e The absence/presence of nutrients (macro and micronutrients).

e The performance of the pre-treatment.

5.3 Closed Loop System at the Selected RCF based Kraft Paper Mill

The closed water loop established at the RCF based kraft paper mill is indicated in Fig 5.2
The fresh water is mainly added on paper machines make up water to compensate the water
loss due to evaporation in paper machine. The back water from paper machine is collected
in a collection tank followed by fibre recovery in sedicell. The sedicell outlet is sent to
conditioning tank / buffer tank where macro / micronutrients required for growth of
anaerobic microbes are added and pH is regulated. This is followed by anaerobic treatment
through Biopag® ICX reactor where the anaerobic microbes convert the biologically
F degradable organic matter into biogas. The anaerobically treated backwater is post treated

anaerobically through aeration tank and followed by secondary clarifier to arrest the loss

of biomass. The secondary clarifier overflow is reused in stock preparation thus closing the

water loop. The DAF sludge & Secondary Clarifier Sludge is dewatered in screw press and
sold to contractors
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5.4  Commissioning of Bioreactor

Commissioning of the ETP kick started on July 2020 with BIOPAQ® ICX reactor and
the plant remarkably stabilized within 2 weeks. After implementing BIOPAQ® ICX

system the mill has been benefited on following counts:

e Due to adequate biological treatment system the mill can now recycle 100%
secondary clarifier water back into the process therefore, additional fresh water is
not required for paper making

e The freshwater requirement is now only 1 to 1.5 m*/ t paper which is added as make
up water to compensate water evaporated in evaporation section during paper

- making process
e The Odour issue in paper has been resolved due to significant reduction in COD &

VFA in the water loop after treatment through Paques BIOPAQ® ICX reactor

Advantage of BIOPAQ® ICX reactor in treating the backwater in the closed loop and reducing

Calcium, SCOD, VFA, TDS etc as well as cogeneration of biogas is summarized in Table 5.1

Table 5.1: Machine Back Water Characteristics Comparison

| S.No | Parameters Before After BIOPAQ® ICX
BIOPAQ® ICX | commissioning
commissioning
| pH 5.56 6.5-72
2 TSS (mg/l) 800 <300
F 3 TDS (mg/l) 24400 <9000
] '» 4 Calcium (mg/l) 5130 <500
5 VFA (meg/l) 300 <30
6 | Paper odour Yes | No
Tscobmen | 0 | <soo0
Toogs  gowmion| 0| 2wz
| i ke 0 »
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5.5 Performance Summary of BIOPAQ® ICX reactor

The above table indicates the efficiency and suitability of the BIOPAQ® ICX reactor in
wastewater treatment to enable a RCF based Kraft Paper Mill to operate in a closed loop / ZLD
as well as produce odour free paper. After Bio methanation commissioning VFA and SCOD in
the water loop has reduced by over 10 times i.e., up to 20 meg/l and 5500 mg/I (Fig 5.3 )
respectively. Similarly, as indicated in Fig 5.4 VFA has been found to be in range of just 20
to 30 meq/l after treatment which helps in reducing Odour issue. The overall performance
efficiency of Biopaq® ICX Reactor summarised in Fig 5.5

DAF outlet SCOD (mg/I)

8000
6000
4000
w0 i i e
0

NS

© Q%G,Q,Qp‘\ooe,'@avgm‘\é‘@ 0%4905'\\00050
SRR q,'*"i" ,\,‘& f,,“\'»""\?'»'»""\.m“"\"\’

Fig 5.3 DAF outlet SCOD after Bio methanation

DAF outlet VFA (meq/I)




Development of Protocol for Evaluating the Feasibility of Zero Liquid Discharge in RCF Based Pulp & Paper Mills

100.00
80.00
60.00

BIOPAQZ® ICX SCOD reduction (%)
40.00
20.00

»

S & R & D < N O o

SHIRC ISR 2 ‘\0 o F & *“'b L IR N I SN
’\"\f'\"\,'i”\"\,q,'»q,'»%""»”'\?"‘vm"'m”’\'

o, W % W T

=

Fig 5.5 ICX SCOD efficiency

Elimination / Control of Odour in Paper

Odour in paper which was the major issue before this RCF based kraft paper mills operating
on ZLD has been successfully addressed through BIOPAQ® ICX reactor. The major factors
for odour in the paper are uncontrolled Volatile Fatty Acids (VFA) and Sulphides. These two
| organics and inorganics creates a foul smell due to increase build up in concentration when the
i back water is recycled several times in closed loop. The combination of adequate anaerobic
and aerobic treatment like the present case study of offers is a techno-econmically feasible

solution to this problem and thus facilitate production of odour free paper along with |

complete recycling and reuse of treated effluent.The kraft paper from this RCF based kraft

paper mill operating on ZLD / closed loop has also been tested / certified as odour free &

suitable for food grade by renowned testing agency, SGS Laboratories. (Fig 5.6)

o N
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SGS

Report No. : TR:TX:1144040786 DATE: 27-Aug-20

e e e e

AKSHERA PAPERS

SF NO 557 & BHAVANISAGAR RDAD, PASUVAPALAYAM
Tamil Nadu, Erode-638451

N

CONTACY PERSON : MR VASANTHKUMAR

THE FOLLOWING SAMPLE(S) WASAMERE SUBMITTED AND IDENTIFIED BY/ON BEHALF OF THE CUSTOMER AS:

PRODUCT DESCRIPTION PAPER
KHAFT PAPER {180 GSM) SUBMITTED

COLOUR GREY

COUNTRY OF DESTINATION INDIA

COUNTRY OF ORIGIN INDIA

SAMPLE RECD ON 18-Aug-2020 TESTING PERIOD : 24-Aug-20 - 27-Aug-20
TESTS PASS ' FAIL | REMARKS
ODOUR TESTING i REFER RESULT

Fig 5.6 Test Report on Odour in Paper Product from RCF based Paper Mills operating
on ZLD

5.6 Chlorine dioxide Treatment for Odor Control

As indicated above majority of the recycled waste paper based mills producing unbleached

variety of packaging graded paper are faced with an serious issue related to the foul odour.

