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Abstract 

To replace nonrenewable materials, glass, plastics and metals, at the market the production of the 

environmental friendly material paper needs to increase numerously. An increased paper production leads 

to an enlarged wastewater flow at the paper mill and thereby higher surface load in the biological 

wastewater plant. Higher surface load in turn, leads to lower efficiency and higher emissions. To be able to 

increase the capacity of the paper production, the wastewater flow to the biological wastewater treatment 

needs to be decreased.  

In this thesis, the wastewater at Skärblacka mill has been studied to identify how to increase the production 

without increasing the flow of wastewater to the biological wastewater treatment. Different wastewater has 

been studied to identify sufficient clean wastewater flows that today are directed to the biological 

wastewater treatment. 

The outcome of this thesis is that up to 600 m
3
/h wastewater could be removed from the biological 

wastewater treatment due to sufficiently high purity. This outcome is primarily based on measurements of 

the emission parameters, Total Organic Carbon, Suspended Solids, Total Phosphorus and Total Nitrogen 

and the calculation of PEC/PNEC, environmental assessment, for the chemicals in the wastewater. 

The unload of up to 600 m3/h will contribute to an increased efficiency in the biological wastewater 
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contribute to a possibility to increase the paper production at Skärblacka mill without interfering with 

environmental demands. 
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Abstract 

To replace nonrenewable materials, glass, plastics and metals, at the market the production of 

the environmental friendly material paper needs to increase numerously. An increased paper 

production leads to an enlarged wastewater flow at the paper mill and thereby higher surface 

load in the biological wastewater plant. Higher surface load in turn, leads to lower efficiency 

and higher emissions. To be able to increase the capacity of the paper production, the 

wastewater flow to the biological wastewater treatment needs to be decreased.  

In this thesis, the wastewater at Skärblacka mill has been studied to identify how to increase 

the production without increasing the flow of wastewater to the biological wastewater 

treatment. Different wastewater has been studied to identify sufficient clean wastewater flows 

that today are directed to the biological wastewater treatment. 

The outcome of this thesis is that up to 600 m
3
/h wastewater could be removed from the 

biological wastewater treatment due to sufficiently high purity. This outcome is primarily 

based on measurements of the emission parameters, Total Organic Carbon, Suspended Solids, 

Total Phosphorus and Total Nitrogen and the calculation of PEC/PNEC, environmental 

assessment, for the chemicals in the wastewater. 

The unload of up to 600 m
3
/h will contribute to an increased efficiency in the biological 

wastewater treatment and thereby lower emissions. Increased efficiency and lower levels of 

emissions will in turn contribute to a possibility to increase the paper production at 

Skärblacka mill without interfering with environmental demands. 



Sammanfattning 

För att ersätta icke förnybara material såsom glas, plast och metall på marknaden måste 

produktionen av det miljövänliga alternativet papper öka. En ökad pappersproduktion leder 

till en ökad vattenkonsumtion på papperbruken vilket i sin tur leder till en högre ytbelastning i 

den biologiska vattenreningen. En högre ytbelastning leder i sin tur till en mindre effektiv 

rening och därmed högre vattenbundna utsläpp. För att kunna öka kapaciteten på 

pappersproduktionen behöver avloppsflödena till den biologiska vattenreningen minska. 

I detta examensarbete har avloppsvattnet på Skärblacka bruk undersökts för att avgöra hur 

man skulle kunna öka produktionen utan att öka avloppsflödena till den biologiska 

vattenreningen. Olika avloppsvatten har studerats för att identifiera avloppsvatten som är 

tillräckligt rena och därför inte behöver passera den biologiska vattenreningen. 

Resultatet av detta examensarbete är att upp till 600 m
3
/h avloppsvatten skulle kunna avlastas 

från vattenreningen tack vare tillräckligt hög renhet. Detta resultat är framförallt baserat på 

mätning av utsläppsparametrarna Totalt organiskt kol, Suspenderade ämnen, Totalfosfor och 

Totalkväve samt att för alla kemikalier som kan finnas i avloppen har en miljöriskbedömning 

gjorts i form av PEC/PNEC beräkningar. 

En avlastning på runt 600 m
3
/h av den biologiska vattenreningen skulle bidra till en ökad 

verkningsgrad och därmed lägre utsläpp. En högre verkningsgrad och lägre utsläpp leder i sin 

tur till en möjlig ökad pappersproduktion vid Skärblacka bruk utan att problem med miljökrav 

uppstår. 
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1 Introduction 
Aims to give an introduction to the background of the thesis and thereby contribute to the 

understanding of the importance of the thesis. 

1.1 Background 
In the Swedish packaging industry paper is the primary competitor to glass, plastics and 

metals. These are all functional packaging materials but from an environmental perspective 

paper is the most advantageous material. Paper is a practical, renewable and environmental 

friendly material which makes it an important part of the solution when talking about 

reducing emissions of fossil fuel through increased use of products from renewable raw 

materials. However, this is only true if the fibers come from sustainably harvested forest and 

are used in factories with the utmost focus on the environment and thereby emissions. 

Another important contribution to why paper should be selected, prior to glass, plastics and 

metals, as an environmental friendly alternative is because paper is recycled to two thirds 

compared with glass, plastics and metals that together are recycled to less than one third 

(Skogsindustrierna, 2012). 

To remove nonrenewable materials from the market the production of the environmental 

friendly material paper needs to increase numerously which is one of the main objectives at 

Skärblacka mill. 

Skärblacka mill is certified according to the FSC
®

, Forest Stewardship Council, and PEFC
TM

, 

Programme for the Endorsement of Forest Certification schemes. FSC
®
 and PEFC

TM
 are two 

forest certification systems for sustainable and responsible forest management leading to an 

improved paper production from an environmental and social perspective. 100 % of the 

sourced fibers are FSC-controlled wood (BillerudKorsnäs, 2012). 

During the years Skärblacka mill has passed several new investments and renovations to 

always be updated at the market. The latest superior investment at Skärblacka mill is a new 

evaporation plant that has had a positive impact on the production in several perspectives. 

Now, one of the bottlenecks for their increased production capacity is the wastewater 

treatment. An increased paper production leads to an enlarged wastewater flow and a higher 

surface load at the biological wastewater plant leading to lower efficiency and higher 

emissions. To be able to increase the capacity of the paper production, the wastewater flow to 

the biological wastewater treatment needs to be decreased.  

1.2 Aim 
In this thesis, the wastewater at Skärblacka mill has been studied to identify how to increase 

the production without increasing the flow of wastewater to the biological wastewater 

treatment. 

The reduction of wastewater flow to the biological wastewater treatment can be approached in 

different ways. One way is to investigate each unit at the paper mill, which is contributing to 

the wastewater flow, to see what each unit can do to reduce their wastewater flows.  This is a 

comprehensive way that is not applicable in just one thesis. 

Another and more general way is to investigate if the wastewater flow from some units is 

clean enough to meet emission parameters without passing through the biological wastewater 

treatment. In this thesis different wastewater has been studied to identify sufficient clean 

wastewater flows that today are directed to the biological wastewater treatment.
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2 Theoretical Foundation 
Aims to give an introduction to Skärblacka mill and the basic principles of the wastewater 

treatment and thereby contribute to a better understanding of the project.  

2.1 Description of BillerudKorsnäs AB 

2.1.1 BillerudKorsnäs AB 

BillerudKorsnäs AB is a Swedish company in the paper industry which was established in 

2012 when the two companies Billerud AB and Korsnäs AB joined forces. BillerudKorsnäs is 

active in three business areas: Packaging paper, Containerboard and Consumer board which 

makes the company a world leading supplier of strong primary fiber-based packaging 

material. BillerudKorsnäs has around 4400 employees in 13 different countries focusing on 

smarter packaging to the four customer segments: Food & Beverages, Industrial, Consumer & 

Luxury Goods and Medical & Hygiene (BillerudKorsnäs AB, 2014). 

2.1.2 Skärblacka mill 

One of BillerudKorsnäs production units is Skärblacka mill, located in Skärblacka outside 

Norrköping. The pulp production at Skärblacka mill began as early as in 1872 and two years 

later in 1874 the paper production was running. The foundation of the mill in Skärblacka 

today was made in the 1960s and has since undergone further major investments and 

renovations to now cope with a production capacity of approximately 400 000 tonnes market 

products/year, achieved with help from the 625 employees.  

At Skärblacka mill there are four paper machines, referred to as PM7, PM8, PM9 and PM4 

and one drying machine referred to as TM1. 

At Skärblacka mill there are two yankee machines, PM7 and PM8. The yankee creates paper 

with a higher gloss and smoother surface on one side, and is therefore called monoglazed 

(MG) paper. At PM7 and PM8 bleached pulp is used which results in white MG Kraft paper 

that is used, among other things, in food and medical packaging.  

At the drying machine, TM1, bleached pulp is dried and packed in bales. It is then sold to 

other paper mills where it is used primarily for the production of printing and writing paper. 

The largest paper machine at Skärblacka mill, also one of the largest of its kind, is PM9 where 

brown sack paper is produced to form packaging materials used for cement, chemicals and 

animal feed to give some examples. 

Unbleached Neutral Sulfite Semi-Chemical pulp, NSSC pulp, is used at the oldest paper 

machine, PM4. PM4 is the only part of Skärblacka mill that remains from before the major 

investments and renovations which has been implemented since the 1960s. At PM4 hardwood 

is used to produce the wavy layer in corrugated paper, referred to as fluting. 

The production of brown sack paper, fluting and bleached Kraft paper makes Skärblacka mill 

involved in all of the three business areas of BillerudKorsnäs (BillerudKorsnäs AB, 2012). 
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2.2 Manufacturing process 
Cellulose, lignin and hemicellulose are the three primary polymers present in wood. The 

polysaccharides, cellulose and hemicellulose, are cross-linked to form microfibrils. The 

microfibrils are then packed in layers, in the presence of lignin, to form fibers (Salmén et al, 

2012). 

The difference in structure of the fibers makes it possible to control the properties of the final 

paper products. In the paper industries hardwood, short fibers, and softwood, long fibers, are 

used to produce various kinds of paper, likewise at Skärblacka mill whose pathway from hard 

and fibrous wood to the multilateral material paper is illustrated in Figure 2-1. 

 

The production of paper begins in the wood handling plant (1) where hardwood and softwood 

are debarked and chipped. The wood chips are stored in silos before transport to the digester 

lines (2). At the digester lines a chemical pulping process, called sulphate process, is used to 

create vigorous pulp. In the sulphate process wood chips are boiled together with white liquor, 

a mixture of sodium sulfide (Na2S) and sodium hydroxide (NaOH), to separate the fibers. The 

fibers are separated due to decomposition of lignin and hemicellulose and form paper pulp, 

free cellulose together with low concentrations of hemicellulose, to a yield of 50 % 

(BillerudKorsnäs AB, 2012). The released pulp is washed (3) to remove the remaining 50 % 

called black liquor, consisting of lignin, hemicellulose and the elements carbon, hydrogen, 

oxygen, sulfur, potassium and sodium in various forms: NaOH, Na2CO3, Na2S, Na2SO4 and 

Na2O (Sveriges Skogsindustriförbund, 1981). Before proceding with the pulp it is screened 

(4) to remove solid contaminants.  

At Skärblacka mill both unbleached and bleached pulp are produced in two different pulp 

lines. From the pulp line, with six batch digesters, the pulp is transfered to the Bleach plant 

(5) where bleached pulp, to desired brightness, is produced. Bleaching gives whiter, cleaner 

and more age-resistant pulp used in for instance kraft paper production. To produce 

unbleached sack paper the pulp line with a continuous digester is used.  

  

Figure 2-1 Schematic illustration of the paper production at Skärblacka mill. 
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The pulp is then transferred to the paper machines or the drying machine (6). At the paper 

machines pulp is distributed over an endless wire in a solution called stock and dewatered, 

pressed and dried to the required structure. After the paper machine the paper rolls are 

transferred to the rewinder followed by the pack stations and then unloaded (8) and delivered 

to the customers. At the drying machine the pulp is dryed, compressed and tied in bales for 

transfer to paper mill customers (BillerudKorsnäs AB, 2012). 

Using the sulphate process in the manufacturing process, results in a more durable product, 

compared to other pulping processes, and the chemicals used can be recovered. The recovery 

cycle (7) begins when the black liquor is evaporated and then burned in a recovery boiler to 

finally form sodium carbonate (Na2CO3) and sodium sulfide (Na2S) which correspond to  

70 % and 30 % of the melt, respectively. In reaction 1-3 the substances needed for reaction 4 

and 5 are formed and in reaction 4 and 5 the two componds in green liqour are formed. 

  1 

  2 

 
 3 

   

  4 

   

The most important reaction is the reduction of the various forms of sulfur which produces 

the pulping chemical, Na2S. In the reaction carbon from the furnace react with sodium sulfate 

(Na2SO4) leading to the formation of carbon dioxide (CO2) and sodium sulfide (Na2S) 

  5 
 

About 95% of the sulfur is finally found as sodium sulfide, which together with sodium 

sulfate make up 30 % of the melt. The melt runs out from the bottom of the recovery boiler 

and is in a solution with water referred to as green liquor (Sveriges Skogsindustriförbund, 

1981). 

