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The aim of this study was to research freshwater applications at the paper mill and find 

reduction possibilities. In addition, laboratory analyses were made of water fractions, which 

could be used instead of freshwater. In the end, a short explanation of the water balance of 

the mill was made. 

In the literature part, mechanical pulp production and papermaking process are described 

shortly. Water circulations and different process waters and effluent are presented. 

Possibilities to close the water cycles, and advantages and disadvantages of that are 

presented. White water treatment technologies and waste water treatment are described. In 

the applied part, the freshwater consumption was collected from 2017 to 2021 and freshwater 

applications were mapped. For the laboratory analysis, eight water fractions, that might be 

used instead of freshwater, were selected. Possible freshwater usage applications were 

examined. In the end, an explanation of the water balance was made to understand how 

freshwater consumption effect that. 

In the applied part, few applications were found, where freshwater could be replaced. On the 

freshwater treatment plant 1, consumption could be reduced by 10-11 % with those changes. 

On the freshwater treatment plant 3, the usage of freshwater is better known and higher 

savings would demand the restart of the ultrafiltration system. It would demand careful cost-

efficiency calculations. There are many lacks in the water balance of the mill, which mainly 

result from unreliable volume meters on channels. Because of that, reliable water balance 

simulation cannot be made, before those flow meters function. Additionally, handling the 

water balance demand educating the employee. 
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Työn tarkoituksena oli selvittää paperitehtaan tuoreveden käyttökohteet ja mahdollisia 

kohteita, joissa tuoreveden käyttöä voitaisiin vähentää. Tämän lisäksi tehtiin 

laboratoriomittauksia mahdollisista korvaavista vesijakeita. Lopuksi paperitehtaan 

vesitaseesta tehtiin lyhyt selvitys. 

Työn kirjallisuusosassa kuvataan lyhyesti mekaanisen massan ja paperin valmistuksen 

prosessit. Lisäksi esitellään paperitehtaan vesikierrot sekä erilaiset prosessivedet ja jätevesi. 

Mahdollisuuksia vesikiertojen sulkemiseen sekä sen etuja ja haittoja esitellään. Lopuksi 

käydään läpi yleisiä kiertoveden puhdistustapoja paperitehtaalla sekä jätevedenpuhdistus. 

Kokeellisessa osassa esitellään tehtaan tuoreveden käyttöä vuosilta 2017-2021 ja käydään 

läpi tuoreveden käyttökohteet. Mahdollisia korvaavia prosessivesijakeita valittiin kahdeksan 

ja ne analysoitiin laboratoriossa. Tuoreveden käytön vähentämiskohteita kartoitettiin. 

Lopuksi tehtiin selvitys tehtaan vesitaseesta, jotta ymmärretään tuoreveden käytön vaikutus 

siihen. 

Kokeellisessa osassa löydettiin muutamia kohteita, joissa tuorevesi voitaisiin korvata jollain 

muulla prosessivesijakeella. Tuorevesilaitos 1:llä tuoreveden kulutusta saataisiin 

vähennettyä näillä muutoksilla 10-11 %. Tuorevesilaitos 3:lla tuoreveden käyttö on 

hallitumpaa, ja suuremmat säästöt vaatisivat ultrasuodatuslaitteiston ottamisen uudelleen 

käyttöön. Tämä vaatisi huolelliset kustannustehokkuuslaskelmat. Paperitehtaan vesitaseessa 

on paljon epäkohtia, jotka johtuvat suurimmaksi osaksi epäluotettavista 

kanaalivirtausmittauksista. Vesitaseen hallinta vaatii myös henkilöstön kouluttamista. 
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Abbreviations 

BOD Biochemical oxygen demand 

CF 1 Clear filtrate from paper machine 1 

CF 2 Clear filtrate from paper machine 2 

CF 3 Clear filtrate from paper machine 3 

CKP 12 Coating kitchen permeate from paper machines 1 and 2 

CKP 3 Coating kitchen permeate from paper machine 3 

COD Chemical oxygen demand 

CTMP Chemi thermomechanical pulp 

DCS Dissolved and colloidal substances 

FWTP 1 Freshwater treatment plant 1 

FWTP 3 Freshwater treatment plant 3 

GW Groundwood  

HR Heat recovery 

MF Microfiltration 

NF Nanofiltration 

PM1 Paper machine 1 

PM2 Paper machine 2 

PM3  Paper machine 3 

PGW Pressure groundwood 

RMP Refining mechanical pulp 

RO Reverse osmosis 

SCF 1 Super clear filtrate from paper machine 1 

SCF 3 Super clear filtrate from paper machine 3 



SS Suspended solids 

SW 1 Ultrafiltered sealing water for PM 1 & 2 and GW and RMP production 

TMP Thermomechanical pulp 

UF Ultrafiltration 

WWTP Waste water treatment plant
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1  Introduction 

Freshwater is usually produced from either surface water or groundwater, depending on the 

location of the mill. They do not meet the requirements of freshwater needed in the 

papermaking process, so the water is cleaned by using chemical and filtration methods. 

(Stetter, 2006) The paper and pulp industry use water for many different purposes, like 

transporting and diluting pulp and chemicals, washing, and paper forming. The amount of 

needed freshwater would be huge if it is used in all of these applications. (Blanco et al., 

2016) The consumption of freshwater varies between 2 to 20 cubic meters per produced 

paper ton. Freshwater consumption depends on the produced paper grade and for example 

the age of the mill and its techniques. Some specialty paper may use up to a hundred cubic 

meters or even more. (Weise et al., 2008; Nuortila-Jokinen et al., 2004) In modern mills, 

freshwater is used only for a few applications, like in chemical dilution, sealing for vacuum 

pumps and in high pressure showers to clean wires and felts. (Stetter, 2006)  

In the last decades, the usage of freshwater has been reduced because of economic and 

ecological reasons. These reasons involve tightened environmental legislation, availability 

of freshwater, and different costs. These costs are for example high costs due to freshwater 

treatment but also savings when reducing its usage. Savings come from reduced energy costs 

and different process material savings, like fibers and fillers. (Stetter, 2006; Weise et al., 

2008) 

Reducing the consumption of freshwater is possible by replacing  with cleaned process water 

and closing the water cycles in the mill. Replacing is possible if cleaned process water does 

not contain suspended solids or detrimental substances, that might disturb the process. 

Closing the water cycles may cause problems like the reduced quality of paper, increased 

consumption of additives and slime formation, runnability problems, and corrosion to 

equipment and pipelines. (Weise et al., 2008; Hamm & Schabel, 2007) 

1.1  The aim of this study 

This study was carried out at Sappi Kirkniemi paper mill. The mill includes mechanical pulp 

production, three paper machines, a power plant, and a waste water treatment plant. The 
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consumption of freshwater in the mill has increased in the last years, without a clear reason. 

This work aims to study the applications that use freshwater in order to reduce water 

consumption. By mapping the consumers and volumes of freshwater, the possibilities of 

reduction can be seen. In Sappi Kirkniemi mill, some alternative options for freshwater usage 

are also available, and these possibilities are charted in this study. For these alternative 

options, different process waters are used instead of freshwater. Because the quality 

requirements of freshwater are high, the quality of these alternative water fractions is 

analyzed, so the quality of them can be compared to freshwater.   

1.2  Structure of the thesis 

This work comprehends two parts, literature and applied ones. The literature part considers 

briefly the basics of mechanical pulp and papermaking processes. After that, the water 

consumption and different water cycles in the paper mill are presented. In the papermaking 

process, different process waters are circulating. They are introduced to understand the 

differences between them and their necessities. Reasons for closing the water cycles are 

presented and possibilities to that. Closing water cycles has both advantages and 

disadvantages, concerning process runnability and product quality. Because many things 

have to be taken into account, these impacts are clarified. At the end of the literature part, 

some common filtration techniques used in the paper industry are presented. Commonly the 

different membrane filtration methods are needed if freshwater is wanted to be replaced by 

using process waters. 

The applied part considers shortly the processes in the Kirkniemi paper mill. After that, the 

background and the reasons to do a thesis about this subject are presented. The freshwater 

consumption in the mill is mapped to see the reduction possibilities. Because there are few 

water fractions that might replace freshwater in some applications, the quality of these water 

fractions is determined in the laboratory. After these, freshwater replacing actions are 

defined. Finally, the water balance on Kirkniemi mill is considered shortly. 
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Literature part 

2  Mechanical pulp and papermaking processes  

In this chapter, mechanical pulp production and papermaking processes are shortly 

introduced. In mechanical pulping, the most common processes are different groundwood 

grinding methods and refining processes. In the papermaking part, the paper machine and its 

main functions are explained. 

2.1  Mechanical pulp production 

The main mechanisms to produce mechanical pulp are grinding and refining. Yield in these 

pulping processes is high, about 96-98 %. Grinding processes are divided into GW 

(groundwood) and PGW (pressure groundwood) processes. Refining processes exist in three 

types: RMP (refining mechanical pulp), TMP (thermomechanical pulp), and CTMP (chemi 

thermomechanical pulp). Mechanical pulps are mostly used in printing papers and middle 

layers in paper boards. Compared to chemical pulps, mechanical pulps have lower brightness 

and strength properties. (Häggblom-Ahnger & Komulainen, 2005) In papermaking, 

mechanical pulp increases opacity and printability, and adds stiffness and bulk to paper. 

(Suhr et al., 2015) Table 1 presents variables in both grinding and refining processes. 

Table 1. Variables in mechanical pulping (adapted from Bajpai, 2018b) 

Grinding Refining 

Wood species and variables Wood species and variables 

Stone type Consistency of pulp 

Pattern type of stone Sharpness and pattern of plates 

Stone speed 

Hours of last burning of stone 

Pressure and temperature 

Temperature 

Rate of chip feed 

Gap between plates 

Water usage Speed of plates 

 

In grinding processes, wood is fed to grinders as debarked logs. Logs are pressed against 

rotating grindstones. (Höglund, 2009) The difference between GW and PGW is grinding 

temperature. In GW grinding, atmospheric pressure is used, and the temperature of shower 
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water varies between 60 ⁰C to 80 ⁰C. In the PGW process grinding takes place under an over 

pressured space, so the temperature of shower water is higher. Pressure is usually from 3 to 

5 bars and the temperature of shower water is from 70 ⁰C to 120 ⁰C. (Karojärvi et al., 2009) 

The advantage in PGW grinding compared to GW is the higher content of long fibers. Fibers 

are also less-damaged because wood lignin softens more in higher temperatures and helps 

fibers to separate from a wood matrix. (Smook, 2016). 

Refining processes are based on refining wood chips between two rotating metal plates with 

grooved patterns. (Tienvieri et al., 2009) RMP process takes place at atmospheric pressure 

and chips are not preheated. TMP process was developed a little later and there wood chips 

are preheated before refining. Both preheating and refining occur in a pressurized system. 

Preheating temperature is between 115 ⁰C and 155 ⁰C. (Höglund, 2009) Circumstances in 

refining are 3-5 bar overpressure and temperature between 143 ⁰C and 158 ⁰C. (Tienvieri et 

al., 2009) By pressuring the processing system, the strength of fibers could be increased. 

CTMP is evolved from the TMP process, and there chemical impregnation is used to increase 

bonding properties and brightness of pulp. (Smook, 2016) 

2.2  Paper production 

Papers and boards can be classified into many different categories, but the main ones are 

commonly publication papers, packaging papers, tissue papers, and specialty papers. 

Grammages in different grades can vary from 15-350 g/m2. (Sundholm, 2008) Printing 

papers are divided into woodfree paper grades and mechanical, also called wood-containing 

papers. Woodfree papers are for example fine papers and mechanical papers are for example 

newsprint and coated mechanical papers. (Alén, 2007) The line between paper and board is 

unclear and depends on the source, but for example, ISO-standard says that papers over 225 

g/m2 are classified as boards (Bajpai, 2018a). In Table 2 the most common paper grades and 

their grammage are presented. 
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Table 2.  Grammages in different paper grades (adapted from Sundholm, 2008; Alén, 

2007) 

Paper grade Grammage (g/m2) 

Tissue 15-20 

Newsprint 40-52 

SC 40-80 

LWC 

MWC 

35-80 

70-130 

Fine paper  

Uncoated 40-300 

Coated 55-250 

Paperboard 125-350 

 

In a paper machine, the main parts are the headbox, wire section, press section, and drying 

section. The main purposes of the headbox are to stabilize the feeding flow and feed the 

stock to the width of the wire section in stabile quality and needed grammage. A typical 

paper machine is presented below in Figure 1.  

 

 

Figure 1. Main parts of paper machine (Smook, 2016) 

In the wire section, most of the water included in stock is removed, over 95 %. Also, many 

properties of paper are formed in the wire section. There are three different wire types: 

fourdrinier, hybrid former (also called top-wire former), and gap former. In the fourdrinier, 

water removal takes place only underneath of sheet. Water removal is enhanced with foils, 

suction boxes, and vacuum. (Häggblom-Ahnger & Komulainen, 2005) The hybrid former is 

an updated version of the fourdrinier, and it has a top wire above part of the traditional 

fourdrinier. Compared to simple fourdrinier, the water removal is more efficient, because it 

removes water from both sides of a sheet. With top wire, the speed could be increased, and 

the two-sidedness of paper is decreased. In the gap former, the stock is fed straight from the 
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headbox to the gap between two wires. Advantages of gap formers are better water removal 

capacity and formation compared to the other two-wire types. (Smook, 2016) 

When the sheet comes to the press section, water is removed by using mechanical 

compression. Water removal in the press section is economically friendly, because of low 

energy costs and no need to use steam or heat. The sheet is pressed between the nip of two 

rolls, where water is removed to felts. Typically, there are two different kinds of press nips: 

two rolls or roll and a shoe press. In a shoe press, the pressing time is increased by making 

the nip wider. (Paulapuro, 2008)  

The last part of a paper machine is the drying part. According to Karlsson and Paltakari 

(2010), the drying section is the largest thermal energy user by using 69 % of process heat 

on a paper machine. The most common drying section types are single-tier and two-tier 

configurations. Traditionally single-tier (or slalom type) configuration is used at the 

beginning of the drying section to support weak paper web. In a two-tier configuration, the 

web support is not that good, because there are unsupported draws between cylinders. 

(Häggblom-Ahnger & Komulainen, 2005; Karlsson and Paltakari, 2010) Figure 2 presents 

the drying section and differences in single- and two-tier configurations. 

 

 

Figure 2. Drying section in a paper machine (Smook, 2016) 

Above the drying section is a closed hood. The purpose of the hood is to increase the 

performance of drying and it is an important part of the heat recovery system. (Karlsson and 

Paltakari, 2010) 
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After the drying section, there might be an on-machine calender before reeling. Reeled paper 

roll is moved to finishing processes, which usually includes coating, calendaring, and 

winding. The coating can also take place on a paper machine, called on-line coating. If there 

is a coating part on a paper machine, there is also another drying part after coating.  

 

3  Water consumption and circulation in paper mill 

In this chapter, different water cycles in a paper mill are introduced. There are separated 

loops in pulp production and paper production, but usually, they are connected to each other 

based on the counter current principle.  

3.1  Water usage 

Besides fibers, water is an important raw material in the paper industry. 92-95 % of the water 

used in the paper industry is reused or treated and led back to water streams. (Blanco et al., 

2016) According to Bajpai (2008a), water is needed in many different stages: preparation of 

raw materials, pulp cooking, washing pulp, screening, bleaching, transportation, dilution, 

and formation. To Figure 3 is collected the working cycle of water usage in a paper mill. 

