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Sammanfattning 
 
Denna studie består av två delar. Den första undersöker om membranfiltrering är en möjlig 
lösning för bakvattenbehandling vid SCA Edet Pappersbruk. Den andra består av fysiska 
mätningar av vattenflöden. Dessa två tillsammans utgör förarbetet för ett möjligt 
slutvattensystem vid bruket.  
 
Pappersindustrin använder mycket stora mängder färskvatten och därför har många pappersbruk 
ofta egna avloppsreningsanläggningar. På SCA Edet Pappersbruk i Lilla Edet återanvänds 
bakvatten efter att det genomgått ett antal vattenreningssteg. Bruket har utmärkt sig i frågor som 
miljövänlighet och hållbarhet genom sina miljömärkta produkter. SCA (Svenska Cellulosa 
Aktiebolag) arrangerar regelbundna möten där personal från gruppens pappersbruk träffas för att 
diskutera hur mer miljövänliga och ekonomiska metoder kan utvecklas för bakvattenhantering. 
Syftet med detta projekts första del är att studera membranfiltrering och dess funktion, 
tillämpning och effektivitetsgrad. Beroende på delstudiens resultat kommer SCA Edet 
Pappersbruk att avgöra om en membrafilterinstallation är lämplig som en del av 
bakvattenreningen. Idag tas cirka 9,000m3/dygn färskvatten från Göta Älv. Målet är att minska 
detta intag så mycket som möjligt. Detta i sin tur skulle leda till en minskning av 
energiförbrukningen eftersom en stor mängd vatten idag måste värmas som en del av processen. 
I projektets andra del görs fysiska vattenflödesmätningar på ett stort antal ställen i fabriken. 
Projektet som helhet utgör en förarbetsstudie för att möjliggöra ett slutvattensystem vid bruket. 
Det teoretiska ramverket kommer till största delen från litteraturstudier och kontakttagande med 
leverantörer och ämnesspecialister. 
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Abstract 
 
The study consists of two parts. The first examines whether a membrane filtration system would 
be a viable solution for white water treatment at SCA Edet Paper Mill. The second consists of 
physical measurements of water flow rates. These two combined lay the groundworks for a 
potential closed water system at the mill. 
 
The pulp and paper industry uses very large amounts of freshwater and therefore, many paper 
mills have their own wastewater treatment plants. At SCA Edet Paper Mill in Lilla Edet, white 
water is reused after passing through a number of water cleaning steps. The Mill has been in the 
forefront when it comes to environmental and sustainable issues with its environmentally marked 
products. SCA (Swedish Cellulose AB) arranges regular meetings where group member paper 
mills discuss the development of ever more environmental and economical whitewater cleaning 
methods. The purpose for this project’s first part is to study membrane filtration and its 
functionality, application, and efficiency. Based on the results of this part, SCA Edet Paper Mill 
will decide whether a membrane filtration installation would be suitable as part of the white 
water cleaning process. Today, about 9000m3/day freshwater is taken from Göta Älv river. The 
goal is to reduce this usage to greatest degree possible. This would lead to a reduction in energy 
consumption since a large amount of the water has to be heated as part of the process. In the 
project’s second part, physical measurements of water flow rates are done at a large number of 
places in the factory. The project as a whole lays the groundwork for a potential closed water 
system at the mill. The theoretical frame work is mainly taken from literature studies and 
interviews with manufacturers and specialists. 
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Acronyms  
 
Terms 
 
BOD  Biological Oxygen Demand 
 
COD  Chemical Oxygen Demand 
 
CTMP  Chemo-Thermo-Mechanical Pulp 
 
DBP  Dibutyl Phthalate 
 
MBBR  Moving Bed Biofilm Reactor 
 
MBR   Membrane Bio Reactor 
 
MF  Micro Filtration 
 
NF  Nano Filtration 
 
Pa  Pascal 
 
ppm  Parts per million 
 
RO  Reverse Osmosis 
 
SS  Suspended Solids 
 
TSS  Total Suspended Solids 
 
UF  Ultra Filtration 
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Terminology  
 
 Definition 
Asymmetric membrane A membrane which structure varies across 

its thickness 
Cross-flow filtration A technique in which the feed stream is 

pumped at high velocity parallel to the 
membrane surface to reduce the collection 
of retained particles at the membrane 
surface 