The second main cooking chemical NaOH is produced in a reaction called causticisation. 

Sodium carbonate, from the green liquor, is in the presence of slaked lime (Ca(OH)2) 

converted to sodium hydroxide leading to a regeneration of also the second compound in 

white liquor.  

  
 

6 

In causticisation calcium carbonate (CaCO3) is formed, which can be removed from the white 

liquor by filtration. In the sulphate process, calcium carbonate goes under the name lime 

sludge.  

In a lime sludge reburning kiln, in a reaction called calcination, lime sludge is burned to 

create burned lime (CaO).  
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When the burned lime is cooled down, it can be used again for causticisation of the green 

liqour. It reacts with green liquor, that is in a water solution, to form the slaked lime needed in 

reaction 6 (Sveriges Skogsindustriförbund, 1985). 

  8 
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2.3 Wastewater system 
In the manufacturing process from hard and fibrous wood to the multilateral material paper a 

lot of wastewater is formed and the wastewater system at Skärblacka mill is illustrated in 

Figure 2-2. There are two wastewater systems, one with fibers and one with cooling water, 

which goes from Skärblacka mill to the recipient, Motala Ström, with possible wastewater 

treatment there between. The wastewater line with fibers starts with wastewater from PM7 

and PM8 and is then filled with wastewater from TM1, PM9, the Pulp mill together with the 

Chemical recovery and energy production plant in the written order. Before leading the 

wastewater to the pre-sedimentation also wastewater from the Wood handling plant and PM4 

is connected. The wastewater line with cooling water consists of cooling water from PM7, 

PM8 and PM9 together with cooling water from the Sulphate mill (Billerud Skärblacka AB, 

2011). The wastewater from the Bleach plant connects with the wastewater line with fibers 

after the pre-sedimentation. 

Figure 2-2 Schematic illustration of the wastewater system at Skärblacka mill. 
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2.4 Wastewater treatment 
The wastewater with fibers goes to the wastewater treatment at Skärblacka mill. As illustrated 

in Figure 2-3 the wastewater treatment at Skärblacka mill consists of a pre-sedimentation, a 

long-term-aerated activated sludge plant (LAS) and a post-sedimentation. 

2.4.1 Pre-sedimentation 

The wastewater treatment at Skärblacka mill begins when the wastewater with fibers flows 

into two parallel pre-sedimentation basins. In the pre-sedimentation, particles, primary fibers, 

are separated when approximately 85 % settles due to higher density. The particles with 

higher density, referred to as sludge, are removed from the bottom by scrapers and then 

pumped to a dewatering plant. The treated water and wastewater from the Bleach plant are 

together pumped to the biological wastewater treatment, LAS. 

 

 

Figure 2-3 Schematic illustration of the wastewater treatment at Skärblacka mill. 
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2.4.2 LAS 

 

Figure 2-4 The long-term-aerated activated sludge plant at Skärblacka mill (BillerudKorsnäs, Image bank 2014-02-10). 

LAS consists of a machine house with an heat exchange system for cooling, three ponds and 

an intermediate sedimentation basin, see Figure 2-4 and Figure 2-3. The incoming wastewater 

will at summertime go through the heat exchange system for cooling, but during the winter 

the wastewater is already in the right temperature and goes directly to the first pond, called 

anoxic zone (Tennander, 1998). In this environment of low oxygen, mixers are keeping the 

water in motion and chlorate ions are reduced by acting as electron acceptors for micro-

organisms. The micro-organisms, needed for an efficient treatment, benefit from this low 

oxygen environment (Bruce, 1998). 

The pond with low oxygen is followed by a second pond, called aerated zone. The aerated 

zone is filled with surface aerators and mixers to keep the water rich of oxygen and in motion. 

In this zone, oxygen-consuming substances are decomposed by micro-organisms and at the 

same time uptake of phosphorus and nitrogen by bio-sludge occurs. The third and last pond, 

called the cooling pond, used for further cooling, is not in use, which means that after the 

aerated zone the wastewater is transferred to the intermediate sedimentation. 

In the intermediate sedimentation basin the micro-organisms, filled with phosphorus, nitrogen 

and other substances, are separated as they sink to the bottom. The bio-sludge, at the bottom, 

is transferred back to the anoxic and aerated zone or transferred to the sludge dewatering plant 

as the cleaned water flows over the edge and returns to the factory area for the final 

sedimentation (Tennander, 1998). 

How much bio-sludge that is transferred to the anoxic zone and the aerated zone respectively 

depends on the concentration of the sludge. Due to higher concentration of sludge in the 

aerated zone more sludge is directed there. To steer the age of the sludge, the sludge from the 

intermediate sedimentation is also transferred to the sludge dewatering plant. 
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2.4.3 Post-sedimentation 

The post-sedimentation comprises two parallel basins and sediments bio-sludge that did not 

sink to the bottom in the intermediate sedimentation of LAS, due to longer residence time. 

The bio-sludge, at the bottom of the basins, is pumped back to the pre-sedimentation and the 

treated water is discharged into the river, Motala Ström (Tennander, 1998). 

The excess sludge is transferred from LAS, the post-sedimentation and the pre-sedimentation 

to a sludge dewatering plant, se Figure 2-5. At the sludge dewatering plant the sludge is 

pressed to a solid content of 35-40%. The sludge is then mixed with bark and combusted in 

the bark boiler at Skärblacka mill (BillerudKorsnäs AB, 2012). 

 

Figure 2-5 Schematic illustration of the excess sludge flow at Skärblacka mill. 
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2.5 Parameters of emission  
As mentioned earlier, this large manufacturing process leads to handling of great volumes of 

water. To allow this amount of water use, most major industries are located near by a 

watercourse and are carefully controlling their wastewater. 

To run these kinds of industries you are obligated to have permissions which leads to 

conditions, based on decisions from the environmental court, which must be followed. At 

Skärblacka mill there are conditions for Total Organic Carbon (TOC), Suspended Solids (SS), 

Total Phosphorus, Total Nitrogen and Adsorbable Organic Halogens (AOX) when regarding 

water emission. 

2.5.1 TOC 

Total Organic Carbon, TOC, is a measurement of the amount of carbon within a solved or 

dissolved organic substance in water. Aquatic plants and animals contribute to the formation 

of TOC through their metabolism and excretion of waste products. High levels of TOC in 

water may indicate hypoxia. TOC is used as a non-specific indicator of water quality and is 

determined by measuring the concentration of total carbon, TC, and total inorganic carbon, 

TIC, in water (Svensk Standard SS-EN 1484, 1997). 

2.5.2 Suspended Solids 

Suspended Solids, SS, is a measurement of the turbidity of wastewater and is used as an 

indicator of water quality. In the paper industry SS is a measurement of fiber consisting solid 

particles and bio-sludge in the water and is obtained by filtering the wastewater (Billerud 

Skärblacka AB, 2011). 

2.5.3 Total Phosphorus  

Phosphorus is a basic element found in wood. Increased levels of phosphorus can result in 

eutrophication which in turn leads to anoxia among aquatic animals and plants (Billerud 

Skärblacka AB, 2011). 

2.5.4 Total Nitrogen 

Nitrogen is a necessary nutrient for aquatic plants and animals and just like phosphorus, a 

basic element found in wood. Increased levels of nitrogen can result in low levels of dissolved 

oxygen in the water which in turn leads to anoxia among aquatic animals and plants (Billerud 

Skärblacka AB, 2011). 

2.5.5 AOX 

AOX is an abbreviation for Adsorbable Organic Halogens and is a measurement of the 

amount of chlorinated organic compounds. The AOX is formed when the pulp is bleached 

with chemicals containing chlorine. There is no relationship between AOX values and 

toxicity but some chlorinated chemicals, detected with AOX, are toxic to aquatic animals and 

plants. (Swedish environmental protection agency, 2009). 

2.6 Chemicals 
In this project the chemicals used at Skärblacka mill to create competitive paper is divided 

into nine categories. Reduced amounts of these chemicals are released to the wastewater and 

thereby emitted to the recipient. To allow these emissions each chemical, used at the mill, 

needs to go through an environmental risk assessment by calculating the PEC/PNEC ratio, 

described in section 4.6. 
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2.6.1 Defoamer 

Defoamers are chemicals used at the paper machines to eliminate foam at the paper machines 

caused by excess air and remnants of black liquor. There are two different defoamers used at 

PM7, PM8 and PM9 of Skärblacka mill (Eklund, 2010). 

2.6.2 Detergent 

Detergents are chemicals used to clean felts and wires, continuously or during stops, at the 

paper machines. There are five different detergents used at PM7, PM8 and PM9 of Skärblacka 

mill  (Eklund, 2010). 

2.6.3 Filler 

Fillers are chemicals used to improve the properties of the paper, such as printability. 

Examples of fillers are talc and clay which also reduces the cost of paper production. There 

are four different fillers used at PM7, PM8 and PM9 of Skärblacka mill  (Ceresana, 2014). 

2.6.4 Hydrofobation agent 

Hydrofobation agents are chemicals used to give the paper hydrophobicity. There are five 

different hydrofobation agents used at PM7, PM8 and PM9 of Skärblacka mill  (Eklund, 

2010). 

2.6.5 Release agent 

Release agents are chemicals used to improve the surface properties of the paper. There are 

three different release agent used at PM7, PM8 and PM9 of Skärblacka mill  (Eklund, 2010). 

2.6.6 Retention agent 

Retention agents are chemicals used to intercept shorter fibers, fillers and other chemicals that 

otherwise would go through the wire and to the wastewater. There are five different retention 

agents used at PM7, PM8 and PM9 of Skärblacka mill  (Eklund, 2010). 

2.6.7 Slimicide 

Slimicides are chemicals used to prevent growth of bacteria in the area of the paper machines. 

There are three different slimicides used at PM7, PM8 and PM9 of Skärblacka mill l (Eklund, 

2010). 

2.6.8 Starch 

Starches are chemicals used to increase the retention, tensile strength and picking resistance in 

the paper. There are two different starches used at PM7, PM8 and PM9 of Skärblacka mill  

(Eklund, 2010). 

2.6.9 Wet strength agent 

Wet strength agents are chemicals used to create paper with wet strength. There is one wet 

strength agent used at PM7, PM8 and PM9 of Skärblacka mill  (Eklund, 2010).
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3 System and process 
Aims to give an introduction to the process behind the project and thereby a better 

understanding of why the project has been fulfilled in this way. 

3.1 Project structure 
The first part of this study was to determine which wastewater flows that could be of interest 

to investigate. It had to be wastewater with relatively high flow so that the unloading of LAS 

becomes noticeable. It was also necessary to be wastewater with low levels of TOC, 

phosphorus, nitrogen and AOX due to the decomposition of these compounds in LAS. The 

wastewater with fibers which could unload LAS shall in all cases be passed to a pre-

sedimentation which leads to that the amount of SS not necessarily needs to be extremely low. 

In Table 1 and in Figure 2-2 the levels of the interesting parameters from each production unit 

and the wastewater system are illustrated. 

Table 1 The levels of parameters of emission in each production unit at Skärblacka mill.  

Flow: low <100 m3/h, high >400 m3/h, TOC: low <1 t/d, high >4 t/d, SS:  <1 t/d, high >3 t/d, Total Phosphorus: high >10 

kg/d, Total Nitrogen: high >50 kg/d and AOX: high > 0,2 kg/t. 

Unit Flow TOC SS Phosphorus Nitrogen AOX 

Pulp mill Low Medium Medium Low Low Low 

Wood handling plant Low Low Low Low Low Low 

PM4 Medium High High Low Low Low 

Bleach plant High High Low High High High 

Chemical recovery and energy 

production plant 
High Medium Low Low Low Low 

PM7 Low Low Medium Low Low Low 

PM8 Low Low Medium Low Low Low 

PM9  Medium Medium Medium Low Low Low 

TM1 Low Low Low Low Low Low 

 

The Pulp mill and the Wood handling plant were not of interest due to low flow rate. PM4 has 

a higher flow rate but was not of interest due to high TOC and SS values. The Bleach plant 

also has a higher flow rate but was not interesting due to high levels of TOC, Total 

Phosphorus, Total Nitrogen and AOX. Left were the Chemical recovery and Energy 

production plant and PM7, PM8, PM9 together with TM1. PM7, PM8 and TM1 individually 

also have a low flow rate but wastewater from PM7, PM8, PM9 and TM1 goes to the same 

drain which made it possible to examine these wastewaters as a unit. 

Wastewater from PM7, PM8 and PM9 together with TM1 were selected for the main 

investigation. The decision is based on the information in Table 1 together with that at least 

one other paper mill in the BillerudKorsnäs concern has directed their wastewater from the 

paper machines, via the pre-sedimentation, to the recipient. 

The Chemical recovery and energy production plant was also of big interest for the 

investigation which resulted in a parallel study on the evaporation part of the Chemical 

recovery and energy production. 

Another parallel study was the cooling water at PM4. In the wastewater at PM4 there is a lot 

of cooling water which is unnecessary due to the purity of the cooling water. As a possibility 

to unload LAS further, transfer of the cooling water at PM4 directly to the recipient or use as 

fresh water have been studied as another parallel investigation.