Besides these, water is also used as sealing in vacuum systems, generating steam, process 

cooling, and cleaning equipment. (Blanco et al., 2016) As seen in Figure 3, water purposes 

should meet quality parameters. Each purpose of water usage should have determined the 

minimum quality requirements. And depending on those, the right water treatment system 

has to be chosen. (Weise et al., 2008) 
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Figure 3. The working cycle of water use in a paper mill (Weise et al., 2008) 

Purification and treatment methods are presented more closely in chapter 6. In addition to 

water quality and its requirements, also paper grade and quality of fibers are affecting the 

amount of water needed in paper production. (Gavrilescu et al. 2008) 

3.2  Water circuits in paper mill 

In a paper mill, three water circuits exit: primary, secondary, and tertiary. These are 

presented in Figure 4. Primary circulation, also called short circulation, should be as closed 

as possible. Secondary circulation, or long circulation, consists of white water from the wire 

and press section, that are cleaned and recycled back to process. In long circulation, water is 

usually treated in so-called save-all, that might be for example a disc filter. These two 

circulations are presented more closely in Chapter 3.4.1. 
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Figure 4. Simplified outline of water circuits in an integrated mill (Blanco et al., 2016) 

Tertiary circulation includes all the waters, that are not capable to reuse in the papermaking 

process, because of increased contaminants and also the excess water from long circulation. 

Water from tertiary circulation is led to waste water treatment plant. (Bajpai, 2008a) Effluent 

is presented more accurately in chapter 4.4. Figure 4 presents that in tertiary circuit, treated 

waters could be led back to pulp preparation from the WWTP. That would mean, that there 

should be sand filters, or some else treatment system to purify water, so it would be clean 

enough to use in papermaking process.   

 Counter current principle 

Integrated mills use a system called the counter current principle. The idea of this is 

simplified below in Figure 5. The purpose of the counter current principle is to decrease 

carryovers of detrimental substances from pulp mill to paper mill and reduce the 

consumption of freshwater by using it only in necessary places. By thickening the pulp, less 

clean water from pulp production will not access paper machine water circulations, where it 

might cause runnability and quality problems. In an ideal situation, effluent is led to waste 

water treatment plant only from the pulp mill, where the concentration of dissolved materials 

is the highest. (Weise et al., 2008) 
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Figure 5.  The counter current principle in an integrated paper mill (Häggblom-Ahnger 

& Komulainen, 2005) 

 

3.3  Water cycles in mechanical pulp production 

There are dissolved and dispersed compounds in the water system of mechanical pulp 

production. It is important to avoid releasing them to a paper machine water system, where 

they might disturb the process. Preventing carryover of these compounds is possible by 

thickening the pulp before leading it to the paper machine. (Häggblom-Ahnger & 

Komulainen, 2005) Figure 6 presents the water circle in mechanical pulp production, which  

follows the counter current principle. 

 

Figure 6. Water circle in mechanical pulp production (Manner et al. 2009) 

When thickening pulp, the thickness of pulp increases, and less water is carried to the next 

stage. As seen in Figure 6, the carryover reduces, because the filtrate from thickening and 

washing stages are led to the circulation water system of mechanical pulping. Clear filtrate 
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and circulation water from a paper machine are used at the end of the pulp production process 

and they might include some carryover from the paper mill. Freshwater is added in some 

applications in mechanical pulping, for example, sealing and cooling. (Manner et al. 2009) 

 

3.4  Water cycles in paper production 

The main function of the water on a paper machine is to carry and spread fibers and be part 

of forming the sheet on the wire section. (Weise et al. 2008) As mentioned in Chapter 3, 

water is also used in many different positions on a paper machine. To paper machine water 

is transported in different ways, for example with pulp, chemicals and by steam. Water 

leaves from the paper machine for example as white water and rejects and after evaporation. 

These ways are presented below in Figure 7. Steam and evaporation have their own systems, 

which are not considered in this thesis.  

 

Figure 7. Paper mill water household (Weise et al., 2008) 

Because stock is led to headbox in low solids content, lots of water must be removed. Ways 

to remove water in a different part of the paper machine are presented in chapter 2.2. 

According to Häggblom-Ahnger & Komulainen (2005), over 95 % of water is removed in 

the wire section. Figure 8 presents how dry content increases in a papermaking process.  
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Figure 8.  Dry contents on different parts of a paper machine (adapted from Häggblom-

Ahnger & Komulainen, 2005) 

 Short and long circulations 

The paper mill water system is divided into two loops: short and long circulation. A 

simplified white water system is presented in Figure 9. Short circulation means part of the 

process, where water that has passed the wire flows to the wire pit and from there back to 

the machine chest to dilute the thick stock. (Häggblom-Ahnger & Komulainen, 2005) In 

long circulation overflow from short circulation and other waters from paper machine are 

collected and used as stock dilution and preparation. Usually, fiber recovery and water 

cleaning are included in long circulation. (Weise et al., 2008) 

 

Figure 9. The white water system of a paper mill, including short and long circulations 

(Norman B., 2009) 

Short circulation starts from the machine chest, where thick stock is pumped to the bottom 

of the wire pit. The thickness of stock in the machine chest is about 3 % and in the wire pit, 

it is diluted to a thickness between 0.2 % and 1.2 %. From wire pit stock is fed to centrifugal 

cleaning, where small particles are removed based on their density, shape, and size. Usually, 

there are 4-6 patterns of hydrocyclones and they are connected in a cascade system. Accepted 

stock flows to deaeration tank and rejected stock back to hydrocyclones. Deaeration or 
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degasification removes air bubbles and dissolved gases from stock by using mechanical 

vacuum treatment. Air in stock causes many runnability and quality problems, for example, 

reduces water removal from the wire section and may cause pinholes, holes, and spots in the 

paper. From deaeration, stock flows to the headbox fan pump. Right before the pump is a 

possibility to dose fillers and other additives. After the headbox fan pump, there are pressure 

screens to dissolve the remaining fiber knots before the headbox. (Häggblom-Ahnger & 

Komulainen, 2005; Weise et al., 2008) Short circulation is presented in Figure 10.  

 

Figure 10. Short circulation (adapted from Häggblom-Ahnger & Komulainen, 2005) 

According to Häggblom-Ahnger & Komulainen (2005), the flow in the headbox might be 

150000 liters per minute on huge paper machines, and because stock thickness in the 

headbox is about 1 %, short circulation handles lots of water. Therefore, short circulation 

has an important part of stock handling before paper machine. Purposes of short circulation 

are presented in Table 3.  

Table 3. Purposes of short circulation (adapted from Weise et al, 2008) 

Short circulation 

Dilute the stock from machine chest to suitable 

concentration needed in headbox  

Return water removed from wire section back to process 

Clean stock from impurities and air 

Soften and stabilize flow to headbox 

 

Long circulation contains overflow from short circulation and water from the press section. 

These are led to the buffer tank and used for stock preparation and broke handling. In long 
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circulation exists so called save-all unit. Usually it is a disc filter, which has two functions: 

stock recovery and water cleaning. (Bajpai, 2008a) From the disc filter, three filtrates are 

separated: super clear filtrate, clear filtrate, and cloudy filtrate. (Häggblom-Ahnger & 

Komulainen, 2005) The operation of the disc filter is presented in chapter 6.2. 

 Broke system 

During the papermaking process, the amount of broke is normally between 5 % and 20 % of 

the production of the paper machine. Broke is generated in different locations in the 

papermaking process. During normal operation, wet broke generates from edge trimming on 

the wire section and dry broke generates for example during grade changes and finishing 

operations. On paper machines that produce coated paper, is also needed their own broke 

system for coated broke handling. (Suhr et al., 2015) According to Weise et al. (2008), a 

guideline to broke handling is that broke storage should be 1.5 times the acceptable trouble 

period that can be handled without taking freshwater to process. That usually means about 

2-4 hours net production on the paper machine. When designing the broke handling, is 

important to consider that a broke system should handle both big and small amounts of broke 

and it should be able to be fed back to the paper machine in proper amounts. (Holik, 2006) 

 

4  Process waters in paper mill 

In a paper mill, water is needed in many different applications. In the papermaking process 

the largest amount of water is needed as a transportation medium and diluting. Cleaning and 

washing of paper machine’s wires and felts and equipment demand water. Sealing systems 

of vacuum pumps use water and water is also used for cooling equipment. Water circuits in 

the paper mill also include many equipment that uses water. These can be pulpers, refiners, 

thickeners, screens, or filters. Also, power plants use water in boilers. (Gavrilescu et al., 

2008)  

The water system in the paper mill includes different types of water, which all have their 

own pipelines. These water types usually are mechanically treated water, chemically treated 

water, drinking water, and firefighting water. Both mechanically and chemically treated 

waters are used as process water in a papermaking process. Firewater might either be 
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chemically treated water, or raw water pumped directly from the lake by diesel-powered 

pumps. (Hynninen, 2008b) 

4.1  Raw water 

Water that is used in the paper industry, is normally surface water from lakes. Requirements 

of water quality depend on a lot of different mills, related to products and processes on each 

mill. From the water, many different parameters are used to determine the quality. When 

producing process water from raw water in the paper industry, the main measured impurities 

are color, turbidity, hardness, alkalinity, iron, manganese, chlorides, and free carbon dioxide 

and free oxygen. (Hynninen, 2008b) These are presented in Table 4.  

Table 4.  Most common measured impurities from raw water (adapted from Hynninen, 

 2008b) 

Impurity Unit  

Colour 

 

 

Turbidity 

 

 

Hardness 

 

Alkalinity 

Pt/L 

 

 

FTU or NTU 

 

 

mg/L 

 

mg/L 

 

Surface water may contain humus, that causes the 

yellowish or brownish color to water. Also, some metals 

can color water. 

Surface water commonly contains small particles of 

suspended organic and inorganic matters, which may 

cause cloudiness of turbidity to water. 

The hardness of water is usually an indication of existing 

dissolved calcium and magnesium salts. 

The alkalinity of water indicates the content of carbonates, 

bicarbonates, and hydroxides. 

Iron mg/L Fibers in chemical pulp absorbs iron and may been seen in 

paper as yellowish or greyish shade and could cause flocs. 

Manganese 

 

Chlorides 

mg/L 

 

mg/L 

Similar effects than iron. Usually, manganese is oxidized 

to permanganate during bleaching. 

High concentrations may cause corrosion. 

Free CO2 and O2 mg/L May cause corrosion in pipelines and equipment. 

 

To remove impurities shown above, raw water treatment usually consists of different 

treatment processes, for example, screening, adding appropriate chemicals, rapid stirring, 

flocculation, clarification, and filtration. Chemicals that might be added could be for 

example aluminum sulphate, which reacts with alkaline compounds, alkalizing chemicals 

and disinfection chemicals. (Hynninen, 2008b) In Table 5 is presented the effects of different 

unit processes on water quality.  
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Table 5. Effects of different unit processes on water quality (Hynninen, 2008a) 

Property Aeration Coagulation 

and 

clarification 

Slow 

filtration 

(alone) 

Fast filtration 

(after 

coagulation and 

clarification) 

Disinfection 

(with 

chlorine) 

Bacteria 

Color 

Turbidity 

0 

0 

0 

+ 

++ 

++ 

+++ 

+ 

+++ 

+++ 

+++ 

 

+++ 

0 

0 

Taste + (+) + (+) +++ 

Odor +++    - 

Corrosive 

properties 

Iron and 

manganese 

- 

 

++ 

(-) 

 

++ 

0 

 

+++ 

(-) 

 

+++ 

0 

 

0 

 

4.2  Freshwater 

Nowadays the need for freshwater is reduced and it has only a few consumers in modern 

mills. The most common freshwater applications are chemical preparations, vacuum pump 

sealings, and showers for felt and wire cleaning. (Stetter, 2006) About freshwater 

consumption in a paper mill and reducing the usage of it has been discussed more in chapter 

5. In table 6 is presented shower water volumes in a paper machine.  

Table 6.  Shower water volumes on a 9-meter-wide paper machine (adapted from 

Weise et al., 2008) 

Part of PM Volume (L/s) Application 

Wire section 

Warm freshwater 

• Low pressure 

• High pressure 

Clear filtrate 

• Low pressure 

• High pressure 

During breaks 

Condensate 

Press section 

Warm freshwater 

 

25 

15 

10 

40 

30 

10 

60 

1 

 

35 

 

In total 

Washing and lubrication 

High pressure showers 

In total 

Former and roll showers 

Trim knock off and edge showers 

Knock off 

Trim squirt, roll edge moistening 

 

In total 

• Low pressure 

• High pressure 

25 

10 

Washing and lubrication 

High pressure showers 
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Freshwater consumption might be reduced by replacing it by using cleaned process waters. 

In this case, it has to be sure, that content of suspended solids is low enough and there are 

not any precipitated detrimental substances, that might plug showers. This is the reason, why 

high pressure showers use freshwater. If super clear or clear filtrate wanted like to be used 

in these positions, they should be treated by using ultrafiltration technology. (Weise et al., 

2008) It is presented in chapter 6.4. Table 7 presents quality requirements for shower waters.  

Table 7.  Shower water quality demands (Weise et al., 2008) 

Solids load Possible application of water 

< 50 ppm Equivalent to filtered freshwater 

50-75 ppm Usable in ≥ 1 mm orifice 

75-100 ppm Usable in ≥ 1.5 mm orifice 

100-200 ppm 

200-500 ppm 

Usable in ≥ 3 mm orifice 

Brush type source recommended 

> 500 ppm Purgable shower recommended 

 

4.3  White water 

Water from short and long circulations is called white water. White water is usually treated 

in so-called save-all, which might be for example disc or drum filter or flotation. (Gavrilescu 

et al., 2008) The quality of white water is lower than freshwater because white water contains 

solids, colloidal, and suspended substances. White water is used in the preparation of raw 

materials, cooking in chemical pulping, pulp washing, bleaching of pulps, transportation, 

dilution, and formation. (Bajpai, 2008a) Filtrates that are separated from white water by 

using a disc filter, are presented in chapter 6.2. 

 Detrimental substances in white water 

Reducing freshwater consumption increases the usage of white water and different filtrates. 

Internal water circulation causes the accumulation of detrimental substances in white water. 

Content of detrimental substances in the process depends on raw materials used, water 

circulation design, selection of which water is chosen to be treated and applications of 

purification, the amount of effluent and part of the process, where it is led to waste water 

treatment, capability to transfer detrimental substances to final production and if there are 

membrane technologies used in the mill. (Weise et al., 2008; Stetter., 2006) Increasing 
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amounts of detrimental substances due to decreased consumption of freshwater lead to many 

problems. These are presented in Table 8.  

Table 8.  Disadvantages of decreased freshwater consumption (Weise et al., 2008) 

Increase in suspended solids Increase in dissolved material 

Blocking of showers 

Increase in fines and change in retention 

Spots and dirt in the product 

Deposit formation 

Abrasion  

Scale deposits 

Alteration of wet end chemistry 

Increase in biological activity 

Deposit formation 

Corrosion 

Reduction of wire life Color, smell 

 

To Table 9 is collected composition of different detrimental substances and their origins.  

Table 9.  Composition and origin of detrimental substances (Weise et al., 2008) 

Chemical compound Origin 

Sodium silicate Peroxide bleaching, deinking, recovered paper 

Polyphosphate Filler dispersing agent 

Polyacrylate Filler dispersing agent 

Organic acids 

Carboxmethylcellulose 

Starch 

Humic acids 

Lignin derivatives 

Lignosulphonates 

Hemicelluloses 

Pitch dispersing agent 

Coated broke 

Recovered paper, broke, strengthening agents 

Freshwater 

Kraft pulp, mechanical pulp 

Sulphite pulp, CTMP 

Mechanical pulp 

Fatty acidics Mechanical pulp 

 

Alkalinity and hardness in process waters may cause scaling in equipment and they 

encourage the formation of aggregates. Also, silica may cause scaling in machinery, and in 

addition irreversible blocking in membranes. Some metals, for example, iron, aluminum and 

manganese, chloride, and sulphate are very corrosive and may cause scaling and odor. The 

presence of colloidal material may create a deposit that may lead to a quality reduction in 

the final product. Micro-organisms in process waters can cause biofilms and odor problems. 

(Blanco et al., 2016) 
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4.4  Waste water 

Effluent from paper mill contains fibers from wood, so-called “wood polymers”, different 

process chemicals and reaction products of them, and fillers and supplementary chemicals. 