Dead-end filtration A technique in which the feed stream is 
directed toward and perpendicular to the 
membrane surface 

Fouling A process resulting in loss of performance 
of a membrane due to the deposition of 
suspended or dissolved substances on its 
external surfaces, such as pore opening or 
within pores 

Permeability Specific flux of clean, de-ionized water 
through a new membrane 

Permeate Water and permeable components that pass 
through a membrane 

Retentate A solution containing water and 
impermeable components retained on the 
feed side of a semipermeable membrane 

Retention rating Amount of retentate (normally shown as a 
percentage) 

Semi-permeable membrane A membrane that is permeable to some 
components in a feed solution but 
impermeable to other components 

Specific flux straining A flux divided by trans-membrane 
pressure. A process in which particles are 
retained because of being physically larger 
than the void spaces in the filter medium 

Transmembrane pressure A differential pressure between the feed 
and permeate sides of a membrane 

Note: These and other relevant definitions are available in Koros et al. (1996) and ASTM 
(2001b). 
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1. Introduction  
 

1.1 Background 
 
Pulp and paper industry requires large amounts of water for dilution, dissolution, fiber 
transportation, as well as for heating or cooling of a manufacturing process. Although chemically 
treated, process water harbors various contaminants, additives, and fibers [1]. The composition 
of the wastewater can depend on type of process, technology, and particular water circulation 
used [2]. Because of complicated composition of wastewater, it is difficult to predict which 
substances the water contains. Therefore, chemical oxygen demand (COD) is used to define the 
amount of organic material (such as lignin), carbohydrates, extractives, ethanol, and low 
molecular acids contained in the water [3]. 
 
Many years ago, a lively debate took place about emissions from paper industry [4]. 
That was because emissions from carbon compounds that were used in pulp bleaching could 
cause anomalies in aquatic organisms. Pressure from consumers and environmental 
organizations led the pulp and paper industry to develop processes with reduced water usage as 
well as improved sewer systems  
 

1.2 SCA  
 
Swedish Cellulose AB (Svenska Cellulosa Aktiebolaget) was founded in 1929 and is a pulp and 
paper manufacturer. In 2013, the group had about 44,000 employees, making it the third largest 
paper enterprise in the world. The headquarters are located in Stockholm, Sweden. SCA 
produces tissue paper, publication paper, saw cut wood products, and wood pulp. It has a large 
number of well-known brands such as Tork, TENA, Edet, and Libero. Their products are sold in 
over 100 countries. SCA was named the best Swedish company for carbon dioxide emissions as 
reported by the 2010 Global CDP Survey. It engages in environmental and sustainable issues on 
a global scale. 
 

1.3 SCA Edet Paper Mill Description 
 
SCA Edet Paper Mill, hereafter called Edet Mill, has a history of over 130 years, making it the 
oldest and largest tissue paper producer in Sweden. Since 1986, Edet Mill has been part of SCA 
and is one of the largest employers in Lilla Edet Commune. It employs some 450 people and 
produces 100.000 ton of tissue each year. All products are environmentally labeled. 
 

1.4 Göta Älv River 
 
Freshwater intake by Edet Mill is at Göta Älv River, one of richest and longest rivers in Sweden. 
Some 700,000 people depend on the river in several communes along its shores. Nine 
municipalities get their freshwater supplies either wholly or partly from the river. Many 
industrial factories use the river water as cooling or process water. The river also functions as an 
important transport route. 
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1.5 The Tissue Industry 
 
According to the forestry newspaper “SkogsSverige”, a European Union citizen consumes some 
12.5kg tissue paper per year. Here tissue includes paper towels, napkins, bathroom tissue, and 
diapers. Even though tissue paper production started only a few decades ago, nowadays most 
people in the Western World could not imagine a life without it. Even so, on a global scale, only 
about 30 percent of the World’s population has access to bathroom tissue.  Many countries that 
lack trees cannot afford it. Tissue was first introduced commercially in 1857 in the United States 
by Joseph C. Gayetty. But it was not until the end of the 1900th century that bathroom tissue was 
generally accepted in people’s homes. The use of tissue improved hygiene dramatically and this 
motivated the new product suitability for everyday life. Tissue industry has developed over time 
to suit the needs and trends driven by consumers. This includes tissue softness, thickness, and 
whether it should be perfumed or decorated.  
 