Major Factors for Foul Odor

« Factors responsible for the problems are-
« Trend towards increased use of recycled waste paper/ fiber,
+ Inherent additive used in Waste paper,

 Alkaline/ neutral sizing

« water system closer resulting in reduced solid and liquid discharge

»  Paper machine backwater loop in a ZLD mill also support significant growth of microbes
due to persisting during the paper manufacturing, such as pH, elevated temperature, high

nutrient levels make paper mill system a perfect breeding ground for microbial growth

«  In other cases , extremely closed systems( ZL.D), the back water is usually reused from a

fiber recovery system ( DAF , Sedicell etc ). The increase in backwater water temperature,
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decrease in the dissolved oxygen level in water & development of anaerobic conditions and
subsequent problems such as growth of aerobic and anaerobic microbes resulting in the

accumulation of VFA contributes to odor generation

General Odor Control Approach

Strategies of controlling odor / microbial growth include:

*  Prevention of the contamination of stock and additives ( treatment/ preservation of intake
process/ fresh water and additives like starch, slurries of fillers, retention aids, sizing
solutions and control of the residence time in the storage tanks, stagnant flow areas to

prevent anaerobic microbes from growing and producing foul smelling compounds

« Introduction of Chemical products (biocides and dispersants ) into the system to control
and address the issues related to microbial growth and to reduce foul odour and other

associated the harmful effects

However , conventional biocides used are found to have limited efficacy besides challenges
some times in respect to the environmental compatibility and regulatory restrictions.
Occasionally new bacterial species colonizing the system may recur requiring change in the

biocide or increased dosage

Chlorine dioxide Treatment for Odor Control
Recently CPPRI — UNIDO have jointly carried out pilot scale trials on application of ClO2
based treatment in back water of a RCF based Kraft Paper Mill operating on ZLD.

Mechanism

« Chlorine dioxide, known as broad-spectrum oxidising biocide could prove to be an
effective alternative among various potential biocides ( oxidising and non-oxidising) due
10 faster microbial killing rate, controlling foul odour and keeping processing equipment

free of slime build ups.

« Chlorine dioxide is found to be extremely effective in destroying both EPS and the
bacterial cells and have the ability to penetrate the polysaccharides barrier in the older and
more aged bacteria which takes longer to Kill due to clustering of newer generation around

the older and a thicker slime which otherwise with non oxidising biocides, in common use

may be a challenge.
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Preliminary Results

The preliminary results indicate :

Reduction in microbial counts ( anaerobes and aerobes) from a population range of 1077 to
less than 10°3/10”4, has been observed resulting in significant control of unpleasant smell/

odour and slime thus enhanced quality. ( Fig 5.1 & 5.2)

Microbial count monitoring
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Fig 5.1 Reduction in Microbial Count in Backwater due to Chlorine dioxide Treatment
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Fig 5.2 Reduction in Microbial Count in Backwater due to Chlorine dioxide Treatment
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* Significant reduction in volatile fatty acids (VFA) in the process water and in final paper

product
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Fig 5.3 Reduction in Microbial Count in Paper Product due to Chlorine dioxide
Treatment
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Chapter 6

Conclusions

Based on the studies conducted, the protocol for evaluating feasibility / status of ZLD ina
RCF based kraft paper mill is as under:

O Fresh Water Consumption benchmark fora mill operating on ZLD is:

<2.5 m?/t paper for kraft paper mills & newsprint paper mill without cogeneration

power plant

<5 m?/t paper for kraft paper mills with cogeneration power boiler including

cooling tower

Removal of suspended solids through primary clarification / Sedicell is must for

checking build up and microbial growth development in water circuit.

Without ETP or appropriate treatment the mills have to compromise with strength
properties of finished product, wire & felt life, machine down time, Odor problem in

finish product etc. which needs to be critically documented.

Critical monitoring of TDS, COD , BOD build up is necessary to check the impact

on process operations and product quality.

In such cases addition of imported waste paper furnish can help in improving /
maintaining product quality

Further studies are required with incorporation of advanced technologies with

minimum impact of ZLD on machine productivity and product quality

Based on the studies conducted, the average TDS, COD & BOD level in back water
of a ZLD based Kraft Paper Mill operating on ZLD without ETP operation is :

Sra S m——————— T
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COD, g/l 24- 35

BOD, g/l 16 - 23

QO Based on the studies conducted the average TDS, COD & BOD level in back water
of a waste paper based Newsprint Paper Mill operating on ZLD without ETP

operation is :
Pollution load Range
TDS, g/l 6-8
COD, g/l 4-7
BOD, g/l 1.5-3.0

O The mills need to operate the conventional ETP equipped with tertiary treatment

system for having less impact on product quality and machine runnability.

