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ABSTRACT 

Today there are strict demands regarding emissions to water and air from the Swedish industries. 

This degree project, conducted at Smurfit Kappa Piteå, will focus on the emissions of organic 

material in waste water from the paper mill. The overall goal was through dynamic simulations 

predict the Total Organic Carbon (TOC) emissions from the paper mill at the time a foreseen 

increase of production is implemented. The recovery boiler is currently a bottleneck in the process 

and the production of sulphate pulp has today its maximum capacity. This means that production 

growth will occur exclusively by increasing the intake of recycled fiber.                                                           

The work started with a comprehensive mapping of TOC, in which ingoing pulps in pulp towers, 

head boxes and effluent flows were mapped. This was done over a period of two weeks and thus 

covered a whole production cycle. A TOC method evaluation was conducted where the most suitable 

analysis method was determined.                                                                 

Mapped data were thereupon evaluated and significant variables were identified. It was determined 

that use of recycled fiber was the single most important variable to TOC load from paper machine 

1 (PM1), but also starch addition to paper machine 2 (PM2) was found to be significant. 

The work then continued with the simulation phase, consisting of two main parts. The first part 

consisted of preparatory work where the model was developed to be able to accurately measure TOC 

load to the waste water treatment plant. This part also included work to identify necessary process 

changes as a result of an increased production. The second part consisted of the simulation. Three 

different scenarios were simulated for each paper machine plus two scenarios for the recycled fiber 

plant.                                                                                                                                                                                                

The dynamic simulation model was successively calibrated with respect to TOC concentration and 

trends followed the ones expected by experience. In the production increase scenario simulated, 

TOC load distribution between PM1, PM2 and recycled fiber plant will more evenly distributed 

compared to current production. The largest increase of TOC load will come from the recycled fiber 

plant, which according to the simulation will increase with about 30 %.  
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SAMMANFATTNING 

Idag ställs höga krav på de svenska industrierna vad avser utsläpp till vatten och luft. I detta 

examensarbete som utförts på Smurfit Kappa Piteå undersöktes avloppsflöden från pappersbruket 

till bioreningsanläggningen. Den övergripande målsättningen var att genom dynamiska simuleringar 

prediktera de TOC utsläpp pappersbruket kommer att generera efter planerad produktionsökning. 

Sodapannan är i dagsläget en flaskhals i processen, något som medför att produktionen av 

nyfibermassa idag så hög den kan vara. Detta medför att produktionsökningen uteslutande kommer 

att bestå av ökat intag av returfibermassa. Arbetet startade med en omfattande TOC kartering där 

ingående massor, inloppslådor samt avloppsflöden karterades. Detta utfördes under två veckor och 

täckte på så sätt en hel produktionscykel. En metodutvärdering genomfördes där lämplig metod för 

att mäta TOC i just de karterade provpunkterna bestämdes. 

Erhållna data från karteringen analyserades därpå och signifikanta variabler utvärderades. Det 

konstaterades att användningen av returfibermassa var den enskilt mest korrelerade variabeln till 

TOC nivå för pappersmaskin 1 (PM1), samt att stärkelsetillsats på pappersmaskin 2 (PM2) påvisades 

vara signifikant under den karterade perioden.  

Simuleringsfasen tog sedan vid, vilken bestod av två delar. En del bestod av förberedande arbete där 

modellen utvecklades för att simulera TOC halt med så god precision som möjligt. I denna del ingick 

även arbete för att ta fram nödvändiga processförändringar i och med den ökade produktionen.           

Den andra delen bestod av själva simuleringsfasen där tre olika scenarion simulerades för respektive 

pappersmaskin samt två stycken för returfiberanläggningen.                 

Den dynamiska simuleringsmodellen lyckades på ett bra sätt balanseras med karterade mätdata. De 

utförda simuleringarna av TOC belastning till bioreningen påvisade rimliga resultat och följde de 

trender som erfarenhetsmässigt kan förklaras. Vid den simulerade produktionsökningen scenariot 

kommer TOC fördelningen mellan PM1, PM2 och returfiberanläggningen vara mer jämnt fördelat. 

Den största ökningen av TOC belastning kommer från returfiberanläggningen som enligt 

simuleringen kommer att öka med omkring 30 %. 
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1 INTRODUCTION 
 

This part will give the background to the project and make the reader familiar with the different 

objectives and key questions that has been worked with during the project. 

1.1 Description of the company 

Smurfit Kappa Piteå (SKP) is a part of one of the world-leading producer in paper based 

packaging, Smurfit Kappa Group. The unit in Piteå is the largest producer of Kraftliner in Europe, 

with an annual production of 700 000 ton. The number of employees is today 510, which makes 

SKP the largest communal employer. 

Kraftliner consists of two plies of paper and is mainly used in the surface layer of paper boards e.g. 

corrugated board. It is produced by virgin fibers as the main raw material. This results in a paper 

with great strength- and print properties.                                                                                                                                           

The plant consists of a sulphate mill with three production lines, double lines for softwood and one 

line for hardwood pulp. Furthermore, the mill has one recycle fiber plant and two paper machines. 

One of the paper machine produces unbleached Kraftliner (PM1) while the other produces 

Kraftliner with a bleached top ply (PM2).                                                                                                                                                       

Customers are companies in the paper packaging industry mainly situated in Scandinavia and 

northwestern Europe. The figure below shows a schematic figure of the production process at 

SKP, from raw material to final product (Smurfit Kappa Piteå, 2017). 

 

Figure 1. Overview of the process from raw material to final product (Smurfit Kappa Piteå, 2017). 
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1.2 Background 

As a part of the strategic plan for the coming years, Smurfit Kappa Piteå plans to increase their 

annual production from 700 000 to 750 000 ton in a project named “Piteå 750”. This increase in 

production was permitted in 2004 and included strict demands regarding the emissions to the 

surrounding water. In order to handle this, it became necessary to build an external waste water 

treatment plant. 

The project has been in the planning stage until recently when the first steps on one of the paper 

machines was performed. This change was made on paper machine PM2, which is where the largest 

increase in production will take place. A new wire was installed making it possible to run the paper 

machine at higher speeds. 

Today, the recovery boiler is a bottleneck for increased production; this means that the increased 

paper production cannot be reached by increasing the production of sulphate pulp. Instead, the 

majority of the increase in paper production will originate from increasing the use of recycled fibres. 

Furthermore, due to market reasons, it is also expected that the mean basis weight will somewhat 

decrease. The increased production in combination with the production changes will affect the load 

of the waste water treatment plant (WWTP). 

The WWTP at SKP is in good shape after some recent changes and the emissions are well below 

the limit values stated in the production permit. However, it is desirable to investigate how the water 

treatment can handle the new conditions as the foreseen production increase is implemented. This 

is important since exceeding the permitted emissions of Total Organic Carbon (TOC) will imply 

prosecution and limitations in production. Performing an investigation of the effects will hopefully 

imply that decisions regarding increased production with maintained emissions of TOC are taken at 

the right time. 

A dynamic simulation model of the paper mill has during 2016 been developed at SKP. This model 

is planned to be used as a tool to predict the effects of “Piteå 750” on the TOC load on the waste 

water treatment. 

As the production increase distribution between the paper machines is unspecified, a few scenarios 

is to be simulated in consultation with the market department. This to make sure that plausible 

scenarios, from a market point of view, is simulated. 

1.2.1 Dynamic simulation model 

The dynamic simulation model is built in the software ExtendSim, using a library named PaperFront 

developed by the Swedish company FrontWay. The model can simulate process changes from pulp 

inlet in the paper mill all the way to the final paper product. It also handles the white water system 

where e.g. valuable information of residence time can be determined. One other major applications 

with this type of model is to predict and evaluate product changes, which may be potentially harmful 



 

 3 

to carry out directly in the real production. By instead first doing simulations, it is possible to get 

knowledge about what may happen when this type of change is performed in the real process. 

PaperFront is a library containing blocks that in detail can describe different unit operations in a 

paper mill. In the software both energy- and material balances can be handled at the same time 

(FrontWay, u.d.).     

1.3   Objectives 

 Develop the dynamic simulation making it capable of prediction TOC levels. 

 

 Investigate the contribution of each partial TOC flow from the paper mill. 

 

 Find out what process variables are affecting TOC levels the most. 

 

 Determine a proper analysis method for TOC measurements. 

 

 By dynamic simulation, predict the TOC flows generated at the time when the production 

increase according to Piteå 750 has been performed. Possible scenarios imaginable from a 

market point of view is to be simulated. 

 

1.4 Limitations 

Since the dynamic simulation model is limited to the paper mill, this work will consider TOC flows 

from the paper mill only. The simulated values will form a basis for upcoming process changes in 

the waste water plant. However, identifying which actions needed to be done will not be included 

in this work. 

1.5 Key Questions 

What will the load to the water treatment plant be at the time when “Piteå 750” is implemented? 

How can a possible “Piteå 750” scenario look like? 

Which of the available TOC analysis methods is most suitable for these waters? 

What process variable has largest impact on effluent flows entering the WWTP? 

How much do each of the partial flows from the paper mill contribute to total TOC load? 
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2 LITERATURE REVIEW 
 

Firstly, production of paper from the wood raw materials and recycled paper will be briefly 

described. The main part will however deal with the different water systems and flows in the paper 

mill contributing to TOC.  Finally, crucial process variables, important to consider in the simulation, 

will be reviewed. 

2.1 Pulp production from wood 

Smurfit Kappa Piteå uses both softwood and hardwood to produce their pulp using the kraft process. 

The wood is in a first step debarked in a debarking drum and then chipped before further transport 

to the pulp mill. The pulp mill consists of three lines, line 2 is processing hardwood while line 1 and 

3 are processing softwood. In the pulp mill, the wood chips are treated with cooking chemicals, 

called white liquor, in a pressurized digester to dissolve lignin and separate the fibers. The active 

components in the white liquor, sodium sulfide and sodium hydroxide, do effectively delignify the 

wood and also removes resins from the fibers at the high temperature that is prevailing in the 

digester. 

After the digester, the pulp is washed using different unit operations such as diffusion, filtration and 

pressing. The hardwood from line 2 is further processed in the bleaching plant, where it is bleached 

using oxygen and hydrogen peroxide before entering the storage towers. The purpose of the 

bleaching plant is to remove the residual lignin and thereby increase the brightness of the pulp. The 

softwood, on the other hand, is transported straight to the storage towers after washing. 

2.3 Pulp production from recycled paper 

A part of the raw material consists of recycled paper. This paper is first dissolved in a pulper where 

it is mechanically treated in order to separate the fibers. The purpose of this unit operation is, besides 

separating the fibers, also to separate paper coatings and print inks from the paper surface. In the 

pulper the paper is wetted by white water in order to break the hydrogen bonds between the fibers 

and thus decrease the mechanical strength of the paper. This is carried out under constant agitation 

by a rotor in the bottom of the reactor. The dissolved paper is then washed by filtration and pressing. 