Common measurements, that are measured from effluent are BOD, COD, suspended solids, 

nutrients (phosphorus and nitrogen), AOX, chloro-organics, color, and toxicity. BOD, COD, 

and AOX are so-called sum parameters, and they are the most suitable measurements when 

the effects of effluents on river or lake systems want to be determined. Usually, the 

phosphorus and nitrogen levels are quite low in paper industry effluents, and they are added 

to improve biological waste water treatment. (Hynninen, 2008a; Suhr et al., 2015) Between 

years 1992 and 2012 in Finnish pulp and paper production the reduction of waste water 

emissions has been huge. These are presented in Table 10. 

Table 10.  Reduction of emissions in waste water pollutants between 1992 and 2012 

(adapted from Mänttäri et al., 2015) 

 Emission of pollutants in 

2012, t/a 

Reduction of emissions 

between 1992 and 2012 

Amount of waste water 

Suspended solids 

COD 

BOD 

AOX  

Nitrogen 

 

10 000 

133 000 

10 000 

850 

2175 

45 % 

69 % 

69 % 

87 % 

87 % 

47 % 

Phosphorus 133 76 % 

 

In Finland, biological oxygen demand (BOD) is usually measured as BOD7, which means 

how much oxygen microbes need to break down wastes in seven days. Depending on the 

country, the used BOD period might vary from 5 to 24 days. Chemical oxygen demand 

(COD) tells how much oxygen is needed for chemical decomposition of waste. Adsorbable 

organic halogen (AOX) is a measurement of halogens in organic matter. In the paper 

industry, it is usually chlorine. (Hynninen, 2008a) Table 11 presents the amount of effluents 

and loads for different pulp and paper industry products. 
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Table 11. Effluent loads from paper and pulp industry (adapted from Hynninen, 2008a) 

Process Effluent 

(m3/t) 

SS 

(kg/t) 

COD 

(kg/t) 

BOD 

(kg/t) 

Sulphate pulp, unbleached 

Sulphate pulp, bleached 

Sulphite pulp, bleached 

20-60 

60-100 

150-200 

12-15 

12-18 

20-40 

20-30 

60-120 

60-100 

5-10 

18-25 

30-40 

Groundwood, unbleached 6-10 10-30 30-50 10-15 

TMP, unbleached 6-15 10-30 40-80 15-25 

TMP, bleached 

Fine paper, coated 

Newsprint 

Folding boxboard 

Sack paper 

Tissue 

6-15 

30-50 

10-25 

10-25 

15-30 

20-40 

10-30 

10-20 

5-10 

5-10 

5-10 

5-10 

60-100 

10-20 

2-4 

3-6 

4-8 

3-6 

20-40 

3-8 

1-3 

2-4 

2-4 

1-3 

 

5  Water cycle closure 

This chapter explained how closing the water cycles affects to freshwater usage, what 

possibilities there are to close cycles, and also the disadvantages according to it. There are 

many ways to make the water cycle closer and thus to impact to the volume of freshwater 

needed, but the closing has its limits too. 

The paper and pulp industry is one of the largest water consumers. In the last three decades, 

the usage of freshwater has been able to decrease about 90 %. This is a consequence of three 

driving factors: environmental legislation, limited resources of freshwater, cost of energy, 

and issues in water usage. (Blanco et al., 2016; Hamm & Schabel, 2007) In the past, 

freshwater consumption could have been 500 m3 per produced paper ton, but nowadays the 

average is about 15 m3/ton of paper. This has been possible, because of closing the water 

cycles in the mill. Part of shower waters of that freshwater consumption is about 2-7 m3/ton 

of paper. (Stetter, 2006; Suhr et al., 2005) Table 12 presents freshwater consumptions for 

some paper grades today and in 1971. Commonly freshwater consumption depends on the 

grammage of produced paper, the number of showers in a paper machine, and the volume of 

circulated and filtrated water used in showers. Generally, high grammage paper grades 

require less water than low grammage paper grades. (Suhr et al., 2005) 
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Table 12.  Freshwater consumptions on different paper grades today and in 1971 

(adapted from Suhr et al., 2015; Weise et al., 2008a) 

Paper grade Today (m3/t) 1971 (m3/t) 

Tissue 4-13 290 

Newsprint 8-13 85 

SC 

LWC 

10-15 

10-15 

120 

- 

Fine paper 3-15 180 

Liner and fluting 

Multiply board 

Specialty papers 

2-10 

8-15 

13-65 

40-85 

130 

- 

 

Water saving possibilities depend on many factors, that are related to each mill’s 

papermaking process. These factors are for instance raw materials that the mill uses, the 

paper grade that is produced, and the age of the mill. Also, local requirements in the 

environmental sector and commonly environmental knowledge have an influence when 

making decisions of water saving. (Blanco et al. 2016)  

 

Closing the water cycle has many advantages. These are presented in Table 13. Because 

water consumption decreases, also the amount of effluent reduces, so waste water treatment 

plants could be built on a smaller scale. Due to the minor amount of effluent, contaminant 

concentration increases, and removing efficiency of them is higher. That also reduces 

effluent disposal charges. The need for raw water is smaller when recycled water can be used 

instead of freshwater and fiber recovery is better, because fibers from process waters are 

possible to return back to paper. Additionally, the COD load of process waters reduce when 

less freshwater is used. The higher temperature in process water fastens water removal in a 

paper machine. All these also lead to lower energy consumption. (Bajpai, 2008a; Gavrilescu 

et al., 2008) 

 

Table 13. Advantages of closing the water cycle (adapted from Bajpai, 2008a) 

Advantages of closing the water cycle 

Lower effluent volumes 

Lower raw water  

Lower fiber losses 

Lower energy consumption 

Higher temperature in process water 
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When trying to close the water cycle and reduce the use of freshwater, some principles need 

to be followed, to avoid the disadvantages of closing the water cycle. These disadvantages 

are considered closely in Chapter 5.2. It is important to have separated water loops when 

transferring stock from a part of the process to another. The stock also needs to be in 

concentration as high as possible, preferable thickness at least 30 %. With low water content, 

avoiding to transfer detrimental substances from a loop to the following one is more efficient. 

This also has a connection to the counter current principle, where the pulp is transferred in 

high concentration from the pulp mill to the paper machine in integrated mills. Excess water 

is sent backward in process, counterclockwise than the thickened pulp. That means that 

freshwater is added only to the cleanest part of the process, which is the paper machine. 

Effluent is disposed from pulp production or fiber preparation, which is the first part of water 

loops and where the water has the lowest quality. If a paper or pulp mill has more than one 

paper machine or pulp production line, their waters should not be mixed together. Each 

production line has its own chemistry and mixing them might affect runnability and quality. 

Save-alls, like disc filters, are an important part of fiber recovery and producing clarified 

water, that has low suspended solids content. These cleared filtrate waters might be used 

instead of freshwater in some applications. Also, membrane filtration technologies are 

recommended to clean process waters. Optimized storage systems and efficient broke 

handling help water management and increase possibilities to stabilize the process water 

system. (Stetter, 2006; Suhr et al., 2015) According to Weise et al. (2008), process water 

storage volume should be the same as pulp storage volume and broke storage volume 1,5 

times larger than breaking time in a paper machine that can be handled without taking new 

freshwater to the process. 

5.1  Possibilities to close water cycles and reduce water consumption 

Reducing water use in a paper mill has two basic principles: one is to improve or modify 

existing processes or equipment to reduce the need for water and another one is to find 

applications for recycled process waters, so that they, after all, meet the water requirements 

in those applications. These methods might therefore be changed in process, reusing waters, 

improving reuse, or improving recycling. Also, water management has a huge role when 

trying to reduce or improve water consumption. (Blanco et al. 2016; Gavrilescu et al., 2008) 

To Figure 11 is collected methods to reduce and improve water consumption.  
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Figure 11. Methods to reduce freshwater consumption and to manage water systems 

(adapted from Blanco et. al, 2016; Suhr et al., 2016; Gavrilescu et al., 2008) 

As mentioned earlier, freshwater is mainly used in shower waters. So, a big and straight 

change in freshwater usage is to increase for example usage of super clear filtrate in shower 

waters. Freshwater is also used on sealing in vacuum pumps, so recycling loop for sealing 

waters reduces the intake of freshwater. There is also a possibility to use water-free vacuum 

systems. Re-using cooling waters demands, that they are separated into their own loop. The 

counter current principle improves water usage and reduces impurities in process waters on 

a paper machine. That reduces the need for filtering and clarifying. By different filtration 

methods, it is possible to improve cleaning the process waters. With a higher level of purified 

water, it increases reuse possibilities and might give new applications. In chapter 6 is 

explained more about different filtration methods. Improving the water management has big 

effect to reducing water consumption. Analyzing and optimizing the water usage 

applications and volumes helps to understand where are possibilities to increase the effect 

of water consumption. Optimizing water usage to needed quality means, that there is not any 
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sense to use too clean water in places where it is not needed. And on the other hand, it is also 

important to understand, where lower quality water could cause problems. (Suhr et al., 2016)  

5.2  Disadvantages of closing the water cycles 

Although closing water cycles is an important part of developing paper mills, it might cause 

many problems. In the last decades, the paper industry has experienced big changes, that 

affect water processes. Three major changes are that the use of recovered paper has been 

increased, paper machine systems have been changed from acidic to neutral and freshwater 

consumption has been reduced. (Bajpai 2008a)  

Potential disadvantages in closing the water cycle are mostly related to increased 

concentration of detrimental substances in process waters when the usage of freshwater is 

decreased and process water recycles in loops multiple times. These substances might for 

example be suspended or dissolved solids. About them is more in chapter 4.3.1. Increasing 

growth of slime might lead to web breaks on the paper machine and cause runnability 

problems. They also decrease the stability in the wet end. A high concentration of 

detrimental substances can affect to paper product quality, for example to brightness, 

softness, porosity, and strength, and cause dirt and spots to the paper product. Removing 

them on the other hand may increase the need of chemicals. Some might increase 

microbiological activity in the process and cause odor to process and paper. Also, higher 

concentration of detrimental substances is a burden for equipment and pipe lines by causing 

corrosion and plugging showers and felts. If lower quality water is used on sealing water in 

vacuum pumps, it might reduce the efficiency of pumps. (Blaco et al., 2016; Suhr et al., 

2015; Stetter, 2006; Hamm & Schabel, 2007) 

 

6  Water treatment 

In the pulp and paper industry, water must be treated in many different ways. This chapter 

presents the function of sand filtration, disc filter, membrane technology, and effluent 

treatment. Disc filter is widely used in white water circulation for fiber recover and water 

treatment. Sand filtration is typically used in freshwater treatment. Different membrane 
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technologies can be used to get high purified water to the papermaking process. Effluent 

treatment and its main parts are presented shortly. Figure 12 shows different particles that 

might be removed from process waters in the pulp and paper industry, their sizes, and 

possible filtration types for them.  

 

Figure 12. Sizes of various components in waters of pulp and paper industry (Hynninen, 

2008a) 

6.1  Sand filter 

The most common application for sand filters in the paper industry is freshwater treatment. 

(Weise et al., 2008) To continuous deep bed filters, water is fed from the bottom and after it 

passes the filtrate medium (in this case sand), the filtrated water is collected from the top of 

the filter. The dirty solid particles fall to the base of the filter, which typically is a conic 

shade. From the bottom, solids are carried with air to the washing zone located on the tops 

of the filter. Washed solids are returned to the filter bed and dirty sludge is removed from 

the filtration process. (Sparks & Chase, 2016) A typical continuous sand filter is presented 

in Figure 14.  
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Figure 14. Sand filter (Sparks & Chase, 2016) 

The advantages of sand filters are that they produce water with very low solid content and 

they are able to remove COD, BOD, and some nutrients. Disadvantages in using sand filters 

are that they cannot handle waters with high solid concentrations, some actions need to be 

done to prevent slime formation and washing sand filters requires high volumes of water. 

(Hynninen, 2008a) 

 

6.2  Disc filter 

Nowadays the main fiber recovery and water clarification system used in paper mills are disc 

filters. To fiber recovery, water is led from overflow of wire pit, water removed from sheet 

by using vacuum system in wire and press section, wet end tray of a paper machine and from 

broke handling. (Weise et al., 2008) Disc filters are also used for dewatering in pulp 

production. (Holik, 2006) In Figure 13 is presented the disc filter and its functions. 
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Figure 13.  Filtration principle of disc filter (Weise et al., 2008) 

In disc filter is multiple rotating discs, that are comprehended of wire-covered segments.  A 

number of discs depend on fine content in white water and the quality of sweetener. 

Typically, the speed of the disc filter is between 0.2 rpm to 1.5 rpm. Sweetener is aid pulp, 

that is fed to disc filter to help to start building the fiber mat. The quality of the sweetener 

should be as stable as possible. Sweetener is taken from the stock feed to blend chest. 

The stock starts to build up to the surface of discs with help of sweetener. When filter cake 

on discs gets thicker, fewer solids get passed through it. In different parts of the disc filter, 

different water filtrates can be collected. First, there is the cloudy filtrate, which has higher 

consistency than other filtrates, and after that the cleaner clear filtrate. On some occasions, 

also one even cleaner filtrate, the super clear filtrate is collected. The cloudy filtrate is 

collected under atmospheric conditions. The clear filtrate and the super clear filtrates are 

collected under a vacuum with separate drop legs to filtrate tanks. Vacuum is created with 

the height difference between the center shaft of disc filter and level of filtrate tanks, 

typically between 7-8 meters. Vacuum can also be created with vacuum pumps. The vacuum 

keeps the fiber mat on the surface of the discs, even after the fiber mat passes the waterline. 

After that, the vacuum is released, and the fiber mat is removed by using knock-off showers. 

Wires on discs are washed with cleaning showers. Recovered fibers are transported back to 

stock preparation by using a transportation screw.  

The cloudy filtrate is usually circulated back to the disc filter to dilute the stock feed of the 

disc filter, and the clear filtrate is used for dilutions in pulping processes and as make-up 
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water in stock preparation. Changes in feed flow may change properties of filter mat, variety 

in hydraulic capacity, and quality of filtrates. These changes are the amount of fines and 

fillers in white water, feed flow, freeness, and features of sweetener. (Weise et al., 2008; 

Holik, 2008) 

6.3  Membrane techniques 

In the paper industry, membrane filtration is used to clean process waters or to recover raw 

materials from the process. The most common example of the last one is recovering coating 

pigments from coating kitchen effluents. With membrane technology, concentrated organic 

and inorganic charges can be removed partially or totally. Membrane technology includes 

different types of filtration possibilities for different needs and applications: microfiltration 

(MF), ultrafiltration (UF), nanofiltration (NF), and reverse osmosis (RO). Membrane 

processes are multipurpose and economically achievable cleaning methods for process water 

purification compared to for example flotation or evaporation. They are easy to adjust in 

existing water cycles in paper mills, they need only small floor space and they have low 

energy consumption. The disadvantage in using membrane filtration is the fouling of 

membrane mediums. (Weise et al., 2008; Nuortila-Jokinen et al., 2004) Figure 15 presents 

possible applications for membrane filtration in an integrated paper mill. 

 

 

Figure 15.  Possible applications for membrane filtration in an integrated paper mill. 

(Nuortila-Jokinen et al., 2004) 
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When selecting the right membrane technology, some key issues need to be considered. First 

of all, the input stream to filters, which kind of composition it has, and a hydraulic load of a 

stream. Flow might also vary depending on peaks in the process. (Suhr et al., 2015) The 

volume of feeding flow should also be considered because it affects the retention of the 

membrane. Typically, the higher the feeding flow, the lower the retention. High water 

volumes may also plug membrane pores and thus lower the filtration process. (Koyuncu et 

al., 2015) Wanted quantity and quality are also important factors when making the choice. 