System and process 

12 

 

The wastewater has been studied according to the flow chart illustrated in Figure 3-1 and the 

time schedule shown as a Gantt chart in Appendix A. 

 

Figure 3-1 Procedure flow chart of the study with respect to methods. 

3.1.1 Lithium chloride measurement 

Due to problems with the balance of the wastewater flows at Skärblacka mill, the initiation of 

the project was to implement several LiCl measurements to identify the size of the wastewater 

flows. The method for LiCl measurements is described in section 4.1. 

3.1.2 Measurement of parameters of emission 

In the wastewater from PM7, PM8 and PM9 together with TM1 TOC, Total Phosphorus, 

Total Nitrogen and SS was measured to see if this wastewater is clean enough to meet 

emission conditions without passing through LAS. The methods for measurement of TOC, 

SS, Total Phosphorus and Total Nitrogen are described in section 4.2, 4.3, 4.4 and 4.5 

respectively.



System and process 

13 

 

3.1.3 Study of purification capacity when changing the surface load in  

the pre-sedimentation 

If the wastewater from PM7, PM8 and PM9 together with the wastewater from TM1 is clean 

enough to meet emission conditions, without passing through LAS, it would be an 

opportunity to separate the pre-sedimentation basins.  

Wastewater from PM7, PM8, PM9 and TM1 would then go to one of the basins and then 

directly to the recipient, Motala Ström. 

The remaining wastewater, from the sulphate mill, the wood handling plant and PM4, would 

go to the other basin and then together with wastewater from the Bleach plant, to LAS. 

Due to the possible change in wastewater flow and load of SS when separating the pre-

sedimentation basins a large-scale experiment when all of the wastewater was directed to one 

of the pre-sedimentation basins has been carried out.  

3.1.4 PEC/PNEC calculations 

At PM7, PM8 and PM9 different chemicals are used to create the perfect paper and to keep 

the paper machines clean. To ensure that no chemicals harmful to the environment are 

released, when directing these wastewaters to the recipient without passing through LAS, 

PEC/PNEC calculations, as described in section 4.6, has been completed for each chemical. 

3.1.5 Study of the wastewater from the Evaporation 

A part of the Chemical recovery and energy production plant is the Evaporation where the 

black liquor is evaporated. All wastewater from the Evaporation is today directed to the 

wastewater system with fibers. From the Evaporation three different condensates are formed 

with different degree of pollution. The purest condensate, A, has been investigated to find out 

if it is clean enough to be directed to the wastewater system with cooling water and thereby go 

directly to the recipient, Motala Ström. 

The second cleanest condensate, B, has been investigated to find out if it is possible to 

connect with the wastewater from the Bleach plant. Condensate B contains no fibers and if 

connected with wastewater from the Bleach plant it would be pumped direct to LAS without 

loading the pre-sedimentation. 

The investigations have been initiated with risk assessments followed by measurement of 

parameters of emission and temperature when necessary.  

3.1.6 Study of cooling water from PM4 

At PM4 a lot of cooling water is used as heat exchange water and to cool the switchgear. This 

cooling water is today directed to the wastewater line with fibers which is unnecessary when 

the water is clean enough for transport directly to Motala Ström.  Close to PM4 there is a 

drain, currently closed, for wastewater transport to the recipient. The cooling water at PM4 

has been identified and mapped.
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Plateau 

Time 

Concentration 

4 Materials and Methods 
Aims to provide an introduction to the materials and methods used in the project and thereby 

give a better understanding of why exactly these materials and methods were used.  

4.1 Lithium chloride measurement 
Lithium chloride (LiCl) measurements are used to estimate the flow in the wastewater by 

adding a known and high concentration of LiCl to the wastewater to be studied. LiCl is added 

in a given flow, via a pump, to the wastewater and at the same time, further downstream from 

the pump, sampling is started. The concentration of LiCl is measured in the samples over time 

and at the plateau an average concentration is determined see Figure 4-1.  

 

 

By using the equation (4-1) the current flow in the wastewater can be calculated. 

 

  (4-1) 

 
c1 = the concentration of solution 1 

v1 = the volume of solution 1 

c2 = the concentration of solution 2 

v2 = the volume of solution 2 

If the times for sampling are recorded, a comparison between the calculated flow and the 

corresponding flow in the factory computer system, WinMOPS, can be done.  

In this experiment LiCl is used primarily because it is not naturally found in wastewater but 

also for the reason that it is readily soluble, easy to administer and reliable to analyze with the 

analytical equipment available at Skärblacka mill. 

  

Figure 4-1 Schematic illustration of a graph with concentration over time where 

the concentration after a certain time reaches a plateau. 
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4.1.1 Concentration  

The concentration of LiCl was measured with flame emission in an atomic emission 

spectrophotometer, of the fabricate GBC (Melbourne, Australia), with a measuring range of  

0-3 mg/L. If the concentration of LiCl was higher than 3 mg/L the sample was diluted and a 

dilution factor was taken into account. As a reference three different lithium chloride 

standards, with the concentrations 1, 2 and 3 mg/L respectively, were used and as blank 

distilled water was used.  

Cesium chloride was added in the samples to shift the equilibrium in the ionization reaction of 

lithium, see reaction 9. 

  9 

 

Naturally about 80 % of lithium is found as lithium atoms and around 20 % as lithium ions. 

To determine the total concentration of lithium in the samples all lithium need to be present as 

lithium atoms. 

When an excess of cesium chloride is added in the sample 

  10 

 

there will be an excess of electrons, see reaction 10, that will shift the equilibrium in the 

ionization reaction of lithium, see reaction 9, to the right so that lithium atoms will be formed 

to a yield of 100 %. 

Cesium chloride will also eliminate disorders from sodium, potassium and calcium. 

4.1.2 Flow rate 

The flow rate of the pump was determined by dividing the added amount of LiCl solution in 

grams with its density. A volume was then obtained and divided with the time it took to add 

the LiCl which results in a flow, see equation (4-2).  

 
 

(4-2) 

 
f = flow 

V = volume 

t = time 

m = mass 

 = density 
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GF/A filter SS70 filter 

4.2 Total Organic Carbon, TOC 
By subjecting the sample to high temperature and catalytic combustion, TOC is measured 

through a Formacs
HT

 analyzer from Skalar (Breda, The Netherlands). First TC is converted to 

carbon dioxide through catalytic oxidation, at 950
◦
C in a combustion furnace. The carbon 

dioxide is dispersed in a carrier gas and the concentration of carbon dioxide is measured by a 

non-dispersive infrared detector, NDIR. TIC is converted to carbon dioxide trough 

acidification and NDIR measures the concentration of carbon dioxide. By subtracting TIC 

from TC, TOC is obtained in the unit mg/L (Skalar Analytical B.V., 2011). 

4.3 Suspended Solids, SS 
SS is measured by filtration through filters with different pore sizes. The filter is weighed 

before filtration and then dried in a warming cupboard before weighed again. The difference 

in weight is expressed in mg/L. The filters used in this study were SS70 filter and GF/A filter, 

see Figure 4-2. A SS70 filter is a filter with the pore size 70 µm and separates larger particles 

such as fibers. A GF/A filter is a filter in glass fiber with a pore size of 1,6 m which makes it 

an efficient filter that separates also the small particles.  

 

 

 

 

 

 

 

 

 

4.4 Total Phosphorus 
Total Phosphorus is a measurement of the amount of phosphorus in wastewater and indicates 

the nutritional status in the sample. In the presence of potassium peroxodisulfate and sulfuric 

acid, complexes of inorganic phosphate and organic phosphorus are digested when the 

wastewater is combusted. Phosphorus is converted to phosphate during the combustion and 

the phosphate levels are determined, in the presence of molybdic acid, as blue molybdic acid 

complexes in a spectrophotometer, unit mg/L.  

To prevent arsenate- and silicate ions to form complexes with molybdic acid, sodium 

hydroxide and sulfuric acid are used to adjust pH and ascorbic acid is used as a reducing agent 

(Svensk Standard SS 02 81 02, 1992). 

  

Figure 4-2 Schematic illustration of the filtration with SS70 filter respectively GF/A filter. The green and purple 

dots correspond to solid particles in different sizes and the blue dots correspond to dissolved substances. 



  Materials and Methods 

17 

 

4.5 Total Nitrogen 
Total Nitrogen is a measurement of the amount of nitrogen in wastewater. The nitrogen in the 

sample is oxidized in an environment rich of oxygen and at a temperature higher than 700
◦
C. 

The concentration of nitrogen, mg/L, is detected as nitrogen oxides by chemiluminescence 

through a Formacs
HT

 analyzer from Skalar (Svensk Standard, 2003). 

4.6 PEC/PNEC calculations 
PEC/PNEC calculation is a method used for environmental risk assessment where a 

comparison between concentration of a substance and the highest concentration of this 

substance that does not harm the environment is done. PEC is an abbreviation for Predicted 

Effect Concentration and describes the concentration of a particular substance present in a 

solution. PEC is compared with PNEC, Predicted no Effect Concentration, and describes the 

maximum concentration of a substance that does not harm the environment. A substance with 

PEC/PNEC higher than 1 is regarded as an environmental risk and should be further 

investigated (European Chemicals Agency, 2008).  

4.6.1 PEC 

PEC is calculated as the daily consumption multiplied with the concentration, the 

biodegradability and the retention of the chemical and then divided with the wastewater flow 

and the degree of dilution of the wastewater in the recipient, Motala Ström. 

 
 

(4-3) 

 

 

F = daily consumption 

c = concentration 

n = biodegradability 

r = degree of retention 

f = wastewater flow 

d = degree of dilution 

4.6.2 PNEC 

PNEC is based on toxicity data and calculated as the lowest short- or long-term value divided 

with an assessment factor. The assessment factor is based on the number of toxicity data 

available and goes from the value 1000, where little data exists, to 10, where more than three 

long-term toxicity data is available, see Table 2 (European Chemicals Agency, 2008).  

Table 2 Description of each assessment factor used in PEC/PNEC calculations. 

Data available Assessment factor 

At least one short-term EC(LC)50 from each of three trophic levels 

(algae, Daphnia or fish). 
1000 

One long-term EC10 or NOEC from test with Daphnia or fish. 100 

Two long-term results EC10 or NOEC from species representing two trophic 

levels ( algae and/or Daphnia and/or fish). 
50 

Long-term results EC10 or NOEC from at least three species representing 

three trophic levels (algae, Daphnia or fish). 
10 
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4.7 Temperature 
Wastewater from Skärblacka mill is discharged to the recipient Motala Ström and thus the 

lake Glan. Discharge to Motala Ström needs to follow limit values and guide values for other 

fishing waters in regulation (SFS 2001:554). According to this regulation the temperature in 

Motala Ström may not, further downstream from the discharge point, rise with more than 3
◦
C 

compared to the normal, unaffected temperature. The total temperature, further downstream 

from the discharge point, may not exceed 28 
◦
C and during the propagation time it may not 

exceed 10 
◦
C (Svensk författningssamling (SFS), 2001). The change in temperature when 

directing condensate A to the wastewater system with cooling water must thereby be 

investigated. 

The wastewater to LAS needs to be controlled and one of the controlled parameters is 

temperature. The change in temperature when directing condensate B to the wastewater from 

the bleach plant must thereby be investigated. 

The resulting temperature when two solutions with different temperature are mixed can either 

be calculated or measured. 

4.7.1 Calculation 

The basic formula of calorimetrics (Nordling & Österman, 2006) 

  (4-4) 

 

E = energy 

c = heat capacity 

m = mass 

T = temperature 

The warmer solution release energy to the mixture whilst the colder solution receipts energy 

from the solution, leading to the equation (4-5). 

 

  (4-5) 

 

 

  

Based on the equations (4-4) and (4-5) the mixture temperature (Tm) can be calculated as 

described in equation (4-6). 

 

 
 (4-6) 

 

4.7.2 Measurement 

Two solutions, in a reality-based size ratio, are heated to their respective temperatures. The 

solutions are then mixed and the temperature is measured at the mixed sample.  

 



 

19 

 

5 Results 
Aims to present the results of the project. The process analysis describes all the results 

provided from the project whilst the final result describes the concluding results in a more 

summarized way. 

5.1 Process analysis 

5.1.1 Lithium chloride measurement 

Three LiCl-measurements were applied to identify the size of the wastewater flow. The first 

LiCl-measurement was made after PM7, PM8 and TM1, after PM9, after the Pulp mill and 

after the Sulphate process mainly to quantify the flow of the wastewater intended to unload 

LAS. Data from this measurement is shown in Table 3. 

 

Table 3 Parameters of interest for calculation of the wastewater flow after PM7, PM8 and TM1, after PM9, after the Pulp 

mill and after the Sulphate process. In the initiation of the measurement the LiCl concentration has not been stabilized at the 

site of measuring which in turn leads to extremely high measured flows that can be ignored.  