The final step before the pulp enters the storage tower is to separate impurities such as wax, glue 

and bitumen etc. arising from the board converting process, this is performed by dispersion (EPA, 

2017). 
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2.4 The paper mill

The different section of a general paper machine is presented in the figure below and will be 

explained in this section. 

 

Figure 2. The different sections of a paper machine. (Pulp & Paper equipment, 2017). 

The paper machines at SKP are producing paper consisting of two plies, a base ply that provides 

most of the strength of the paper and top ply with good printing properties. At PM1 both plies are 

consisting of unbleached pulp whereas PM2 is producing paper where the top ply consist of bleached 

pulp. The layer of bleached pulp is always originating from virgin hardwood fibers while the 

unbleached ply can consist of a mixture of virgin and recycled fibers. However, the top ply, which 

is the one that will end up on the outside of the board, do only contain virgin fibers in order to get a 

smooth surface with great printing properties (Smurfit Kappa Piteå, 2017).                                                                                 

The different compositions of pulp in each layer results in that unique stock preparation systems are 

required in order to obtain paper with the desired properties. 

In the stock preparation section, several additives such as sizing materials, fillers, dyes and wet- or 

dry strength chemicals are added. Further, the pulp is diluted with recirculating white water to obtain 

a consistency of about 0,5 % of the slurry before it is pumped to the headbox. The headbox will 

distribute the fibers evenly over the whole width over an endless rotating wire thus forming a web 

of fibers. From this point, the purpose of the paper machine is now to dewater the fiber web. The 

first dewatering takes place as soon as the stock mixture is sprayed out on the formation wire. This 

part of the machine is called wet section and here dewatering is carried out essentially by filtration 

using gravitational forces in combination with suction boxes placed under the wire. At the end of 

this section most of the water has been removed (Gellerstedt, 2006). 

However, the paper web is still containing about 80 % water and needs to be further dewatered. This 

is carried out in the press section where the paper is pressed between two felts in several press nips. 

In this section the solids content will increase to approximately 40-50 %. 
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The final part of the paper machine is the dry end section, here the paper is sufficiently strong to 

pass through the machine without any supporting wire. In this section, the paper passes steam-heated 

rolls that will vaporize the additional water. As the paper exits this section a dry content of 90-95 % 

is achieved (Gellerstedt, 2006).                                                                                                                           

Before the paper is finally winded onto a reel called jumbo reel, it enters the calendar section where 

it is pressed between two rolls to smoothen the surface (Smurfit Kappa Piteå, 2017). 

2.5 Wire retention 

The total wire retention is defined as the relationship between the material flows in the wet sheet 

compared to the material flow pumped out from the headbox. The retention of material on the wire 

will in a perfect case be 100 %. However, to have a sufficient drainage of water on the wire, the 

pores need to be of that size that the fines and fillers can pass through it. To tackle this, chemical 

retention aids are used and the fact that fibers and fillers are negatively charged. Hence, addition of 

a cationic retention aid will bind some of the fines and fibers to the paper web. The most widely 

used retention chemical is cationic starch (Gellerstedt, 2006). 

2.6 The white water system 

Water drained from the wire together with the non-retained solids will enter the white water system. 

The paper mill is handling large volumes of white water during the paper production. In order to 

minimize the effluent losses, the white water system is designed such that water, to the largest 

possible extent, is reused. The two major flows of white water in the paper mill are called the short- 

and long circulation (Gellerstedt, 2006). 

  



 

 7 

2.6.1 Short- and long circulation 

Water drained from the first part of the wet end section is via the wire pit recirculated to dilute the 

stock supplied to the headbox, this is called the short circulation. The water drained at the suction 

boxes or in the press section, will enter the long circulation. One part of this stream is recycled to 

the stock preparation, while the other will leave the system and is pumped to the WWTP. Before the 

stream is pumped to the effluent treatment section, it passes through a disc filter to recover fibers, 

fines and filler material that slipped through the wire (Gellerstedt, 2006). 

 

 

 

2.6.2    Disc filter 

Most often one assumes that a high wire retention equals low losses of fibers and fillers from the 

paper mill. However, this is only true in cases where the retention affects the purity of the clear 

filtrate from the disc filter (Gavelin, 1989). 

As mentioned earlier, the purpose of the disc filter is to recover fibers, fines and filler material. The 

incoming white water to be filtered is introduced to vacuum and sucked through hollow discs 

covered with a wire, partly submerged. However, if only the wire was to be used as filter medium, 

the separation of fines would be poor. Therefore, additional pulp (sweetener pulp) is added besides 

the uncleaned white water (Gellerstedt, 2006). At SKP pulp from the broke tower is used for this 

purpose. This pulp, together with the separated material is pumped to the broke chest as the filtration 

cycle is finished. 

 

                         Figure 4.  Side- and end view of a disc filter (Wakeman & Tarleton, 1999). 

Figure 3. Short- (red) and long (blue) circulation in a paper mill (Oy, u.d.). 
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The procedure is that the uncleaned white water is mixed with the sweetener pulp in the headbox 

(feed). The mixture is continuously dewatered along the filter and a cake will form through which 

the water is to be filtered. This results in two different filtrates, one cloudy filtrate which will be 

recycled and one clear filtrate which partially will be reused and partially be sent to the WWTP.  

(Gellerstedt, 2006). 

2.7 External waste water treatment 

In order to clean the waste water from the mills it is often necessary to have a combination of 

internal- and external treatments. The external methods used in the pulp and paper industry is usually 

divided into primary-, secondary- and ternary treatment (Hultman, 1998). The ternary treatment step 

is rare and used only in cases with very high purification demands on outgoing water prevails, it will 

therefore not be described further.                                                                                                                                       

In the primary treatment step, fibers, bark particles and inorganic substances are removed by 

mechanical methods. Sedimentation is the most commonly used primary treatment and the one used 

at SKP. The secondary step is a biological treatment where solubilized organic material is removed 

(Hultman, 1998). 

 

                         Figure 5.The waste water treatment at Smurfit Kappa Piteå (Sandström, 2017). 
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2.7.1 Sedimentation 

Sedimentation is as mentioned used as primary treatment at SKP, the procedure is that particles 

heavier than water are sinking to the bottom where they form a sludge that continuously is removed. 

However, the water content of the sludge is high (density is low) and hence small amount of floating 

sludge can be formed at the surface. This sludge is removed and together with the bottom sludge 

pumped to be dewatered.    The dewatering is carried out in presence of an anionic polymer and the 

final dry content is in the range of 20-40 %. The dewatered sludge is then transported to the solid 

fuel boiler. (Gellerstedt, 2006). 

2.7.2 Biological water treatment 

The purpose of the biological treatment is to remove the solubilized organic material from the 

effluent water. In order to carry out this, either aerobe- or anaerobe treatment can be performed.                            

Biological water treatment utilizes living microorganisms to break down solubilized organic 

material. This treatment works in principle as the natural self-purification continuously taking place 

in our water streams. Microorganisms utilizes the organic material in the water as an energy source, 

to generate new cell substance, water and carbon dioxide or methane, depending on process. The 

solid cell substance can then be removed by sedimentation (Hultman, 1998). 

The most common type of biological treatment and the one used at SKP is the aerobe treatment, 

where the microorganisms demands oxygen in order to survive. Oxygen is supplied by aeration. If 

the aeration is sufficient, the bacteria will without exception use this free oxygen. If there is not 

sufficient oxygen in the water, the bacteria will supply their need of oxygen from the organic 

material (Hultman, 1998). 

2.7.3 Aerobe biological treatment 

In the aerobe treatment, microorganisms break down carbohydrates in the water. The final products 

are carbon dioxide, water and a sludge mainly containing inorganic substances. The organic material 

is converted to biologic sludge (biomass) according to the general reaction 1: 

𝑂𝑟𝑔𝑎𝑛𝑖𝑐 𝑚𝑎𝑡𝑒𝑟𝑖𝑎𝑙 + 𝑂2 + 𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡𝑠 → 𝐶𝑂2 + 𝐻2𝑂 + 𝐵𝑖𝑜𝑚𝑎𝑠𝑠        (1) 

Industrial waste waters can show large fluctuations in composition. Effluent water from the paper 

industry are deficient in nitrogen and phosphate. Hence, these nutrients need to be added in order 

for the microbial growth to be optimal. 

In order for the bacteria to survive and be able to grow, a constant supply of energy is of the essence. 

This is obtained by oxidation of carbohydrates according to reaction 2: 

𝐶6𝐻12𝑂6 + 6 𝑂2 → 6 𝐶𝑂2 + 6 𝐻2𝑂              (2) 
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The above equations show that there is a decrease of the organic substance solubilized in the water. 

However, a significant amount of the organic material has been converted to living cells, which will 

be degraded according to formula 3: 

𝐶5𝐻7𝑁𝑂2 + 5𝑂2 → 5 𝐶𝑂2 + 𝑁𝐻3 + 2 𝐻2𝑂                   (3) 

From this reaction nitrogen, phosphor and other substances that has been captured in the cell mass 

is released. This process is desirable and can be stimulated by different methods. The one used at 

SKP is the activated sludge process (Gavelin, 1989). 

2.7.4 Activated sludge process in general 

In the activated sludge process, effluent process water is mixed with activated sludge from the 

subsequent sedimentation stage and is for some time processed in an aerated basin. Aeration will, 

besides provide oxygen to the microorganisms, continuously stir the mixture providing good mixing. 

After the wastewater has been treated in the aeration basin, it is separated from the sludge. 

Activated sludge, also called biological sludge, consists of bacteria and rotifers (micro animals). The 

main purpose of the micro animals is to control the bacterial reproduction by eating the bacteria 

(Alexandersson, 2003). 

The separation is normally carried out in large sedimentation basins where the activated sludge sinks 

to the bottom whereupon it is recycled back to the aeration basin. The water which now is separated 

from the sludge is removed from the surface of the sedimentation basin. This separation is essential 

for the activated sludge process. To make it as efficient as possible, the sludge should consist of 

compact, dense particles with a high settling velocity (Alexandersson, 2003).                                                                          

The active sludge particles can form flocs since the bacteria can form a slime layer around them. 

This will occur when the amount of nutrition is low compared to the number of microorganisms. 

Thus, recirculation of the sludge from the settler in combination with a suitable load of white water 

will promote formation of flocs (Alexandersson, 2003; Davies, 2005).
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2.7.5 Important parameters in the biological treatment 

In order to optimize the rate of the biological treatment it is essential to keep track and control a 

number of parameters. The most important variables are temperature, pH, the concentration of 

nutrients and air (Sandström, 2017). 

To obtain an optimal rate, it is important to keep the temperature around 35 degrees Celsius. Too 

low temperature makes the process slow while a too high temperature will result in an insufficient 

production of sludge, and the bacterial flocs will break. Hence, biomass will exit with the treated 

process water and the TOC reduction decreases (Sandström, 2017). 

The pH level is optimal at around 7-7,5. This level is usually obtained automatically since the 

hydrochloric acid neutralizes alkali while organic acids is broken down. However, some adjustment 

of the pH is carried out (Davies, 2005). 