These affect straight to application possibilities, where filtered water is purposed to use and 

also to the quality of pulp and paper production. The cleaner the wanted water is, the higher 

the pressure is needed and it increases the use of electricity. Also, the size of the equipment 

can be increased or enhanced the pre-treatment process. Maintenance of filters should also 

be considered, membrane mediums should be cleaned, and also replaced every other year, 

depending on the usage of filters. The cleaning process might be automated or continuous 

and it can use acidic or alkaline solutions as a washing liquid. In addition, the treatment for 

liquid and solid wastes needs to be taken into account. In membrane technology, the liquid 

part is called permeate and the solid part concentrate. In ultrafiltration, the amount of 

concentrate is about 3-5 % of the feed. (Suhr et al., 2015) Membrane filtration usually needs 

some pre-treatment process to avoid fouling of membrane medium and to produce higher 

permeate volumes. Pre-treatment processes might be chemical or biological treatment or 

ozonation. (Nuortila-Jokinen et al., 2004) To Table 14 is collected different membrane types, 

possible separation sizes, and operation pressures. 

Table 14.  Membrane filtration techniques (adapted from Mänttäri et al., 2015; Koyuncu 

et al., 2015) 

Method Separation size Operating 

pressure (bar) 

Membrane type 

Microfiltration 

Ultrafiltration 

Nanofiltration 

50 nm – 5 µm 

3 nm – 0.1 µm 

0.5 nm – 7 µm 

0.1 – 3 

0.5 – 10 

2 – 40 

Porous 

Micro porous 

Micro porous 

Reverse osmosis < 1.5 nm 30 – 60 Non-porous 

 

By using different membrane types, different impurities can be removed. Figure 16 presents 

membrane types and contaminants that they are capable to remove. 
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Figure 16. Separation scheme for pressure driven membrane processes (Mänttäri et al., 

2015) 

As seen in Figure 16, microfiltration removes the suspended solids and turbidity. With 

ultrafiltration, polysaccharides, extractives, and high molar mass ligneous substances can be 

removed. With ultrafiltration, about 30 % of organic load can be removed. Permeate of 

ultrafiltration has purity enough to replace freshwater for example in paper machine showers. 

Ultrafiltration also removes almost totally micro-organisms from water and thus helps to 

reduce slime growth in a paper machine. Nanofiltration removes salts, like calcium and 

magnesium, silicon sulfate ions, and some retain metals, such as barium, aluminum, iron, 

and manganese. These metals might cause higher chemical consumption in the bleaching 

process. If ions like these get enriched in the process, they might form deposits or cause 

corrosion. Reverse osmosis is the only possibility to remove monovalent ions. (Nuortila-

Jokinen et al., 2004; Mänttäri et al., 2015) Table 15 shows a comparison between different 

membrane types and their purifying effectiveness.  
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Table 15. The retention of different membrane types, +++++ = very good, (+) = almost 

nil (adapted from Nuortila-Jokinen et al., 2004) 

 MF UF NF RO 

Solids 

COD 

Carbohydrates 

+++++ 

(+) 

(+) 

+++++ 

++ 

++ 

+++++ 

++++ 

++++ 

+++++ 

+++++ 

+++++ 

Extractives (+) ++(+) ++++ +++++ 

High molar mass lignin (+) ++++ +++++ +++++ 

Low molar mass lignin 

Multivalent ions 

Monovalent ions 

(+) 

 

 

++ 

(+) 

++++ 

++++ 

 

+++++ 

+++++ 

+++++ 

 

Because the pulp and paper industry has usually high operating temperatures, typically 

between 40 ⁰C and 60 ⁰C, it limits the selection of membranes. In mechanical pulping 

processes, the temperature might be over 80 ⁰C. There are not many membranes made of 

polymeric materials, that can handle continuously temperatures that high. The exception is 

ceramic membranes, but their much higher costs limit their usage, even though their lifetime 

is expected to be longer than polymeric ones. In the paper industry, the most used membrane 

materials are regenerated cellulose, polyamide, polyether sulfone, and polysulfone. 

(Nuortila-Jokinen et al., 2004) These are presented more closely in Table 16. 

Table 16.  Polymeric materials in membranes and their properties (adapted from  

Koyuncu et al., 2015) 

Polymer material Properties 

Cellulose acetate 

 

 

 

Polyamide 

 

 

 

 

Polyether sulfone 

Used in MF and NF membranes 

Sensitive for hydrolysis and microbial attacks 

Sensitive pH between 4 and 6.5 

 

Used as a thin layer in NF an RO 

Good thermal and chemical stability 

Resistant to organic solvent attacks 

Sensitive for chlorine attacks 

 

Used in UF and MF membranes 

High thermal and chemical stability 

 

Polysulfone 

 

Used in UF and MF membranes 

Used as a thin layer for NF and RO  

Excellent thermal and chemical stability 
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6.4  Waste water treatment 

Effluent is treated in many ways, before leading it back to the lake or river. The most 

common ways in the paper and pulp industry are solid removal in different ways, coagulation 

and flocculation, and biological treatment. 

The main solid removal methods in waste water treatment are clarification, flotation, and 

filtration. Clarification is based on the fact that solid particles have a higher density than 

water and they settle in the bottom of the clarification basin, where they can be removed. 

With clarification, between 60 % and 95 % of solid particles can be removed. Flotation 

works the other way. Small air bubbles are pumped to the bottom of a basin, where they 

carry the solid particles to the surface. Then the solids can be collected from the surface of 

the flotation basin. Filtration can be used for effluents with high solid contents. 

Chemical coagulation and flocculation are used to remove smaller particles. With chemical 

coagulation, the electrical charges of particles can be neutralized and thus prevent repulsion. 

When small particles will not repel each other, they might form bigger flocs, that are easier 

to remove.  

Biological treatment is used to remove organic matter that has low molecular mass. The 

removal process is based on microbes, that are capable to live and reproduce in waste waters. 

Microbes decompose dissolved and colloidal materials by using them as nutrients. 

Microbiological treatment demands specific temperature, pH, oxygen, and nutrient levels 

that microbes are able to function. (Hynninen, 2008a)  
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Applied part 

7  Sappi Kirkniemi 

Sappi Kirkniemi paper mill locates in Lohja, Finland. There are three paper machines, 

mechanical pulp production, power plant and waste water treatment plant. At the mill, the 

annual production capacity is 750 000 tonnes of coated publication paper and 300 000 tonnes 

of mechanical pulp. At Kirkniemi mill 550 employees work.  

7.1  Mechanical pulp production 

At Kirkniemi mill, three kinds of mechanical pulps are produced from spruce. Both 

groundwood (GW) and pressure groundwood (PGW) grinding capacities are 135 000 tonnes 

annually. Refiner mechanical pulp (RMP) capacity is 30 000 tonnes annually. (Anonymous, 

2022) In addition mechanical pulp production includes wood handling, like log splitting, 

debarking and chipping processes. 

7.2  Paper production 

Three paper machines produce coated publication papers from grammages 35 to 100 g/m2. 

Paper machine 1 (PM 1) produces grammages from 35-54 g/m2 and uses mainly GW and 

RMP as mechanical pulp. The grammages on paper machine 2 (PM 2) varies between 51 

and 80 g/m2 and paper is produced mostly from GW. Paper machine 3 (PM 3) uses PGW 

and produces papers, which grammages are from 65 to 100 g/m2. All paper machines use 

also chemical pulp, which is purchased from elsewhere. PM 1 is on-line paper machine with 

included coating part and PM 2 and PM 3 are off-line machines, so they have separate 

coating machines. 

7.3  Freshwater treatment 

To the freshwater treatment is used water from Lake Lohja. Water is screened, filtered, and 

disinfected after pumping from the lake. After these steps, raw water is stored in tank, from 
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where it is led to the mill. (Leskinen, 2018d) Besides freshwater treatment, raw water is used 

for cooling, sealing in vacuum pumps, and as firewater. (Hälikkä, 2002) 

Kirkniemi mill has two freshwater treatment plants. Freshwater treatment plant 1 (FWTP 1) 

produces freshwater to paper machines 1 and 2, and GW and RMP production. Freshwater 

treatment plant 3 (FWTP 3) produces freshwater to paper machine 3 and PGW production. 

Both freshwater treatment plants include 18 continuous sand filters.  

Both freshwater treatment plants commonly use raw water, that has been heated on heat 

exchangers, but they may use cold raw water straight from the raw water storage tank if the 

volume of the heated raw water is not high enough. To the feed of sand filters on FWTP 1 

sodium hydroxide is added to control pH. FWTP 1 uses aluminum sulfate as a coagulation 

chemical and the pH should be between 5.5 and 6.5. On FWTP 3, the coagulation chemical 

is PAC (polyaluminum chloride) and ideal the pH value is between 6.6 and 7.2. (Hälikkä, 

2002; Kuosmanen, 2020) 

7.4  Waste water treatment plant 

Process waters from the mill are treated in the mill’s own waste water treatment plant before 

releasing them back to Lake Lohja. Wastewater treatment plant includes mechanical, 

biological, and chemical treatments. Mechanical treatment is carried out with screening and 

clarifying. By screening, big solid particles are removed and in the primary clarifier rest of 

solid particles are removed by deposing them to the bottom of the primary clarifier. 

(Leskinen, 2018a; Leskinen, 2018e) In biological treatment organic matters are removed by 

using microbes. Phosphorus and nitrogen are fed as a nutrient to microbes so that they may 

function. Biological sludge is removed from the bottom of secondary clarifiers. (Leskinen, 

2018b) The last part of the treatment is the chemical treatment. In the flotation basin rest of 

the particles are flocculated with PAC chemical. Flocculated particles rise to the surface of 

the basin with help of air and they are collected for sludge treatment. From the flotation 

basin, the clear water is led to Lake Lohja. (Leskinen, 2018c) 
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8  Background and the aim of the applied part 

In this chapter, the background and aims of this thesis are presented. The applied part is 

divided into four parts, and these parts and their purposes are explained. In addition, the 

methods to accomplish the experimental part are introduced.  

8.1  Background of the thesis 

At Kirkniemi paper mill the consumption of freshwater has increased in past years and there 

is no known reason for that. Increased usage of freshwater increases certainly effluent flows 

to waste water treatment plant. For the last couple of years the mill has had challenges with 

high waste water volumes and it causes trouble when the waste water treatment plant cannot 

handle the amount of effluent that is led there from the mill. These high volumes appear 

commonly in peaks and are then causing problems in the process or in handling the water 

balance. Increased freshwater consumption does not explain all the challenges in waste water 

treatment plant, but it is one part of handling the water balance on the mill and thus the 

effluent volumes. As mentioned in Chapter 5, reducing freshwater consumption and 

recycling process waters has also many other advantages.  

8.2  The aim of the applied part and used methods 

The experimental part of this thesis contains five parts. In the first part, the data from the 

freshwater consumption at the mill during the last years is collected and it is compared to 

the volumes of effluent flows. The second part focuses to determine the applications of 

freshwater and their volumes. To find the possibilities to reduce freshwater consumption, 

the applications of freshwater should be known. At the moment, there is no clear list of all 

the freshwater consumers at the mill. Mapping the freshwater applications is carried out with 

help of mill engineers, using a Valmet DNA-automation system, and data collecting system 

TIPS, reading process descriptions, studying piping and instrumentation diagrams (P&ID), 

and following the pipelines on the mill. 

In the third part, the water fractions that may be used instead of freshwater are introduced. 

Eight different water fractions were selected for this study. The quality of these eight water 
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fractions was analyzed in the laboratory, so they can be compared to the quality of 

freshwater. The quality of freshwater is additionally considered shortly. The quality 

measurements of freshwater are collected from the data collecting system TIPS. In the fourth 

part, the aim is to define some places, where freshwater could be replaced, or consumption 

could be reduced. In the fifth part, the water balance on the Kirkniemi mill is considered 

shortly.  

9  Freshwater consumption 

As mentioned in the aim of the experimental part, freshwater consumption has increased at 

the Kirkniemi paper mill in the last few years. In this chapter, freshwater volumes are 

presented from 2017 to 2021. Additionally, the freshwater consumption is compared to 

effluent flows of the mill. 

9.1  Freshwater consumption in 2017-2021 

In this chapter, freshwater consumptions are collected from the data collecting system TIPS-

and volumes of paper production from the mill’s internal systems. Freshwater consumptions 

are collected to TIPS in a unit of liters per second, so to this summary, the volumes are 

converted to cubic meters and presented as cubic meters per produced paper tonne. As can 

be seen in the next three Figures (17-19), the paper production collapsed in 2020 due to the 

Covid-19 pandemic.  

In 2020 the freshwater consumption was relatively high compared to other years. Because 

of Covid-19, Kirkniemi mill had a lot of down times in 2020 due to the collapse of paper 

demand. For the process, freshwater is normally needed in high volumes when starting the 

production after a down time. Because paper production was shut down and started again 

repeatedly during the year, freshwater consumption per produced paper tonne increased. 

Figure 17 shows the whole freshwater consumption and volumes of paper production on all 

three paper machines in 2017-2021. At Kirkniemi mill the volume of paper production has 

been quite stable in the last years, except in 2020. Even so, freshwater consumption has 

increased slightly. 
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Figure 17. Freshwater consumption on Kirkniemi mill in 2017-2021 

If compared to the year 2019, which was the last year before Covid-19, and the year 2021, 

freshwater consumption has increased by 0,5 cubic meters per produced paper tonne. 

Additionally, the paper production volumes were almost the same. It means, that on average 

freshwater was used 1120 cubic meters daily more in 2021 than in 2018. In 2017 freshwater 

was used 1.1 cubic meters less than in 2021. On a daily average, that means a 2300 cubic 

meter increase when comparing the years 2017 and 2021.  

 

Figure 18. Freshwater consumption on paper machines 1 & 2 and GW and RMP 

production 
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Figure 18 shows the freshwater consumption of FWTP 1, which produces freshwater for 

paper machines 1 and 2 and for GW and RMP production. The volume of produced paper 

tonnes includes paper production from paper machines 1 and 2. Since 2017 the production 

volumes have been quite stable, but freshwater consumption per produced tonnes has 

increased every year. In 2019 and 2021 the amount of produced paper tonnes were almost 

the same, but freshwater consumption was 0,9 cubic meters more per produced paper tonne. 

On average, that means that in 2021, 605 cubic meters of freshwater were used daily more 

than in 2019.  

Figure 19 presents the freshwater consumption on FWTP 3, which produces freshwater for 

paper machine 3 and for PGW production. Paper machine 3 uses freshwater less than paper 

machines 1 and 2 when comparing the freshwater consumption per produced paper tonnes. 

PM 3 production volumes are higher than production volumes on paper machines 1 and 2 

together, so the absolute volume of freshwater consumption as cubic meters is almost the 

same on both freshwater treatment plants. Production volumes on PM 3 have stayed 

relatively stable during the past years, except in the year 2020. On paper machine 3, the 

freshwater consumption has stayed more stable than on PM 1 & 2. However, there is a little 

increase from 2017 to 2021.   

 

Figure 19. Freshwater consumption on paper machine 3 and PGW production 

Figure 20 shows monthly freshwater flow averages collected from 2017 to 2021. This figure 

shows clearly that freshwater consumption has been higher in 2021 than in any other year 
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before. There are bends in June and December because of the annually down times. 

Otherwise, the freshwater flow stays quite a stabile during the year. 

 

Figure 20. Freshwater consumption in 2017-2021 

9.2  Freshwater consumption and effluent flow 

Theoretically, the freshwater consumption should be almost the same as the effluent flow 

from the mill because freshwater is the only water fraction that is taken to the water cycle of 

the mill. But effluent flows are usually a bit higher because water is added to the process 

also with raw materials like chemicals and wood. On papermaking process, water is removed 

in drying section by evaporation. 

Figure 21 presents the freshwater consumption and effluent flow to the Lake Lohja in 2017-

2021. The figure shows clearly that the volumes of freshwater flow to the mill and effluent 

flow from the mill increases and decreases at the same rate. Only in 2017, the effluent flow 

has been significant compared to freshwater usage. Additionally, this figure shows the rising 

direction of freshwater consumption. 
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Figure 21. Freshwater consumption and effluent flow in 2017-2021 

In Figure 22 the average monthly effluent flows from the Lake Lohja from 2017 to 2021 are 

collected. The effluent flow has stayed quite stabile in the past years. At the end of 2021, the 

effluent flow was relatively high. 