Forest preservation work, waste reduction, and increased applications for reused paper have 
boosted the use of recycled paper. Also economic advantages are seen using recycled paper 
because of increased cost efficiency. This is due to lowered requirements for raw material. 
Today, the main challenge is reducing carbon dioxide emission and energy consumption in the 
process when recycled paper is used. In Sweden, used paper recovery is high; about 95% of 
newspaper and 75% of packaging paper. 
 

1.6 Description of the process 
 
The tissue products manufactured at Edet Mill consist of 85 % recovered paper and the rest 
virgin fiber. There is also a large quantity of water and some chemicals required for the process. 
The description of the process at Edet Mill is as follows: 
 

1. Stock separation. Recovered paper, deinking chemicals, and warm water are mixed in a 
large pulper tub. Then a de-inking process starts in separate lines RP1 and RP2. During 
the beginning of the process, foreign objects such as staples and plastic wraps are 
removed. Recycled pulp then goes through a series of rinsing cycles systematically 
removing over 99 percent of undesired materials such as paper coatings and ink. 
Flotation is an important cleaning stage as part of the deinking process where ink and ash 
are removed. Fatty acid soup, caustic soda, recycled pulp, and air are mixed into a large 
container. The caustic soda dissolves the ink from the fibers and the ink particles are 
collected by the soap. Air is sent upward through the vessel. The released ink particles 
attach to the bubbles that rise to the surface forming foul foam. This is skimmed off and 
sent to sludge dewatering. This process repeats in multiple vessels until the mixture is 
sufficiently clean. Then some peroxide bleaching is required to stabilize for 
homogeneous and smooth brightness [5]. 

 
2. Paper Machine. The stock is poured into a headbox. Its content is mostly water (99%) to 

prevent flocculation that in turn would cause poor sheet formation. Depending on end 
product quality requirements, various additives are mixed with the stock. After control of 
fiber consistency, the stock is uniformly distributed as a fiber suspension across the total 
width of a forming fabric. During this process, the water in the stock is drained away by 
rolls and vacuum boxes. After passing through the forming fabric, the paper is formed 
and dry content increased by 10 to 20% after which it is transferred to the press section. 
By running the paper between several large rollers, the sheet is compressed and excess 
water squeezed out until the dry content is increased to approximately 50 %. A large 
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heated Yankee cylinder and a hood increase the final dry content of the paper to 90 - 
95% [6]. 
 

3. To give the paper its final finish, it is calendered. This will correct small irregularities in 
the paper structure.  

 

 
Figure 1: Schematic sketch of short and long circulation 
Environmental Requirements for Industrial Permitting, Volume 1, 1999, p.13, 45, OCED 
 

1.7 Environmental Aspects 
 
Reduction of fresh water usage is important not only for environmental and sustainable 
perspectives. The energy consumption and thereby the energy cost depend on the amount of 
water used in the paper producing process. 
 
Continuously improved process technology and expanded wastewater treatment have 
dramatically reduced values for BOD (Biological Oxygen Demand). On the other hand, 
technology has not succeeded in improving values for COD (Chemical Oxygen Demand) to any 
similar degree. 
 
 
White Water 
 
Water that has drained off from the head box in a paper mill as stock slurry is called white water. 
Since the temperature of the white water can be elevated to some 40 degrees, there are certain 
advantages in recirculating this water back into the process. 
 
Primary white water is processed as follows: 

• In the mixing pump, the stock concentration is diluted from 3% to 0.3% 
• Water is then drained off in the forming fabric 
• Water is removed in the press and drying sections 

 
The white water collected at these different areas is moved to the white water tank. It is 
subsequently purified through a disk filter or a flotation cell. A small volume of treated white 
water is recycled back into the paper process. A larger amount is used to dilute the pulp in the 
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mixing chamber. The rest is used in stock preparation. Before being released back to the river, 
the white water is biologically and chemically treated. 
  
White water contains high concentrations of suspended solids and other particles. These could 
cause flocculation in the paper. The sticky (glue used particularly in certain types of envelopes) 
has the characteristic of attracting (or sticking to) each other in high concentrated white water. 
This makes for unattractive flocculants on the paper surface. Therefore, white water is only 
recycled for a limited time in the paper producing process. 
 