The need for nutrients is adjusted after the load of ingoing TOC and the amount of activated sludge 

recycled. Insufficient dosage can lead to death of the bacteria while a too large dosage leads to 

unnecessarily high emissions and a high cost (Gavelin, 1989). 

Oxygen level is another crucial parameter for the aerobe bacteria, which needs to be controlled 

throughout the aeration basin (Sandström, 2017). 

2.8 Activated sludge process at SKP 

The ingoing water to the biological treatment is water extracted from fibers and bark material. This 

water can either originate from the primary sedimentation step or the disc filters in the paper mill. 

The aeration basin consists of different chambers as shown in figure 6. The fiber free process water 

enters the MBP section of the basin. In this chamber the process water meets the free swimming 

bacterias which reproduces unhindered, aeration is carried out by two aerators. Nutrients are added 

in this stage as well, about 50 % of the nitrogen and 75 % of the phosphor in the form of urea and 

phosphoric acid respectively. The amount of nutrients required is calculated from the incoming 

TOC. The pH level is measured and corrected if needed with either sodium hydroxide or sulphuric 

acid (Sandström, 2017). 

The water then enters the selector chamber. Here 25 % or the biological sludge is added. Hungry 

micro animals will start to consume the free swimming bacterias and hence filtrate the water. Free 

swimming bacterias will also adsorb on the external and internal surface of the bacterial flocs. 

After the treatment in the selector stage, the water enters the first aeration stage, here degradation of 

the remaining organic material takes place. In this chamber all of the free swimming bacterias should 

have been consumed by the micro animals.                                                                                         
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The second aeration chamber is a maturing chamber in which the conditions are held in such  a 

manner that flocculation are promoted while at the same time being disadvantous to other strains of 

bacteria. 

Large and robust bacterial flocs then enters the sedimentation basin. Here the process water and 

biological sludge will be separated by sedimentation. In order for this to work out smoothly it is 

essential that the previous step has formed flocs with sufficient sedimentation velocity (Sandström, 

2017).  

 

                  Figure 6. Overview of the aeration basin where all chambers are marked (Sandström, 2017). 

2.9 Measurement of the organic load 

The organic load entering the waste water treatment is essential to measure and control since these 

emissions might lead to over fertilization and low oxygen waters. Different methods of measurement 

are available, where each of them have their advantages and weaknesses. Historically, these 

measurements have been carried out by measuring the Chemical Oxygen Demand (COD) i.e. how 

much oxygen the organic material consume during decomposition. However, since this analysis 

contains the hazardous substance mercury, this method is currently being replaced by the Total 

Organic Carbon (TOC) method, which today is used at SKP. The permitted emissions are though 

still defined in COD. Therefore, conversion factors are needed in order to calculate COD from TOC. 

This conversion factor is flow specific, meaning that unique factors needs to be determined for 

different flows.  
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2.9.1 Total Organic Carbon (TOC) 

TOC is a simple method analytically. The procedure is that the sample is delivered to a combustion 

furnace, supplied with air. There, it is heated to 680oC and undergoes combustion in the presence of 

a platinum catalyst. The carbon decomposes and is converted to carbon dioxide, which consequently 

is cooled and dehumidified before it is analyzed by an infrared gas analyzer (NDIR). TC (Total 

Carbon) is determined by comparison with a predefined calibration curve. The IC (Inorganic 

Carbon) is obtained by subjecting the oxidized sample to a sparging process where IC is converted 

to carbon dioxide and determined by NDIR. TOC (Total Organic Carbon) is then calculated 

according to figure 7. This method to determine TOC is known as the “differential method” 

(Shimadzu, 2014). 

 

Figure 7. Total Organic Carbon (TOC) measuring procedure (Shimadzu, 2014). 

 

2.9.2 Non-Purgeable Organic Carbon (NPOC) 

In industrial effluent water in which the IC part of the TC is large (>5 mg/L), significant errors may 

occur if the method described above is used for TOC measurement. Instead, the organic carbon is 

most often measured by the NPOC method, shown below. The method is called “direct method” and 

uses, as the TC method, acidification and sparging with CO2 to “remove” IC. The acidified sample 

is introduced to sparging, converting the IC to carbon dioxide, consequently removed and TOC can 

be determined by measuring TC. The volatile part of the TOC, called POC (Purgeable Organic 

Carbon) may also be removed as the sparging gas flows through the sample. This implies that, in 

cases where POC is significant, presenting NPOC as TOC is incorrect. However, this is frequently 
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done in many laboratories (Hill Laboratories, u.d.). Hence, TOC obtained using this method is 

usually referred to as NPOC. The measuring procedure is displayed in figure 7 (Shimadzu, 2014). 

 

Figure 8. Non Purgeable Organic Carbon measuring procedure (Shimadzu, 2014). 



 

Literature Review 

15 

2.10 Starch in papermaking 

Starch is one of the most important chemicals used in paper making (Radosta, Ulbrich, & Vorwerg, 

u.d.). The chemical structure is similar to the one for cellulose, resulting in a good compatibility. 

Due to its multiple applications, such as retention aid and strength chemical, it is one of the mostly 

used chemicals in the paper mill. Today, starch is most often added as modified starch in the wet 

end of paper machines. However, native starch (non-charged) is introduced to the paper mill by the 

recycled fibers. This starch is less likely to bind to the web and will consequently largely contribute 

to high TOC level in the waste water treatment (Cornel Hagiopol, 2014). 

2.10.1 Modified starch 

Modified starch, in the form of cationic starch, is used in papermaking to increase the retention, but 

also to increase the strength and printability of the paper. The cation strength i.e. how much cationic 

groups that are introduced to the starch, referred to as degree of substitution, is one of the parameters 

deciding the necessary dosage (Liu, Li, & Xu, 2010). 

The cationic starch is delivered to the mill as a powder. It is subsequently dissolved in water and 

processed in a starch jet cooker in order to obtain a solution with the desired viscosity. If the intention 

is to increase wire retention, starch is added close to the head box. If, on the other hand, the intention 

is to increase the strength of the paper, it is added earlier. Most often in the machine chest in order 

enhance the adsorption to the fibers (Mishra, 2017). 

2.10.2 Native starch and TOC 

The recycled paper contains, as mentioned above, a significant amount of native starch. As the native 

starch have no charge it will not have the natural propensity to bind to the fibers as the modified 

starch has. This means that the retention of native starch is considerably lower compared to cationic 

starch (Mishra, 2017). 

As a consequence of the low retention of native starch, a high proportion will end up in the white 

water system and finally in the water treatment. Furthermore, due to occasionally high microbial 

activity in the water system of recycled paper, significant amount of starch degrading amylase 

enzymes will also be found in the water. These enzymes can break down most of the starch 

molecules into single glucose units before it enters the paper machine. This implies even lower 

adsorption of the starch and an increased TOC load on the waste water treatment (Ekman, 2016). 

Hence, constant control of the microbial growth is necessary to make sure that a high activity of 

bacteria is avoided (Ekman, 2016). 

2.11 Waste water from the paper mill 

The incoming flows to the waste water treatment can mainly be divided in two parts, flow with- and 

without fibers. The flows containing fibers originates from the floor drain. This water will not pass 
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through the disc filter and hence carry suspended material to the WWTP. It is therefore treated in 

the primary sedimentation step where fibers and other suspended materials is removed. 

The flows free from fibers have passed through disc filters before entering the WWTP.                      

Hence, these flows can be pumped to the WWTP directly. If these flows show parameters that are 

highly unfavorable for the biological treatment (BT), or if there are some problems with maintaining 

good conditions in the basin, there is an opportunity to by-pass the BT. This parameters can for 

instance  be pH or air concentration. 

TOC level of the incoming flow is today measured online at a position where all the partial flows 

from the mill have been mixed. 

2.11.1 Variations in TOC to the WWTP 

The paper mill produces different qualities of paper with varying composition and basis weights. 

This means that the composition of the waste water to the water treatment also varies in composition. 

The different qualities produced are Kraftliner Brown (KB), R2000 and Royal White (RW). 

Kraftliner Brown (KB) is a product produced on PM1. The top ply is produced by 100 % unbleached 

virgin fibers whereas the bottom ply consists of a mixture of unbleached virgin fibers and recycled 

fibers. This quality stands for the largest annual production which 2016 was around 350 000 ton. It 

is produced in the basis weight interval 115-300 g/m2. This product is by far using the largest amount 

of recycled fibers. (Elvhäger, 2016). 

R2000 is produced on PM2, the top ply consists of bleached hardwood fibers while the bottom ply 

consists of a mixture of unbleached softwood- and recycled fibers. The annual production 2016 was 

around 200 000 ton. It is produced in the basis weight interval 115-175 g/m2. This quality is using a 

significantly lower amount of recycled fibers compared to KB  (Elvhäger, 2016). 

Royal White (RW) is produced on PM2 as well, it is produced completely without recycled fibers 

which makes it the most exclusive product. The top ply consists of bleached hardwood fibers while 

the bottom ply consists of unbleached softwood fibers. The annual production was 2016 around 

150 000 ton. It is produced in the basis weight interval 115-200 g/m2 (Elvhäger, 2016). 

The amount of recycled fibers used is directly correlated to the load of TOC entering the WWTP 

and it is most likely that the recycled fibers stand for the largest contribution of TOC from the paper 

mill. This due to the poor retention of the native starch found in the recycled paper, as elaborated 

above. The figure below clearly displays the correlation between the production of recycled fibers 

and the total incoming TOC to the WWTP during one month of production. However, the 

contribution of TOC from each partial effluent flow is not known and is one objective of this work.
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Figure 9. The correlation between the production of recycled fibers (blue) and total ingoing TOC to the    

WWTP (red) during one month (WinMops, 2017). 

 

Produced basis weight is another factor contributing to the observed variations in TOC. The products 

are produced in a wide span of basis weights and hence there will be a large difference in the amount 

of recycled fibers used. PM1 which uses a higher amount of recycled fibers compared to PM2 stands 

for the largest fluctuations of TOC. The figure below displays the trends of basis weight on PM1 

(blue) and ingoing TOC to the WWTP (red) during 6 month of production. 

      

Figure 10. The correlation between basis weight on PM1 (blue) and total ingoing TOC to the WWTP (red) 

during 6 months of production. 

 

It can be seen that the basis weight on PM1 is correlated to the ingoing TOC to the WWTP. Not 

surprisingly, the basis weight on PM2 shows a considerably lower correlation. However, since the 

main part of the production increase will take place on PM2 and will consist of recycled fiber, it is 

probable that a similar trend will be obtained for PM2 as “Piteå 750” is fulfilled.
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2.12 Multivariate analysis 

Using multivariate analysis, it is possible to separate noise from a dataset containing many 

variables and to present result as easily interpretable plots. The method described below are 

based on mathematical projections into latent structures, this makes it possible to visualize data 

beyond three dimensions (Umetrics, 2005). 