 

Figure 22. Effluent flows to the Lake Lohja from 2017 to 2021 

From Figure 22 it can be seen that effluent flow stays quite stable during the year and there 

is no clear variability when comparing the summertime and wintertime. 
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10  Freshwater applications at the Kirkniemi mill 

In this chapter, the applications of freshwater at the Kirkniemi mill are presented. This 

chapter is divided into two parts. Chapter 10.1 presents applications that use water from the 

freshwater treatment plant 1. Those are groundwood and refiner mechanical pulp 

productions and paper machines 1 and 2. Chapter 10.2 collects freshwater applications, that 

consume freshwater produced in the freshwater treatment plant 3. Those applications are 

pressure groundwood production and paper machine 3. To examine freshwater applications, 

piping and instrumentation diagrams and the Valmet DNA automation system were used.   

10.1  Freshwater applications on PM 1 & 2 and GW & RMP production 

From the freshwater treatment plant 1, freshwater is led mainly to seven applications: GW 

and RMP processes, chemical dilutions, clear filtrate tower of paper machine 1, warm water 

treatment of both paper machines 1 and 2, coating kitchen of PM 1 and 2 and some other 

applications. The freshwater flow is on average 95 L /s. The freshwater mainline and main 

consumers are shown in Figure 23. The freshwater storage tank has two pumps that pump 

freshwater to the mainline and further applications. These main consumers are presented 

more closely in the following figures. 

 

Figure 23.  The freshwater mainline from freshwater treatment plant 1 

The freshwater line to clear the filtrate tower of paper machine 1 is presented as a dashed 

line because the flow is not continuous. Freshwater is used as backup water when the disc 
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filter of PM 1 cannot produce enough clear filtrate to the needs of the paper machine. 

Situations like this are mainly after down time when the need for water is huge and water 

towers may have emptied. Freshwater flow is automated to follow the amount of clear filtrate 

in the clear filtrate tower. When the surface is low enough, the backup valve opens 

automatically. Other applications mean some smaller consumers. These are for example 

dilution water for biocides and protective agents of cylinders, and emergency showers. In 

addition, freshwater is used in online freeness-meters on paper machines. 

In mechanical pulp production freshwater is not needed much, because Kirkniemi mill uses 

the counter current principle and freshwater is only used in applications, where purity 

demands are high. However, there are few freshwater consumers in mechanical pulp 

production. These are presented in Figure 24.  

 

Figure 24.  Freshwater applications in GW and RMP production 

In addition, to those two main line pumps in the freshwater storage tank, there is one smaller 

pump that pumps sealing water for the refiners in the mechanical pulping. There are six 

refiners: two in RMP production, two reject refiners in GW and RMP production and two 

reject refiners in PGW production. From the freshwater mainline water is taken as backup 

water to the hydraulic water tank in the GW production. This hydraulic water is used in 

groundwood grinders and the average freshwater flow to the tank is 5 L/s. Additionally, 

sealing water for grinders in groundwood production is taken from the freshwater mainline. 

Freshwater is needed when mechanical pulps are bleached. In Kirkniemi mill, mainly GW 

is bleached, but there is also a possibility to bleach RMP. GW and RMP are bleached with 

hydrogen peroxide and a couple of other chemicals are needed. The amount of needed 
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freshwater in the bleaching process is very small, on average only 0.2-0.4 L/s, depending on 

the volume of produced mechanical pulp. 

Other chemical dilutions include dithionite, sodium hydroxide, and sulphur dioxide water. 

Dithionite is used as a bleaching chemical commonly on paper machine 1. Sodium hydroxide 

is used to adjust pH in mechanical pulp production and paper machines. Sulphur dioxide 

water is used to adjust pH in dithionite production and after bleaching processes in 

mechanical pulping production. Freshwater flow to these chemical productions and dilutions 

is not continuous.  

The highest volume of freshwater is led to the warm water treatment. Unfortunately, there 

are no flow meters in warm water treatments, so specific volumes are unknown. Paper 

machines 1 and 2 have their heat recoveries, but warm water tanks are connected by a 

common warm water storage tank. Warm water treatment is presented in Figure 25. 

 

Figure 25.  Warm water production on paper machines 1 and 2 

For the heat recoveries on paper machines 1 and 2, the water is taken from the freshwater 

mainline. On PM 1, freshwater is possible to apply in two places, straight to the heat 

exchangers in HR system, or to recycle the pump of the HR system. Heated water is led to 

the warm water tank of PM 1, and overflows to the warm water storage tank. From the warm 

water tank, water is taken to edge knock-off showers to paper machine 1. For high-pressure 
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washing, water can be pumped from both, the warm water tank and warm water storage tank. 

On the warm water storage tank exists a sealing water pump, but it is not used at the moment 

because sealing water is produced by using an ultrafiltration system. In addition, warm water 

is possible to use as dilution water for retention chemical. In a stable running situation, the 

super clear filtrate is used in that application, but if runnability problems occur, it may be 

changed to warm water. To the warm water main line, water is pumped from the storage 

tank.  

On paper machine 2, the freshwater from the mainline is led to a heat recovery system to 

heat it. Warm water is led to the warm water tank of PM 2. It is connected to a warm water 

storage tank and water can be pumped both ways. On the warm water tank of the paper 

machine 2 exists eight pumps. These and their applications are presented in Table 17.  

Table 17. Pumps on warm water tank of paper machine 2 

Pump Applications 

1 Warm water to warm water storage tank 

2 High pressure needle showers for wire and press sections 

3 Washing water to heat recovery system (non-continuous) 

4 

5 

6 

Sealing water to suction rolls 

(Edge knock-off showers on paper machine 2)  

Shower water for the press section 

Dilution water for chemicals  

Shower for the jet slice of headbox  

7 Shower water for breast roll 

Warm water for low-pressure washing water line 

8 High-pressure washing water for suction rolls on paper machines 1 and 2 

(non-continuous) 

High-pressure warm water to coating kitchen (non-continuous) 

High-pressure shower water for wire section 

Warm water for high-pressure washing water line 

 

As shown in Table 17, warm water is used in many applications on paper machine 2. Pump 

no. 1 is only used to pump warm water to the storage tank. Pumps no. 2 and 8 are high-

pressure pumps, that pump water to different applications, where high-pressure water is 

needed. From the pump no. 3 warm water is pumped to wash heat recovery equipment once 

an hour. Pump no. 4 pumps warm water to suction rolls on wire and press section, where 

warm water is used as sealing water. From the pump no. 5 warm water could be led to edge 

knock-off showers, but at the moment clear filtrate is used in those showers. Pump no. 6 
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pumps warm water to multiple applications: shower water to press section, dilution water 

for chemicals like retention chemical, and to jet slice showers of headbox. From pump no. 7 

water is used as shower water in a breast roll on wire section and low-pressure washing 

water. 

Warm water mainline leads warm water to different applications. There are backup lines to 

the super clear filtrate tank of PM 1, to the white water tank of PM 1, and the shower water 

tank of PM 1. These are not needed normally, because there are enough super clear filtrate 

and white water in the process. Warm water is also used as dilution water to a fixative 

chemical on paper machines 1 and 2. On paper machine 1, warm water from the mainline is 

used in the coating section, for example in coating dilutions and to wash vibratory screens. 

Additionally, warm water may be used in emergency showers if needed. These are shown in 

Figure 26.  

 

Figure 26. Warm water mainline 

As mentioned before, the sealing water to paper machines 1 and 2 and to groundwood and 

refiner mechanical pulp production is produced by using the ultrafiltration system that 

locates on paper machine 1. This is not directly the freshwater consumer, but one application, 

where warm water is used every now and then. The process to product sealing water with an 

ultrafiltration system is presented in Figure 27.  
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Figure 27.  Sealing water production 

Most of the time, the sealing water is produced from the super clear filtrate of PM 1. In the 

ultrafiltration system, there are three ultrafilters. At the moment only two of them are used. 

The concentrate is led to the disc filter of paper machine 1. The volume of produced permeate 

is on average 25 l/s. That is enough to cover up the need for sealing water in this area. 

Exceptions are those refiners and groundwood grinders on mechanical pulping, where 

freshwater is used as sealing water. To the feeding tank of the ultrafiltration system leads the 

backup line if the volume of super clear filtrate is not enough. Then the backup water is taken 

from the mainline of warm water. There is also a backup line from the feed of the feeding 

tank to the sealing water tank but using that would mean that sealing water might not be pure 

enough. To the sealing water tank, there are also two other backup lines, warm water from 

the mainline and permeate from the UF system of the coating kitchen. Warm water is used 

as backup water when the UF system cannot produce enough sealing water. Permeate from 

the coating kitchen is not used yet in any applications. 

Paper machines 1 and 2 have a common coating kitchen. There is warm water tank where 

water is taken from the mainlines of warm water and freshwater. These are presented in 

Figure 28. 
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Figure 28.  Warm water and freshwater cycles in the coating kitchen of PM 1 and 2 

In the coating kitchen of paper machines 1 and 2, there is no heat recovery system, but the 

water in the warm water storage tank is heated by using steam. In the coating kitchen, warm 

water is used to dilute pigments and other raw materials that are used in coatings. There is 

also a small freshwater tank. Both warm water and freshwater are used as dilution water in 

coating production. 

10.2  Freshwater applications on PM 3 and PGW production 

Freshwater produced in freshwater treatment plant 3 is mainly led to six consumers. On 

average, the freshwater flow is 80 L/s. Paper machine and stock preparation is a small 

consumer, so are pressure groundwood production and chemical dilutions. The highest 

volume of freshwater is used in warm water treatment, as a sealing water, and in the coating 

kitchen. The freshwater mainline is simplified in Figure 29. Other consumers are very small, 

for example, cooling for frame scanner on PM 3. 

 

Figure 29.  Freshwater mainline from freshwater treatment plant 3 
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On paper machine 3 and stock preparation, freshwater is mainly used as back-up water. 

These lines are presented in Figure 30.   

 

Figure 30.  Freshwater usage on the paper machine 3 

The most common use is to fill a clear filtrate tower when needed. It is usually needed after 

down times when the amount of needed water is huge. There is also a possibility to lead 

warm water to the clear filtrate tower. Additionally, there is a backup line to the super clear 

filtrate tank.  

On the pressure groundwood production, the need for freshwater is very small. Such as in 

GW and RMP production, the counter current principle is followed. There are only two 

places, where freshwater is used, and these are presented in Figure 31. 

 

Figure 31.  Freshwater applications in PGW production 

Pressure groundwood production has its own white water tower, and there is a possibility to 

lead freshwater to that tower. It is rarely used because normally the backup water to the white 

water tower is taken from the clear filtrate tank of PGW. On the PGW production, there is a 

disc filter, that produced clear filtrate to the needs of PGW process. Chemical dilutions are 

used in the bleaching process.  
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The main freshwater consumer is the warm water treatment. On average, 55 liters of 

freshwater per second is taken to the warm water treatment. The warm water treatment and 

warm water consumers are presented in Figure 32. 

 

Figure 32.  Warm water treatment on paper machine 3 

Freshwater from the mainline is led to the heat recovery recycling pump. Most of the 

produced warm water is used on the paper machine as shower water. There are high-pressure 

pumps for showers in both the press section and wire section. There is one pump pumping 

water for low-pressure showers in wire, press, and drying sections. These can also be led 

from the shower water tank. On that pipeline, there is also a line that pumps high-pressure 

showers in the drying section with a booster pump. Warm water is used as dilution water 

when handling chemicals. On the warm water tank, there are also separate pumps and 

pipelines for low- and high-pressure washing waters, which are used if some washing is 

needed. Warm water is connected to the shower water tank, but there is no pump. Warm 

water has a free flow ensure the surface of the shower water tank, where shower waters from 

the process are also returned. 
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The second largest freshwater consumer on FWTP 3 is the sealing water system. The average 

consumption is 14 liters per second. At the moment, only freshwater is used as a sealing 

water on paper machine 3 and PGW production. The sealing water system is presented in 

Figure 33. 

 

Figure 33.  Sealing waters on PM 3 and GW production 

As shown in Figure 33, the sealing water tank is actually an ultrafiltration permeate tank. On 

paper machine 3, there is an ultrafiltration system. That includes nine filters, which are not 

used at the moment. 

UF permeate tank is divided into two sides. To the sealing water side (left side on the picture) 

there is a possibility to pump freshwater from the mainline. From there, the freshwater is 

pumped to sealing water lines to PM 3 and PGW production. On average, paper machine 3 

uses sealing waters 9 l/s and PGW production 5 L/s. 

To the other side of the UF permeate tank, warm water can be pumped. Also, the overflow 

from the sealing water side flows there. Warm water from here is used as dilution water of 

chemicals on some specific paper grades.  

The last freshwater consumer is coating kitchen on PM 3. Freshwater flow to there is on 

average 8 L/s. Freshwater is screened and after that added to the heat recovery cycle. This 
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cycle is presented in Figure 34. In the coating kitchen, warm water is used to dilute pigments 

and other raw materials, that are needed in coatings.  

 

Figure 34.  Warm water treatment on the coating kitchen of paper machine 3 

On paper machine 3, the freshwater consumption is well-known. As mentioned in beginning, 

the freshwater flow is on average 80 L/s. To the warm water treatment is led 55 L/s, to the 

sealing water 14 L/s, and to the coating kitchen 8 L/s. Other applications use freshwater only 

in small volumes. 

11  Quality of selected water fractions and freshwater 

For this study, eight water fractions were selected for quality analysis to see if they have 

potential in replacing freshwater in some applications. These water fractions and their 

current applications are presented. Sampling and analyzing methods are presented and in the 

Results part the effects of analyzed parameters on the papermaking process are described. 

The theory of wet end chemistry is considered shortly to understand the effects of measured 

parameters on the papermaking process. Additionally, at the end of the chapter, the quality 

of freshwater is reviewed briefly. 
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11.1  Introduction to selected water fractions 

At the Kirkniemi mill, there are eight water fractions, which are cleaned process waters and 

might be potential when trying to reduce freshwater consumption. On the process of paper 

machines 1 & 2 were found five water fractions and paper machine 3 three water fractions. 

 Paper machines 1 and 2 

Paper machines 1 and 2 have their own disc filters, so clear filtrates from both disc filters 

were selected for this study. From the disc filter of PM 1 also the super clear filtrate (SCF 1) 

is separated, so it was picked up. On the disc filter of PM 2 super clear filtrate is not 

separated. One of the water fractions is sealing water, which is produced with an 

ultrafiltration system on PM 1. The last water fraction is ultrafiltration permeate from the 

coating kitchen of paper machines 1 and 2. 

On the disc filter of paper machine 1, the clear filtrate (CF 1) and super clear filtrate are led 

to their own tanks. From the clear filtrate tank, the filtrate is pumped to shower waters of the 

disc filter and the clear filtrate tower. In a clear filtrate there tower are a few pumps, that 

pump clear filtrate to different applications in the process. On paper machine 1, the clear 

filtrate is used in break showers. In mechanical pulping, the clear filtrate from PM 1 is used 

in groundwood and refiner mechanical pulp production to dilute mechanical pulps. 

Additionally, in mechanical pulp production, clear filtrate can be used as a top-up water, if 

disc filters on mechanical pulp production cannot produce enough water for mechanical pulp 

production needs. It is also pumped to the debaling process, where chemical pulp bales are 

repulped. From the super clear filtrate tank, the SCF 1 is led to the high-pressure showers in 

the wire section and the shower water tank on PM 1. 

Both clear filtrate and SCF 1 can be used as feeding water in the ultrafiltration system that 

produces sealing water. This sealing water (SW 1) is used on paper machines 1 and 2 and in 

GW and RMP production.  

From the disc filter on paper machine 2, the clear filtrate (CF 2) is led to a clear filtrate tank. 

There are two pumps on the clear filtrate tank, one is pumping water to retention chemical 

dilution and the other one to the PM 2 white water tower. The disc filter was applied at the 

end of 2021 and the old white water tower was changed to a clear filtrate tower, but it is still 
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called a white water tower. The clear filtrate from the white water tower is used in dilutions 

in short circulation and groundwood production. On the coating kitchen of paper machines 

1 and 2 is an ultrafiltration system, but at the moment the permeate (CKP 12) is not used in 

any applications. The ultrafiltration process in the coating kitchen produces concentrate and 

permeate from coating contained process waters that are collected from the coating section 

of paper machine 1 and the coating machine 2. 