Time 

(min) 

Pump 

flow 

(ml/min) 

Added 

LiCl 

(g/l) 

Measured LiCl (mg/L) Flow (m
3
/h) 

   

After 

PM7, 

PM8 

and 

TM1 

After 

PM9 

After 

the 

Pulp 

mill 

After the 

Sulphate 

process 

After 

PM7, 

PM8 

and 

TM1 

After 

PM9 

After the 

Pulp mill 

After the 

Sulphate 

process 

0 391 59,54 0,031 0,015 0,013 0,014 45058 94379 105819 99772 

4 391 59,54 0,981 1,150 0,007 0,004 285 1215 196734 332573 

8 391 59,54 1,280 1,638 0,911 0,846 218 853 1533 1651 

12 391 59,54 1,053 1,575 1,199 0,965 265 887 1166 1448 

16 391 59,54 1,135 1,929 1,302 0,928 246 724 1073 1505 

20 391 59,54 1,126 1,763 1,360 0,910 248 792 1027 1535 

24 391 59,54 1,301 1,343 1,351 0,841 215 1040 1034 1661 

28 391 59,54 1,260 1,474 1,335 0,793 222 948 1046 1762 

32 391 59,54 1,223 1,113 1,543 0,951 229 1255 906 1470 

36 391 59,54 - 1,577 1,390 0,962 - 886 1005 1453 

40 391 59,54 1,291 1,490 1,457 0,891 216 938 959 1568 

46 391 59,54 1,263 1,639 1,579 0,951 221 852 885 1469 

52 391 59,54 0,860 1,746 1,691 1,105 325 800 826 1264 

58 391 59,54 1,114 1,887 1,665 0,756 251 740 839 1845 

64 391 59,54 1,021 1,756 1,558 0,925 274 795 897 1510 

 

The calculated flows are found in the four columns on the far right and are also illustrated as 

bars in Figure 5-1. 
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The two remaining LiCl-measurements were made as a control of the balance over LAS. Data 

from the measurement of the wastewater flow from the Bleach plant are shown in Table 4 and 

data from the measurement of the wastewater to the recipient after LAS are shown in Table 5. 

  

Figure 5-1 The calculated flows after PM7, PM8 and TM1, after PM9, after the Pulp mill and after the Sulphate process at different 

times. The error bars indicate the corresponding flow from the factory computer system, WinMOPS. 
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Table 4 Parameters of interest for calculation of the wastewater flow from the Bleach plant. 

Time 

(min) 

Pump flow 

(ml/min) 

Added 

LiCl (g/l) 

Measured 

LiCl (mg/L) 

Flow 

 (m
3
/h) 

0 325,8 52,51 0,149 6899 

4 325,8 52,51 0,230 4467 

8 325,8 52,51 1,425 721 

12 325,8 52,51 1,773 579 

16 325,8 52,51 1,992 515 

20 325,8 52,51 1,942 529 

24 325,8 52,51 2,013 510 

28 325,8 52,51 1,945 528 

32 325,8 52,51 1,844 557 

36 325,8 52,51 1,891 543 

40 325,8 52,51 1,825 563 

44 325,8 52,51 1,873 548 

48 325,8 52,51 1,965 522 

50 325,8 52,51 2,010 511 

52 325,8 52,51 1,929 532 

54 325,8 52,51 1,863 551 

56 325,8 52,51 1,816 565 

 

Table 5 Parameters of interest for calculation of the wastewater flow to the recipient  

after LAS. 

Time  

(min) 

Pump flow 

(ml/min) 

Added 

LiCl (g/l) 

Measured LiCl 

(mg/L) 

Flow  

(m
3
/h) 

0 661,8 59,18 0,011 213611 

7 661,8 59,18 0,679 3462 

9 661,8 59,18 1,130 2080 

11 661,8 59,18 1,159 2028 

13 661,8 59,18 1,205 1950 

15 661,8 59,18 1,120 2098 

17 661,8 59,18 1,159 2027 

19 661,8 59,18 1,118 2102 

21 661,8 59,18 1,091 2153 

23 661,8 59,18 1,106 2124 

25 661,8 59,18 1,084 2168 

27 661,8 59,18 1,088 2160 

29 661,8 59,18 1,118 2101 

31 661,8 59,18 1,122 2095 

33 661,8 59,18 1,065 2206 

35 661,8 59,18 1,120 2098 

40 661,8 59,18 1,119 2101 

45 661,8 59,18 0,530 4433 

48 661,8 59,18 0,092 25430 

51 661,8 59,18 0,020 120498 
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The calculated flows are found in the column on the far right in each table and are also 

illustrated as bars in Figure 5-2. 

 

 

 

5.1.2 Measurement of parameters of emission  

The emission parameters that have been measured are TOC, SS, Total Phosphorus and Total 

Nitrogen and the measurement was performed after GF/A filtration or SS70 filtration. 

When using SS70 filtration fibers are separated. Separation of fibers is what occurs in the pre-

sedimentation which leads to that a SS70 filtration can be compared with a measurement after 

the pre-sedimentation. 

GF/A filter also separate the small particles which with different degree of reduction, 

depending on the parameter, are reduced in LAS. By measuring with GF/A filter one can 

estimate the current emission, when all the wastewaters are directed to LAS, to the recipient 

from these units.  

When measuring SS, the difference between the GF/A filtrate and the SS70 filtrate can be 

compared with a measurement after the pre-sedimentation. This because the difference 

between GF/A filtrate and SS70 filtrate is small particles that do not settle in the pre-

sedimentation. 

The difference between the SS70 value and the GF/A value, when taken the degree of 

reduction into account, corresponds to the increased emission, from each parameter, which 

this modification causes. 

  

Figure 5-2 The calculated flows of the wastewater to the recipient from LAS and wastewater from the bleach plant at different times. The error 

bars indicate the corresponding flow from the factory computer system, WinMOPS. 



Results 

23 

 

PM7, PM8, PM9 and TM1 

TOC, SS, Total Phosphorus and Total Nitrogen have been measured in the wastewater from 

PM7, PM8, PM9 and TM1 to investigate if it is possible to separate these wastewaters from 

LAS. The parameters have been measured with GF/A filtration or SS70 filtration and the 

results are shown in Table 6.  

Table 6 Measured amounts of TOC, SS, Total Phosphorus and Total Nitrogen in the wastewater after PM7, PM8, PM9 and 

TM1. TOC and SS was measured on SS70 filtrated or GF/A filtrated samples. Total Phosphorus and Total Nitrogen was 

measured on SS70 filtrated samples. 

 TOC SS Total 

Phosphorus 

Total 

Nitrogen 

Date GF/A 

(t/d) 

SS70 

(t/d) 

GF/A  

(t/d) 

SS70  

(t/d) 

SS70  

(kg/d) 

SS70 

(kg/d) 

2014-03-10 4,46 5,54 8,25 5,14 4,92 44,6 

2014-03-11 3,72 4,84 21,74 19,02 5,14 38,7 

2014-03-12 0,91 1,59 6,28 3,68 2,07 29,7 

2014-03-13 2,39 3,24 7,24 4,82 3,52 29,2 

2014-03-14 2,91 3,88 7,93 5,42 5,02 30,1 

2014-03-15 3,10 4,15 8,47 5,79 5,36 32,2 

2014-03-16 3,00 4,01 8,19 5,59 5,18 31,1 

2014-03-17 2,86 3,97 7,11 3,61 4,31 19,6 

2014-03-18 2,89 4,55 9,19 3,17 4,67 21,9 

2014-03-19 3,00 4,28 10,29 6,26 5,19 22,9 

2014-03-20 2,44 3,30 23,87 22,16 4,14 23,6 

2014-03-21 2,79 4,01 13,31 9,02 4,92 28,7 

2014-03-22 2,83 4,07 13,52 9,16 5,00 29,2 

2014-03-23 2,78 4,01 13,30 9,01 4,92 28,7 

Average 2,90 4,00 11,00 8,00 4,60 29,3 

 

TOC was measured on GF/A filtered and SS70 filtered samples. In the SS70 filtered samples, 

of PM7, PM8, PM9 and TM1, TOC reached an average of 4 t/d. In the GF/A filtered samples, 

TOC reached an average of 2,9 t/d.  

SS was measured with GF/A filtration and SS70 filtration of samples. In the SS70 filtered 

samples, SS reached an average of 8 t/d. In the GF/A filtered samples, SS reached an average 

of 11 t/d, thought only 8 t/d will sediment in the pre-sedimentation basin since particles only 

larger than approximately 70 µm is settled in this step. Thereby, with this overall calculation, 

3 t/d SS will be released to the recipient. 

Total Phosphorus and Total Nitrogen was measured on SS70 filtered samples. In the SS70 

filtered samples, Total Phosphorus reached an average of 4,6 kg/d and Total Nitrogen reached 

an average of 29,3 kg/d.  
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PM7, PM8 and TM1 

TOC, SS, Total Phosphorus and Total Nitrogen were measured on wastewater from PM7, 

PM8 and TM1 to determine the impact from PM9 on these parameters. The parameters were 

measured in accordance with previous measurements and the results are shown in Table 7. 

Table 7 Measured amounts of TOC, SS, Total Phosphorus and Total Nitrogen in the wastewater after PM7, PM8, and TM1. 

TOC and SS was measured on SS70 filtrated or GF/A filtrated samples. Total Phosphorus and Total Nitrogen was measured 

on SS70 filtrated samples. 

 TOC SS Total 

Phosphorus 

Total 

Nitrogen 

Date GF/A 

(t/d) 

SS70 

(t/d) 

GF/A  

(t/d) 

SS70  

(t/d) 

SS70  

(kg/d) 

SS70 

(kg/d) 

2014-03-11/13 0,39 0,89 2,72 1,49 0,13 11,9 

2014-04-14 0,14 0,28 2,44 2,11 0,05 5,9 

2014-04-15 0,21 0,38 1,91 1,25 0,10 7,8 

2014-04-16 0,14 0,32 1,80 1,34 0,06 6,0 

Average 0,22 0,48 2,22 1,55 0,08 7,9 

 

TOC was measured on GF/A filtered and SS70 filtered samples. In the SS70 filtered samples, 

TOC reached an average of 0,48 t/d. In the GF/A filtered samples, TOC reached an average of 

0,22 t/d.  

SS was measured with GF/A filtration and SS70 filtration of samples. In the SS70 filtered 

samples, SS reached an average of 1,55 t/d. In the GF/A filtered samples, SS reached an 

average of 2,22 t/d, Due to the separation of fibers in the pre-sedimentation the remaining 

0,67 t/d SS would be released to the recipient after the pre-sedimentation. 

Total Phosphorus and Total Nitrogen was measured on SS70 filtered samples. In the SS70 

filtered samples, Total Phosphorus reached an average of 0,08 kg/d and Total Nitrogen 

reached an average of 7,9 kg/d. 
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5.1.3 Study of purification capacity when changing the surface load in  

the pre-sedimentation 

If the pre-sedimentation basins are separated, the flow and amount of SS to each basin will 

change. As a worst case scenario a full scale experiment, when all wastewater flow from 

Skärblacka mill was directed to one of the basins, has been carried out.  

In Table 8 the flow to the pre-sedimentation and the measured amount of SS before and after 

the pre-sedimentation together with the measured amount of SS to the recipient is presented. 

The data corresponds to 19 days and during these 19 days one of the pre-sedimentation basins 

was temporarily out of operation for 5 days in the middle.  

If the sedimentation in the pre-sedimentation is affected when one of the basins is temporarily 

out of operation the amount of SS after the pre-sedimentation would increase. 

Table 8 Flow and measured amount of SS before and after the pre-sedimentation. Between 2014-03-30 and 2014-04-03 one 

of the pre-sedimentation basins was temporarily out of operation. 

Date Flow to the pre-

sedimentation  

(m3/h) 

SS to the pre-

sedimentation 

(t/d) 

SS after the pre-

sedimentation 

(t/d) 

SS to the recipient 

(t/d) 

2014-03-23 2092 85,44 5,47 0,98 

2014-03-24 2106 86,01 5,51 0,98 

2014-03-25 2092 62,97 8,54 1,07 

2014-03-26 2030 64,99 4,97 1,47 

2014-03-27 1961 65,81 4,10 1,00 

2014-03-28 1940 82,77 3,86 0,88 

2014-03-29 1932 69,23 4,03 0,83 

2014-03-30 2015 72,20 4,21 0,87 

2014-03-31 2036 72,96 4,25 0,90 

2014-04-01 1877 52,97 3,60 0,75 

2014-04-02 1923 37,25 5,08 0,89 

2014-04-03 1810 19,29 3,52 0,77 

2014-04-04 1808 56,41 4,82 0,91 

2014-04-05 1734 38,04 3,75 0,82 

2014-04-06 1753 38,46 3,79 0,81 

2014-04-07 1801 39,50 3,89 0,84 

2014-04-08 1823 48,81 5,78 0,99 

2014-04-09 1760 32,86 3,97 0,75 

2014-04-10 1842 77,74 5,39 0,88 
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5.1.4 PEC/PNEC calculations 

PEC/PNEC calculations was made for all chemicals used at PM7, PM8 and PM9 see 

Appendix B (Table 15, Table 16, Table 17, Table 18 and Table 19). For the chemicals used at 

PM7 and PM8 also PEC/PNEC calculations where the biodegradability was set to zero was 

performed see Appendix B (Table 20, Table 21, Table 22, Table 23 and Table 24). For the 

chemicals used at PM7 and PM8 the biodegradability was set to zero to determine their 

environmental risk when no degradation in LAS is available. A summary of the results from 

the PEC/PNEC calculation is also presented in Table 9. The chemicals with a PEC/PNEC 

ratio >1 does not necessarily means that Skärblacka mill emit chemicals harmful to the 

environment and will be discussed further in section 6.4. 