Multivariate projection starts with drawing a new co-ordinate axis which represents the 

maximum variation through the data, known as “PC1” (First Principal Component). All the 

variables are subsequently projected down to this new axis. A second, orthogonal, principal 

component “PC2” is then added and defines the direction covering the second largest variation 

through the data. These two principal components will form a plane at which the observations 

will be projected down to. By study the variables in this plane it is possible to get a great 

overview of different possible correlations in the data (Umetrics, 2005). 

 

Figure 11. Visually description of the mathematical projection of a multivariate dataset (Umetrics, 2005). 

2.13 Dynamic simulation 

Simulation can be defined as “the imitiative representation of the functioning of one system or 

process by the functioning of another” (ExtendSim Overview, u.d.). In other words, to 

determine how an actual system works, you build a model of it and see how the model functions. 

A valid simulation model will be reflective of the behavior or performance of the real system. 

Simulations can hence be considered as the act of representing a situation, problem or process 

by mathematically modelling it on a computer. It can be used to: (ExtendSim Overview, u.d.) 

- Predict the effect of changes on existing systems. 

 

- Predict the behavior or performance of new systems.  

2.13.1 ExtendSim 

The ExtendSim software is nowdays a leading edge simulation tool (ExtendSim Overview, 

u.d.). It allows you to develop dynamic models in a wide variety of fields. Models are built 

from building blocks and connected together, in a logical way, to create the flow of the model. 

Each block contains data of necessary parameters to describe the real process in the best manner 

possible. (ExtendSim Overview, u.d.). 



Literature review 

 

 

 19 

2.13.2 Automatic control 

In an automatic regulator the regulator compares the set point of a parameter to be controlled 

(e.g. the flow in a pipe) to the actual measured value and detects if there is a deviation. If this 

is the case, the regulator will produce a control signal to minimize the difference between the 

set-point and the actual value. 

For industrial automation to work properly, efficient regulators are essential.                                                                                                   

The most commonly used regulator in industry is of the, so called, PID- regulator (see figure 

12) which uses a linear combination of a Proportional, Integrating and Derivating action to 

calculate a control signal.    The proportional part of the regulator controls, as the name reveals, 

control signal proportional to regulation deviation. The relation between control signal and 

regulation deviation can be adjusted by changing the amplification (Åbo). 

In many cases, the P-function is not sufficient to control the system properly. In processes where 

it is critical to remove the regulation deviation, the control signal needs to be changed even 

more to make sure the set point is reached. This problem is solved by the I-function in the 

regulator, which for a specified amount of time generates a control signal contribution. Short I-

time implies that the regulator has a short amount of time to adjust the actual value to the set 

value. The shorter the I-time the larger the required steps towards set point needs to be, which 

may cause oscillation in the system (Åbo). 

In slow processes, such as temperature and mixing processes, the real value is changing slowly. 

This means that it would take a long time to bounce back to set value. Hence, a D-function, 

taking to account the rate of the process, is added. A D-function can be thought of as a “turbo 

effect”, since it generates a significant contribution to the control signal in the beginning, 

making the system getting started. For how long this “turbo effect” is to be active, can be 

changed by adjusting the D-time (Åbo). 

At SKP is, for example, effluent flows exiting the paper mill via clear filtrate controlled by PID-

regulators. A PID- regulator is illustrated in figure 12. 

 

  

Figure 12. Schematic figure of a PID-regulator (Majerle, 2014). 
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3 METHOD 

This section describes the procedures of the project. The project can mainly be divided into 

three parts; mapping, data evaluation and simulations. 

3.1 Mapping 

Obtaining real time process data is essential to build a reliable simulation model being able to 

make accurate predictions about future process data. The necessary data was captured during a 

period of two weeks, by taking, and analyzing samples for TOC level at various places in the 

paper mill. This time span was chosen in order to cover a whole cycle of production i.e. all basis 

weights and qualities. 

3.1.1 Sampling points 

The mapping was carried out multiple times for each basis weight to make sure that at least a 

part of the natural variation could be captured. Besides the effluent water flows, sampling points 

were chosen in a manner to cover positions where TOC is added to the system. Understandably, 

inlet pulps are covered in this criterion. Inlet pulp covers virgin pulp, recycled pulp as well as 

broke pulp. Another addition of TOC in the form of starch is carried out in the head boxes and 

machine chests, which consequently are important sampling points. 

The mapping of the effluent waters contained both clear filtrate as well as fiber containing floor 

drain. These sampling points are displayed (marked with red arrows) in figure 13. Rest of the 

sampling positions are presented in Appendix D. 

 

     Figure 13. Sampling positions at the effluent flows (marked with red arrows).
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3.1.2 TOC measurement 

The TOC measuring equipment used was a Shimadzu TOC-L series. It can perform TOC 

measurements using either the TOC or NPOC method, described earlier. Analysis of samples 

containing an IC component larger that 10 mg/L should be carried out using the NPOC method, 

since detection limit decreases as the IC concentration increases above this level. Because of 

this, the IC component was measured for all samples before deciding the appropriate measuring 

method.                                                                                                       

In addition, since the NPOC method will not cover the volatile part of the carbon (POC) it is 

essential to make sure that this can be neglected to state that NPOC is equal to TOC. This was 

determined via: 

𝑃𝑂𝐶 = 𝑇𝐶 − 𝐼𝐶 − 𝑁𝑃𝑂𝐶     (5) 

 

                                           Figure 14. Carbon hierarchy (Shimadzu, 2014). 

The coefficient of variation for these test methods is according to Shimadzu 1,5 % (Shimadzu, 

2014). 

3.1.3 Sample preparations 

Before analysis, all samples were filtrated to remove fibers which otherwise can harm the 

instrument. The filtration was carried out using a grade 3 filter paper with a pore size of 6 µm. 

After filtration, 30 ml of the filtrate was poured into a test tube and a magnetic stirrer was added. 

The tube was subsequently placed in the sampler in a specific predefined order.                                                                                                                                             

The TOC values are obtained by comparing signals from the samples with a pre-defined 

calibration curve. The calibration curve was for the organic carbon measurements created using 

potassium hydrogen phthalate (C8H5KO4) as reference substance while sodium hydrogen 

carbonate (NaHCO3) was used as reference for the inorganic carbon measurements.  

The stock solutions (C8H5KO4 and NaHCO3) were then automatically diluted in order to 

achieve measurements in the desired range. Methods describing preparations of calibration 

liquid is, as well as the calibration curves, presented in Appendix A. 
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3.1.4 General description of the TOC-L instrument 

Figure 15 is showing a schematic figure of all the major components in the TOC-L instrument. 

Firstly, sampling is carried out by suction of a predefined amount of sample from the sample 

tube, followed by acid addition. Sparging gas is then bubbled through the sample whereupon it 

is injected into the combustion chamber. As the sample is combusted it leaves the chamber and 

enters the NDIR detector which generates a peak that in turn can be correlated to 

TOC/NPOC/TC/IC concentration. 

 

Figure 15. The different parts in the Shimadzu TOC-L instrument (Shimadzu, 2014). 

3.1.5 Principles of TC analysis 

The sample is heated to 680oC and introduced to the TC combustion tube, filled with an 

oxidation catalyst. The carbon component of the sample is converted to carbon dioxide which 

is subsequently measured by the NDIR detector. 

3.1.6 Principles of IC Analysis 

Carbon found in carbonates and dissolved carbon dioxide is measured as IC. By acidification 

of the sample until a pH of 3 is reached, all carbonates are converted to carbon dioxide 

according to the following reactions: 

𝑀𝑒2𝐶𝑂3 + 2𝐻𝐶𝑙 → 𝐶𝑂2 + 2𝑀𝑒𝐶𝑙 + 𝐻2𝑂                        (6) 

𝑀𝑒𝐻𝐶𝑂3 + 𝐻𝐶𝑙 → 𝐶𝑂2 + 𝑀𝑒𝐶𝑙 + 𝐻2𝑂                      (7) 

The carbon dioxide formed along with the dissolved carbon dioxide is then volatilized by 

introducing sparge air (free from carbon dioxide) through the sample. The resulting flow is sent 

to the NDIR detector. 
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3.1.7 Principles of NPOC analysis 

The IC part of the sample is treated in a similar manner as it was for the IC method. The methods 

differ in the manner that inorganic carbon is removed as the purge gas is sparged through the 

sample. The remaining is measured in a similar way as TC and NPOC is thus determined.  

3.2 Evaluation of mapping data 

In order to get a better understanding of what parameters are affecting the TOC concentration 

(mg/l), an evaluation of the mapping data was performed before the simulation part was started. 

Relations between produced basis weight and TOC load was investigated. A more general, 

multivariate analysis (MVA) was performed in SIMCA. MVA (PCA and PLS-X) was used in 

order to find out which process variable that are affecting the TOC concentration (mg/l) the 

most.                                                                                                                                                                                  

Process data from the specific time when the mapping was carried out was obtained from 

WinMOPS, the plants process information system. The process variables used was basis 

weight, amount of recycled fiber in paper, amount of broke pulp in paper, amount of starch 

addition as well as the measured values of TOC in incoming pulps and headboxes. These 

process variables were then, along with the measured data, exported from excel to SIMCA.                                                                                                                                     

An overview PCA was created to check for possible outliers. Firstly, an overview PCA model 

was created in which the dataset could be further studied and possible outliers could be 

removed. This was followed up by creating a PLS-X model where the TOC (mg/l) was put as 

predictive variable (Y-variable) explained by the other, explanatory variables (X-variables). In 

order to study what specific variable/variables having the largest impact on the predictive 

variable, the loading scatter plot as well as the VIP-plot were studied. 

The TOC load (kg/h) was then further studied as a function of basis weight. TOC load in the 

effluent streams was calculated according to equation 8 below. Mean values of the TOC load 

associated to a specific basis weight was then used. Moreover, comparisons of the different 

TOC flows from the paper mill were performed to investigate the variation. 

𝑇𝑂𝐶 𝐿𝑜𝑎𝑑 (
𝑘𝑔

ℎ
) =

𝑇𝑂𝐶 (
𝑚𝑔

𝑙
)∗𝐹𝑙𝑜𝑤 (

𝑚3

ℎ
)

1000 
       (8) 
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3.3 Dynamic simulation 

By the use of dynamic simulation, the increase of TOC load entering the WWTP was simulated. 

This section describes the procedure of the work connected to dynamic simulation as well as 

the simulation itself. 

3.3.1 Pre-simulation work 

Two-year averages of different process parameters associated with the paper machine was 

predefined in the model. These were parameters such as, machine speed, wire retention, pulp 

mixture etc. defined for each basis weight and quality. Hence, the first task was to define all the 

measured TOC values for all the mapped basis weights. The measured TOC data was added to 

the simulation software PaperFront. TOC data was defined as separate scenarios in the 

“scenario handler”, a function allowing you to smoothly run simulations with different settings. 

Each row in the scenario is coupled to a specific block in the model. This means that, as one 

scenario is set, specific predefined values will be set in the model. The scenario handler is 

shown in figure 16. 

 

Figure 16. Scenario handler displaying machine parameters as 135 gsm Kraftliner is produced on PM2. 