 Paper machine 3 

Paper machine 3 has the disc filter, so both clear filtrate (CF 3) and the super clear filtrate 

(SCF 3) were selected for this study. On the coating kitchen of PM 3 is an ultrafiltration 

system, where the permeate is collected, so that is one of the selected water fractions.  

The clear filtrate from the disc filter is led to a clear filtrate tank, where are four pumps. One 

pumps clear filtrate to shower waters of disc filter, two of them are used for washing water 

in wire section and filtrate tanks, and the fourth pumps clear filtrate to the clear filtrate tower 

and to shower water-screen. From the clear filtrate tower, CF 3 is pumped to the debaling 

process and the mainline of clear filtrate. From the mainline, CF 3 is used as dilution water 

in short circulation, mechanical pulp production, and broke handling.  

On the coating kitchen of PM 3 there are three ultrafilters. Two of them are used to filter 

coating contained process waters that are collected from the coating section of paper machine 

three and coating kitchen. The permeate of these two ultrafilters was chosen for this study. 

The concentrate is led back to the coating production process. At the moment, permeate is 

used to dilute clay, which is one of the raw materials in coating production. The third 

ultrafilter is used to filter pigment containing process waters. The permeate of this ultrafilter 

was not selected, because the ultrafilter is rarely used, and the permeate production is very 

low. 

11.2  Sampling  

Water fraction samples were collected during time period 24.3.-11.4.2022 There were six 

sampling days. Due to productional reasons, all the samples were not able to collect on all 

days. Sampling days and collected samples are presented in Table 18.  
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Table 18. Dates and collected samples 

 24.3. 28.3. 1.4. 4.4. 7.4. 11.4. 

Clear filtrate PM 1 

Super clear filtrate PM 1 

Sealing water PM 1 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

Clear filtrate PM 2 x x x x x x 

Coating kitchen permeate PM 1/2 x  x x x x 

Clear filtrate PM 3 

Super clear filtrate PM 3 

Coating kitchen permeate PM 3 

x 

 

x 

x 

 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

 

The Kirkniemi mill had a down time on 28.-31.3.2022, so that affected to sampling. On 28th 

March, the ultrafilters on coating kitchen of paper machines were already stopped to a down 

time, so there was no permeate available. At the moment, the super clear filtrate of PM 3 is 

not used anywhere, and it is led to the clear filtrate tank. When discussing sampling with 

engineers, we decided not to take a sample from SCF 3 before down time. The sample would 

not necessarily be reliable, because the sampling point is on the pump at the bottom of the 

tank and there was accumulated dirt in the tank. At the down time the tank was washed, so 

taking samples was possible after that. Additionally, the pump of the SCF 3 tank is not used 

at the moment, so that affects the reliability too. 

Samples were collected into two-liter plastic bottles and taken to the laboratory for analysis. 

On CF 1, SCF 1, CF 2, CF 3, and SCF 3 there are official sampling points. The samples of 

SW 1 were taken on the discharge valve of the high-pressure pump. The sampling point on 

CKP 12 was the discharge valve of the permeate tank. The sample of CKP 3 was also 

collected from the discharge valve of the pump on permeate tank.  

11.3  Wet end chemistry 

By wet end chemistry is meant to the part of the short circulation, that is not adjusted by 

mechanical changes like controls of the headbox. The most common chemistry controlling 

variables in the wet end of the paper machine are temperature, pH, charge, conductivity, and 

solids content. These have an impact on water removal on a paper machine, retention, and 

formation, which affect runnability and quality of the produced paper. (Häggblom-Ahnger 

& Komulainen, 2005) 
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Every paper machine has its unique wet end chemistry and it is a complicated system. Raw 

materials and additives in the papermaking process have different properties and they affect 

the water circulation system. It means that in the water circulation system presents plenty of 

different disturbing substances and ions, which affect the chemistry of the papermaking 

process. When the rate of recirculation of process water increases, also the accumulation of 

detrimental substances improves and causes more undesirable and harmful effects. (Laine, 

2007; Weise et al., 2008) 

To control and stabilize the chemistry and changes in it, many different chemicals are added 

to the stock or process waters. The most common way to determine papermaking chemicals 

is to divide them into two groups: process and functional chemicals. By using process 

chemicals, the purpose is to improve the runnability of the process. That is, for example, 

improving retention and dewatering and managing pitch problems. By adding functional 

chemicals, the purpose is to affect functional properties, like optical and strength properties. 

However, the line between these two groups is not distinct, because process chemicals may 

affect the efficiency of functional chemicals or even the straight to properties of the sheet. 

The most common chemicals and their effect on the papermaking process are presented in 

Table 19. On average, the percentage of chemicals of raw materials in papermaking is 6%, 

and the share of functional chemicals is 90 %, and process chemicals 10 %. (Krogerus, 2007)  

Table 19. Functional and process effects of papermaking chemicals (Krogerus, 2007) 

Chemical Functional effect Process effect 

Dry strength ++ + 

Wet strength +++ + 

Sizing +++ + 

Dyes and optical brighteners 

Coating color additives 

Fixatives 

Retention, drainage and formation aids 

Defoaming agents 

Biocides 

Dispersing and detackifying agents 

++ 

+++ 

 

+ 

 

 

+ 

 

++ 

+++ 

+++ 

+++ 

+++ 

++ 

Detergents  +++ 

 

In the papermaking process, chemicals should be dosed only when necessary. Overdosing 

increases the chemical load in process waters and is not cost-effective. (Weise et al., 2008) 
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11.4  Analyzing methods and results 

Water fractions were collected for eight analyses: temperature, pH, charge, conductivity, 

turbidity, solids content, ash content, and COD. In this chapter, the effects of these variables 

on the papermaking process are presented and after that, the analyzing methods and results 

of laboratory analysis are considered. Table 20 presents the water fractions and their 

abbreviations that are used in this chapter. 

Table 20. Water fractions and their abbreviations 

Water fraction Abbreviation 

Clear filtrate from PM 1 

Super clear filtrate from PM 1 

Sealing water (UF permeate) from PM 1 

Clear filtrate from PM 2 

UF permeate from coating kitchen of PM 1 & 2 

Clear filtrate from PM 1 

Super clear filtrate from PM 3 

CF 1 

SCF 1 

SW 1 

CF 2 

CKP 12 

CF 3 

SCF 3 

UF permeate from coating kitchen of PM 3 CKP 3 

 

Figures 35-46 show the error bars of results. Those are standard error bars which show the 

standard deviation to every data point. 

 Temperature 

Temperature is one of the basic control measurements in a papermaking process. 

Temperature is usually measured from the stock, but also the different water fractions like 

freshwater and shower waters. An increase in temperature accelerates chemical reactions 

and increases the solubility of substances. On the other way, decreasing the temperature 

improves the coagulating of dissolved substances, which causes troubles on a paper machine. 

Stabilizing the temperature in process helps to avoid problems. (Häggblom-Ahnger & 

Komulainen, 2005) 

The temperature was measured with an infrared thermometer right after sampling the water 

fractions. Table 21 and Figure 35 present the measured temperatures.  
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Table 21. Temperatures of the water fractions (⁰C) 

 24.3. 28.3. 1.4. 4.4. 7.4. 11.4. Average 

CF 1 

SCF 1 

SW 1 

CF 2 

CKP 12 

CF 3 

SCF 3 

CKP 3 
 

49.2 

48.4 

38.4 

49.6 

44.6 

48.5 

 
37.4 

 

47.6 

46.4 

37.6 

47.2 

 
45.8 

 
41.6 

 

43.2 

46.2 

29.8 

45.8 

39.2 

42.8 

29.4 

40.2 
 

47.4 

48.2 

29.2 

51.2 

43.4 

45.8 

26.6 

39.4 
 

48.6 

49.8 

35.6 

49.4 

43.6 

45.2 

26.4 

35.4 
 

48.6 

49.0 

40.6 

49.8 

48.0 

44.6 

26.2 

39.8 
 

47.4 

48.0 

35.2 

48.8 

43.8 

45.5 

27.2 

39.0 
 

 

 

Figure 35. Temperatures of the water fractions 

The temperature of white waters, CF 1, SCF 1, CF 2, CF 3, and CF 3 stayed quite stable. 

There is a clear decrease in 1st of April and reason to that is that paper machines started after 

down time in the evening in 31st March and waters were not warmed up to normal level yet. 

There is a small difference between temperatures on paper machines. On paper machine 1, 

the temperature of the clear filtrate was on average 47.4 ⁰C, on PM 2 it was 48.8 ⁰C and on 

paper machine 3 the average temperature was clearly lower, 45.5 ⁰C. 

The temperature of super clear filtrate from PM 3 is not accurate because the sampling place 

was not reliable. The water has probably cooled down because there is no continuous flow 

in the sampling point. The temperatures of SW 1 and CKP 3 vary a bit, it is because their 
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production and consumption flows are not constant all the time. They might remain on tanks 

sometimes a little longer, so they have time to cool down. 

 pH 

The papermaking process is very dependent on the level of pH. pH describes the acidity or 

basicity of the process. By pH, papermaking processes are divided into acidic (pH 4.5-6.5), 

neutral (pH 6.6-7.4) and alkaline (pH 7.5-8.5). An increase in pH affects the dissolution of 

wood components and pitch, which increases the amount of anionic detrimental substances. 

Additionally, it accelerates the growth of microbes. A decrease in pH causes coagulates. pH 

has a straight effect on some wet end chemistry variables, like the charge and functionality 

of some chemicals are dependent on pH. Usually, pH is adjusted by adding sodium 

hydroxide or other chemicals to the wire pit. (Häggblom-Ahnger & Komulainen, 2005) 

pH was measured in the laboratory by using Radiometer PHM 210 Standard-meter. Results 

are presented in Table 22 and Figure 36. The adjustment of pH is important because in paper 

production calcium carbonate is used as filler and pigment. If pH decreases below 7, calcium 

carbonate starts to dissolve as calcium oxide and carbon dioxide. Carbon dioxide causes 

foaming, which may cause coagulants. 

Table 22. pH of the water fractions 

 24.3. 28.3. 1.4. 4.4. 7.4. 11.4. Average 

CF 1 

SCF 1 

SW 1 

CF 2 

CKP 12 

CF 3 

SCF 3 

CKP 3 
 

7.6 

7.7 

7.8 

7.9 

9.5 

8.2 

 
8.6 

 

7.4 

7.6 

7.7 

7.7 

 
8.4 

 
7.7 

 

7.5 

7.7 

7.3 

7.8 

9 

8.3 

7.7 

7.5 
 

7.5 

7.8 

6.4 

7.8 

8.1 

8.1 

7.5 

7.7 
 

7.8 

7.9 

8.1 

8.0 

7.6 

8.3 

7.5 

8.2 
 

7.4 

7.6 

7.8 

7.6 

7.4 

8.4 

7.3 

7.7 
 

7.5 

7.7 

7.5 

7.8 

8.3 

8.3 

7.5 

7.9 
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Figure 36.  pH of the water fractions 

pH of clear and super clear filtrates has been stable, which is important to the process. There 

are differences in pH levels in paper machines. On paper machine 1 the pH of the clear 

filtrate was on average 7.53, on paper machine 2 it was 7.81 and on paper machine 3 it was 

clearly more alkaline, 8.29.  

On paper machine 1 the pH difference between clear and super clear filtrate was small, but 

on paper machine 3 it was pretty high. On average, the pH of the clear filtrate was 8.29, but 

on super clear filtrate it was only 7.51. The difference is interesting because those two 

filtrates come from the same disc filter and there is no separate pH adjust.   

 Charge 

The stock on the paper machine includes lots of solid particles, like fibers, fillers, and fines. 

Almost all of them have anionic, which means negative, charge when suspended in water. 

Dissolved and colloidal substances (DCS), which mostly originated from mechanical pulps, 

have also an anionic charge. These negatively charged particles repel each other and decrease 

the retention in the wet end of a paper machine. The charge of stock and process waters is 

controlled by adding fixatives, which are highly cationic polymers. They flocculate those 

anionic substances and stick them to fibers, so they will not increase the negativity of charge 

on stock and waters. (Krogerus, 2007; Häggblom-Ahnger & Komulainen, 2005) 
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Analysis of charge was made with Mütek PCD 03-analysator. The results of this analysis 

describe the amount of cationic charge that is needed to neutralize the anionic charge of the 

sample. Results are presented in Table 23 and Figure 37. 

Table 23. Charges of the water fractions (mekv/L) 

 24.3. 28.3. 1.4. 4.4. 7.4. 11.4. Average 

CF 1 

SCF 1 

SW 1 

CF 2 

CKP 12 

CF 3 

SCF 3 

CKP 3 
 

0.45 

0.42 

0.19 

0.36 

0.41 

0.1 

 
0.2 

 

0.32 

0.34 

0.12 

0.27 

 
0.12 

 
0.04 

 

0.12 

0.12 

0.06 

0.12 

1.06 

0.07 

0.07 

0.04 
 

0.37 

0.36 

0.04 

0.21 

0.33 

0.09 

0.08 

0.19 
 

0.54 

0.55 

0.25 

0.45 

0.38 

0.14 

0.09 

0.2 
 

0.4 

0.4 

0.2 

0.39 

0.39 

0.24 

0.11 

0.05 
 

0.37 

0.37 

0.14 

0.30 

0.51 

0.13 

0.09 

0.12 
 

 

 

Figure 37. Charges of the water fractions 

The charges of clear filters of paper machines 1 and 2 and super clear filter of PM 1 can be 

seen a clear drop on 1st of April when paper machines had just started after down time and 

waters are still pure. On down time, the white waters were at least partly led to channels and 

water systems were filled with freshwater. When considering the results in Table 23, the 

charge of clear filtrate of PM 3 is also the lowest after down time, but the difference is not 

that clear as on paper machines 1 and 2. Charges of CF 1, SCF 1, and CF 2 vary at the same 

rate, which is explainable because paper machines 1 and 2 have partly common white water 
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systems. The charge of CKP 12 was relatively high on the 1st of April, which refers to failure 

in sampling or analysis because waters should be pure after a down time. 

 Conductivity 

Conductivity is a measure of water’s capacity to pass electrical flow. This is related to 

concentration of dissolved substances. Mostly it is used as a measurement of the 

concentration of salts. Because these electrolytes are charged, they may affect for example 

the function of retention chemicals. (Häggblom-Ahnger & Komulainen, 2005) 

Conductivity was measured with a Radiometer CDM 210-conductivity meter. All the results 

are presented in Table 24. Figure 38 shows the conductivity of clear and super clear filtrates 

and Figure 39 the conductivity of UF permeates. 

Table 24. Conductivities of the water fractions (mS/m) 

 24.3. 28.3. 1.4. 4.4. 7.4. 11.4. Average 

CF 1 

SCF 1 

SW 1 

CF 2 

CKP 12 

CF 3 

SCF 3 

CKP 3 
 

192 

192 

179 

180 

113 

163 

 
61 

 

165 

171 

152 

169 

 
155 

 
24 

 

113 

116 

50 

121 

107 

126 

120 

18 
 

135.7 

137.2 

17.28 

134.2 

90.6 

131.1 

130.4 

80.4 
 

175.1 

175.4 

174.7 

173.4 

122 

156.8 

147.5 

54.4 
 

188 

187 

190 

189 

140 

174 

157 

24.6 
 

161.5 

163.1 

127.2 

161.1 

114,5 

151.0 

138.7 

43.7 
 

 

 

Figure 38. Conductivities of the clear and super clear filtrates 
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In conductivity values, the purity of waters right after down time is clearly shown. After a 

down time, conductivities increased back to the same level in ten days. When comparing the 

conductivity levels between paper machines, the clear filtrates of PM 1 and 2 and the super 

clear filtrate of PM 1 were on the same level. On paper machine 3, the conductivity level 

was a bit lower. There is also a clearer difference between clear and super clear filtrate than 

on paper machine 1.  