O Recently some mills operating on ZLD on CPPRI recommendations have incorporated
biomethanation plant in the backwater loop which has resulted achieving optimum
COD < 5000 mg/l resulting in elimination of odor in mill environment and paper as

well as reduction in breakdown
O The mills operating on ZLD should also :

e Maintain daily record /log book of raw material (waste paper) consumption , chemical
consumption (process & ETP scparately) , paper production , energy consumption
(process & ETP separately)

e Have maximum 2 borewell (I in Operation & 1 Stand by).

e Operational flowmeter with totalizer on borewell

e Record daily fresh water consumption ( initial reading & final reading) along with
daily production in tpd in log book (in m3 /day and m3/t paper) duly signed daily
by authorized signatory / competent authority.
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Install appropriate flow meter / flow measuring device to monitor the volume of
backwater generation

Install a flow meter with totalizer on the recycling pipe line and the flowmeter should
be connected to State / CPCB Server

Install PTZ camera at Sedicell / back water storage tank from where the back water
recycled , backwater recycling flow meter as well as at ETP ( if available)

The success of the case study of the RCF based kraft paper mill operating on ZLD in
addressing the contentious issues related to ZLD operation specially odour in paper and
paper products by incorporation of effluent treatment system comprising of anaerobic
treatment and aerobic treatment in back water loop has set an example for other similar
mills operating on ZLD / wishing to switch over to ZLD. The reduction / optimisation
of pollution load specially TDS, Calcium, COD, VFA etc has helped the ZLD based
RCF paper mills in overcoming the bottlenecks in ZLD operation like adverse impact
on product quality, machine runnability, VFA and odour in paper and surrounding
environment. The co-generation of biogas is an additional advantage along with water
conservation and elimination of wastewater discharge.

Incorporation of chlorine dioxide dosing into head box / paper machine Silo tank has

shown encouraging results in terms of reduction in odor in paper and back water

circulating in closed loop
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Validation of Feasibility of Zero Liquid Discharge in a RCF based Kraft Paper Mill
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Abstract: The implementation of Charter for Water Recycling and Pollution Prevention in Pulp and Paper industries of
Ganga River Basin resulted in significant reduction in fresh water consumption of Pulp & Paper mills due to introduction
of fresh water consumption norms. RCF based krafi paper mills in particular have significantly reduced their Sresh water
consumption and waste water discharge in accordance to charter norms of 10 and 6 m’ / t paper respectively. The
reduction in fresh water consumption due to reuse / recycle of back water results in significant increase in pollution load
thus requiring exhaustive treatment facility up to tertiary treaiment level to meet the norms. In this context, a few RCF
based kraft paper mills have opted for Zero Liquid Discharge (ZLD) through complete recycling / reuse of back water and
have discontinued their existing ETP operation. However, validation of the ZLD status is a major issue before the mills
and regulatory authorities. The paper highlights a case study taken up by CPPRI to validate the ZLD status of a RCF
based kraft paper mill.

Key Words: Pulp and Paper Industry, Kraft Paper Mill, RCF

Introduction

With enforcement of stringent norms under Charter for “Water Recycling & Pollution Prevention in Pulp and paper
Industries in Ganga River Basin” and likely revision of national norms on the same lines, most of the RCF based paper
mills in Ganga River Basin have already made a lot of cfforts on reducing fresh water consumption through process
optimization increased reuse and recycling of treated effluent / back water and ETP upgradation.

The reduction in fresh water consumption through reuse / recycle of back water results in significant increase in
pollution load thus requiring exhaustive treatment facility up to tertiary treatment level to treat the effluent. In this context
some RCF based kraft paper mills instead of opting for ETP upgradation, have opted to go for Zero Liquid Discharge (ZLD)
and have discontinued their ETP operation. The idea is to save O & M costs involved in ETP operation as well as avoid non
compliance issues. However, it was difficult for the mills to prove their ZLD status as well as for the regulatory authorities
to validate their ZLD status without any technical background.

In this context, CPPRI took up the initiative to carry out indepth studies for evaluating technical feasibility of ZLD
status as claimed by the RCF based pulp and paper mills in a systematic and methodical manner. One of such study is

summarized as under —

Case Study
The case study involves a RCF based kraft paper mill which has switched over to ZLD without any technology intervention,

the profile of which is as under:

Production Capacity, tpd 90
End Product Produced Kraft Paper
Source of Water Ground water
Fresh Water Consumption, m® /day 140

m’ /1 paper 1.56

Almost all of the process operations are being carried out with back water after removal of suspended fibres & impurities
through Hill Screen, Sedicell, Vibro Screen, and Spray Filter. The fresh water is used as make up water only to compensate
water lost during paper making. A break up of fresh water consumption by the mill is summarized in Table — 1:

Table 1: Fresh Water Consumption by the Selected RCF based Kraft Paper Mill

Unit Eresh Water Consumption, m¥/day
Pulp Mill Nil i
Paper Machine 9 0
Cooling & sealing Nil
RO Plant 35
Spray Filter (For Back Wash) 3
Domestic & Miscellancous 10
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Present Practice of Back Water Reuse & Recycle

The back water reuse & recycle system involves Riffler, Hill screen, Storage tank, Sedicell, Clear water tank, Vibro screen,
Spray filter and Filter press (Plate & Frame Type). First, the excess back water from paper machine along with pulp mill
back water (Total: ~ 2500 m?/day) is sent via riffler to hill screen for fibre recovery. Hill screen filtrate is collected in
storage tank. A part of back water from storage tank is reused in pulp mill and rest is sent to scdicell for further fibre
recovery. Sedicell outlet is collected in Clear water tank. A part of clear water is reused for cooling & sealing and in low
pressure showers at paper machine after passing through vibro screen and rest is used in high pressure showers at paper
machine afier passing through spray filter. Fresh water is used in edge cutting & high pressure showers at paper machine, in
steam boiler and for miscellaneous use as make up water only to compensate water lost during paper making. Fiber
recovered through hill screen & sedicell is reused in pulp mill and sedicell settled sludge is disposed off after dewatering
through filter press (plate & frame type). The mill has discontinued the usc of existing acration tank and is using existing
primary & secondary clarificrs as Storage tank & Clear water tank respectively. No traces of waste water being discharged
outside the premises of the mill were observed at the time of visit. The details of back water reuse & recycling system are
given in Table-2 & layout in Fig.-1.