1.8 Process Differences Between Various Types of Paper 
 
Newspapers mainly consist of mechanically ground wood or thermo-mechanical pulp and starch. 
The total amount of these substances is about 3 to 15 %.  
 
Office paper is bleached chemical pulp from printed paper (such as newspapers) and office paper 
and is more difficult to de-ink. Here the substance content is about 15 to 35% [7]. 
 
Tissue paper consists of fibers from raw material. Today, recycled paper is mainly used for tissue 
making. 
 

1.9 Water Quality at Edet Mill 
 
Fresh water is taken from the river to the plant and is filtered by so-called Waco-filters. From the 
fresh water tank, three main pipes provide water to the various processes at the mill. One of the 
pipes is integrated with PM8 (Paper Machine 8) and regulates the water level in the primary 
white water storage tank. Other pipes are connected to the sludge combustion plant and PM7 
(Paper Machine 7). One of the three main pipes goes to PM5 (Paper Machine 5) and the 
scrubbers. Fresh water is also pumped to stock preparation. 
 
Even after several treatment steps, the white water still includes relatively high levels of COD 
(Chemical Oxygen Demand) and SS (Suspended Solids).  
 
Pollutants  
 
For the monitoring of wastewater quality, several parameters are taken into account. The most 
important parameters for controlling quality of white water are contents of solids, organic matter, 
and organic matter. Other relevant parameters are pH-value and temperature [8]. 
  

1. Chemical Oxygen Demand (COD)  
COD is a parameter for the organic matter content that can be chemically oxidized. In 
terms of pulp and paper production, COD originates from dissolved raw material. These 
types of substances are often persistent and cannot be removed efficiently, causing 
undesired impact on environment [9]. 

 
2. Biological Oxygen Demand (BOD) 

BOD is a parameter for the biodegradability of organic matter in wastewater. It often 
describes the amount of dissolved oxygen used by microorganisms in a biological 
process. As an example, after 5 days, the consumed amount of dissolved oxygen 
measured is called BOD5. A higher BOD grade signifies a larger amount of degradable 
organic substances in the wastewater. 
 



 
  

5 

3. Total Organic Carbon (TOC)  
TOC represents the amount of carbon bound in organic compounds in wastewater. TOC 
consists of suspended particulate, colloidal particles, BOD, and COD [10]. 
 

4. Total Suspended Solids (TSS) 
TSS is a measure for the amount of emitted suspended solids such as fibers and 
pigmentation. As long as concentration is sufficiently low, there are no significant 
environmental issues caused by the emissions [9]. 

 

1.10 Project Target 
 
The aim of this thesis project is two–fold. The first part investigates whether membrane filtration 
would be a suitable method for the paper process at Edet Mill. The second part measures water 
flow rates at various locations throughout the mill. The combined target lays the groundwork for 
a closed water system and thereby reducing fresh water intake and improving wastewater 
quality. 
 
From an economical and environmental view, it is necessary to reduce water consumption and 
energy cost. The ultimate goal is to eliminate or minimize the generation of polluting substances. 
This would further reduce energy consumption. 
 

1.11 Problem Formulation  
 
Edet Mill plans to become a more closed water system process plant than it is today. 

• Can membrane filter technology be used for this purpose? 
• Can all crucial water flow rates be mapped and measured making a closed water system 

possible?  
 

1.12 Limitations 
 
The study covers only the pulp and paper industry. PM7 is the specific paper process plant at 
Edet Mill that was taking into consideration during this study. Even though other parts of the 
mill were subject to water flow rate measurements, PM7 was under special consideration. This 
study focuses on membrane filtration system and, therefore, other filter types are not covered in 
detail. Within membrane filtration, only micro and ultra filtration have been considered. Nano 
filtration and reverse osmoses are not studied at depth. 
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2. Filtration Technologies 
 

2.1 Membrane Technologies 
 

2.1.1 History  
 
Micro membrane filters were used already during the decades between 1920 and 1950 but solely 
for laboratory work. The primary purpose was to measure quantities and sizes of bacteria, 
microorganisms, and particles in liquid and gas streams. During the 1950’s, membrane filtration 
was used for industrial applications, including pharmaceutical, food processing, and chemical 
industries. At the beginning of the 1980’s, membrane technology was implemented into portable 
water production due to an increased concern about microbiological contamination. Design 
developments and many innovative solutions such as deadline flow types, inside out hollow-
fiber, and back-flushing systems have made membrane filtration economical and realistic for 
many applications [11]. 
 