Conductivities of UF permeates vary a lot and they do not follow any formula, that could be 

related to the production situation. The permeate from coating kitchen of PM 3 is the purest 

and the permeate from coating kitchen of PM 1 & 2 has the most stable conductivity. The 

conductivity of sealing water varies a lot and is sometimes almost on the same level as the 

clear and super clear filtrates. 

 

Figure 39.  Conductivities of UF permeates 

 Turbidity 

Turbidity describes the number of particles and colloidal substances on stock or water. The 

origin of these can be for example pitch. These colloidal substances are usually anionic and 

correlate with the amount of anionic detrimental substances. (Häggblom-Ahnger & 

Komulainen, 2005)  

Turbidities of water fractions were measured with a HACH 2100AN IS-turbidity meter. The 

used unit is Nephelometric Turbidity Units, NTU. The turbidities of ultrafiltration 
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permeates, SW 1, CKP 12, and CKP 3 were measured without centrifuging samples first. 

Clear and super clear filtrates were centrifuged to separate fibers and fillers from the waters. 

All the results are collected in Table 25. Turbidities of clear and super clear filtrates are 

presented in Figure 40, and turbidities of UF permeates are in Figure 41. 

Table 25. Turbidities of the water fractions (NTU) 

 24.3. 28.3. 1.4. 4.4. 7.4. 11.4. Average 

CF 1 

SCF 1 

SW 1 

CF 2 

CKP 12 

CF 3 

SCF 3 

CKP 3 
 

57 

29 

1 

30 

2 

5 

 
3 

 

43 

14 

1 

35 

 
4 

 
1 

 

21 

10 

1 

17 

5 

2 

9 

2 
 

65 

30 

8 

30 

5 

5 

26 

2 
 

78.7 

8.7 

2,2 

30.7 

3.8 

36.6 

69.7 

2.5 
 

41 

19 

0,9 

40 

2.1 

3.4 

135 

0.6 
 

51.0 

18.5 

2.4 

30.5 

3.6 

9.3 

59.9 

1.8 
 

 

 

Figure 40. Turbidities of the clear and super clear filtrates 

On turbidities of clear filtrates from paper machines 1 and 2 there is a clear drop after the 

down time. Also, the clear filtrate of PM 3 had lower turbidity, but the difference was not so 

clear. On the 7th of April, the turbidity of CF 3 was relatively high. Turbidity of super clear 

filtrate increased rapidly after a down time. That is probably because of sampling points 

were not reliable and the sample could be contaminated. 



73 

 

Turbidities of UF permeates did not follow any formula. The turbidity of CKP 3 stayed quite 

stable, but turbidities of SW 1 and CKP 12 varied more. To the turbidities of these, might 

have affected the sampling points, which were not optimal. 

 

Figure 41.  Turbidities of the UF permeates 

 Suspended solids content 

Suspended solids (SS) content describes the number of fibers, fillers, and fines, which are in 

the solid phase. On the wet end, solids content affects many quantities, like retention, 

formation, and grammage. High retention on the wire section decreases solids content in 

process waters. Solids content in the wet end is controlled with retention aids. (Häggblom-

Ahnger & Komulainen, 2005) The functionality of disc filters and other filtration methods 

affect the suspended solids content of process waters. 

The suspended solids content was analyzed by a filtering certain volume of water to the filter 

paper, which weight is known, and weighed after filtration. All the results of suspended 

solids are collected in Table 26. Amounts of SS in clear and super clear filtrates are presented 

in Figure 42 and UF permeates in Figure 43. 
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Table 26. Suspended solids of the water fractions (mg/L) 

 24.3. 28.3. 1.4. 4.4. 7.4. 11.4. Average 

CF 1 

SCF 1 

SW 1 

CF 2 

CKP 12 

CF 3 

SCF 3 

CKP 3 
 

109 

28 

6 

42 

4.7 

347 

 
0 

 

68 

28,9 

1.7 

40,3 

 
422 

 
0 

 

35 

14 

3 

26 

4,5 

221 

157 

0,3 
 

116 

21 

2 

52 

1 

168 

25 

7 
 

137 

23 

5 

39 

8 

241 

23 

4 
 

80 

18 

6 

58 

10 

377 

28 

9 
 

90.8 

22.2 

4.0 

42.9 

5.6 

295.9 

58.3 

3.4 
 

 

On paper machine 3, the amount of suspended solids in the clear filtrate was very high. It is 

on average three times higher than clear filtrate on PM 1 and six times higher than clear 

filtrate on PM 2. Also, the super clear filtrate of PM 3 includes more suspended solids than 

SCF 1, but the difference is not as huge as on clear filtrates. The clear filtrate of PM 2 was 

the purest of clear filtrates and its quality stayed stable.  

 

Figure 42. Suspended solids of the clear and super clear filtrates 

On two first sampling days, the amount of suspended solids in UF permeate on the coating 

kitchen of PM 3 was zero. In all three UF permeates, suspended solids content increased 

after a down time. The amount of SS of these three UF permeates is quite equivalent, but 

they are higher than expected. Solid material should not pass ultrafiltration system.  
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Figure 43. Suspended solids of UF permeates 

 Ash content 

Ash content measures the amount of inorganic and incombustible material. It is measured in 

the laboratory and tells the percentage of fillers and other inorganic components. Most 

common examples of these are clay and calcium carbonate CaCO3. The percentage of used 

fillers and broke has an effect to ash content. (Münch, 2006; Häggblom-Ahnger & 

Komulainen, 2005)  

Ash content of water fractions was measured by burning the mass cake from suspended 

solids measurement in the oven at 525 ⁰C. At that temperature, all the organic matter burns, 

and only ash content is left. After that, the left ash matter was weighed and marked as a 

percental part of suspended solids. 

All the ash contents are presented in Table 27. If ash content is marked as (100) %, the result 

is not reliable, and they are not taken into account in average calculations and are not shown 

in Figure 45. Because the suspended solids content of UF permeate on PM 3 was zero in the 

first two sampling days, the ash content could not be calculated. Figure 44 shows the ash 

contents of clear and super clear filtrates and Figure 45 ash content of UF permeates. 
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Table 27. Ash contents of the water fractions (%) 

 24.3. 28.3. 1.4. 4.4. 7.4. 11.4. Average 

CF 1 

SCF 1 

SW 1 

CF 2 

CKP 12 

CF 3 

SCF 3 

CKP 3 
 

56.4 

46.8 

(100) 

38.6 

48.9 

22.9 

 
- 

 

32.8 

19.7 

(100) 

27.3 

 
15.8 

 
- 

 

47 

25 

(100) 

39.1 

77.8 

16.2 

27.6 

(100) 
 

51.6 

49.5 

83.3 

39.5 

(100) 

20.5 

16.4 

66.7 
 

56.5 

57.5 

50 

26.9 

28.4 

17.7 

17 

42.9 
 

32.6 

21.7 

(100) 

34.8 

28.9 

21.1 

13 

14.3 
 

46.2 

36.7 

66.7 

34.4 

46.0 

19.0 

18.5 

41.3 
 

 

Right after the down time, the ash content of CF 1, SCF 1, CF 2, and CF 3 were higher than 

right before stopping the paper machines. The ash content of clear and super clear filtrates 

of PM 1 follows the line. On paper machine 3, the SCF 3 had a bit higher ash content than 

CF 3, but on the last sampling day, the results showed the other way.  

 

Figure 44. Ash content of the clear and super clear filtrates 

In the UF permeates, ash content was relatively higher than in clear and super clear filtrates. 

It is because in clear and super clear filtrates suspended solids include more fibers. In 

ultrafiltration permeates those fibers are removed with UF membranes and only small ash 

particles got through the membrane. 
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Figure 45.  Ash content of the UF permeates 

 COD 

Chemical oxygen demand (COD) describes the amount of oxygen, that chemical reactions 

of organic dissolved substances in process waters consume. The higher the COD, the higher 

the percentage of organic substances. (Hynninen, 2008a)  

COD of water fractions were measured by using the Hach Langen potassium dichromate 

method. The results of COD analysis are presented in Table 28 and Figure 46. 

Table 28. COD of the water fractions (mg/L) 

 24.3. 28.3. 1.4. 4.4. 7.4. 11.4. Average 

CF 1 

SCF 1 

SW 1 

CF 2 

CKP 12 

CF 3 

SCF 3 

CKP 3 
 

1410 

1379 

1129 

1274 

1357 

728 

 
437 

 

1358 

1347 

1039 

1217 

 
848 

 
35,5 

 

788 

799 

261 

800 

1567 

626 

568 

34,9 
 

1205 

1178 

45,5 

1094 

1715 

696 

518 

349 
 

1646 

1612 

1409 

1464 

1722 

725 

579 

406 
 

1445 

1408 

1261 

1407 

1222 

1120 

622 

66,1 
 

1308.7 

1287.2 

857.4 

1209.3 

1516.6 

790.5 

571.8 

221.4 
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Figure 46. COD of the water fractions 

The COD of CKP 12 is very high, but that might be contaminated because sampling place 

was not optimal. Also, the COD of sealing water is relatively high, almost as high as white 

water on paper machines 1 and 2. On the clear filtrate of paper machine 3, the COD level 

has stayed quite stable, except it has slightly increased after down time. There is no similar 

drop as in clear filters of paper machines 1 and 2. 

11.5  Quality of freshwater 

Data points in this chapter are collected from the data collecting system TIPS. Analysis are 

made in the laboratory twice a week from raw water and freshwater from both freshwater 

treatment plants. Freshwater treatment plant 1 is marked as FWTP 1 and freshwater 

treatment plant 3 as FWTP 3. Figure 47 presents the monthly average freshwater flows in 

2021, data is measured with an online flow meter, and data is collected from TIPS. Figures 

48-51 show the monthly averages in 2021 of pH, COD, turbidity, and conductivity. 
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Figure 47. Freshwater consumptions in 2021 

On the freshwater treatment plant 3, the freshwater consumption stayed quite stable during 

the year. On freshwater treatment plant 1, the volume increased starting from the beginning 

of the year. As mentioned before, the Kirkniemi mill has down times in June and December. 

On FWTP 1 the freshwater consumption increased, but on FWTP 3 can be seen a clear drop. 

On paper machine 3, process waters may have been stored during the down times, so the 

need for freshwater was smaller when starting the process again. In December, there is a 

drop on both sides.  

 

Figure 48. pH of the freshwaters and raw water in 2021 
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In raw water, pH is the highest. In freshwater treatment, raw water is coagulated before sand 

filters. On FWTP 1 coagulation is made with aluminum sulphate and on FWTP 3 with poly 

aluminum chloride, PAC. Aluminum sulphate decreases pH more than PAC, so on the 

FWTP 1 pH is lower than on FWTP 3. On FWTP 1, pH is adjusted with natrium hydroxide 

if needed. 

 

Figure 49. CODMn of the freshwaters and raw water in 2021 

The chemical oxygen demand of raw water and freshwater is measured with the potassium 

permanganate method, CODMn. That is different from COD analysis from white waters, 

which is potassium dichromate, CODCr. These cannot be compared to each other, because 

dichromate is a stronger oxidizer than permanganate. Figure 49 shows that by coagulating 

and filtrating, raw water is purified well from organic matter, and the COD value is clearly 

lower in freshwaters.  

Coagulation and sand filtration has a huge effect on the turbidity of freshwaters. There is no 

big difference between freshwater treatment plants. On raw water, turbidity increased during 

summer, but it did not affect to turbidities of freshwaters. Turbidities of the raw water and 

freshwater are presented in Figure 50. 
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Figure 50. Turbidity of the freshwaters and raw water in 2021 

On both freshwater treatment plants, conductivity is higher than the conductivity of raw 

water. On FWTP 1, to freshwater is added chlorine dioxide as a biocide and on FWTP 3 

biocide chemical is sodium hypochlorite. These have chlorine ions, which increases 

conductivity on freshwaters. Conductivities are shown in Figure 51. 

 

Figure 51. The conductivity of the freshwaters and raw water in 2021 
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11.6  Conclusions 

The results of the laboratory analysis were realistic, and there were no big surprises. At the 

moment, the clear filtrates and super clear filtrates are analyzed weekly in the laboratory. 

Paper machines 1 and 2 have very similar water chemistry because they partly have a 

common water system. On paper machine 3, the water chemistry is different, and it can be 

seen from the results. 

Charge, conductivity, turbidity, ash content, and COD were lower on paper machine 3 than 

on paper machines 1 and 2. The main reason for that is that PM 3 is mainly using PGW as 

mechanical pulp. On PGW production, there are in total wire presses in two steps. In the first 

step, the wire presses are used before bleaching and in the second step after bleaching, before 

pumping bleached PGW to storage tanks. Especially those last two wire presses help to keep 

mechanical pulp clean, and less detrimental substances are led to paper machine 3 along with 

the mechanical pulp. The suspended solids content of CF 3 was relatively high, even though 

the COD and ash content were not. The reason for that might be that paper machine 3 uses 

more chemical pulp than the other two paper machines. Chemical pulp has low COD, but 

fibers can be accumulated in water circulation and increase the solids content in the clear 

filtrate. 

On paper machine 1 is used mainly non-bleached GW and RMP, and neither of them are 

washed with a wire press before storing. On paper machine 2, the bleached GW is washed 

with wire presses after bleaching. On PM 1 and 2, more detrimental substances are led to the 

paper machines along with the mechanical pulp, and that can also be seen from the result of 

process waters.  

Temperatures on analyzed water fractions are mostly the same as the temperatures in the 

process. The exception was the super clear filtrate of PM 3, but that is because the sampling 

point was not reliable and SCF 3 was cooled down at that point. pH level was different on 

different paper machine lines and it is adjusted in the process with sodium hydroxide. On 

Kirkniemi mill, calcium carbonate is used as filler, and if pH decreases, potassium carbonate 

starts to dissolve. That causes many troubles in the papermaking process and paper quality.  

The quality of three ultrafiltration permeates, the sealing water from PM 1 and permeates 

from coating kitchens, varied a lot. Reasons for that might be, that neither of them had an 
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official sampling point, so there could have happened some contaminations. One reason, that 

affects to the quality of permeates, is the quality of water that is fed to the ultrafiltration 

system. Especially in the coating kitchens, the feed of the UF system is commonly water, 

which contains raw materials from the coating, but there is also a possibility to lead leftover 

coating to UF feed. That obviously affects the quality of produced permeate too. In the 

sealing water system of PM 1, the feeding water is super clear filtrate from PM 1 and the 

quality of SCF 1 varies. Because the sample of SW 1 was taken from the sealing water tank, 

where is a possibility to lead backup water from the warm water mainline, which may affect 

to the quality of sealing water too. In all three UF systems, the volume of feeding water and 

thus the volume of produced permeate vary, which affect the quality of permeates too. 

The error bars show that the error level is usually higher in ultrafiltration permeates than in 

water fractions from disc filter. As mentioned, the quality of those permeates varied a lot. In 

practice it means that controlling the quality of ultrafiltration permeates and keeping them 

stable is more difficult than other water fractions. 

When comparing these eight water fractions to freshwater, they are not as clean as 

freshwater. In process waters, many detrimental substances occur, depending on used raw 

materials. In the papermaking process, some applications are very critical, and pure 

freshwater is definitely needed. Applications like these are for examples needle showers on 

a paper machine, where nozzles would choke if uncleaner water would be used. Freshwater 

or warm water is not only used to decrease contaminants of papermaking process but to 

protect equipment from corrosion. 

12  Possibilities to reduce freshwater consumption 

At Kirkniemi mill, some possibilities to reduce consumption were noticed. These 

possibilities are only on paper machines because in the mechanical pulping the usage of 

freshwater is already very minor.  

12.1  Optimization possibilities for paper machines 1 and 2 

On paper machine 1, the edge knock-off showers use warm water at the moment. In this 

application, high purity water is needless. Water is used to drop the trimmed edge of the 
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paper sheet from the wire section to the broke chest. From there, water and broke are pumped 

to the broke handling system, where the broke is thickened and water is led to the disc filter 

of PM 1. It is unnecessary to pump warm water straight into the broke system, where water 

is white water. Approximately flow on edge trimming showers is 5 liters per second. On PM 

2, the clear filtrate is used in edge knock-off showers. 