Table 2: Units of back water reuse & recycle system & their specifications

Units Specification Purposc

Hill Screen 3.5mx4.0mx4.0m Fibre recovery & filtration

Storage Tank Capacity: 500 m? Uniform feeding to sedicell & pulp mill

Sedicell Capacity: 250 m® Fibre recovery & Removal of scttalable impurities
Clear Water Tank Capacity: 400 m* Uniform feeding to spray filter, vibro screen & pulp mill
Vibro Screens 3 Nos. Removal of suspended impurities

Spray Filter Capacity: 50 m*/hr Removal of fines & colloidal particles

Filter Press 52 plates Dewatering of sedicell settled sludge

(Plate & Frame Type)

Fresh Water  Le-ee--c---- -PI RO Plant, Domestic & Miscellaneous use J
Tank
________________________________________ 5
)
1
]
1
Clear Water i ;
- Tank : Evaporation
1
Spray Filter : A
l ' I
y ¥ I
P . ]
Pulp Mill »| PaperMachine
o
na i
z ¢ x |
] ]
s Recovered Fibre > Back Water
Q.
. Storage A Hill
e
Sedicell < Tank Screen
i
|
v
Sludge Filter
Settled Sludge =P Press

Dewatered Sludge  armermeened

Fig.-1: The back water reusc & recycling system in the selected RCF based kraft paper mill

Verification of Zero Liquid Discharge (ZLD) Status

Feasibility study of Zero Liquid Discharge (ZLD) status as claimed by the mill has been carried out by
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Monitoring of TDS, COD & BOD level in back water samples collected at different time intervals from various sources
of the mill

Estimation of Water Intake v/s Water Loss

Material balance w.r.t. inputs & outputs

Estimation of the generation of TDS, COD & BOD per day in back water due to wasle paper & chemicals/additives
used by the mill

Estimation of the TDS, COD & BOD concentration in back water at which their generation equals to their loss
Evaluation of TDS, COD and BOD loss due to carryover with finished paper & solid rejects w.r.t. their generation due
to waste paper & chemicals used by the mill

Monitoring of TDS, COD and BOD Level in Back Water Samples Collected at Different Time Intervals from
Different Sources of the Mill

CPPRI monitored the TDS, COD and BOD level in paper machine back water & clear back water (sedicell outlet)
collected from the mill at different time intervals. The analysis results are summarized in Table-3 and trend of the level

of TDS, COD & BOD at different time intervals is depicted in Fig. -3 as under:

Table-3: Periodical Monitoring of Pollution Load in Back Water

S. No. Period Sources TDS, COD, BOD,
mg/l mg/] mg/1
1. 1¥ sampling Paper Machine Back Water 29778 26285 17905
(Supernatant)
Clear Back Water 31183 26780 18477
2. 2™ sampling Paper Machine Back Water 31766 26851 19035
(Supernatant)
Clear Back Water 32246 28006 20062
3. 3" sampling Paper Machine Back Water 33824 24432 18626
(Supematant)
Clear Back Water 33242 24613 18498
4. Average characteristics of Paper Machine Back 31789 25856 18522
Water (Supernatant)
5. Average characteristics of Clear Back Water (After 32224 26466 19012
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Fig.-3: Almost constant level of TDS, COD & BOD in clear back water collected at different time intervals

Estimation of Water Intake v/s Water Loss - . .
Water balance studies were carried out to verify and justify the intake of fresh water consumption. The major water loss

in the mill includes water loss due to evaporation in dryer section, steam loss and miscellaneous loss during paper

making process, the volume of which is as und‘cr: : A
The water loses as evaporation from dryer section 99 m*/day (1.1 m t ;mper)- :

The steam loss and other losses during paper making process i.c. 48 m/day (0.53 m*/t puper)

The details of the water intake used as make up water (0 compensate water losses due to evaporation from paper

machine dryer section, steam loss, carryover of back water with solid rejects etc is given in Table-4:
r
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Table — 4: Estimation of Water Intake v/s Water Loss

Water Intake, m¥/day Water Loss, m¥%day

9 Evaporation from dryer section 99
)  Inlet dryness: 45 % (w/w)
Y  Outlet dryness: 94.5 % (w/w)

Paper machine

RO plant* 35 Steam Loss 20
(Condensate recovery = 85 %)
Moisture with waste paper** 7 Carry over with solid rejects 5
Spray filter (for back wash) 5 Moisture in finished paper 5
Miscellaneous uses 10 Miscellaneous loss/Open evaporation 13
Total water intake, m*/day=147 Total water loss, m*/day = 147

*RO rejects are mixed in fresh water tank ** Average moisture: 7.5 %
Material Balance w.r.t. Inputs & Outputs During Paper Making
The major inputs & outputs involved in manufacturing of 90 tpd kraft paper is given in Table-5.

Table-5: Material Balance

Inputs, tonnes/day Outputs, tonnes/day
Waste Paper” Finished Paper™
e  As such basis 94.854 e  As such basis 90
s OD Basis 87.740 e OD Basis 85.05
Additives/chemicals 0.810 Solid Rejects 3.000
(Sand, sludge, plastic, pins etc.)
TDS carryover with paper sheet going to dryer 3.367 Solids dissolved in back water 3.688
section (@ 45 % dryness
91.917 91.738
Total | 92 ( approx) Total | 92 (approx)

# Average moisture: 7.5 %, ##Average moisture: 5.5 %

Estimation of TDS, COD & BOD Generation Per Day in Back Water Due to Waste Paper &
Chemicals/Additives Used by the Mill

As indicated earlier, 87.740 tonnes per day indigenous waste paper on OD basis and the major additives/chemicals
like Ultra bond (1.0 kg/t paper), Gum (4.0 kg/t paper) and Dye (4.0 kg/t paper) are used by the mill for paper making as
per requirement of the product quality that is kraft paper. An atiempt was made in CPPRI laboratory to estimate the
generation of TDS, COD & BOD in back water due to waste paper & chemicals used. Waste Paper samples collected
from the mill were processed at CPPRI in micro pulper under same conditions as adopted by the mill. The pollution
load generated in terms of TDS, COD, BOD is indicated in Table -6.