Table 9 Summary of the results in Appendix B.  

Product PEC/PNEC with 

LAS (mg/L) 

PEC/PNEC without 

LAS (mg/L) 

Defoamer 1 <1 <1 

Defoamer 2 <1 <1 

Detergent 1 <1 <1 

Detergent 2 >1 >1 

Detergent 3 >1 >1 

Detergent 4 <1 <1 

Detergent 5 <1 <1 

Filler 1 >1 >1 

Filler 2 >1 >1 

Filler 3 <1 <1 

Filler 4 >1 >1 

Hydrofobation agent 1 <1 <1 

Hydrofobation agent 2 <1 <1 

Hydrofobation agent 3 <1 <1 

Hydrofobation agent 4 <1 >1 

Hydrofobation agent 5 >1 >1 

Release agent 1 <1 <1 

Release agent 2 <1 >1 

Release agent 3 <1 <1 

Retention agent 1 <1 <1 

Retention agent 2 >1 >1 

Retention agent 3 <1 <1 

Retention agent 4 >1 >1 

Retention agent 5 <1 <1 

Slimicide 1 <1 <1 

Slimicide 2 <1 <1 

Slimicide 3 >1 >1 

Starch 1 <1 <1 

Starch 2 <1 <1 

Wet strength agent 1 <1 <1 
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5.1.5 Study of wastewater from the Evaporation 

Two risk assessments have been done, directing condensate A to the wastewater system with 

cooling water respectively directing condensate B to the wastewater from the Bleach plant. 

The risk assessments are illustrated in Appendix C.  

Measurement of TOC, Total Phosphorus and Total Nitrogen 

Based on results from the risk assessments TOC, Total Phosphorus and Total Nitrogen have 

been measured on condensate A to investigate if it is possible to separate condensate A from 

LAS.  

Table 10 Measured amounts of TOC, Total Phosphorus and Total Nitrogen in the condensate A from the Evaporation. All 

parameters were measured on unfiltered samples.  

Date TOC (t/d) Total Phosphorus 

(kg/d) 

Total Nitrogen 

(kg/d) 

2014-03-31 0,198 0,008 8,85 

2014-04-01 0,224 0,004 8,60 

2014-04-02 0,239 0,049 8,79 

2014-04-03 0,213 0,016 11,61 

2014-04-04 0,322 0,017 16,33 

2014-04-07 0,197 0,013 8,42 

2014-04-08 0,222 0,025 8,73 

2014-04-09 0,190 0,025 8,11 

2014-04-10 0,479 - 42,77 

2014-04-11 0,115 - 4,11 

Average 0,240 0,020 12,63 

 

All measurements were made on unfiltered samples due to low concentration of particles in 

the condensate. TOC, Total Phosphorus and Total Nitrogen reached an average of 0,24 t/d, 

0,02 kg/d and 12,63 kg/d respectively. 

The wastewater system with cooling water is today contributing with emissions to the 

recipient in the form of TOC, Total Phosphorus and Total Nitrogen with the amounts 0,21 t/d, 

1,9 kg/d and 26 kg/d respectively. 
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Temperature calculations 

Table 11 Different temperatures and flows for wastewater with cooling water, wastewater form the bleach plant, condensate 

A and condensate B. 

  Summer Winter 

Temperature (
◦
C) 

Wastewater with cooling water 40 33 

Condensate A 90 90 

Wastewater from the bleach plant 65 65 

Condensate B 74 74 

Flow (m
3
/h) 

Wastewater with cooling water 1500 700 

Condensate A 150 150 

Wastewater from the bleach plant 600 600 

Condensate B 130 130 

 

Based on results from the risk assessments also temperature calculations and measurements 

were performed. The temperature calculations are based on the information in Table 11. 

 

The mixture of condensate A and the wastewater system with cooling water can at 

summertime reach the temperature 44,5 
◦
C. 

 

The mixture of condensate A and the wastewater system with cooling water can at wintertime 

reach the temperature 43,1 
◦
C. 

 

The mixture of condensate B and the wastewater from the Bleach plant can, season 

independent, reach the temperature 66,6 
◦
C. 

In the calculations, the heat capacity has been removed and the flows are used as mass due to 

that all solutions are water.  

Temperature measurements  

Also temperature measurements were performed in lab scale as a control of the temperature 

calculations. A solution of 9,2 dl water with the temperature 33,1
◦
C was mixed with a solution 

of 2 dl water with the temperature 91,2
◦
C resulting in the mixture temperature 42

◦
C.  A 

solution of 10 dl water with the temperature 40,5
◦
C was mixed with a solution of 1 dl water 

with the temperature 90,7
◦
C resulting in the mixture temperature 43,5

◦
C. 

A solution of 9,2 dl water with the temperature 64,3
◦
C was mixed with a solution of 2 dl water 

with the temperature 75
◦
C resulting in the mixture temperature 65,2

◦
C. 
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5.1.6 Study of cooling water from PM4 

The size and the location of the cooling water at the fluting mill have been studied and the 

results are illustrated in Figure 5-3. Also the sealing water at the fluting mill has been studied. 

The sealing water is not clean enough to be directed directly to the recipient, 0,62 t/d and 0,47 

t/d in TOC and SS respectively. But, if the sealing water is purified it can be used instead of 

fresh water at the fluting mill and thus unload LAS. 

 

Figure 5-3 Construction drawing over PM4 with the cooling water marked, 1-11. The size of the marking corresponds to the 

size of the flow. 
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5.2 Final results 

5.2.1 LiCl measurements 

In Figure 5-4 the relationship between the measured flow with LiCl and the measured flow 

from the factory computer system, WinMOPS, is illustrated.  

 

 

 

The LiCl measurement indicates that the wastewater flow from PM7, PM8 and TM1 in reality 

is 100 m
3
/h higher than displayed in WinMOPS. After PM9 the LiCl measurement is 

approximately 300 m
3
/h higher, which is an indication on that the wastewater flow from PM9 

in reality is 200 m
3
/h higher than displayed in WinMOPS. This increase of approximately 300 

m
3
/h follows after the Pulp mill and the Sulphate mill which is an indication on that the flow 

meters for these units are consistent with the LiCl measurement. The LiCl measurement also 

indicates that the wastewater to the recipient from the biological wastewater treatment is 

approximately 100 m
3
/h lower in reality than measured and that the wastewater flow meter at 

the Bleach plant is consistent with the LiCl measurement. 

Figure 5-4 Schematic illustration of how the calculated flow from the LiCl-measurement differ from the measured flow from 

the factory computer system, WinMOPS. 
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5.2.2 Measurement of parameters of emission 

In Table 12 measured amounts of TOC, SS, Total Phosphorus and Total Nitrogen has been 

compared between PM7, PM8, PM9 together with TM1 and PM7, PM8 together with TM1. 

The difference between the two lines in the table corresponds to the contribution from PM9 in 

TOC, SS, Total Phosphorus and Total Nitrogen after the pre-sedimentation. The results from 

this study are discussed in section 6.2. 

Table 12 Emitted amounts of TOC, SS, Total Phosphorus and Total Nitrogen if PM7, PM8, PM9 and TM1 respectively 

PM7, PM8 and TM1 would be directed from the pre-sedimentation directly to the recipient. 

 
TOC 

(t/d) 

SS  

(t/d) 

Total 

Phosphorus 

(kg/d) 

Total 

Nitrogen 

(kg/d) 

PM7, PM8, PM9 and TM1 4 3 4,6 29,3 

PM7, PM8 and TM1 0,48 0,67 0,08 7,9 

 

5.2.3 Study of purification capacity when changing the surface load in the pre-

sedimentation 

In Figure 5-5 measured amount of SS after the pre-sedimentation is illustrated. The graph 

covers 19 days where one of the pre-sedimentation basins was out of operation for five days 

in the midle. The results from this study are discussed in section 6.3. 

 

 

  

Figure 5-5 Measured amount of SS after the pre-sedimentation. Between 2014-03-30 and  

2014-04-03, in the figure marked in blue, one of the pre-sedimentation basins was temporarily out 

of operation. 
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5.2.4 PEC/PNEC calculations 

From Table 9 in section 5.1.4 Detergent 2 and 3, Filler 1, 2 and 4, Hydrofobation agent 5, 

Retention agent 2 and 4 and Slimicide 3 has a PEC/PNEC ratio >1. When the biodegradability 

were set to zero also Hydrofobation agent 4 and Release agent 2 got a PEC/PNEC ratio >1. 

All chemicals with a PEC/PNEC ratio >1 will be discussed further in section 6.4. 

5.2.5 Study of wastewater from the Evaporation 

In Table 13 and Table 14 the amount of the emission parameters TOC, Total Phosphorus and 

Total Nitrogen, and the temperature experiment respectively has been summarized. The 

results in this section are discussed in section 6.5. 

Table 13 Summary of the results from the emission part of section 5.1.5. 

 
TOC 

(t/d) 

Total 

Phosphorus 

(kg/d) 

Total 

Nitrogen 

(kg/d) 

Condensate A 0,24 0,02 12,6 

The wastewater system with cooling water 0,21 1,90 26,0 

 

Table 14 Summary of the results from the temperature part of section 5.1.5. 

 Calculated 

temperature (
◦
C) 

Measured 

temperature (
◦
C) 

Condensate A + The wastewater system with 

cooling water (summer) 
44,5 43,5 

Condensate A + The wastewater system with 

cooling water (winter) 
43,1 42,0 

Condensate B + The wastewater from the 

Bleach plant (season independent) 
66,6 65,2 

 

5.2.6 Study of cooling water from PM4 

At the fluting mill a total number of eleven cooling water flows were identified. The biggest 

flow comes from the agitators, in torn 3, the reject pulp torn and the mixing torn. The cooling 

water from these three positions flow to a floor channel at PM4 see Figure 5-3 in section 

5.1.6. The second biggest flows come from the compressor installation and the cooling water 

for the gear box in the Recycling corrugated board plant. Remaining markers correspond to 

relatively small cooling water flows. The smallest markers correspond to cooling water that 

are almost only seeping. These flows together with the sealing water correspond to a 

wastewater flow of approximately 100 m
3
/h. 
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6 Discussion 
Aims to discuss the results presented in the section Final results. 

6.1 Lithium chloride measurements 
The wastewater flow after PM9 can be calculated backwards according to the equation (6-1). 

 

 

 

(6-1) 

 

 

When the wastewater flow after PM9 is calculated according to the equation (6-1) it is 

consistent with the flow from the LiCl measurement. In this way the wastewater flow after 

PM9 is not affected by that the summarized flow after PM9 (PM7, PM8, TM1 and PM9) 

differs with approximately 300 m
3
/h. The summarized flow after PM9 can therefore be used 

when calculating e.g. TOC, SS, Total Phosphorus and Total Nitrogen. 

When calculating the flow from PM7, PM8 and TM1 the wastewater from PM9 needs to be 

subtracted from equation (6-1) and it is no longer possible to avoid the meter at PM9. To 

compensate for the error at the flow meter at PM9 (200 m
3
/h) the wastewater flow from PM7, 

PM8 and TM1 has been calculated by using equation (6-1) and then subtract the wastewater 

flow from PM9 and the error of 200 m
3
/h. 

The awareness of how much the meters differs makes it possible to correct the calculated flow 

but it may still be advisable to control the meters to see what would be required to restore 

them. 

6.2 Measurement of parameters of emission 
Directing PM7, PM8, PM9 and TM1 to the pre-sedimentation and then directly to the 

recipient will not be possible due to high values of TOC and SS primarily. It is not possible to 

emit 4 t/d of TOC and 3 t/d of SS after the pre-sedimentation when additional emissions occur 

after the post-sedimentation and the conditions for these parameters are  

7,5 t/d in TOC and 2,7 t/d in SS.  

The aim of the project was not to increase the emission parameters and therefore it is required 

that the increase in emissions caused by changes can be compensated by the reduced load in 

LAS. 

Therefore, additional measurements were performed at the wastewater from PM7, PM8 and 

TM1 showing significantly improved outcome. The results of this project indicate the 

possibility to direct wastewater from PM7, PM8 and TM1 to one of the pre-sedimentation 

basins and then directly to the recipient. The most limiting emission parameter is SS. SS in 

wastewater from PM7, PM8 and TM1 after the pre-sedimentation is approximately 0,67 t/d. 