The membrane technology is relatively new in pulp and paper industry. Even so, the number of 
installations has increased rapidly during the past decades. SCA Obbola and SCA Sahagun 
(Mexico) are examples of membrane filter users in the pulp and paper industry. Also wastewater 
treatment and tap water industries have started using membrane technology. The reason is that 
the technology provides effective and secure solutions to handle large amount of wastewater and 
aids in obtaining high-grade purity control. 
 

2.1.2 Membrane Technology 
 
Membrane filtration is based on semi-permeable membranes that let certain allowed smaller-
sized substances pass through while other larger substances are blocked. The part of the fluid 
stream that passes through the membrane is called permeate whereas the detained part of the 
fluid stream is called retentate or concentrate (see Figure 2). 
 

 
 
 
 

 

Figure2: Basic terminology for water treatment using a membrane filter 



 
  

8 

Currently, mainly four different types of membranes are used: 
 

• Micro Filtration (MF) 
• Ultra Filtration (UF) 
• Nano Filtration (NF) 
• Reverse Osmosis (RO) 

 
The distinctions between them are shown in Figure 3. They differ by pore size but also by choice 
of material, nominal dimensions, operating pressures, and construction. This makes them vary in 
efficiency and lifetime. 
  

 

 
Micro Filtration  
 
Micro filtration (MF) is a separation process using membranes with a pore size of approximately 
0.03 to 10 micrometers. The feed water operating pressure is at a relatively low 100 to 400 kPa. 
MF is capable of removing sand, silt, clay algae, and some bacteria species. In combination with 
disinfectants, MF may control viruses in water. Even though MF is not used for organic matter, it 
is used as a pretreatment for nano filtration and reverse osmosis. 
 
Ultra Filtration  
 
Ultra filtration (UF) has a pore size of approximately 0.002 to 0.1 micrometers. It has the 
broadest spectrum of applications among the four types of membranes. The operating pressure is 
in the range of 200 to 700kPa. UF has removal capability for all microbiological species and for 
some viruses. 
 
  
Nano Filtration 
 
Nano filtration has a pore size of approximately 0.001 micrometer and an operating pressure 
range of 600 to 1,000 kPa. Theoretically, the system can remove all cysts, bacteria, viruses, and 
humatic materials. When disinfectants are used after the membrane filter, the process becomes 
an excellent protection from Dibutyl Phthalate (DBP). 
 
 
 
 

Figure 3: Membrane classes and applied objects 
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Reverse Osmosis 
 
Reverse osmosis can remove nearly all-inorganic toxic substances from water. It also efficiently 
removes radium, pesticides, bacteria, natural organic substances, and viruses. It becomes 
especially efficient when used in series with multiple units. In order to ensure the safety of water, 
it is recommended that RO is used in conjunction with disinfectants. 
 

2.1.3 Membrane Materials 
 
Membrane performance is dependent on material choice. Material selection depends among 
other things on drift temperature and pH-value. Generally, inorganic materials cost 5 to 10 times 
more than organic because of their high surface strength, chemical resistance, and temperature 
tolerance. Additionally, inorganic materials are easier to clean. On the other hand, inorganic 
materials are easily breakable. The ideal membrane material is the one producing high flux 
without clogging, is physically and chemically stable, and gives no negative ecological effect. 
The most common membrane material is synthetic polymer, mainly because of economic 
reasons. Ceramic materials apply only for MF and UF. 
 

2.1.4 The Structure of Micro Filtration and Ultra Filtration  
 
Most of MF have homogeneous structure and are relatively constant in depth. They operate 
equally independent of water flow direction. By comparison, UF membranes have an 
asymmetric structure that varies across the depth of the membrane. The structure consists of an 
active layer and a support layer which have separate functions. 
 
In asymmetric membranes, filtration is not the same in both flow directions. When the flow is in 
the longitudinal direction, clogging could occur in the support layer. The active layer could then 
separate from the rest of membrane. To avoid clogging, asymmetric membranes require that 
active layers are present on both surfaces of the membrane, with a support layer sandwiched in-
between.  
 