Table-6: Estimated Generation of TDS, COD and BOD in back water

Particulars kg/day kg/tonne waste paper
TDS generation 3688 42.02
COD generation 3056 34.59
BOD generation 2160 24.45

Estimation of the TDS, COD & BOD Concentration in Back Water at Which Their Generation Equal to Their
Loss: :

On the basis of estimated generations of TDS, COD & BOD per day in back water and total back water volume
available in the closed system, the detailed calculation related to continuous accumulation of TDS, COD & BOD in
back water due to its 100 % circulation in closed lpop and the estimated concentration of TDS, COD & BOD at which
their generations equals to their losses is indicated in Table 7, 8 and 9 respectively:

Table- 7: Estimation of TDS Concentration of back water at which its generation equals to its loss

Day
Particulars 1* 15 30 60™ gQth 1200
TDS generation, kg/day (Constant) 3688 3688 3688 3688 3688 3688
Back water i _closed loop, m*/day | 2500 | 2500 2500 2500 2500 5500
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(Constant) ]
TDS concentration in back water, 1.47 16.5 24.95 31.5 33.2 33.7
gm/l
TDS loss, kg/day 160.8 1798.3 3433.8 3621.3 3648.1 3670.5
(Camryover with Finished Paper and
solid rejects)
Table- 8: Estimation of COD concentration of back water at which its generation equals to its loss
Day
Particulars 1% 15t 30t 6ot 9pth 120%™
COD generation, kg/day (Constant) 3056 3056 3056 3056 3056 3056
Back water volume in closed loop, 2500 2500 2500 2500 2500 2500
m’/day (Constant)
COD concentration in back water, 1.22 13.67 20.7 26.1 27.5 27.9
mg/l
COD Loss, kg/day 133.2 4090.2 2253.7 2845.4 3000.7 3041.5
(Carryover with finished paper and
solid rejects)
Table 9: Estimation of BOD concentration of back water at which its generation equals fo its loss
Day
Particulars I8t 15" 30" 60 90t 120
BOD genecration, kg/day (Constant) 2160 2160 2160 2160 2160 2160
Back water volume in closed loop, 2500 2500 2500 2500 2500 2500
m?/day (Constant)
BOD concentration in back water, 0.86 9.7 14.6 18.4 19.5 97
mg/l
BOD Loss, kg/day 94.2 1053.2 1592.9 2011.1 2120.9 2149.7
(Carryover with finished paper and
solid rejects)

It is clear from above Tables 7, 8 & 9 that the estimated concentrations of TDS, COD & BOD at which their generation
per day due to process of waste paper & chemicals used by the mill equals to their losses per day due to carryover with
finished paper & solid rejects are found as 33.7 gpl,
27.9 gpl & 19.7 gpl respectively.

Evaluation of TDS, COD and BOD Loss Due to Carryover with Finished Paper & Solid Rejects w.r.t. Their
Estimated Generation Due to Waste Paper & Chemicals Used

Table 10: Evaluation of TDS generation and its Loss

Particulars Values

Back water carryover with wet paper sheet afier press part 104 m* @ 31789 mg/1 TDS
Back water carryover with solid rejects 5 m® @ 32224 mg/l TDS
TDS carryover with finished paper, kg/day 3306

TDS carryover with solid rejects, kg/day 161

Total TDS loss, kg/day 3367
Estimated TDS generation, kg/day 3688

Table 11: Evaluation of COD generation and its Loss

Particulars Values
Back water camryover with wet paper sheet after press part 104 m® @ 25856 mg/l COD
Back water carryover with solid rejects S m’ @ 26466 mg/l COD
COD carryover with finished paper, kg/day 2689
COD carryover with solid rejects, kg/day ™
Total COD loss, kg/day 2821
Estimated COD generation, kg/day 3056

Table 12: Evaluation of BOD generation and its Loss
Particulars Vilis
Back water carryover with wet paper sheet after press part 04 m> @ 18523 =loh
Back water carryover with solid rejects S I
BOD carryover with finished paper, kg/day e g/
BOD carryover with solid rejects, kg/day =
Total BOD loss day 32031
Estimated BOD eneration day T
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The results reported above in Table 10, 11 & 12 indicate that the estimated generation of TDS, COD & BOD from
waste paper & chemicals used by the mill is almost equal to their losses due to carrying over with finished paper &
solid wastes at the concentration of these parameters analyzed in back water samples as indicated in Table-3.

Conclusion

As indicated in Tables 7, 8 & 9 that the estimated concentration at which the addition of TDS, COD and BOD in back
water per day equals to their loss due to carryover with finished paper & solid rejects is about 33.7 gpl , 27.9 gpl &
19.7 gpl respectively.

As indicated in Tables 10, 11 & 12 that the estimated generations of TDS, COD & BOD from waste paper & chemicals
used by mill are in close proximity to their loss due to carrying over with finished paper & solid wastes at the
concentration of these parameters analyzed in back water samples as indicated in Table-3 which validates the ZLD
status of the mill.

The RCF based kraft paper mills which have switched over to ZLD without any major technological intervention in
general have to compromise with the product quality in terms of strength properties due to increase in anionic trash, ash
content etc as well as reduction in wire & felts’ life by 20- 40 %.