The hope and expectation is thus that the amount of SS will be slightly lower due to the 

longer residence time when the basin is loaded with only wastewater from PM7, PM8 and 

TM1. If the emission of SS from these units still would need to be reduced, one can use 

flocculation chemicals in the pre-sedimentation to reduce the amount of SS. A suggestion on 

flocculation experiments is described in Future Perspectives, section 8.2. 
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6.3 Study of the purification capacity when changing the surface load in  

the pre-sedimentation 
The sedimentation in the pre-sedimentation showed no signs of being affected when all of the 

wastewater was directed to one of the pre-sedimentation basins for five days. The results from 

this study indicates that if wastewater from PM7, PM8 and TM1 is directed to one of the pre-

sedimentation basins there will normally be no problem in directing the remaining wastewater 

to the other pre-sedimentation basin. The residence time for the pre-sedimentation basins are 

approximately two hours meaning that this study has been performed over several residence 

times.  

6.4 PEC/PNEC calculations 
Detergent 2 and 3 have a PEC/PNEC ratio >1 when it comes to the ingredient number 2. 

Ingredient 2 has a high reactivity and instability leading to rapid degradation in the 

environment. In short time, ingredient 2 reaches a particularly low concentration and due to 

the instability the toxicity data are questionable (European commission, 2008). Sodium 

hypochlorite will react with both particles and dissolved substances in the wastewater. 

PEC/PNEC calculation is thereby uncertain for this type of chemical and due to the rapid 

degradation of ingredient 2 it is not considered to be harmful to the environment. 

Filler 1, 2 and 4 all has a PEC/PNEC ratio >1. Fillers like talc and clay are not harmful to the 

environment which results in lack of environmental data. Toxicity tests are normally not 

performed for chemicals that are harmless to the environment and are thereby set to 100 mg/L 

as a worst case. A toxicity of 100 mg/L leads to a PEC/PNEC ratio >1 when talking about 

chemicals used in such big amounts as talc and clay. The lowest toxicity is therefore in reality 

much higher than 100 mg/L and thereby the PEC/PNEC ratio <1.  

Hydrofobation agent 5 has a PEC/PNEC ratio >1 when it comes to the ingredient number 2. 

Ingredient 2 has a flocculation function and is used in wastewater treatments. Ingredient 2 is 

also used in the treatment of drinking water which is an indication of low environmental 

impact (Oreworld, 2014). 

Retention agent 2 has a PEC/PNEC ratio >1 when it comes to the ingredient number 1. For 

ingredient 1 the biodegradability is set to zero but at a normal pH (>6) ingredient 1 is reduced 

to 70 % due to hydrolysis. Hydrolysis products are not harmful to aquatic organisms. 

Ingredient 1s effects on aquatic organisms are quickly limited due to irreversible adsorption 

on suspended solids and dissolved organic material in wastewater and would most probably 

not be harmful to the environment (AkzoNobel, Eka Chemiclas AB, 2009). 

Retention agent 4 contains the salt aluminum sulphate which has a PEC/PNEC ratio >1. The 

toxicity data for aluminum sulphate is based on standardized test, on fish, daphnia and algae, 

which are not designed for salts. PEC/PNEC calculations are thereby not representative for 

the environmental impact and it is better to discuss the environmental impact based on the 

chemistry. 

Aluminum sulphate is used as a flocculent in wastewater treatment but also in the treatment of 

drinking water which in itself is an indication of low environmental impact. At pH 7, which is 

the pH in the biological wastewater treatment at Skärblacka mill, the solubility of aluminum 

sulphate is minimal. A minimal solubility results in a small amount of dissolved aluminum. 

The rest of the aluminum precipitates, followed by sedimentation and removal with the bio-

sludge.  
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The emitted amount of aluminum from Skärblacka mill is thereby relatively low. This 

together with the fact that 7 % of the earth core is aluminum, results in an approval of 

aluminum sulphate from an environmental perspective (Gytel, 2014).  

Slimicide 3 has a PEC/PNEC ratio >1 when it comes to the ingredient number 1. Ingredient 1 

hydrolyses in water and forms the active biocide hypohalogenous acid. 

  11 

 

A dosage of 35 kg/d in 64800 m
3
/d leads to an ingredient 1 concentration of 0,54 mg/L. 55 % 

of the product is hypohalogenous acid leading to a concentration of 0,297 mg/L. With a half 

time of 4 hours the concentration of the hypohalogenous will after two days, the time it takes 

to pass through LAS, be 0,000073 mg/L. This together with a NOEC value of 0,056 mg/L and 

an assessment factor of 50, leads to a PEC/PNEC ratio of 0,065. 

When the biodegradability is set to zero the PEC/PNEC ratio is >1 for also Hydrofobation 

agent 4 and Release agent 2. In Release agent 2 it is the whole product that has a PEC/PNEC 

ratio >1 and in Hydrofobation agent 4 it is the ingredient number 3 that has a PEC/PNEC ratio 

>1. These emissions need to be studied further. Is it possible to replace these chemicals or 

change the dosage? 

Skärblacka mill is according to the Swedish environmental code (1998:808), chapter 2 section 

4, obligated to investigate the possibility to substitute used chemicals to more environmental 

friendly chemicals if possible. The chemicals used at Skärblacka mill are therefore constantly 

under investigation. 

6.5 Study of the wastewater from the Evaporation 
Based on the results from the measurement of TOC, Total Phosphorus and Total Nitrogen 

there are, based on my study, no difficulties in directing the condensate A to the wastewater 

system with cooling water.  

The temperature in the wastewater system with cooling water has at most increased the 

temperature in the recipient, Motala Ström, by 0,5 
◦
C. This calculation is based on a worst 

case scenario when the emitted wastewater has a temperature of 40 
◦
C and the water flow in 

Motala Ström is at its lowest level (Billerud Skärblacka AB, 2011). The condensate A will as 

a worst case scenario increase the temperature in the wastewater system with cooling water to 

44
◦
C. Even though these worst case estimations are added together there is no possibility that 

the temperature in Motala Ström would rise with 3
◦
C or more. 3

◦
C is the maximum increase 

allowed in the recipient after wastewater emission. 

The condensate B will at most increase the temperature of the wastewater from the Bleach 

plant with 1
◦
C. This increase will probably not affect the operation in LAS.  

6.6 Study of cooling water from PM4 
Cooling water at PM4 has been identified in eleven different places. Totally, the flow of 

cooling water and sealing water is approximately 100 m
3
/h. The practical and economic 

conditions, if redirecting the cooling water at PM4 directly to the recipient, have not been 

studied in this project. 
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7  Conclusions 
The wastewater flow to the pre-sedimentation is normally around 1800 m

3
/h. The possibility 

to unload the cooling water together with condensate A and B from the pre-sedimentation 

could decrease the wastewater flow with approximately 400 m
3
/h, to 1400 m

3
/h. Of these 

1400 m
3
/h, 300 m

3
/h is derived from PM7, PM8 and TM1 which have shown potential to be 

directed to one of the pre-sedimentation basins and then directly to the recipient. The 

remaining, approximately 1100 m
3
/h, would then be directed to the other pre-sedimentation 

basin and pumped together with wastewater from the Bleach plant and condensate B, 

approximately 730 m
3
/h, to LAS. LAS would then be loaded with a wastewater flow of 

approximately 1830 m
3
/h compared with a wastewater flow of 2400 m

3
/h that today is loading 

LAS, see Figure 7-1.  

 

Figure 7-1 Schematic illustration of the overall results from this thesis. 

The possibility to direct wastewater from PM7, PM8 and TM1, via the pre-sedimentation, to 

the recipient is partly depending on the likelihood to decrease the PEC/PNEC ratio of 

Hydrofobation agent 4 and Release agent 2 which when the biodegradability is set to zero 

shows PEC/PNEC ratios >1. The possibility to replace these chemicals or change the dosage 

needs to be studied.  

If the conclusions in this thesis are proven achievable, it could contribute to unload of LAS 

with approximately 600 m
3
/h. How would this unload affect LAS and in longer-term the 

operation at Skärblacka mill? 

One of the things that control the efficiency in the reduction of TOC, SS, Total Phosphorus 

and Total Nitrogen is the content of bio-sludge, micro-organisms, in LAS. The bio-sludge 

concentration is limited by the load of the intermediate sedimentation. An unloading of LAS 

with approximately 600 m
3
/h leads to a reduced load at the intermediate sedimentation which 

in turn leads to that the bio-sludge content in LAS can be increased. Increased bio-sludge 
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concentration leads to a decreased sludge production in LAS which in turn leads to a 

decreased amount of sludge directed to the Sludge dewatering plant.  

Increased bio-sludge content and reduced load of the intermediate sedimentation leads to a 

decreased amount of SS to the post-sedimentation and thus the recipient, Motala Ström. A 

decreased amount of SS also contributes to a reduced amount of phosphorus and nitrogen due 

to that these are absorbed by SS in LAS. The unloading of the intermediate sedimentation 

basin also means that it will be easier to control the sludge age. All these effects lead to a 

more stable process and reduced costs. 

Increased bio-sludge content, by reducing the load of LAS with approximately 600 m
3
/h, 

leads to a possibility to increase the efficiency in the degradation of TOC with around 2-3 %. 

Additional microorganisms and increased residence time leads to improved degradation. A 

more stable process thus leads to that the efficiency in the degradation of each emission 

parameter can be reduced with some additional percent.  

There is a possibility that this increased efficiency in LAS could cover the increased emission 

that this suggestion contributes with and also make an increased production at Skärblacka mill 

possible. Increased production at Skärblacka mill leads to an improved ability to compete 

with their environmental friendly paper on the market and thus the possibility to reduce the 

use of other alternatives more harmful to the environment.  
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8 Future Perspectives 
This project indicates the possibility to direct wastewater from PM7, PM8 and TM1 to one of 

the pre-sedimentations basins and then directly to the recipient. This project can be classified 

as a pilot study which means that more studies need to be carried out. Below follows a few 

examples of studies that could be conducted to further study the feasibility of the project. The 

studies are presented in the order of priority. 

8.1 Sedimentation simulation 
Ola Dahlin at FS Dynamics suggests a CFD simulation to evaluate how an alteration in 

wastewater flow and amount of SS affects the retention time. CFD is an abbreviation for 

Computational Fluid Dynamics and requires much preparation, but when the preparations are 

done it is a quick and effective tool to simulate fluid flow and heat transfer.  

8.2 Flocculation in sedimentation basin 
The most used chemical combination when reducing SS in sedimentation basins are bentonite 

and polymer. This system reduces, with the right dose, 90 % of incoming material. 

Bentonite is a natural product and consists of volcanic ash which is excavated from various 

depths in the soil. The bentonite is then sieved and milled before transport to Sweden in boats. 

Bentonite is a unique product whilst it consists of small slices of laminate which are weakly 

anionic at the bottom and the top and weakly cationic on the sides. This property makes that 

both anionic and cationic materials are reduced in the wastewater. 

The polymer is a chemical product which consists of long polymer chains. In the polymer 

chains both length and charge can be varied. For sedimentation a weakly anionic polymer is 

primarily used due to that it’s proven to give the best results. 

When using bentonite and a polymer, bentonite is dosed first, approximately 20-30 ppm, and 

then the polymer is added, approximately 1-2 ppm. Note that this system does not reduce the 

dissolved material just the particles. For reduction of dissolved material a precipitation 

chemical is required (Pettersson, 2014).  
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Appendix A 
In Appendix A the initial and actual time plan is illustrated. In the beginning of the project, as 

a section in the project plan, an initial time plan was formed, see Figure A.  The initial time 

plan was made as a work breakdown over the 20 weeks, to facilitate and clarify the work in 

the project.  

 

In the end of the project a supplemented time plan was made to see the actual time plan, see 

Figure A2.  

 

The initial and actual time plan was then compared to see how well the project tailed the 

initial time plan. As usual the work takes longer time than expected but the main reason for 

the longer sections is that the work has been performed more parallel than expected.

Figure A1 The workflow illustrated in an initial Gantt chart. 

Figure A2 The workflow illustrated in a final Gantt chart. 
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Appendix B 
In Appendix B the PEC/PNEC calculations are presented. In Table 15, Table 16, Table 17, 

Table 18 and Table 19 the PEC/PNEC calculations for when all chemicals are passing 

through LAS are presented. Table 20, Table 21, Table 22, Table 23 and Table 24 shows the 

PEC/PNEC calculations for when chemicals from PM7 and PM8 goes with the wastewater 

from PM7 and PM8 to the pre-sedimentation followed by the recipient. In this case the 

wastewater does not pass through LAS leading to that the biodegradability is set to zero.
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Table 15 PEC/PNEC calculations for defoamers and detergents. PEC/PNEC ratios <1 is marked in green and PEC/PNEC ratios >1 is marked in red. 