2.1.5 Filtration Mechanisms 
 
Straining is the main filtration process in membrane filtration. Theoretically, larger particles than 
the pore size are retained by the membrane exterior while water and smaller particles pass 
through. Retention rate efficiency depends on several factors: 
 

• Nearly equal particle sizes give nearly the same retention rate for all particles 
• Variability of pore size  
• Non-spherical shape of particles 
• Electrostatic repulsion 
• Particles marginally larger than pore size could pass through the membrane 

 
Adsorption 
 
Natural organic material adsorb to membrane surfaces (Jucker and Clark, 1994). Initially, 
membranes are expected to be clean. The adsorption capacity quickly decreases as membranes 
clog making adsorption inefficient as a long-term process. During adsorption, the size of the 
pores in the membranes will decrease and eventually vanish completely. 
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Cake Development 
 
When amount retentate is large, solids are collected making a cake on the membrane surface. 
The cake remains on the membrane surface and act as a part of the filter. Back flushing the filter 
could partially or wholly remove the surface cakes. 
 
 
Temperature and Pressure Impact 
 
Cleaning is controlled by monitoring change in permeate flux. The flux depends on pressure and 
water viscosity. The amount of pollutant allowed to pass varies with pressure and temperature. 
Temperature could differ from summer to winter with some 20 degree. This can cause 
differences in water viscosity. The flow through a membrane could be 70 % larger in summer 
than in winter. Higher temperatures also affect the membrane material by expansion. 
 

2.1.6 Membrane Modules 
 
Membrane filters can generally be divided into two groups; flat sheet or tubular constructions. 
Module construction contains material for putting into an assembly. Tubular and hollow-fiber 
modules are suited for long term usage. They are optimized for MF and UF, especially for 
drinking water treatment.  
 
 

  
Figure 4: Tubular membranes (Synder filtration) 
 
Tubular membranes have tangential cross-flow and can handle difficult feed streams such as 
high content of suspended solids or particles with high density. Normally the tubular membranes 
involve 5 to 7 long and narrow tubes with porous surface. The feed stream runs across the length 
of the membrane tube and through the tube ends. Large enough solids are blocked while liquid 
pass through. Because of its insensitiveness, chemical, back-washing, and mechanical cleaning 
can be performed. 
                                  
A membrane shell can house a large number of fibers. These types of modules are suitable for all 
types of flotation. The hollow-fiber module operates by the same principle as tubular modules. In 
comparison with tubular module, the hollow-fiber module is capable of removing smaller 
particles. Because of its broad range of applications, it breaks easier than spiral-wound and 
tubular modules. Modules are capable of high packing density for a small fiber area.  
 
Plate and Frame Module  
 
For commercial use, membrane plates are normally mounted vertically (Sirshendu, 2011). There 
are two types of plates; dead-end and cross-flow. When using plate and frame modules with 
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dead-end plates, the feed flow is perpendicular into the membrane. Dead-end configurations use 
cake filtration that easily reduces filtration efficiency. Cross-flow configurations do not require 
cake filtration. Theoretically, the feed enters one side of the plated membrane and solids are 
collected on the other end. Permeate pass through the membrane and gathers on the inside of the 
supporting plate. 
 
One disadvantage is that a plate and frame system drops in pressure and therefore is less efficient 
than other modules. These units require relatively big footprint even though efficiency is low. 
This module is easy to clean and maintain. Certain plate and frame modules with cross–flow 
systems have higher efficiency allowing for higher shearing forces (Synder filtration). 
 
Spiral-wound 

 

Figure 5: Spiral-wound membrane module (©2011 G.U.N.T. Gerätebau GmbH) 
 
Spiral-wound filters are rolled around a hollow tube and apply to flat-sheet membranes, feed 
spacers, and permeate spacers. This type of module has variable length and uses automated 
cross-flow. A feed penetrates through many layer of sheets. During the process, solids are 
blocked in layers and the rest of the fluid gathers inside the middle tube. A disadvantage with 
this spiral-wound module is that it cannot be mechanically cleaned and that it has lower packing 
density. Back flushing is used as cleaning process. 
 

2.1.7 Flow-Filtration Type 
 
Dead-end Filtration 
 
Dead-end filtration has perpendicular feed to the membrane outer. Particles that are smaller than 
pore size pass through while larger particles create cake layers. 
 