Further problem of odor in mills’ atmosphere due to increase in temperature and formation of volatile fatty acids due to
anaerobic condition, speedy corrosion of pipes and pumps, plugging of shower nozzles, deposits on wire, felts & press
rolls, slime formation etc. are the major bottlenecks in going for ZLD without technology intervention.

Avoiding excess storage time in back water holding tanks and provision of air in the back water recycling tank can help
in reducing the odor to a certain extent. Further, by selectively reducing the required make up water addition per day
over a period of few days can help in replenishment of the old highly polluted back water in the circuit and thus

reducing the odor.
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Achieving of Zero Liquid Discharge through Biomethantion in a RCF based krap Paper pin
B
Abstract ey

!
) B o wi y
ith increasing emphasis on zero liquid discharge by regulato '

gr'threcyc'ed ﬁt?er based paper mills, a number of krgft Paper mij gtr’géies. Peg
from recycled fiber are reported to have closeq their water loop wig Ue gpaally
technological intervention. In achl.e_Vlng SO, the mills not on_ly have to co DfacticQ“yD;!r
product quality, machine runnabllt_ty, cc?rrosmn due to buyijlg up of pouu'?promiSe 00
TDS, COD, BOD and other recalc!trants but also. haye to suffer iSSUes'Oﬂ loag “kn
surrounding environment as well as in p,roduct resulting in custom, 0 :
of market. In this context, Paques India’s BIOPAQ®. ICX (

reactor offers a techno-economically feasible solution for RCF baseq kraft e“enc@)
operating on ZLD to address issues / bottlenecks associated in achievin ZLDDaDeL i
highlights a case study of a recycle fiber paged kraft paper mij| wher, .ai 8 Pagey
has been successfully set up and commissioned recently by Paques India toqﬁre.a.%'
reuse / recycle of backwater in a closed loop so as to achieve zerq liquig di‘:\Ceiﬁate
along with cogeneration of biogas as well as address the issue of odour jn b teharge
surrounding environment. The technology involves anaerobic treatment i, bioprér ang
with advanced design and configuration which results in more than 909, re duaﬁg;t-ol'
VFAwhile the residual VFA is removed through post treatment by conventiong| acﬁm'g
sludge process in aeration tank. Reduction inover 65 - 70% of soluble COp (Scop)j
the backwater through BIOPAQ® ICX reduces treatment cost in terms of energy ang
chemical consumption in post treatment through activated sludge process, Optimisatipy
of Calcium level in the water loop has been also achi

450 mg/l — 600 mg/l compared to a level of 5000 mg/l b

installation. After implementing BIOPAQ® ICX the mill

eved and is within the range of
efore adoption of BIOPAQ® ICX
well as food grade paper. The technology is now well pr

is able to produce odour free as
oven and is ready for replication

Keywords: BIOPAQ® ICX, Recycle fibre, VFA, SCOD, Closed loop, Biogas, Granular
biomass, Odour, Calcium.
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mes_ame standards are prop
-~ surveillance as well as stringent pollut

ETP upgradation toreduce water consumptio

| TDS, COD, BOD and other recalcitrantsin

. contains high COD, BOD, VFA, TSS: 1%
s have to also compromise

.~ toshift {o ZLD in a fixed time frame-

Achieving of Zero Liquid Di
quid Discharge through Biomethantion in a RCF b
ased Kraft Paper Mill

{: Fresh water Consumption & Waste Water Discharge Norms und
under Charter.

Table
ry Fresh Water
- i W Consumption | Wa
) ste Water Di
m*/ t paper Norms ., m’lts :::E:e

based pulp & Paper 15 -

Jis producing Bleached

(ade of PP
RCF based _Pqu & Paper 10

vills producing Unbleached 6
Grade of paper

Table 2: Discharge Norms for RCF based Pulp & Paper Mills under Charter.

e Parameters RCF based Mills
pH 6.5-8.5
[_ TSS,mgll <30
TDS, mg/l <2100 -y
coD, mg/l <150
BOD , mg/l <20
Colour , PCU < 350 ]
B AOX , mg/l <5 g L]
SAR ;_f},__,_:

osed to be enforced on national level soon. With increasing
ion load norms achieving environmental compliance has
s optimisation, technological as well as
y waste water discharge as well

as achieve environmental compliance. As such in recent times many RCF based pulp & paper mills
particularly producing unbleached grade of paper have opted for zero liquid discharge (ZLD) by
dosing their water loop with practically no or minimum technological intervention, to overcome

dsave ETP operation cost. The reduction in fresh

become a challenging task and requires adequate proces

' the challenges of environmental compliance an
ling of back water / treated effluent leads to build up 0

rouit which becomes difficult to be treated

rough conventional ETP based on biological treatment process: The waste water / back water
ting on 7LD without biological treatment thus usually
High VFA leads to slime

ffom RCF based Kraft Paper Mill opera
TDS, Calcium, Sulphate, etc. _
with product quality,
recalcitrant’s, coD & BOD.
F based paper mills

waler consumption through reuse | recycl
the water ci

fo'ma"don and odour issue. Further these “;"' {0 build up of TDS
machine ru : ’ rosion due to bu '
nnability, equipments 8% w issuing directions t0 RC

Even some of the state regulatory boards are N
on Xperience) technology

ternal Circulati
g case

In ) In
this perspective Paques India’s BIOPAQ® 1% { il which offers an interestin

Was recently commissioned at 2 RCF based
pottienecks in operatlon on

study to address these

Brief Profile of the mill
The millis a 150 tpd RCF based kraft pa

per mil and produces around various grades of kraft paper.
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Achieving
is mill also opted to operate I closed Ioop_ SO as to achieve .
I\rt‘;swention or biological treatment. Sotc:n.I (tjhe mill struggled with Ffrtduw“hout an
in product and the enviro_nment due to build up of _soluble COoD, volatile fct q”ality ay tthn
etc. which forced the mul] t'o explore the appropriate te?hn0|0gy b ;tty acigy (\s, Weliam“?r_(
perspective Paques India s_BIOPAQ@ ICX (Internal Circulation Xper ress theg, Ry &
viable solution to the above iSsSues. ence) o oy
g

ues India’s BIOPAQ® ICX (Internal Circulation) Technolo by |

es is a global market leader in the field of anaerobic treatment, |; oh, |
proven technology and has been widely i"Stalled 'S reacty, B| amf,. ,
OPAQ® IC reactor is @ new generation dynamicm Varioyg indy A.%U«‘. _'
f organic pollutants, i.e. from 1,000 to 20,000 mgr%aég” ’eﬂennsy.