Product 
Paper 

machine 
Amount Ingredients Biodegradability Retention PEC 

Assessment 

factor 
Toxicity PNEC 

PEC/ 

PNEC 

  

Calculated 

maximum 

dose at the 

time for 

application 

(kg/d) 

 
Amount in 

product 
 Result  mg/L  mg/L  mg/L 

Defoamer 1 7 86,4           

   1 30% Readily biodegradable 60% 0% 0,0032 1000 1000 1 0,0033 

   2 0,04% Readily biodegradable 60% 0% 0,0000044 1000 0,03 0,00003 0,14 

   3 0,0009% Readily biodegradable 60% 0% 0,000000098 1000 0,0048 0,0000048 0,020 

Defoamer 2 9 50  100% Very readily biodegradable 97% 0% 0,00047 1000 100 0,1 0,0047 

   1 0,0375% Readily biodegradable 60% 0% 0,0000024 1000 0,42 0,00042 0,0056 

   2 0,0200% Readily biodegradable 60% 0% 0,0000013 1000 0,03 0,00003 0,042 

   3 0,0010% Readily biodegradable 60% 0% 0,000000063 1000 0,0048 0,0000048 0,013 

Detergent 1 9 1000 
          

   
1 2,9% Readily biodegradable 60% 85% 0,00055 1000 53 0,053 0,010 

   
2 0,8% not readily biodegradable 0% 0% 0,0025 10 22 2,2 0,0011 

Detergent 2 7 107,5 
          

   
1 5% not readily biodegradable 0% 0% 0,0017 1000 100 0,1 0,017 

   
2 5% not readily biodegradable 0% 0% 0,0017 10 0,007 0,0007 2,42 

Detergent 3 7,8 472 
          

   
1 5% not readily biodegradable 0% 0% 0,0074 1000 100 0,1 0,074 

   
2 5% not readily biodegradable 0% 0% 0,0074 10 0,007 0,0007 10,62 

Detergent 4 9 244,8 
          

   
1 20% not readily biodegradable 0% 50% 0,0077 1000 10 0,01 0,77 

Detergent 5 7 240 
          

   
1 40% not readily biodegradable 0% 0% 0,030 10 22 2,2 0,014 

   
2 2,5% not readily biodegradable 0% 0% 0,0019 1000 34,59 0,035 0,055 
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Table 16 PEC/PNEC calculations for fillers. PEC/PNEC ratios <1 is marked in green and PEC/PNEC ratios >1 is marked in red. 

Product 
Paper 

machine 
Amount Ingredients Biodegradability Retention PEC 

Assessment 

factor 
Toxicity PNEC 

PEC/ 

PNEC 

  

Calculated 

maximum 

dose at the 

time for 

application 

(kg/d) 

 
Amount in 

product 
 Result  mg/L  mg/L  mg/L 

Filler 1 7,8 2352           

   1 100% not readily biodegradable 0% 70% 0,22 1000 100 0,1 2,22 

Filler 2 7 7700           

   1 100% not readily biodegradable 0% 20% 1,94 1000 1000 1 1,94 

Filler 3 7 5000           

   1 69,5% not readily biodegradable 0% 70% 0,33 1000 1000 1 0,33 

   2 0,44% Biodegradable 20% 90% 0,00055 1000 100 0,1 0,0055 

   3 0,082%    0,0013 1000 100 0,1 0,013 

   4 0,016% not readily biodegradable 0% 0% 0,00025 1000 0,86 0,00086 0,29 

Filler 4 7 6849           

   1 100% not readily biodegradable 0% 50% 1,079 1000 100 0,1 10,79 
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Table 17 PEC/PNEC calculations for hydrofobations agents. PEC/PNEC ratios <1 is marked in green and PEC/PNEC ratios >1 is marked in red. 

Product 
Paper 

machine 
Amount Ingredients Biodegradability Retention PEC 

Assessment 

factor 
Toxicity PNEC 

PEC/ 

PNEC 

  

Calculated 

maximum 

dose at the 

time for 

application 

(kg/d) 

 
Amount in 

product 
 Result  mg/L  mg/L  mg/L 

Hydrofobation 

agent 1 
7 616 

          

  
1 0,0015% Readily biodegradable 60% 0% 0,0000012 1000 0,0048 0,0000048 0,24 

  
2 0,0100% Readily biodegradable 60% 0% 0,0000078 1000 0,03 0,00003 0,26 

   
3 0,0240% Very readily biodegradable 90% 0% 0,0000047 50 0,6 0,012 0,00039 

Hydrofobation 

agent 2 
7 924 

          

  
1 1,7% Readily biodegradable 60% 60% 0,00079 1000 10 0,01 0,079 

  
2 25% Very readily biodegradable 90% 60% 0,0029 1000 500 0,5 0,0058 

  
3 0,0015% Very readily biodegradable 90% 0% 0,00000044 50 0,6 0,012 0,000036 

Hydrofobation 

agent 3 
9 450 

 
95% Readily biodegradable 60% 85% 0,008078 1000 10 0,01 0,81 

  
1 1% Very readily biodegradable 95% 

 
0,000071 1000 36 0,036 0,0020 

Hydrofobation 

agent 4 
7,8 1617 

          

   
1 15% Very readily biodegradable 96% 70% 0,00092 1000 100 0,1 0,0092 

   
2 0,0100% not readily biodegradable 50% 0% 0,000025 100 0,067 0,00067 0,038 

 

 

 
  

3 0,0015% Readily biodegradable 60% 0% 0,0000031 1000 0,0048 0,0000048 0,64 

Hydrofobation 

agent 5 
7,8 2499 

          

  
1 20% Very readily biodegradable 89% 70% 0,0052 100 1 0,01 0,52 

  
2 10% not readily biodegradable 0% 70% 0,024 50 0,156 0,0031 7,57 

   
3 10% not readily biodegradable 0% 70% 0,024 1000 1000 1 0,024 
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Table 18 PEC/PNEC calculations for release agents and retention agents. PEC/PNEC ratios <1 is marked in green and PEC/PNEC ratios >1 is marked in red. 

Product 
Paper 

machine 
Amount Ingredients Biodegradability Retention PEC 

Assessment 

factor 
Toxicity PNEC 

PEC/ 

PNEC 

  

Calculated 

maximum 

dose at the 

time for 

application 

(kg/d) 

 
Amount in 

product 
 Result  mg/L  mg/L  mg/L 

Release agent 1 7 72 
          

  
1 0,0000098% Readily biodegradable 60% 0% 0,00000000089 1000 0,03 0,00003 0,000029 

  
2 0,0000336% Readily biodegradable 60% 0% 0,0000000030 1000 0,0048 0,0000048 0,00063 

Release agent 2 7 112,32 
 

100% Readily biodegradable 70% 70% 0,0032 1000 3,6 0,0036 0,88 

Release agent 3 7 111,24 
          

  
1 20% Not readily biodegradable 0% 90% 0,0007 1000 10 0,01 0,07 

Retention 

agent 1 
7,8,9 208,8 

 
100% not readily biodegradable 0% 85% 0,0099 1000 60 0,06 0,16 

  
1 0,0016% not readily biodegradable 50% 0% 0,00000053 100 0,067 0,00067 0,00076 

  
2 0,0016% not readily biodegradable 0% 0% 0,0000011 1000 0,07 0,00007 0,015 

Retention 

agent 2 
7,8 50,4 1 100% not readily biodegradable 0% 90% 0,0016 1000 1 0,001 1,58 

  
2 5% Readily biodegradable 60% 0% 0,00032 100 325 3,25 0,000098 

  
3 10% Readily biodegradable 60% 0% 0,000634921 100 18 0,18 0,0035 

Retention 

agent 3 
9 125 

          

  
1 15% not readily biodegradable 0% 70% 0,0018 1000 10000 10 0,00017 

Retention 

agent 4 
7,8,9 8380 

          

  
1 100% not readily biodegradable 0% 99% 0,026 100 0,18 0,0018 14,66 

Retention 

agent 5 
7,8 588 

          

  
1 20% not readily biodegradable 0% 70% 0,011 1000 10000 10 0,0011 
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Table 19 PEC/PNEC calculations for slimicides, starches and wet strength agents. PEC/PNEC ratios <1 is marked in green and PEC/PNEC ratios >1 is marked in red. 

Product 
Paper 

machine 
Amount Ingredients Biodegradability Retention PEC 

Assessment 

factor 
Toxicity PNEC 

PEC/ 

PNEC 

  

Calculated 

maximum 

dose at the 

time for 

application 

(kg/d) 

 

Amount 

in 

product 

 Result  mg/L  mg/L  mg/L 

Slimicide 1 7,8 176,4 
          

   
1 20% Biodegradable 30% 0% 0,0078 1000 100 0,1 0,078 

Slimicide 2 7,8 59,7996 
          

   
1 50% very readily biodegradable 90% 0% 0,00094 50 0,6 0,012 0,078 

Slimicide 3 7 35 
          

   
1 100% not readily biodegradable 0% 70% 0,0033 50 0,056 0,0011 2,95 

Starch 1 9 12000 
          

   
1 100% Readily biodegradable 60% 95% 0,076 1000 100 0,1 0,76 

Starch 2 7,8 1562 
          

   
1 82% not readily biodegradable 0% 90% 0,040 1000 100 0,1 0,40 

Wet strengt 

agent 1 

 

 

7 5236 
          

  
1 15% not readily biodegradable 0% 70% 0,074 1000 10000 10 0,0074 

  
1 0,03% not readily biodegradable 50% 0% 0,00025 100 0,067 0,00067 0,37 

   
1 0,0001% not readily biodegradable 0% 0% 0,0000016 1000 35 0,035 0,000047 
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Table 20 PEC/PNEC calculations for defoamers and detergents when the biodegradability for chemicals used at PM7 or PM8 were set to zero due to no degradation in LAS. PEC/PNEC ratios 

<1 is marked in green and PEC/PNEC ratios >1 is marked in red. 

Product 
Paper 

machine 
Amount Ingredients Biodegradability Retention PEC 

Assessment 

factor 
Toxicity PNEC 

PEC/ 

PNEC 

  

Calculated 

maximum 

dose at the 

time for 

application 

(kg/d) 

 

Amount 

in 

product 

 Result  mg/L  mg/L  mg/L 

Defoamer 1 7 86,4           

   1 30% Readily biodegradable 0% 0% 0,0082 1000 1000 1 0,0082 

   2 0,04% Readily biodegradable 0% 0% 0,000011 1000 0,03 0,00003 0,36 

   3 0,0009% Readily biodegradable 0% 0% 0,00000024 1000 0,0048 0,0000048 0,051 

Defoamer 2 9 50  100% Very readily biodegradable 97% 0% 0,00047 1000 100 0,1 0,0047 

   1 0,0375% Readily biodegradable 60% 0% 0,0000024 1000 0,42 0,00042 0,0056 

   2 0,0200% Readily biodegradable 60% 0% 0,0000013 1000 0,03 0,00003 0,042 

   3 0,0010% Readily biodegradable 60% 0% 0,000000063 1000 0,0048 0,0000048 0,013 

Detergent 1 9 1000 
          

   
1 2,9% Readily biodegradable 60% 85% 0,00055 1000 53 0,053 0,010 

   
2 0,8% not readily biodegradable 0% 0% 0,0025 10 22 2,2 0,0011 

Detergent 2 7 107,5 
          

   
1 5% not readily biodegradable 0% 0% 0,0017 1000 100 0,1 0,017 

   
2 5% not readily biodegradable 0% 0% 0,0017 10 0,007 0,0007 2,42 

Detergent 3 7,8 472 
          

   
1 5% not readily biodegradable 0% 0% 0,0074 1000 100 0,1 0,074 

   
2 5% not readily biodegradable 0% 0% 0,0074 10 0,007 0,0007 10,62 

Detergent 4 9 244,8 
          

   
1 20% not readily biodegradable 0% 50% 0,0077 1000 10 0,01 0,77 

Detergent 5 7 240 
          

   
1 40% not readily biodegradable 0% 0% 0,030 10 22 2,2 0,014 

   
2 2,5% not readily biodegradable 0% 0% 0,0019 1000 34,59 0,035 0,055 
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Table 21 PEC/PNEC calculations for fillers when the biodegradability for chemicals used at PM7 or PM8 were set to zero due to no degradation in LAS. PEC/PNEC ratios <1 is marked in green 

and PEC/PNEC ratios >1 is marked in red. 

Product 
Paper 

machine 
Amount Ingredients Biodegradability Retention PEC 

Assessment 

factor 
Toxicity PNEC 

PEC/ 

PNEC 

  

Calculated 

maximum 

dose at the 

time for 

application 

(kg/d) 

 

Amount 

in 

product 

 Result  mg/L  mg/L  mg/L 

Filler 1 7,8 2352           

   1 100% not readily biodegradable 0% 70% 0,22 1000 100 0,1 2,22 

Filler 2 7 7700           

   1 100% not readily biodegradable 0% 20% 1,94 1000 1000 1 1,94 

Filler 3 7 5000           

   1 69,5% not readily biodegradable 0% 70% 0,33 1000 1000 1 0,33 

   2 0,44% Biodegradable 0% 90% 0,00069 1000 100 0,1 0,0069 

   3 0,082%    0,0013 1000 100 0,1 0,013 

   4 0,016% not readily biodegradable 0% 0% 0,00025 1000 0,86 0,00086 0,29 

Filler 4 7 6849           
   1 100% not readily biodegradable 0% 50% 1,079 1000 100 0,1 10,79 
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Table 22 PEC/PNEC calculations for hydrofobation agents when the biodegradability for chemicals used at PM7 or PM8 were set to zero due to no degradation in LAS. PEC/PNEC ratios <1 is 

marked in green and PEC/PNEC ratios >1 is marked in red. 