Subsequently, TOC meters were placed out in the model at the spots where TOC levels had 

been mapped. These meters were made as hierarchal blocks meaning that the underlying 

calculations were hidden in one major block. These meter contained in turn of two meters 

measuring TOC concentration and total flow. Along with each TOC meter a block consisting 

of a constant, corresponding to the real measured TOC value, was placed out. This was carried 
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out in order to make sure that the simulated values actually were reliable, and hence evaluate 

the simulation model. 

The error between simulated and real value was calculated as a normalized relative error, 

according to equation 9. 

|𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑒𝑟𝑟𝑜𝑟| =
|𝑦𝑟𝑒𝑎𝑙−𝑦𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑|

|𝑦𝑟𝑒𝑎𝑙| 
      (9) 

Calculation example: 

|𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑒𝑟𝑟𝑜𝑟| =
|400 𝑚𝑔/𝑙 − 370 𝑚𝑔/𝑙|

|400 𝑚𝑔/𝑙 |
= 0.075 

The model was considered balanced as the following requirement was fulfilled: 

∑|𝑇𝑜𝑡𝑎𝑙 𝑅𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑒𝑟𝑟𝑜𝑟| < 1   (10) 

The total relative error is in this case defined as the sum of the error from each sampling point. 

This is displayed in figure 17, where the errors from PM1, PM2 and recycled fiber plant are 

added together. 

 

Figure 17. The point in the model where the errors from each sampling point are added together. 

In order to clearly visualize the organic load entering the water treatment plant, meters 

measuring TOC load (kg/h) were created and placed at the effluent streams. These were 

subsequently connected to a graph, dynamically displaying the simulated total TOC load over 

time. 
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3.3.2 Predictive work 

A mass balance of pulp was carried out in order to investigate the required increase of 

production for each product. A number of possible product distributions were, in accordance 

with market, considered. However, due to limited amount of time, only one scenario was 

simulated in this project. 

With the production from last year as a calculation basis, the extent to which the recycle fiber 

production had to increase to provide the paper mill with a sufficient amount of pulp, as Piteå 

750 is in production, was determined.                                                                                                               

This was broken down on product level, such that it was determined what change in production 

each individual product will have to undergo. A work made in collaboration with the market 

department. The required increase of recycled fiber was adjusted in order to obtain a pulp 

balance while keeping the production of virgin fiber pulp maintained at current level. These 

calculations were performed using equations 11-13. 

𝐵𝑙𝑒𝑎𝑐ℎ𝑒𝑑 𝑝𝑢𝑙𝑝 = 𝑃𝑟𝑜𝑑𝑅2000 ∗ 𝑋𝑅2000 𝐵𝑙𝑒𝑎𝑐ℎ𝑒𝑑 + 𝑃𝑟𝑜𝑑𝑅𝑊 ∗ 𝑋𝑅𝑊 𝐵𝑙𝑒𝑎𝑐ℎ𝑒𝑑  (11) 

where; 

XR2000 Bleached = Fraction of bleached pulp R2000 

XRW Bleached = Fraction of bleached pulp RW. 

Further, when calculating the amounts of unbleached and recycled fiber pulp it was assumed 

that an increase of recycled fiber corresponds to a similar decrease of unbleached virgin fiber. 

Hence these equations become as follows: 

𝑈𝑛𝑏𝑙𝑒𝑎𝑐ℎ𝑒𝑑 𝑝𝑢𝑙𝑝 = 𝑃𝑟𝑜𝑑𝑅2000 ∗ (𝑋𝑅2000𝑈𝐵 − 𝑋𝑅𝑒𝑐𝑖𝑛𝑐) + 𝑃𝑟𝑜𝑑𝑅𝑊 ∗ 𝑋𝑅𝑊𝑈𝐵 + 𝑃𝑟𝑜𝑑𝐾𝐵 ∗

𝑋𝐾𝐵𝑈𝐵 − 𝑋𝑅𝑒𝑐𝑖𝑛𝑐)             (12) 

where; 

XKBUB = Fraction of unbleached pulp KB. 

XR2000UB = Fraction of unbleached pulp R2000. 

XRWUB = Fraction of unbleached pulp RW. 

XRecinc = Fraction of recycled fiber increase. 

𝑅𝑒𝑐. 𝑝𝑢𝑙𝑝 = 𝑃𝑟𝑜𝑑𝑅2000 ∗ (𝑋2000𝑅𝑒𝑐 + 𝑋𝑅𝑒𝑐𝑖𝑛𝑐) + 𝑃𝑟𝑜𝑑𝐾𝐵 ∗ (𝑋𝑅𝐵𝑅𝑒𝑐 + 𝑋𝑅𝑒𝑐𝑖𝑛𝑐)  (13) 

where; 

XR2000Rec = Fraction of recycled pulp R2000. 

XKBRec= Fraction of recycled pulp KB. 
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XRecinc = Fraction of recycled fiber increase. 

The required fraction of recycled fiber found from the above equation corresponds to the 

fraction in both top and base ply of the liner. However, the fact that recycled fiber only is added 

in the base ply needs to be considered. This was done by calculating the basis weight ratio of 

the top and base layers in the liner. Thereafter, the required increase in the base ply was 

calculated as follows: 

𝑇𝑜𝑡𝑎𝑙 𝑟𝑒𝑐𝑦𝑐𝑙𝑒𝑑 𝑓𝑖𝑏𝑟𝑒 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒

𝐵𝑎𝑠𝑒/𝑇𝑜𝑝 𝑟𝑎𝑡𝑖𝑜
= 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 𝑏𝑎𝑠𝑒 𝑝𝑙𝑦 (%)       (14) 

From the hypothetic future product distribution, the percentage increase in production of each 

product could be determined as: 

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑃𝑖𝑡𝑒å 750

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛
= 𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒  (15) 

Where “Production Piteå 750” is the envisioned production for each product, and “Current 

production” is the current production for each product.  Subsequently, this information was 

transferred into the simulation program, and “fraction production increase” were used to 

calculate the higher paper machine speed needed for each product and basis weight to facilitate 

the higher production. This was done as given by equation 16. 

𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑝𝑟𝑜𝑑. 𝑖𝑛𝑐𝑟𝑒𝑎𝑠𝑒 ∗ 𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝑚𝑎𝑐ℎ𝑖𝑛𝑒 𝑠𝑝𝑒𝑒𝑑 = 𝑀𝑎𝑐ℎ𝑖𝑛𝑒 𝑠𝑝𝑒𝑒𝑑 𝑃𝑖𝑡𝑒å 750 (16) 

The machine speed calculated corresponds to the necessary speed required to produce 750 000 

annual ton, with a specific product distribution considered. This was carried out for all basis 

weights and qualities.  

During each simulation a mass balance was performed where the relationship between ingoing 

and outgoing was evaluated. The balance is performed by using a so called IN/OUT block. This 

block was subsequently connected to a graph, displaying two curves, ingoing and outgoing 

material respectively. In order for the simulation to be reliable, convergence between these 

curves was controlled. The mass balance corresponding to the two simulation scenarios, Current 

production and Piteå 750 are presented in figure 18 and 19. 
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Figure 18. Mass balance of the simulation at current production, the blue line is showing ingoing 

and the red outgoing material. 

 

Figure 19. Mass balance of the simulation at Piteå 750, the blue line is showing ingoing and the 

red outgoing material. 
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3.3.3 Group start 

As scenarios with the new base mixes (recycled fiber increase) as well as increased production 

were set, a Group start was created to start simulations so that the different production scenarios 

are run in sequential order as the real production.  

In this case, the group start was used to simulate a real 2-week production campaign. Group 

blocks were created for machine parameters i.e. speed of the paper machine, base mix and 

incoming TOC for each production scenario. However firstly, the machine was running with 

current settings in order to obtain reference values. Subsequently, settings corresponding to 

Piteå 750 were implemented and the simulations were carried out. Figure 20 below shows the 

group start blocks corresponding to Piteå 750. In figure 21, a part of the scenarios from one of 

the group start blocks are also shown as an example of what it may look like. 

 

Figure 20. Group start blocks Piteå 750. 

 

 

                                  Figure 21. Example of PM2 machine parameters
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4 RESULTS 

The results part is divided into two main parts, where the first part is focused on the results from 

the mapping of TOC levels while the other one covers results from the dynamic simulations.  

4.1 Evaluation of Organic Carbon measuring method 

In order to find the proper method for measuring organic carbon, the contribution from 

inorganic carbon and purgeable organic carbon had to be determined first for reasons described 

above. Measurements were performed on samples collected at different places in the paper mill 

and the results are presented in table 1. 

Table 1. Inorganic carbon measurements (mg/l). 

 Inorganic carbon (mg/l) 

Sampling 

number 

Clear 

Filtrate 

PM1 

Clear 

Filtrate 

PM2 

Clear 

Filtrate 

RF 

Broke Recycled C2/C3 C7/C8 HB 

TW 

HB 

BW 

HB 

TOP 

HB 

BASE 

1 38.7 19.9 61.7 74.5 72.8 110.7 31.8 4.5 2.1 11.8 64.1 

2 33.6 16.4 56.5 66.2 90.0 94.6 33.7 6.2 2.7 11.8 68.8 

 

It can be noticed that the inorganic part is larger than 10 mg/l. Therefore, it would be 

inappropriate to run measurements using the TOC (TC-IC) method and the NPOC seems to be 

more suitable. However, the amount of purgeable organic carbon still has to be shown to be 

insignificant. Total Carbon and Non Purgeable Organic Carbon were therefore analyzed for the 

same samples tested for IC. The results are presented in table 2 and 3. 

Table 2. Total Carbon measurements (mg/l) 

 Total carbon (mg/l) 

Sampling 

number 

Clear 

Filtrate 

PM1 

Clear 

Filtrate 

PM2 

Clear 

Filtrate 

RF 

Broke Recycled C2/C3 C7/C8 
HB 

TW 

HB 

BW 

HB 

TOP 

HB 

BASE 

1 443 190 1823 621 1472 619 292 252 170 431 690 

2 438 186 1855 600 1513 905 267 223 190 496 800 
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Table 3. Non Purgeable Organic Carbon measurements (mg/l) 

 Non Purgeable Organic Carbon (mg/l) 

Sampling 

number 

Clear 

Filtrate 

PM1 

Clear 

Filtrate 

PM2 

Clear 

Filtrate 

RF 

Broke Recycled C2/C3 C7/C8 HB 

TW 

HB 

BW 

HB 

TOP 

HB 

BASE 

1 421 176 1795 595 1425 579 273 248 167 420 633 

2 418 162 1799 556 1463 617 251 218 186 489 1145 

 

To more clearly visualize the relationships between NPOC and TC a bar diagram was made, 

see Figure 22. As the difference between TC and NPOC turned out to be low, and due to the 

fact that a large part of this difference (>10mg/l) is inorganic carbon, NPOC could be concluded 

to be equal to TOC. 

 

Figure 22. Comparison between Total- and Non Purgeable Organic carbon for the different samples.
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4.2 Mapping of NPOC (TOC) 

The primary goal of the NPOC mapping was to generate a basis for the upcoming simulation. 