. '

Paq

Paqu
reactor is already a

around the globe. Bl
to treat wide range O

The BIOPAQ® ICX Reactor (Fig.1), recently commissioned at thjs RCF
is the company's third generation anaerobic reactor incorporateq as a raft ;
conventional aerobic treatment for handling the back water of the Pre -treatmq M;, nel
reactor is designed to biologically convert organic pollutants (meaSUr::per mill, 7 ehi.ﬁpbﬁ{é“
wastewater into biogas. The major merits associated with BIOPAQ®|Ca;C Dreqﬂ:gs.“:’iﬂi'
reactor arév ing ¢

. Reduction of VFA in water loop to ensure odour free paper producti
Ction,

Rey ¢
Ry,

LN

baseg

i

. Co-geneartion of energy as biogas along with treatment of Wastewat
T s : : ater
»  Reduction in pollution load to achieve environmental compliance ]
« Reduction of the operational costs of conventional ETP |
The anaerobic conversion of COD into methane is a biological pro
T . ces ' :
of anaerobic micro-organisms and the mechanism involves folFI)owings nc;lj:g?dsl:ya Mixed
eps:

1. Acidification
2. Methane formation

During the acidification process large organic compounds are ' - "
(VFA) which are small organic molecules, mainly agetic acid. Tfn?sn;sirtti‘iefﬁ:;?it:nv::gfs? :m 1
significantly change the COD concentration itself, but just changes the composition of the 00} |

Large organic molecules are basically “broken” into smaller organic molecules, which subseque k|
serve as food for the methane producing micro-organisms. : 8

The acidification process occurs partly in the pre-treatment upstream of the anaerobic reactr
buffer/acidification tank) as well as inside the anaerobic reactor. The acidification which takespt &
upstream of the anaerobic reactor is called “pre-acidification”. In most cases a certain
pre-acidification is desired, because it enhances the performance of the anaerobic reactor
biomass quality inside the anaerobic reactor. ;

s
=

i

In the reactor the anaerobic micro-organisms convert the COD present in the P
wastewater into methane (CH,) and carbon dioxide (CO,). The generated biogas 1508
headspace of the reactor and subsequently transported tzo a gas buffer or other gas
The treated wastewater is separated from the biomass in the separators and lea¥>
with a significant reduction in its COD concentration, 4

a1 20) S




"""""""" Vacuum/ pressure relief
— S

Figure 1: Schematic Diagram of BIOPAQ® ICX.

Besides the formation of biogas from COD, sulphurous compounds (sulphate, sulphite, thiosulphate
and sulphur) are converted into hydrogen sulphide (HS-) by sulphate reducing bacteria, which
leads fo the presence of H,S in the biogas. This reaction is unwanted because it consumes COD,
which cannot be used for methane production and the formed H,S s toxic, corrosive and odorous;
his reaction however cannot be avoided.

The performance of the reactor depends on several parameters of which the major one are as
under ;

* The quantity and the quality of the biomass in the reactor.

* The composition of the wastewater to be treated (COD composition, presence of toxic
components).
The operation conditions of the reactor (e.g. temperature, pH, recycle flow rate etc.).
The absence/presence of nutrients (macro and micro nutrients).

he performance of the pre-treatment.

Ulosed Loop System at the Selected RCF based Kraft Paper Mill

* tlosed water loop established at the RCF based kraft paper mill is indicated in Fig 2. The
h water mainly added on paper machines as make up water to compensate the water
U® 1o evaporation jn paper machine. The back water from paper machine is collected in

% Ibm" tank followed by fiber recovery in sedicell. The sedicell outlet is sent to conditioning
od ®rtank where macro / micro nutrients required for growth of anaerobic microbes are
g o PHis egulated. This is followed by anaerobic treatment through Biopaq® ICX reactor
A © anaerobic microbes convert the biologically degradable organic matter into blog::i

"Obically treateq backwater is post treated anaerobically through aeration tank and follow

3y clarifier to arrest the loss of biomass.The secondary clarifier overflow is reused in

—121
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Achieving of Zero Liquid Dischargé through giomethantion in
the water loop.The DAF sludge & Seconda PAPEREX
i Cla”ﬁer S X

Ug

a RCF based Kraft Paper My

reparation thus closing
;:ao\::tgreg in screw press and sold to contractors.
cOmmissioning of Bioreactor i
Commissioning of the ETP kick started on 29.07.2020'with BIOPAQ® ¢
plantremarkably stabilized within 2 weeks. After implementing BIOPAQ® ICX X rea%r
d on following counts: System thean" "
tment system the mill is able to now recyge 4 mmh(.;;
e 00%
Secﬂp ]
A, |

been penefitte

Dueto adequate biological trea
clarifier water back into the pro
paper making.
The fresh water requirement is now only 1to 1.5 m3/ t paper which i
water evaporated in evaporation section during p ;s added 5 1
n resolved due to significant l’edugig?aki”g IZI:ZT'“F
In CO[\ &\

water to compensate
The Odour issué in paper has bee
treatment through Pagques BIOPAQ® ICX reacto '
r.