Cross-flow Filtration 
 
Cross-flow filtration has tangential feed across the membrane surface. When the feed flows 
across the membrane surface, filtrate passes through while concentrate accumulates at the 
opposite end of the membrane. The tangential flow of the membrane creates a shearing effect on 
the surface of the membrane, which in turn reduces fouling (Synder filtration). 
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2.1.8 Biological Reactor used by Membrane Filtration Technology 
 
Membrane Bio Reactor (MBR) 
 
MBR is a microorganism technology most commonly used as secondary treatment for 
wastewater. This technology has increased during past decades and is used for removal of 
biological organic material. This type of membranes uses a small footprint and is highly efficient 
for contaminants such as nitrogen, phosphorus, bacteria, biochemical oxygen demand, and TSS. 
It is typically used as a secondary option to sand filters. It also allows a higher biomass 
concentration to be maintained [12]. 
 

2.2 Alternative Filtration Methods 
 
Dissolved Air Flotation (DAF) 
 
Dissolved Air Flotation is a powerful treatment system widely used in food processing, 
biochemical, personal care products, and pulp and paper industries. The average residual rate for 
TSS is normally between 70 and 98 % and for COD between 40 and 60 % [13]. 
 

 
Figure 6: Dissolved Air Flotation (http://www.aquaproduct.co.jp/english/product/drainage_pressure_super.php) 
 
The DAF efficiently cleans wastewater by removing suspended solids. A large scoop absorbs a 
large amount of small air bubbles in wastewater. These are produced from a pressure formed by 
collecting a layer of thickened solids to the tank surface. DAF is recognized as an efficient 
method for separating liquid from solids. 
 
The choice of DAF is dependent on the following: 

• Volume of wastewater  
• Grade and type of pollution  
• Degree of treatment  
• Subsequent treatment  

 
Despite wide spread acceptance and industrial use of the DAF technology, many questions 
pertinent to the functionality and optimization remain unanswered. Many design references 
commonly used by engineers and designers provide wide ranges in data - or no data at all [14]. 
DAF is often used in combination with other treatment systems such as MBR or Aerated filters 
[15]. COD, BOD, and Solids are efficiently removed using DAF by itself. With additional 
filtering, the purity grade further increases. 
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Disk Filter 
 
The filter uses several disks set up lengthwise next to each other. The parts are ribbed towards 
the neck and designed for a high capacity drainage rate. Each sector submerges and a cake of 
thickened solids forms on the outer parts of the disks. It then emerges to the drying zone and the 
liquid drains to a central barrel from where it runs through a valve to a vacuum receiver.  

 
 

Figure 7 : Disk filter (http://www.solidliquid-separation.com/vacuumfilters/vacuum.htm) 
 

A valve in a bridge controls the drying area as it moves over a separating bridge. A snap or low-
pressure blow is applied to remove the cake. Scraper knives in the side of each disk guide the 
cake to discharge chutes positioned between adjacent disks. These are wide enough to avoid 
clogging by the falling cake. A paddle type agitator located at the bottom of the tank maintains 
the sediment in suspension. Disk filters have robust construction and the risk for clogging is very 
low [16]. 
 
 
Drum Filter 
 
A drum is supported by a large pin on the valve end and a bearing on the drive end and is able to 
rotate 360 degrees. The vessel where the drum is placed is half filled with wastewater. By drum 
rotation, a dipped part of the drum separates the water from the solids. The system has an 
average efficiency of SS reduction of 60 %. In pulp and paper mills, drum filters may be used as 
stand-alone units. In wastewater treatment plants where higher purity is required, drum filters are 
often used in combination with other filters such as membrane filters. 
 

 
Figure 8: Rotary drum filter (http://www.solidliquid-separation.com/vacuumfilters/drum/drum.) 
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3. Summary and Discussion from Filter Study  
 
Summary of Filter Analysis for Edet Mill: 
 

• Membrane technology is not a viable option as the current white water feed contains over 
100mg/l suspended solids. 

o Suspended solids and large fibers can cause damage to membranes 
o Frequent back flushing requires redundancy 
o Redundancy requires additional lines and large auxiliary water tanks 
o The system cost is very high 

• Disk filters or drum filters could be alternative options. 
 