In order to more easily interpret the results from the simulation, a rigorous statistical analysis 

of the mapped data was carried out. The focus was to find correlations and trends between 

mapped data and other process data, obtained from WinMOPS. Multivariate statistics was 

performed using the software SIMCA to investigate which process variables actually having 

the largest impact on TOC levels and hence the ones to focus on during the simulations. 

4.2.1 Multivariate analysis (MVA) 

The multivariate analysis carried out for PM1 and PM2 to elucidate in what manner the ingoing 

variables affect the TOC concentrations.  

4.2.1.1 PCA PM1 

The score scatter plot of the PCA model created from the dataset of PM1 is displayed in figure 

23. Each mapping is displayed as a unique variable. No outlier can be observed. (In a score-

scatter plot, an eventual outlier would be placed outside the ellipse). Neither is any clear 

grouping observed. However, mappings carried out the same date seems to be showing a 

correlation. 

 

    Figure 23. Score scatter plot PM1 (PCA) 

Outliers were as well investigated by a DModX-plot, where possible outliers will be placed 

above the DCrit(0,05) line. No possible outlier can be observed. 
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             Figure 24. DModX plot PM1 (PCA) 

 

4.2.1.2 PLS PM1 

A PLS model was created where the TOC level in the Clear filtrate PM1 was set as the 

predictive variable. The degree of prediction of the model was increased by excluding variables 

according to table 4. Excluded variables all had a value below 0,5 in the VIP-plot. In the model 

the R2 value describes the degree of explanation the model shows, while Q2 describes how well 

the model predicts new observations. 

Table 4. Improvement of the model by exclusion of variables (PM1). 

Model Type A R2X(cum) R2Y(cum) Q2(cum) Title 

M1 PCA-X 2 0.544 - 0.106 Overview 

M2 PLS 2 0.488 0.749 0.48 PM1 CF as Y 

M3 PLS 2 0.552 0.765 0.494 6 excluded variables 

M4 PLS 2 0.633 0.742 0.51 Prod RF excluded 

 

The final model (M4) was then evaluated by a loadings- and VIP plot. From the loading plot in 

Figure 23 a grouping is formed in the right-hand side, where recycle fiber (Rec%), basis weight 

(BW), TOC in headboxes (HB base, HB top), TOC ingoing virgin fiber (in.mill) as well as 

production (Prod PM1) seems to all have a significant correlation to the predictive variable. 

Values far away from the origin has a large influence whereas values close to the origin has low 

influence. 
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Figure 25. Loading score plot PM1 (PLS) 

 

From the VIP-plot it can be observed that TOC concentration in the top headbox has the largest 

impact on the predictive variable. Almost as large impact has also the production at PM1. In 

addition, TOC concentration in the base headbox, virgin pulp, amount of recycled fiber as well 

as basis weight all have a VIP-value above one. A VIP-value above one implies that the variable 

has a large impact on the model, whereas a VIP value below 0.5 may be considered as a variable 

with low (no) impact (Galindo-Prieto, 2017). The variables with a low VIP-value all shows a 

large amount of noise as the 95 % confidence interval extends on both sides of the x-axis. 

  

Figure 26. VIP-plot PM1 (PLS) 
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4.2.1.3 PCA PM2 

The model for PM2 was, in a similar way as for PM1, optimized by exclusion of variables, and 

the progress is displayed in table 5. 

Table 5. Improvement of the model by exclusion of variables (PM1). 

Model Type A R2X(cum) R2Y(cum) Q2(cum) Title 

M1 PCA-X 2 0.481 - -0.0601 Overview 

M2 PLS 2 0.395 0.846 0,.61 PM2 CF as Y-variable 

M3 PLS 2 0.337 0.835 0.361 Load CF excluded 

M4 PLS 2 0.389 0.83 0.457 Prod RF excluded 

M5 PLS 2 0.603 0.905 0.627 Prod PM1 excluded 

 

From the score scatter plot of the PM2 dataset no clear groupings neither any possible outliers 

can be observed. Likewise, no possible outliers are observed in the DModX plot shown in 

Figure 28. 

 

 

Figure 27. Score scatter plot PM2 (PCA) 
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Figure 28. DModX plot PM2 (PCA). 

 

4.2.1.4 PLS PM2 

Figure 29 and 30 illustrates that basis weight (BW) for PM2 has a weak negative correlation to 

TOC concentration (PM2 CF), which also is the case for Broke pulp (Broke (%). The variable 

most strongly correlated to TOC concentration in the clear filtrate is the TOC concentration in 

top head box (HB tw). It can also be noticed that addition of starch has a significant correlation 

to TOC concentration.  

 

 

Figure 29. Loading scatter plot PM2 (PLS). 
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Figure 30. VIP plot PM2 (PLS). 

4.3 Further evaluation of effluent streams 

The correlation between basis weight and TOC concentration (mg/l) concentration in the 

effluent observed in the MVA was further studied also in the form of TOC load (kg/h). This 

was carried out by observing how the TOC load is changed as the basis weight is changed. The 

TOC load values are mean values from each mapping. Since the TOC load is a product of the 

two factors, TOC concentration and flow, the flow (m3/h) is also presented. Thereby, the impact 

of the flow can be taken into consideration as conclusions from the graphs are drawn. 

4.3.1 PM1 

Figure 31 is showing the TOC load and effluent flow of the clear filtrate from PM1 at different 

basis weights. Except for the basis weight of 125 g/m2 there is a direct correlation between TOC 

load in the clear filtrate and the basis weight. The mean flow shows a similar trend as the TOC 

load with increasing flows with increasing basis weight. Standard deviations for the TOC load 

are indicated as well. 
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Figure 31. TOC load (kg/h) and effluent flow (m3/h) of the clear filtrate at different basis weights (g/m2) for 

PM1. 

Figure 32 shows the TOC load and flow from the floor drain at different basis weights for PM1.  

The general trend is that both TOC load and flow seems to increase with increased basis weight. 

It may also be observed that the values of TOC load are considerably smaller compared to the 

ones from the clear filtrate. 

 

Figure 32. TOC load (kg/h) and effluent flow (m3/h) in the floor drain at different basis weights (g/m2) for PM1. 
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4.3.2 PM2 

Figure 33 is showing the TOC load and effluent flow of the clear filtrate from PM1 at different 

basis weights. No clear trends can be observed neither with respect to TOC or flow. The mapped 

data from PM2 was exclusively paper produced without any recycled fiber in the base mix. 

 

Figure 33. TOC load (kg/h) and effluent flow (m3/h) of the clear filtrate at different basis weights (g/m2) for 

PM1. 

Similarly, no clear correlation between basis weight and TOC load was observed in the floor 

drain, as seen in Figure 34. A significant peak is noticed at the basis weight 135, most certainly 

because of a high flow at this value. The reason for the observed high flow could not be 

established. At this point the standard deviation was also noticeably large. 

 

Figure 34. TOC load (kg/h) and effluent flow (m3/h) in the floor drain at different basis weights (g/m2) for PM2. 
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Figure 35 shows the relative contribution from different flows to the total TOC load to the 

WWTP. The data presented are mean values during the time of mapping. It can be noticed that 

the effluent stream from PM1 (PM1 CF) clear filtrate generates 50 % of the TOC contribution 

from the paper mill. Furthermore, it can be concluded that clear filtrate from recycled fiber (RF 

CF) generates a larger contribution to the total TOC compared to the clear filtrate from PM2 

(PM2 CF). The load from the sewage (drain) flows are, compared to the clear filtrate flows, 

substantially lower. Therefore, it was concluded to focus only on the clear filtrate during the 

simulations. 

 

Figure 35. Pie diagram displaying TOC load (kg/h) from the different partial streams.
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4.4 Dynamic simulation 

In this part, firstly results regarding the pre-simulation work are presented and thereafter results 

from the dynamic simulation itself are presented. 

4.4.1 Calibrating the model 

After the evaluation of the mapped data had been performed, the simulation part of the project 

commenced. To begin with, the model, was calibrated such that the measured and simulated 

TOC values were as close as possible. The results are presented in table 6. Values displayed are 

the final values i.e. values associated to the calibrated model, calculated according to equation 

8. The errors are divided in three sections, errors associated to PM1, PM2 and effluent streams, 

respectively.  

Table 6. Errors corresponding to the calibrated simulation model. 

 Calibrating the model  

Product 

PM1 

Product 

PM2 

Error 

PM1 

Error 

PM2 

Error 

Effluent 

Total      

Error 

135 RW 135 0.09 0.399 0.012 0.501 

186 RW 160 0.075 0.184 0.116 0.367 

170 RW 175 0.11 0.19 0.059 0.359 

115 RW115 0.595 0.32 0.054 0.991 

135 RW135 0.075 0.184 0.066 0.355 

170 RW125 0.13 0.318 0.099 0.547 

300 RW175 0.066 0.119 0.031 0.216 

 

The main focus with the calibration was to achieve as low error as possible at the effluent 

streams, and of course, also to make sure that the model in general is reliable. 

4.4.2 Predictive work 

The results from the performed mass balance are presented in tables 7-11. Table 7 and 8 are 

showing the current production and a possible scenario of the production at Piteå 750. At the 

current production, a number of tons originates from “upgraded reels” this is produced paper 

which primarily was rated as disposal paper, but is afterwards treated and sold as prima paper.  

However, this is not shown explicitly in table 8 in order for the mass balance to match. For 

reasons of confidentiality, some numbers in the following tables are hidden. 
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Table 7. Paper production in 2015. 

Paper production 2015 

Product Amount 

(ton/year) 

Amount 

(ton/day) 

RW XXX 706 XXX.8 

R2000 XXX 472 XXX.6 

RB XXX 055 XXXX.5 

Upgraded reels X X67 XX.9 

Total 

production 

6XX 500 1XXX.9 

 

 

 

                                          

                                           Table 8. Hypothetical paper production at Piteå 750. 

 

 

 

 

 

 

 

 

 

Table 9 is displaying the required increase of recycle fibers to achieve the desired higher 

production in “Piteå 750”. However, this is just one possible scenario that may or may not 

become the reality in the future. 

PM1 is already producing a paper having of a relatively large fraction of recycled fiber in the 

mix and a further increase may harm the paper qualities. Instead, the product with the largest 

potential of recycled fiber increase is R2000. A product currently using a low amount of 

recycled fiber in the mix. 

Paper production Piteå 750 

Product Amount 

(ton/year) 

Amount 

(ton/day) 

RW XXX 706 XXX.8 

R2000 XXX 972 XXX.5 

RB XXX 322 XXXX.7 

Total 

production 

750 000 2094.9 

7

5

0 
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                       Table 9. Current and future required use of recycled fiber, mean value for all basis weights. 

Recycled fiber in paper 

Product Current 

production (%) 

Piteå 750 (%) Increase (%) 

RB X5.5 X9 3.5 

R2000 X.3 X2 7.7 

 

Based on this, the required increase in the base ply could be calculated according to equation 

13, the results are presented in table 10 and 11. 