On the warm water tank of paper machine 2, pump no. 6 pumps warm water to dilute 

retention chemical and to jet slice showers of the headbox. As dilution water of retention 

chemical, the clear filtrate would be enough. The functionality of retention chemical is not 

as sensitive to detrimental substances in dilution water as for example functionality of 

fixative chemical is. This warm water saving could be approximately 3 liters per second. 

Additionally, clear filtrate could be used in jet slice showers of the headbox. Flow to these 

showers is approximately 2-3 liters per second. 

On the coating kitchen of paper machines 1 and 2, the permeate of ultrafiltration system is 

not used in any applications currently, it is led to a channel. As seen in Figure 27., there is 

the possibility to pump it to the sealing water tank. The volume of permeate is quite low, on 

average 1,5-2 liters per second. But, if that UF permeate would be led to the sealing water 

tank, it can reduce the need for warm water as backup water in the sealing water tank. And, 

if UF permeate is led to process instead of leading it to channel, it would reduce the effluent 

flow to the waste water treatment plant. 

On paper machines 1 and 2, the total saving in freshwater consumption could be 10-11 liters 

per second. On average, that is 10-11 % of the total freshwater consumption on freshwater 

treatment plant 1.  

12.2  Optimization possibilities for paper machine 3 

On paper machine 3, the highest saving on freshwater consumption would be, if sealing 

water would be produced by using an ultrafiltration system. The permeate production 

capacity of the ultrafiltration system is 70 liters per second. Additionally, there is a 

possibility to use ultrafiltration permeate in some showers on paper machine 3 and to dilute 

chemicals like bentonite and retention chemicals. Currently, warm water is used in these 

applications. Before restarting the ultrafiltration system, cost efficiency should be calculated 

carefully. For example, if freshwater would be replaced by using ultrafiltration permeate in 
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sealing water system, the saving would be 14 L/s. It might not be cost efficient to use, but it 

would additionally help the effluent load to the waste water treatment plant. 14 liter saving 

in freshwater consumption would be 11 % of total freshwater consumption on freshwater 

treatment plant 3. 

On paper machine 3, there is a possibility to use either warm water or clear filtrate as a 

dilution water for mass starch in the short circulation. The clear filtrate is preferable because 

then the freshwater could be saved. Warm water is used if there are running problems on the 

paper machine. This is an application, which has manual valves to choose which water is 

used. Commonly warm water is used, even if it is not needed. The amount of this dilution 

water is 4-5 liters per second. If warm water would be used only when absolutely necessary, 

the freshwater saving would be 4-5 L/s in a stable running situation.  

Currently, the super clear filtrate from the disc filter is not used in any applications, it is led 

to a clear filtrate tank. There is a possibility to pump super clear filtrate to the shower water 

screen 1. From the shower water screen 1, the accepted water is led to the shower water tank. 

That would reduce the need for backup water for the shower water tank, which is taken from 

the warm water storage tank. 

13  Water balance at the Kirkniemi mill 

In this chapter, the water balance at the Kirkniemi mill is considered. The volume of input, 

which is freshwater, is compared to the volume of output, which is effluent. At first the 

freshwater flow to freshwater treatment plant 1 is considered from where freshwater is led 

to paper machines 1 and 2 and to GW and RMP production and the effluent flows of this 

area are presented in Figure 52. After that, the inputs and outputs of freshwater treatment 

plant 3 are presented in Figure 53. Freshwater treatment plant 3 includes paper machine 3 

and PGW production. At the end of the chapter is the conclusion of the water balance on the 

whole Kirkniemi mill.  

The volumes of freshwater and effluent were collected from the data collecting system TIPS. 

The time period was from 4.4.2021 at 23:59 to 5.4.2021 at 23:59 and the data were collected 

every minute. The presented volumes are averages from these data points. This time period 
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was chosen because then all three paper machines were running constantly and the situation 

in the mill was stable. 

In Figures 52-54 the freshwater flows are marked with green lines, white waters with blue, 

effluent and channel flow with brown, and discharges to WWTP and lake with orange. When 

the volume of freshwater or effluent flow is marked as black, the volume is measured by the 

online flow meter. When marked as grey, the volume is calculated. If the volume is on 

brackets, it is not reliable at the moment and the reasons are explained. 

Figure 52 presents the input and outputs of paper machines 1 and 2, and groundwood and 

refiner mechanical pulp production. Freshwater applications are presented more exactly in 

Chapter 10.1. RMP and GW production has their own disc filters, but the white water system 

is common because of the common reject handling. To the debarking process, the water 

needed is led from that white water system. Debarking and GW productions have channels 

with flow meters, the volume of RMP effluent is calculated by subtracting the volumes of 

debarking and GW from the volume of the mechanical pulp production channel.  

There is a possibility to lead freshwater to the clear filtrate tower of paper machine 1 if 

needed. From that tower, water can be pumped to mechanical pulp production. There is 

discharge with online flow meter on PM 1 CF tower, where water can be led to waste water 

treatment plant if water balance of the mill is too high. In the data collecting system, the 

discharge of the CF tower was 0.6 L/s all day, so it might have been stayed a bit open 

accidentally. On paper machine 1, there are three effluent flow meters. The flow meters of 

the tensile side (TS) and drive side (DS) are new, so they should be reliable. The PM 1 HC 

reject means the reject from the hydrocyclones in the short circulation.  
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Figure 52. Water balance on paper machines 1 and 2, and GW and RMP production
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On paper machine 2 is online effluent flow meters in three places: in the dry end, on the 

reject of hydrocyclones in the short circulation, and in the wet end. The flow meter in the 

dry end is not reliable, the volume was stuck at 31.5 L/s in TIPS. The flow meter and the dry 

end channel are probably just dirty and need to be cleaned. The coating kitchen has its own 

online flow meter. 

On paper machines 1 and 2, there might also be some effluents that are not shown in those 

volume meters. The effluents from mechanical pulp production, PM 1 CF tower, PM 1 reject 

from HC, PM 2 dry and wet end, and coating kitchen are led to PM 1 & PM 2 and mechanical 

pulp production channel. That is the main channel that leads the effluent to the waste water 

treatment plant. The online volume meter of this main channel is currently out of order, and 

not reliable. As seen in Figure 55, there is a huge cap between measured and calculated 

volumes. The effluents from PM 1 TS and DS and coating kitchen are led straight to the 

WWTP and their volumes are not shown in the volume of the main channel flow.  

Figure 53. presents inputs and outputs of paper machine 3 and pressure groundwood 

production. From the freshwater treatment plant 3, freshwater is led to pressure groundwood 

production and paper machine 3. The exact freshwater applications are presented in Chapter 

10.2. PGW production has a white water system with a disc filter. There are two places in 

PGW production to discharge effluent: the white water tower and the super clear filtrate 

tank. These are led to the PGW channel. Other PGW effluents are calculated by subtracting 

the volumes of PGW discharge and SCF discharge from the flow of the PGW channel. That 

volume includes for example some water from log washing before PGW grinding. 

On paper machine 3, there are online volume meters on the reject of hydrocyclones in the 

short circulation and the channel of PM 3. The coating kitchen has its own effluent flow 

meter. These all are led to PM 3 and PGW production channels, from where effluent flows 

to the waste water treatment plant. 
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Figure 53. Water balance on PM 3 and PGW production 

 

Figure 54 shows the total freshwater consumption, effluent volumes to the waste water 

treatment plant, and discharges to the lake Lohja from the whole mill. The total effluent flow 

to WWTP was 252.5 L/s measured by the online flow meter. The calculated volume of 

effluent is 213.6 L/s, so there is a 39.9 L/s difference between those. In the wastewater 

treatment plant of Kirkniemi mill, there are two places, where treated effluent can be led to 

the lake. Discharge 1 is the one that passes the flotation on WWTP. Discharge 2 is led 

through the flotation and effluent volume is normally higher than in discharge 1. Both of 

these have their online volume meters. The total discharge to lake Lohja is calculated by 

summing those two.
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Figure 54. The total water balance on Kirkniemi mill 
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Figure 54 considers only the freshwater that has been taken into the mill, and effluents only 

from mechanical pulp production and paper machines. In the papermaking process, water 

is also added with raw materials and it is evaporated in the process. Additionally, to the 

waste water treatment plant, some effluent from the power plant and internal effluents of 

WWTP are led, and they are not shown in Figure 54. 

In Figure 54 the total balance between the input to the mill and output to the lake is quite 

well on balance when considering those other waters, that are added to the process. But the 

total effluent volume from the mill to the wastewater treatment plant is high, both the 

measured and calculated volumes. There is no guarantee, that the online measurement is 

reliable and the calculated volume is not reliable either, because some volume meters 

before that are not working. But these volumes are at least informative because if flow to 

the WWTP suddenly increases, it may cause troubles there if the WWTP cannot handle 

those high effluent volumes. 

14  Conclusions 

Paper production demands a huge amount of water, which affects the sustainability of the 

papermaking process. Commonly, freshwater is the only water fraction that is taken into the 

mill. The amount of freshwater has a straight effect on the effluent flows from the mill. In 

Kirkniemi paper mill, the volumes of freshwater have increased during the past years. To 

aim of this study was to map freshwater applications to see if some other water fractions 

could be used instead of freshwater. 

This study included two parts, the literature part, and the applied part. In the literature part 

of this study, the papermaking process, water consumption and circulation, and different 

water fractions were introduced. Possibilities to close the water cycle and some filtration 

systems are described, which are used to increase the level of water circulation. 

In the applied part of this study, freshwater consumption and its reduction possibilities at the 

Kirkniemi paper mill were detected. Eight water fractions were selected for laboratory 

analysis to see if they have the potential to replace freshwater in some applications. The 

water balance of the Kirkniemi paper mill was considered shortly to understand the effect of 

freshwater volume on the water balance. 
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At the Kirkniemi mill two freshwater treatment plants exist. Freshwater treatment plant 1 

(FWTP 1) produces freshwater for paper machines 1 and 2 and for groundwood and refiner 

mechanical pulp production. Freshwater treatment plant 3 (FWTP 3) produces freshwater to 

the paper machine 3 and pressure groundwood production. The average freshwater flow on 

FWTP 1 is 95 liters per second and on FWTP 2 80 liters per second. 

Freshwater consumption was compared from 2017 to 2021. The effect of Covid-19 can be 

seen as increased freshwater consumption because the decreased need for paper production 

increased down time and the need for freshwater is highest when starting paper production 

from down time.  As mentioned in Chapter 9, freshwater consumption has increased mainly 

in freshwater treatment plant 1. For example, in 2018 the paper was produced the same 

amount as in 2021. In 2018 freshwater consumption per produced paper tonne on paper 

machines 1 and 2 was 9.1 cubic meters per produced tonne. In 2021, the amount was 10,7 

cubic meters per produced tonne. On paper machine 3, the freshwater consumption has 

stayed quite a stable during past years. 

Freshwater applications are very similar on both sides. It is mainly used in warm water 

treatment, as a sealing water, and coating kitchens. On paper machine 3 there are flow 

meters, that show the amount of used freshwater. The highest volume of freshwater is led to 

warm water treatment, and smaller amounts to the sealing waters and the coating kitchen. 

On paper machines 1 and 2, the only flow meter is on the freshwater treatment plant 1, which 

tells the total volume of the needed freshwater. Like in paper machine 3, it can be said that 

the main freshwater consumer is the warm water treatment. 

From the analysis of selected water fractions, no surprises were found. The quality of clear 

and super clear filtrates from different paper machines are rarely compared to each other, so 

the difference between them was interesting to see. On paper machine 3, the temperature of 

process waters was a few degrees lower than on paper machines 1 and 2. The reason for that 

is, that a few years ago, a shoe press was added to the PM 3. That enhanced water removal 

in the press section and led to lower process temperature, because less heat was needed to 

remove water in the drying section. The pH level was higher on PM 3 than on the other paper 

machines. On paper machine 3, the PAC chemical is used to adjust the pH of freshwater. 

That reduces pH less than aluminum sulfate, which is used to adjust pH on FWTP 1. The 

difference between pH levels shows clearly, that each paper machine has its own chemistry.  
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On paper machine 3, charge, conductivity and turbidity were lower than on paper machines 

1 and 2. Mainly it means, that on PM 3 the process waters are purer than on other paper 

machines. The suspended solids content on PM 3 in the clear filtrate was relatively high even 

though the ash content and COD were not. The clear reason for this is unknown. Reasons 

for this might be the high usage of chemical pulp or that the disc filter of PM 3 is not 

functioning well. 

Ash content of white waters correlates with retention and filler consumption on a paper 

machine. The results of laboratory analysis show, that on clear and super clear filtrate of PM 

1 the ash content is the highest, and on PM 3 the lowest. That correlates with retention: on 

PM 1 the retention is the lowest and on PM 3 it is the highest. It means that more fillers are 

remain in the sheet on the wire section on PM 3 and fewer fillers get into water circulation. 

The quality of the UF permeates varied a lot. Reasons for that are the sampling points, that 

were not official and may have caused contamination and that the quality of feed water to 

the UF system affects the quality of the UF permeate. The suspended solids contents were 

relatively high when considering that membranes should not pass suspended solids through. 

In general, the laboratory results were at a good level, so ultrafiltration systems function 

well. 

The mapping of freshwater applications was mainly done by studying the piping and 

instrumentation diagrams. In general, freshwater applications are well known at Kirkniemi 

mill. The main problem in controlling freshwater usage is the lack of flow meters. Especially 

on paper machines 1 and 2, there are no online flow meters. In addition, there are many 

backup lines from freshwater and warm water, which follow the surface levels of tanks. 

Some of them have flow meters or at least the information on the position of the valve, but 

because the system is automatic, they are not followed all the time. But if the paper machines 

are running stable, there should not be a reason to fill up the water tanks with freshwater or 

warm water. 

By chancing the edge knock-off showers and diluting water for retention chemical on PM 2, 

the freshwater consumption on the FWTP 1 could be reduced to about eight liters per second. 

If the showers on the jet slice of the headbox on PM 2 would be changed from the warm 

water to the clear filtrate, the saving would be 2-3 liters per second. The total saving would 

be 10-11 liters per second, which is 10-11 % of total freshwater consumption on freshwater 
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treatment plant 1. These changes do not cause big changes in pipelines, so they are quite 

easy to execute. 

On paper machine 3, the high freshwater savings would need the use of the ultrafiltration 

system. If sealing water would be produced with an ultrafiltration system instead of using 

freshwater, the saving would be 14 liters per second. The permeate of the ultrafiltration 

system could also be used in other applications. If the ultrafiltration system would be 

restarted, careful cost-efficiency calculations should be made. 

If the reason for increased freshwater consumption, especially on paper machines 1 and 2, is 

considered necessary further, more online flow meters are needed. At least to the main 

consumers, which are warm water treatments on PM 1 and PM 2, and coating kitchen. 

Specific freshwater consumptions per produced paper tonne for paper machines 1 and 2 

would be difficult to calculate because they have a partly common water system. In paper 

production, no huge process changes have been made in the past years, which could explain 

the increased freshwater consumption. In December 2021, a disc filter started on paper 

machine 2, but at least yet no clear reduction in the freshwater consumption can be seen. 

The importance of water balance handling on the Kirkniemi is getting more and more 

meaningful all the time. As mentioned, the waste water treatment plant is having many 

challenges with increased effluent loads. One reason for that is that the volumes of paper 

production are very high at the moment. That correlates to the amount of effluent. The first 

step to handling the water balance is to fix the online volume meters in the channels. At the 

moment, they are not reliable, and it is difficult to know where the effluents are coming. 

After that, it would be important to educate the employees how to handle the water balance, 

what affects it, and why it is so important. Handling the water balance and effluent loads to 

the waste water treatment plant needs co-operating with operators and engineers. Especially 

during the down times, when most of the tanks which include water or stock, are released to 

the waste water treatment plant. Careful planning plays important role in situations like this, 

to avoid the effluent flow peaks which may cause troubles. 
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