Product 
Paper 

machine 
Amount Ingredients Biodegradability Retention PEC 

Assessment 

factor 
Toxicity PNEC 

PEC/ 

PNEC 

  

Calculated 

maximum 

dose at the 

time for 

application 

(kg/d) 

 

Amount 

in 

product 

 Result  mg/L  mg/L  mg/L 

Hydrofobation 

agent 1 
7 616 

          

  
1 0,0015% Readily biodegradable 0% 0% 0,0000029 1000 0,0048 0,0000048 0,61 

  
2 0,0100% Readily biodegradable 0% 0% 0,000019 1000 0,03 0,00003 0,65 

   
3 0,0240% Very readily biodegradable 0% 0% 0,000047 50 0,6 0,012 0,0039 

Hydrofobation 

agent 2 
7 924 

          

  
1 1,7% Readily biodegradable 0% 60% 0,0020 1000 10 0,01 0,20 

  
2 25% Very readily biodegradable 0% 60% 0,029 1000 500 0,5 0,058 

  
3 0,0015% Very readily biodegradable 0% 0% 0,0000044 50 0,6 0,012 0,00036 

Hydrofobation 

agent 3 
9 450 

 
95% Readily biodegradable 60% 85% 0,008078 1000 10 0,01 0,81 

  
1 1% Very readily biodegradable 95% 

 
0,000071 1000 36 0,036 0,0020 

Hydrofobation 

agent 4 
7,8 1617 

          

   
1 15% Very readily biodegradable 0% 70% 0,023 1000 100 0,1 0,23 

   
2 0,0100% not readily biodegradable 0% 0% 0,000051 100 0,067 0,00067 0,076 

 

 

 
  

3 0,0015% Readily biodegradable 0% 0% 0,0000076 1000 0,0048 0,0000048 1,59 

Hydrofobation 

agent 5 
7,8 2499 

          

  
1 20% Very readily biodegradable 0% 70% 0,047 100 1 0,01 4,72 

  
2 10% not readily biodegradable 0% 70% 0,024 100 0,156 0,00156 15,14 

   
3 10% not readily biodegradable 0% 70% 0,024 1000 1000 1 0,024 
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Table 23 PEC/PNEC calculations for release agents and retention agents when the biodegradability for chemicals used at PM7 or PM8 were set to zero due to no degradation in LAS. 

PEC/PNEC ratios <1 is marked in green and PEC/PNEC ratios >1 is marked in red. 

Product 
Paper 

machine 
Amount Ingredients Biodegradability Retention PEC 

Assessment 

factor 
Toxicity PNEC 

PEC/ 

PNEC 

  

Calculated 

maximum 

dose at the 

time for 

application 

(kg/d) 

 
Amount in 

product 
 Result  mg/L  mg/L  mg/L 

Release agent 1 7 72 
          

  
1 0,0000098% Readily biodegradable 0% 0% 0,0000000022 1000 0,03 0,00003 0,000074 

  
2 0,0000336% Readily biodegradable 0% 0% 0,0000000076 1000 0,0048 0,0000048 0,0016 

Release agent 2 7 112,32 
 

100% Readily biodegradable 0% 70% 0,011 1000 3,6 0,0036 2,95 

Release agent 3 7 111,24 
          

  
1 20% Not readily biodegradable 0% 90% 0,0007 1000 10 0,01 0,07 

Retention 

agent 1 
7,8,9 208,8 

 
100% not readily biodegradable 0% 85% 0,0099 1000 60 0,06 0,16 

  
1 0,0016% not readily biodegradable 0% 0% 0,0000011 100 0,067 0,00067 0,0016 

  
2 0,0016% not readily biodegradable 0% 0% 0,0000011 1000 0,07 0,00007 0,015 

Retention 

agent 2 
7,8 50,4 

 
100% not readily biodegradable 0% 90% 0,0016 1000 1 0,001 1,58 

  
1 5% Readily biodegradable 0% 0% 0,00079 100 325 3,25 0,00024 

  
2 10% Readily biodegradable 0% 0% 0,0016 100 18 0,18 0,0088 

Retention 

agent 3 
9 125 

          

  
1 15% not readily biodegradable 0% 70% 0,0018 1000 10000 10 0,00017 

Retention 

agent 4 
7,8,9 8380 

          

  
1 100% not readily biodegradable 0% 99% 0,026 100 0,18 0,0018 14,66 

Retention 

agent 5 
7,8 588 

          

  
1 20% not readily biodegradable 0% 70% 0,011 1000 10000 10 0,0011 
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Table 24 PEC/PNEC calculations for slimicides, starches and wet strength agents when the biodegradability for chemicals used at PM7 or PM8 were set to zero due to no degradation in LAS. 

PEC/PNEC ratios <1 is marked in green and PEC/PNEC ratios >1 is marked in red. 

 

Product 
Paper 

machine 
Amount Ingredients Biodegradability Retention PEC 

Assessment 

factor 
Toxicity PNEC 

PEC/ 

PNEC 

  

Calculated 

maximum 

dose at the 

time for 

application 

(kg/d) 

 

Amount 

in 

product 

 Result  mg/L  mg/L  mg/L 

Slimicide 1 7,8 176,4 
          

   
1 20% Biodegradable 0% 0% 0,011 1000 100 0,1 0,11 

Slimicide 2 7,8 59,7996 
          

   
1 50% very readily biodegradable 0% 0% 0,0094 50 0,6 0,012 0,78 

Slimicide 3 7 35 
          

   
1 100% not readily biodegradable 0% 70% 0,0033 50 0,056 0,0011 2,95 

Starch 1 9 12000 
          

   
1 100% Readily biodegradable 60% 95% 0,076 1000 100 0,1 0,76 

Starch 2 7,8 1562 
          

   
1 82% not readily biodegradable 0% 90% 0,040 1000 100 0,1 0,40 

Wet strengt 

agent 1 

 

 

7 5236 
          

  
1 15% not readily biodegradable 0% 70% 0,074 1000 10000 10 0,0074 

  
2 0,03% not readily biodegradable 0% 0% 0,00049 100 0,067 0,00067 0,74 

   
3 0,0001% not readily biodegradable 0% 0% 0,0000016 1000 35 0,035 

0,0000
47 
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Appendix C 
The two risk assessments for condensate A and condensate B respectively are presented in 

Appendix C. The risk assessment “Connect condensate A to the wastewater system with 

cooling water (drainage C)” is presented in Table 25. The risk assessment “Connect 

condensate B to the wastewater from the Bleach plant” is presented in Table 26. 

Both risk assessments were conducted March 19, 2014 and the participants were Linnea 

Brusved Andersson, Lars Johansson, Thomas Sigerud, Mattias Redeborn and Lennart Fridén. 

Description of the headlines in the risk assessment 

Risk 

Describes the risk to be analyzed. 

Description 

A more detailed explanation of the risk. 

Existing barriers and Critical safety equipment  

Describes the barriers that currently exist to protect against the risk. There are preventive and 

corrective barriers and the corrective barrier is classified as a critical safety equipment due to 

the big consequence if the corrective barrier is out of function. 

Likelihood 

Describes the possibility that the risk will occur and varies from 1, low, to 5, high. 

Impact  

Described the effect on the factory if the risk will occur and varies from 1, small, to 5, big.  

Overall Risk 

Describes the risk factor of the risk and is obtained by multiplying the likelihood with the 

impact. The color of the overall risk goes from green, safe (1), to red, devastating(25) see 

Figure A1. 

 Likelihood 

  

Impact 

5 10 15 20 25 

4 8 12 16 20 

3 6 9 12 15 

2 4 6 8 10 

1 2 3 4 5 
 

Figure A1 Color description of the overall risk. 

Control measurement 

Describes possible ways for the risk to be investigated or controlled.  

Responsibility 

Describes whose responsibility the control measurements are.  

Completed 

The date for which the risk has been investigated or controlled.
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Table 25 The risk assessment for connecting condensate A to the wastewater system with cooling water (drainage C). 

Nr Risk Description 
Existing barriers and  

Critical safety equipment 

Likelihood  

1-5 

Impact  

1-5 

Overall Risk 

L*I 

Control measures 

 

Responsibility 

 

Completed 

 

1 

Increased amount 

of TOC in 

drainage C 

 

There is a risk for increased amount of TOC in 

condensate A. The increased amount of TOC 
primarily comes from the condenser 

condensate and the stripper condensate. High 

amounts of TOC leads to n rapprochement of 

the emission condition existent at Skärblacka 

mill based on decision from the Environmental 

Court. 

There is a possibility in leading the capacitor 

condensate and the stripper condensate to 

condensate B. 

 

5 1 5 

1. Analyze TOC over a longer 
period to cover the variation. 

 

2. Investigate the possibility to 
always or when increased 

amounts of TOC direct the 

condenser condensate and the 
stripper condensate to condensate 

B. 

Linnea 
 

 

 
 

 

 
Thomas/Mattias 

 

 

2014-04-11 

2 
Black liquor in 
drainage C 

There is a risk of black liquor in condensate A. 

Black liquor in condensate A when leading it 
directly to drainage C can cause foaming and 

higher amounts of TOC in drainage C. 

Critical safety equipment: 
Alarm on the conductivity 

 

At high conductivity the condensate can be 
directed to spill liquor. 

4 2 8 

Installation of another 

conductivity meter as a 

precaution. 
 

Verify preventive maintenance on 

the meter. 

Thomas/Mattias 
 

 

 
Lennart 

 

3 
Increased pH in 
drainage C 

Can be referred to risk nr 2 due to that 

something that causes increased pH probably 

contains black liquor. 

See above 4 2 8 See above Se above  

4 
Odor in the 

surrounding area. 

Due to possible odor in condensate A directing 

it to drainage C can result in a changed odor in 
drainage C. 

Critical safety equipment: 
The human nose in the form of employees at 

Skärblacka mill together with an 
environmental panel deployed in the 

surrounding area. 

 
When condensate A have odor it can be 

directed to condensate B. 

4 1 4 Investigate how to measure odor. Thomas/Mattias  

5 
High temperature 

in drainage C 

The condensate A reaches a maximum 

temperature of 90 ◦C without heat exchanging 

and a temperature of 70 ◦C with heat 
exchanging. Too high temperature at the 

recipient can harm aquatic plants and animals. 

Critical safety equipment: 
Thermometer 
 

The part of condensate A that is heat 

exchanged can be directed to the wastewater 
system with fibers. 

5 2 10 

Investigate the possibility to, 

depending on the temperature, 

exchange between the wastewater 
system with fibers and drainage C 

regardless of the heat exchange. 

Thomas/Mattias 

 
 

6 
Increased amount 

of phosphorus in 
drainage C. 

There is a condition for the amount of 

phosphorus that can be emitted to the recipient. 
Control at the laboratory 1 1 1 Measure the amount of Total 

phosphorus in condensate A 
Linnea 2014-04-11 

7 

Increased amount 

of nitrogen in 
drainage C. 

 

There is a condition for the amount of nitrogen 
that can be emitted to the recipient. 

Control at the laboratory 1 1 1 Measure the amount of Total 
nitrogen in condensate A 

Linnea 2014-04-11 
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Table 26 The risk assessment for connecting condensate B to the wastewater from the Bleach plant. 

Nr Risk Description 
Existing barriers and  

Critical safety equipment 

Likelihood  

1-5 

Impact  

1-5 

Overall Risk 

L*I 
Control measures Responsibility Completed 

1 

Odor at the pump 

station 

 

When the production rate is low at the 

evaporation, the performance of the stripper 

becomes poorer. A reduced stripper leads to 
small amounts of steam which in turn leads to 

lower steam ratio. When the steam ratio is low 

there is a risk for odor in the condensate. 

Critical safety equipment: 
Alarm on the steam ratio 

5 1 5 Investing the possibility to use 
fresh steam at the stripper. 

Thomas/Mattias  

2 

Black liquor to 

LAS 

 

There is a risk of black liquor in the condensate 

B. Black liquor in the condensate B when 

leading it directly to the wastewater from the 
Bleach plant can cause foaming and higher 

amounts of TOC at LAS. 

Critical safety equipment: 
Alarm on the conductivity 

 
At high conductivity the condensate can be 

directed to spill liquor. 

4 2 8 

Installation of another 

conductivity meter as a 
precaution. 

 

Verify preventive maintenance on 
the meter. 

Thomas/Mattias 

 

 
 

Lennart 

 

3 

Increased 
temperature in 

LAS 

 

The temperature of condensate B is around 70 
◦C when it reaches the pre-sedimentation. How 
much impact does the pre-sedimentation have 

on the temperature and how does an increased 

temperature impact LAS? 

 1 2 2 

1. Study the temperature before 
and after the pre-sedimentation 

 

2. Investigate if an increased 
temperature has an impact on 

LAS. 

Linnea 

 
 

 

Thomas/Mattias 

 
2014-03-25 

4 

Disturbances in 

the district heating 
plant 

 

At Skärblacka mill there is a district heating 

plant owned by Tekniska verken. The district 

heating plant use energy from the bleach plant 

wastewater. Is there any risk that condensate B 

could have a negative impact on the district 
heating plant? 

 1 1 1    

 