Table 10. Recycled fiber increase, base ply, R2000. 

R 2000 

Basis weigth (g/m2) 
RF increase (%) 

Base ply 

115 8.7 

125 8.9 

135 10.2 

160 9.7 

175 10 

186 9.6 

 

Table 11. Recycled fiber increase base ply, RB. 

RB 

Basis weigth (g/m2) RF increase (%) 

Base ply 
 

115 4.3 

125 4.2 

135 4.1 

160 3.8 

170 3.8 

175 3.8 

186 3.8 

200 3,9 

225 3.9 

275 3.9 

300 3.9 
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As the product RW (Royal White) is and will continue to be produced without recycled fibers, 

the production of this product will remain the same. However, the percentage increase of the 

other two products, calculated according to equation 14, turned out to be: 

Annual production increase PM2 R2000: 

𝑋𝑋𝑋 972 𝑡𝑜𝑛/𝑦𝑒𝑎𝑟

𝑋𝑋𝑋 472 𝑡𝑜𝑛/𝑦𝑒𝑎𝑟
= 1.209 → 20.9 % 

Annual production increase PM1 KB: 

𝑋𝑋𝑋 322 𝑡𝑜𝑛/𝑦𝑒𝑎𝑟

𝑋𝑋𝑋 055 𝑡𝑜𝑛/𝑦𝑒𝑎𝑟
= 1.064 → 6.4 % 
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4.4.3 Simulation 

Figure 36 shows the difference between simulated TOC load from the paper mill and the real 

Total TOC load from the paper mill during two weeks of production. The model captures the 

general trend of the real values well, however, the real TOC load is fluctuating more, indicating 

that the model could be further developed by evaluate the parameters accounting for the 

fluctuations. However, it was concluded that the model was accurate enough to continue with 

further simulations. 

Figures 37-39 are showing the simulations of a two-week running cycles for PM1 and PM2 and 

the recycled fiber plant. The increase in TOC load associated with the production increase is 

particularly clear for PM1.                                                                                                                   

Three different scenarios are simulated for each paper machine, shown in figure 37, the 

produced basis weight are as well indicated. The three scenarios are current production, current 

production with Piteå 750 base mix (larger amount of recycled fiber) and pure Piteå 750 

production (larger amount of recycled fiber + production increase). The three upper lines are 

displaying the simulation results for PM1 and the lower ones for PM2. For PM1, the TOC load 

is increasing with increasing basis weight as expected.  

Figure 38 shows that a significant increase in TOC load from the clear filtrate from the recycled 

fiber plant is to be expected. This is reasonable since the increase in production almost 

exclusively will be from the recycled fiber plant. 

From figure 39 it may be observed that the increase in TOC load is associated with the increase 

in production. For PM1, the difference between current TOC load and TOC load at Piteå 750 

is increasing as the basis weight is increased. Further, for PM2 which is where the largest 

increase in production and use of recycled fiber is taking place, do also show the largest relative 

increase in TOC load. 
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                   Figure 36. Simulated (blue) versus real (yellow) TOC load (kg/h) from the paper mill

0

50

100

150

200

250

300

350

400

450

500

550

2000 4000 6000 8000 10000 12000 14000 16000 18000

TO
C

 L
o

ad
 (

kg
/h

)

Time (min)

Simulated vs. Real TOC Load from paper mill



 

Results 

 

 47 

 

Figure 37. Dynamic simulation of TOC load (kg/h) from PM1, PM2 and the Recycled fiber plant at the Piteå 750 production level. 



 

Results 

 

 48 

 

Figure 38. Dynamic simulation of TOC load (kg/h) from the Recycled fiber plant at current production (red) and Piteå 750 production (dark red). 
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Figure 39. Dynamic simulation of TOC load (kg/h) from PM1 (blue, green and yellow) and PM2 (blue, purple and turquoise) during a two-week production cycle. Marked out as 

well is the time where RW is produced. The three lower lines corresponds to current scenario simulation and the upper three to a possible Piteå 750 scenario. 
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5 DISCUSSION 

In this section the results will be further analyzed and interpreted. In order to more easily follow, the 

discussion is carried out in the same sequence as the results are presented. 

5.1 Evaluation of analysis methods 

The comparative study performed to find the proper analysis method showed a relatively small 

difference between TC and NPOC. In addition, the main part of the difference was explained by 

inorganic carbon. However, since it was stated that IC analysis of concentrations above 10 mg/l 

showed a large uncertainty, values above this level were not evaluated further, just that the 

concentration was  above 10mg/l. Hence, POC could be considered negligible. This is, however, 

something that should be performed whenever new sampling points are considered. 

As mentioned the IC measurements carried out were only performed to identify a suitable analysis 

method. In other words, the measurements displaying values above 10 mg/l are not considered in 

absolute values, instead just as an indicator that the IC part actually is above 10 mg/l. Further 

implementations of IC analysis should consist of proper diluting ranges for specific sampling points 

to make sure measurements are carried out in the reliable range. 

5.2 Variables correlated to TOC 

The mapped data made it possible to find the sources of TOC entering the water treatment plant. It 

was, in an early stage, decided that sewage streams would be left out from the simulation part. 

Sewage streams turned out to be minor TOC contributors compared to the clear filtrate streams, due 

to very low flow in general, see figure 27. However, the fact that sewage flow consists of overflow 

from towers, water from floors etc. and for that reason are hard to predict and simulate, led to the 

decision to omit these points. Further, the mapping clearly visualized that PM1 is the main 

contributor to TOC load to the water treatment plant. This is partly due to a higher flow, but mainly 

a due to a considerably higher TOC concentration in the filtrate. From the performed multivariate 

analysis, it could be concluded that recycled fiber along with basis weight are the most significant 

variables explaining the TOC concentration in the clear filtrate stream. One important thing to 

notice, is the fact that the fraction as well as the total amount of recycle fiber is highly correlated to 

basis weight. Therefore, one possible scenario is that recycled fiber is the one reason explaining why 

basis weight is correlated to TOC. Unfortunately, this cannot be evaluated and proved for PM2 since 

Kraftliner was produced exclusively without recycle fiber during the time of mapping. Instead, the 

multivariate analysis of PM2 displayed starch to be a significant variable explaining TOC to the 

waste water treatment. TOC in the clear filtrate from PM2 did not show any correlation to the basis 

weight produced during the time of mapping. This can most certainly be explained by the fact that 

starch addition is not increased with basis weight. Instead starch addition and produced basis weight 
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seems to have a negative correlation. However, if the mapping instead had been performed during a 

period of R2000 production, it is probable that at least a slight correlation to basis weight would 

have been shown as this product has recycled fibers in the mix. Further, from the PLS-X models it 

can be noticed that the TOC concentration of ingoing virgin pulp has a relatively strong correlation 

to TOC in the effluent streams. What is surprising is the fact that broke pulp only shows a weak 

correlation for PM1 and even a negative correlation for PM2. Indicating that the majority of the 

unretained TOC is circulating in the short circulation and the part entering the long circulation is 

mainly leaving by the clear filtrate. However, one should notice that there is a large variation in the 

predictability for Broke pulp, see Figures 23 and 27. 

Addition of modified starch to a process water/ furnish will never imply 100 % retention to the fiber. 

Most probably due to partial neutralization of the cationic groups, resulting in a reduced attraction 

to the negatively charged fibers. However, cationic starch will to some extent adsorb suspended 

organic particles and thus remove them from the water phase. This can be evaluated in practice by 

investigating the turbidity (cloudiness) of the water, which should decrease somewhat as a function 

of starch addition. However, due to the starch accumulation, it seems that addition of modified starch 

results in an increase of organic load to the water treatment plant. These results thus imply that one 

should consider a starch with a higher degree of substitution in order to make sure the accumulation 

is decreased. Further analysis of the starch correlation reveals that starch added in the top wire 

(unbleached ply) has a somewhat stronger correlation to TOC in PM2 clear filtrate stream compared 

to starch added in the base wire (bleached ply). This is interesting since a significantly larger amount 

of starch is added to the base wire.                                                                                                 

One possible explanation is that modified starch will, to a higher extent, adsorb on hardwood fibers 

compared to softwood fibers. Another possible explanation may be coupled to the conductivity of 

the process water, which is considerably higher for the base ply (softwood) stock system. A high 

electrolyte content can interfere with the electrostatic attraction between fiber and starch molecules. 

Considering starch addition on PM1, this variable was excluded from the multivariate analysis as 

this variable showed a low degree of prediction. This is somewhat unexpected but may be explained 

by the high use of recycled fiber. As mentioned earlier, recycled fiber use is highly correlated to 

TOC in effluent streams, something that may imply the effects of starch in comparison to recycled 

fiber is small.  

5.3 Dynamic simulations 

In order to produce a sufficient amount of pulp at the higher production rate at Piteå 750, it is crucial 

that the recycled fiber plant can produce the required amount of pulp.  However, since the recycled 

fiber pulp only can replace unbleached softwood pulp (base ply), it will be necessary to increase the 

production of bleached pulp as well. If the scenario considered in this project is to become reality, 

it would be necessary to increase the bleach pulp production with 14 000 ton/year an increase of 8 
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percent. This increase can be covered by increasing the amount of externally bleached pulp or 

change the filler to calcium carbonate.  

To calibrate the model, adjustments of TOC concentration in pulps entering the pulp towers was 

performed. The model described the measured values well which suggest that the model is suited 

for making reasonably accurate simulations of the TOC level. 

The variation in TOC level of the ingoing pulps are highly correlated to the washing efficiency in 

the pulp mill. Another factor affecting the ingoing TOC is whether white water from PM1 or PM2 

is used to dilute the pulp after the last washing step, which understandably carries different levels of 

TOC. 

The scenario considered in this case implied an increase of recycled fiber of 3 and approximately 8 

percent for PM1 and PM2, respectively. These are numbers that has never been tested out on any of 

the machines but are, from a technical point of view, highly plausible to run.  

For both paper machines, it seems that most of the trends occurring during the simulations can be 

explained and verified by evaluation of previous process data. PM1 displays a trend where the 

difference between current production and the one expected for Piteå 750 is, with respect to TOC 

load, larger as the basis weight is increased. Since the percentage increase were constant over all 

basis weights this can seem strange. However, a likely explanation is the fact that a greater part of 

the TOC is accumulated in the system and thus elevates the increase associated with increase in 

basis weight. 

Dynamic simulations showed that the recycle fiber clear filtrate displayed larger fluctuations in TOC 

load, compared to the clear filtrate from PM1 and PM2. This can be explained by high TOC 

concentration in the flow, which means that fluctuations of the concentration may give a larger 

impact on the TOC load than a flow with low concentration of TOC. Another possibility can be that 

one of the flow regulators in the recycled fiber plant is incorrectly tuned. Either the amplification is 

too large or the derivation time is too long, settings that both can put the system in oscillation. 