in the water loop after
eactor in treating the backwater in the closed log
L

cess therefore, additional fresh water i
t QU1

Advantage of BIOPAQ® ICXT
TDS, Calcium, SCOD, VFA etc as well as cogeneration of biogas is summarizeq
. ed in Taplar © |
Table 3: Machine back water characteristics comparison el
F.No. Parameters | Before BIOPAQ® ICX | After BTO?A_QE\
r1 . commissioning commissioninlcx
e P 5.56 = g
2 TSS (mall) 800 212
3 TDS (mg/l) 24400 L
4 Calcium (mg/l) =730 < 9000
5 VFA (meg/l) 50 < 500
6 Paper odour Yo =
7 | SCOD (mg/l) 577;() MO i
8 Biogas generation (m?d) 5 <5000
—— 2000 - 2500
oss ok Garer it et
squsl smount of

e

gl

=

e

ﬁ‘"___}" 35
/pap"‘

Figure 2: Lay sed Loop/ZLD Circ pased Kraft
p/. ircuit with Biopag® ICX Reacto
eactor at RCF
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AC
2022

ﬂ S mmary of BIOPAQ® ICX reactor
" ce

rits commissioning VFA and SCOD
ﬂ",me"tso o odour free paper. Afte
prodVC

fficiency of Biopag® ICX Reactor is
"NFA'“’S bef_?r e verall performance e y
el

s

> & R & & & ~
d b gt O N .,,S’e' .‘;;"b ,\y“ ,\"\,’“\ Y ,p:“\ VW N A A
!:'P\'L'?O‘ U —_—
|
5/’, Figure 3: DAF outlet SCOD after Bio methanation.
B DAF outlet VFA (meq/l)

tes the efficiency and suitability of the BIOP
ica

AQ® ICX reactor in waste water
able ind ble a RCF based Kraft Paper Millto operate in a closed loop / zIdZLD as
to en@

in the water loop has
rly as indicated in Fig
hich helps in reducing
SUmmarised in Fig 5.

imes i.€. up to 20 meq/l and 5500mg/l ( Fig 3) . Simila
times 1.©.

over 10d to be inrange of just 20 to 30 meq/l after treatment w

n foun

DAF outlet SCOD (mg/I)

Figure 4: DAF outlet VFA after Biomethanation.

a4p

20,00
o | ' > & R G‘Qé"b‘\
$ ST A LT
N RO R".,x“‘\..y‘q:»v‘”rpivvov
'D"\F'\'f "'q,‘\"\'ﬁ’ VoY VY
\‘\

BIOPAQ® ICX SCOD reduction (%)

Figure 5: ICX SCOD efficiency.

%“"“On | Control of Odour in Paper

craft paper millsoperating
"Paper which has been a major issue before the RCF based kraft pape

. The major factors for
has begn successfully addressed through BIOPAQ® ICX reactor.
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: ‘ PAp )

' le F 3 ‘

odour in the paper aré uncontrollet(ide?t'_ﬁ Cr::y /tjcg’ S (VFA) and Sulphigesg. Th RE’Q%

and inorganics creates a foul smell due 101 sed build up in Concentratign wh ©se ty, :
e

veral times in closed loop. The combination of adeqy nth 0°'9a-
he present case study,of offers is a teChno'e(’OnOn?ic:;(E, ?enagrobicZ:ZCkw';E |
litate production of odour free paper along with Completasmle Soluy aer% 1

e kraft paper from this RCF based kraft paper mille reCVCIing Elnn t%j&
been tested / certified as odour free & suitable for fOOldo Crating 0d oy
SGS Laboratories.( Fig 6 ) Qrade pdeIL &D' |
b |
i.

SGS.
YEST REPORT f

. : MAN:HL:1248003187 ;
[ ReportNo | N:HL DATE :19% Nay, 2037

is recycled se
treatment, like t
problemand thus faci
of treated effluent. Th
closed loop, has also
renowned testing agency,

MINATION ~ D TASTE TEST:
Method: With reference lo DIN10855: 2004
Test condition: 40°C for 2 Hours
Test media: Bread [
No. of panelist: 6

Test Result:
Test Media Test ltem Result Maximum Permissible Limit

OO |-

25
25

Sensorial examination odour
Bread Senscrial examinalion taste

Conclusion

o

©

]

@

g
QloN

&

Jested ltemn: 1. 180 GSM KraR Paper, 2. 200 GSM Kraft Paper

Note: 1. Intensily scale (rounded at 0.5):
0 - no perceplible difference
1 = just perceptible difference
2 - slight difference
3 — marked difference
4 — gtrong difference
2.Permissible Limit Is according to German Food, Articles of Daily Use and Feed Code of September 1, 2005 (LFGB),
Section 30 & 31 with Amendments.

3.Testing has been performed as per client’s request

Figure 6: Test Report on Odour in Paper Product from RCF based Paper Mills
operating on ZLD.

Conclusion

The success of the case study of this RCF based kraft paper mill operating 0
Fhe contentious issues related to ZLD operation specially odour in paper and paper P
incorporation of effluent treatment system comprising of anaerobic treatment and aemb'ctreasmlo\
in back water loop has set an example for other similar mills operating on ZLD/ wishing to[; VPA
over to ZLD. The reduction / optimisation of pollution load specially TDS, calcium: C-Opa'd“"
etc has helped the mill in overcoming the bottlenecks in ZLD operation like advers® m: The?
product quality, machine runnability, VFA and odour in paper and surrounding B“Vimnn?er}l{a‘”"d
generation of biogas is an additional advantage along with water conservation and €. aren® |
waste water discharge. In all, the Paques India’s BIOPAQ® ICX (Internal Circulation

is now a proven technology and is ready for replication.

nZLD in addfe*’;';
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