Studying the shape of the simulated TOC load curves, see e.g. Figure 34 it can be observed that 

these show a pattern that is somewhat “smooth”. However, these patterns are, in reality, more 

fluctuating with time as e.g. illustrated in Figure 33. One explanation to this may be that TOC values 

were used when calibrating the dynamic model.                                                                                                           

Effluent flow regulators in the model, controlling the white water balance, need to be further 

optimized in order to maintain flows equal to the real ones. More clearly, the regulators controlling 

the effluent water streams needs to be more sensitive to changes in volume in cloudy filtrate and 

white water tanks which are the ones controlling the effluent flow. 

The balance between broke tower and white water tower needs as well to be further studied. As 

mentioned, a number of process adjustments can be carried out in order to change the levels in the 
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white water towers. However, in the dynamic model the dilution to the pulp mill as well as dilution 

in the recycled chest and tower is exclusively performed using white water from PM1. 

The largest variations in TOC load can be seen right after a web break on the paper machine. At web 

break the consumption of white water is high, thus lowering the level in the white water tanks. 

Subsequently, the broke tower will be rapidly filled. After the break, the level needs to be decreased 

rapidly in order to reserve place for another web break. Hence, the level in the broke towers needs 

to be decreased, this achieved by increasing the flow to the disc filters, something that will in turn 

increase the level in the cloudy filtrate tank and therefore increase the effluent flow. 
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6 CONCLUSIONS 

The TOC content was mapped in the paper mill to elucidate which streams that contributes the most 

to TOC load on the WWTP. Further, a dynamic simulation model for predicting TOC levels in the 

effluent stream to the WWTP was developed. The model was capable to capture the measured 

variations on global scale but some variations are not captured by the model. Still, the model was 

considered to be a good tool for predicting TOC load in effluent water streams. However, further 

optimization work is required to achieve more accurate simulation results. This further optimization 

should focus on the development of the effluent flow control. In addition, a regulation to in the 

model control the white water used for dilution in recycled fiber plant and pulp mill has to be 

developed. 

Further it was found that: 

- Addition of recycled fiber is by far the most significant variable generating TOC load to the 

WWTP. 

 

- Considering ingoing virgin pulps in the pulp chests, the unbleached softwood pulp carries 

the largest TOC contribution. Probably due to a somewhat less effective wash compared to 

the bleached pulp. 

 

- Considering the waters mapped in this study, organic carbon measurements in the form of 

NPOC is the most suitable method. This since the volatile organic part is negligible. 

 

- At current production, PM1 is generating approximately 50 % of the organic carbon load 

entering the WWTP. By the performed production increase however, this share will decrease 

as the TOC load contributions from both PM2 and recycled fiber are expected elevate more 

than PM1. This means that drops in TOC load connected with production interruptions at 

PM1 will likely be less significant in the future. 

 

- Because of the very high concentrations of TOC in the effluent flow from the Recycled fiber 

plant, an increased production will inevitably result in a higher TOC load. 

 

- To be able to simulate the TOC load from the paper mill more accurately, the different 

regulators controlling the flow needs to be further studied/optimized. 
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7 FUTURE WORK 

 Further development of the model.  
To more accurately simulate the effluent clear filtrate streams, the flow regulation needs to 

be further developed. Today it is possible to capture the trends of the real TOC load 

accurately, but the small variations are missed. In addition, a regulation controlling the 

dilution in pulp mill and recycled fiber needs to be configured. 

 

 Simulation of other possible Piteå 750 scenarios. 
By use of the excel document “Scenarios Piteå 750” one can easily change parameters to 

obtain the information required to perform simulations for other possible scenarios. 

 

 Perform similar mapping. 

By performing a similar mapping i.e. covering a whole production cycle it would be possible 

to increase the reliability of the results. Eventually seasonal variations should be considered 

as well. 

 

 Find a correlation between TOC and starch in effluent water streams. 

As a method making it possible to measure dissolved starch in white water currently is                          

to be implemented, this can generate valuable information to the TOC measurements. 

 Investigate the possibility to reattach native starch. 

The mapping revealed that concentration of TOC in the recycled fiber effluent is 

considerably higher compared to the other flows considered due to high concentrations of 

native starch in flow. A possible solution to this would be to try to reattach the native starch 

to the fibers. 

 

 Evaluate possible changes in the TOC/COD quota. 
Changed composition in the effluent water streams, to what extend will it affect TOC/COD   

quota?
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APPENDIX A  

Calibration carbon measurements 

Fresh calibration curves were made in order to make sure the results were to be reliable. The 

preparation of the curves along with the corresponding calibration curve is presented in the following 

sections (Shimadzu, 2014). 

TC standard solution preparation (1000 mg/L) 

1. 2,125 g of reagent grade potassium hydrogen phthalate was weighed accurately. 

 

2. The weighed amount was subsequently transferred to a 1 L volumetric flask. 

 

3. Zero water was added to the 1 L mark and the solution was stirred. 

 

4. The stock solution was accurately diluted with zero water in order to prepare standards at 

required concentrations. 

 

Figure A. Calibration curve Non Purgeable Organic Carbon (0-2000 mg/l) 

R² = 0,9751

0

1000

2000

3000

4000

5000

6000

7000

0 200 400 600 800 1000 1200 1400 1600 1800 2000

Calibration curve 
NPOC 0-2000 mg/L



Appendix 

 

 59 

 

Figure B. Calibration curve Non Purgeable Organic Carbon (0-500 mg/l). 

 

 

Figure C. Calibration curve Non Purgeable organic carbon (0-50 mg/l). 
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IC standard solution preparation (1000 mg/L) 

1. 3,497 g of reagent grade sodium hydrogen carbonate and 4,412 g of sodium carbonate was 

weighed accurately. 

2. The weighed amount was subsequently transferred to a 1 L volumetric flask. 

 

3. Zero water was added to the 1 L mark and the solution was well mixed. 

 

 

 

Figure D. Calibration curve Inorganic Carbon (0-30 mg/l) 
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APPENDIX B 

Mass balance pulp 

A mass balance was performed to obtain the required increase of recycled fiber. An overview of the 

process area considered in the mass balance is presented in figure E. 

  

Figure E. Overview of the process parts in the mass balance. 

The calculation procedure will be displayed in text form: 

Firstly, kraftliner product distribution of the paper products was determined. This was done in 

collaboration with the market department. The three products should together be summed up to 

750 000 ton.  

What further needs to be concluded is the required amount of recycled fiber. The increase of recycled 

fiber is considered to correspond to a similar decrease of unbleached virgin fiber. This was more or 

less performed by trial and error. Using the tonnage of produced paper as a basis, the required 

amount of pulp could be calculated as follows:
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The required amount of pulp was subsequently calculated based on 2015 production. 

To calculate the amount of unbleached- and recycled fiber pulp we need to consider the increase of 

recycled fiber. The increase should be of the size that the amount of unbleached pulp is constant, 

but still be in the range of plausibility. 

The necessary recycled fiber increase is now determined. However, this percentage increase covers 

both paper plies, i.e. the entire sheet, whereas recycled fiber is added in the bottom ply only. Hence 

it is necessary to consider the top/bottom fraction in the sheet to find out what increase in the bottom 

ply will correspond to the determined total increase.
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APPENDIX C 

Raw Data 

Raw data in the form of TOC (mg/l) is presented. All these measurements were performed by the 

NPOC analysis method. 

Table G. Raw data from TOC measurements (mg/l) by the NPOC analysis method, PM2. 

 

 

Pulp chest 
C2/C3 
Unbleached 

Pulp chest 
C7/C8 
Bleached 

Head box top 
wire PM2 

Head box base 

wire PM2 

PM2 
Clear 
filtrate 

PM2 Sewage Basis weight 
(g/m2) 

278,6 201 165,2 148,7 151,1 61,51 3102135 

352,2 253,6 163,7 194,4 147,3 69,95 3100115 

329,4 207,5 151,1 166,9 139,6 55,48 3102125 

406 217,2 173,7 162 146,2 55,52 3102125 

369,8 269,3 167,2 158,1 143,8 63,87 3100125 

375,4 254,4 193,9 191,2 172 59,6 3100135 

703,6 257,1 178 176,3 163,4 70,3 3100135 

- - - - - 30,76 3100135 

- - - - - 40,96 3100135 

- - - - - 30,06 5100175 

460,4 257 294,3 156,4 172,7 87,28 5100175 

475,2 - 202 - 271,7 55,52 3100125 

490,8 244,1 263,2 165,8 205,9 55,83 3100125 

927,5 249,1 319,6 169,5 228,6 113,4 3130115 

704,5 261,3 281,9 181,7 218,1 50,36 3100115 

690,9 228,7 289 168 226,1 213,4 3102135 

458,3 215,1 257,6 171,9 158,78 166,6 3100160 

342,7 - 247,1 - 223,8 283,7 3100175 

326,2 - 184,3 145,8 182,9 43,76 3100175 

374 176,1 215,3 126,1 191,6 44,97 3100125 

412,1 245 170,6 135,5 153,4 41,07 3100115 

447,1 284 271 164,8 209,5 65,08 5100125 
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Table H. Raw data from TOC measurements (mg/l) by the NPOC analysis method, PM1. 

Broke pulp 
chest 9040 

Pulp chest 
9001 

Recycled 
pulp chest 
9029/30 

Headbox 
top PM1 

Headbox 
base PM1 

RF Clear 
filtrate 

RF Sewage Basis 
weight 
(g/m2) 

316,7 338,4 790,5 161,1 162,1 1606 1451 115 

457 375 1432 268,7 364,8 2304 
 

125 

429,9 313,4 988,5 268,8 340,9 - 
 

125 

463,8 428,3 989,8 313,7 482,8 - 
 

125 

536,3 470,9 952,9 365,8 447,2 2740 2339 125 

472,3 429,9 1313 299,7 438,3 
 

356,5 135 

463,3 467,8 954,3 315,5 475 2939 2407 135 

632 - 1294 - - 1752 312 135 

601,9 556,5 1348 428,2 563,2 2675 146,7 135 

627,6 631,5 1027 437 701,4 1669 1554 170 

597,5 596,5 1239 465,6 670,3 1633 1632 170 

596,8 630,3 981,3 504,9 619 3143 2938 300 

499,2 - 1083 - 672 1791 1673 300 

- - 757,8 - - 3041 - 300 

368,4 - 533,7 - 672 3205 709,4 300 

- - - - - 2510 216,9 275 

- - 729,6 - - 2527 434,2 275 

477,1 461,7 1043 331,2 454,1 2022 1356 300 

271,8 330,2 768,9 249,8 467,6 1994 2057 300 

474,4 376,9 1313 308,4 579,3 2151 2280 200 

483,2 532,7 857,9 392,5 602,3 1874 1453 186 

527,6 502,4 1398 392,5 501,7 1821 1474 135 
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APPENDIX D 

Sampling points 

Besides the effluent water streams sampling points according to the figures below was 

mapped. 

    

 

 

 

 

 

 

              Figure F. Sampling points ingoing pulps. 
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Figure G. Sampling points at PM1, top- and base headbox. 

Figure H. Sampling points PM2, basesheet- and topsheet headbox. 