Discussion from Filter Study 
 
Membrane filtration based technology has dramatically increased during the past decades in 
various industries, also in pulp and paper. However, it was realized during this part if the thesis 
project that the white water at Edet Mill contains high levels of suspended solids and large-sized 
fibers. Membrane filter technology is therefore not a viable option, at least not as a stand-alone 
unit. Some alternative filter technology would have to be used in combination with membrane 
filters and this would make the system cost inefficient. Alternative filter technologies, however, 
could be considered as stand-alone options in a closed water process. That could include disk 
filters or drum filters. 
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4. Water System Study 
 

4.1 Water Flows at Edet Mill 
 
Fresh Water 
 
Today some 9000m3/day fresh water is pumped to the mill from the river. A so-called Waco 
filter removes larger particles such as sand or wood. The water is led into a fresh water tank 
(FW) from where it is taken for the various processes. The pumping pressure is 4bar and the 
water is pumped from FW to various parts of the mill as follows: 
 

• Paper Machine 5 or PM5 
• Paper Machine 7 or PM7  
• Paper Machine 8 or PM8 
• Sludge combustion plant  
• Scrubbers 
• Stock preparation and its different parts 

 
Two auxiliary pumps increase the water pressure to 12bar and are integrated with all three paper 
processes PM5, PM7, and PM8. 
 
Water Usage at PM7 
 
At PM7, fresh water at 4bar and 12bar pressures is used for the press sections and for spraying 
clean the forming fabric. Some fresh water is used for edge trimming at 30bar water pressure. 
Other usages for fresh water are for sealing and cooling. Sealing water is partly used for a 
blending pump in the mixing chamber and partly for cleaning out fiber suspension. The cooling 
water is recycled within the plant. 
 
A disk filter treats the white water and separates it into two main streams; cloudy water and clear 
water. The fiber removed is recycled in the mixing chamber. Cloudy water is used to dissolve 
broke in the broke system to adjust fiber suspension. Mill broke is paper trimmings and other 
paper scrap from the paper manufacturing process. 
 
 

4.2 Methods 

4.2.1 Measuring Water Flow Rates 
 
A portable measuring system (PCO) is used for measuring water flow rates. The equipment 
measures water velocity by volume over time and can be used for clear to partly polluted watery 
fluids of various viscosities. The measurement principle is based on directly measuring the 
transit time of acoustic signals between two ultrasonic transducers. A short ultrasonic pulse with 
a defined frequency is sent in the medium flow direction at a defined angle. It requires a longer 
transit time than another pulse sent in the medium flow direction at an inverse angle. The 
difference between the transit times is proportional to the average flow velocity within the 
measurement path (NIVUS). 
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 Measurement Objects: 
 

• Fresh water at PM7, PM5, and the Power Plant 
• White Water at PM7 and PM5 
• Process Water containing pulp at PM8 

 
 

Material  
 
The following equipment was used: 

• A portable measurement system (PCO) by Nivus 
• A pair of ultrasound transducers 
• Silicon contact paste 
• Strapping bands 
• Charger and cables 

 
 
PCO procedures 
 
The sensor pair is strapped onto the pipe at a distance defined by the PCO. The information 
provided the PCO includes diameter, material and thickness of the pipe, type and temperature of 
the fluid, and the number of acoustic paths. For the measurement to be successful, the sensors 
must be positioned horizontally. If the sensors are placed vertically, the fluid must fully fill the 
pipe and not be falling through it. Air pockets and turbulence will make the measurements 
inaccurate. Measurements should be avoided near shutter valves or pipe bends. 
 

4.2.2 Selecting Pipes to be Measured 
 
The selection of pipes that were measured during the project was based on several reasons.  
Some mill pipes have stationary installed flow rate measurement devices and the readings are 
constantly available through Edet Mill intranet (system developed by ABB). Some of these 
values, however, were thought of being incorrect. Several other pipes have no stationary 
measurement devises installed. Because of these reasons and the fact that several years had 
passed since a flow rate check was done, it was decided that a new thorough measurement 
mapping should be done. 
 
A portable measurement system (PCO) was used to check existing water flow rates as well as 
water balances between in-flow rates and out-flow rates at the Paper Machines PM5, PM7, and 
PM8, as well as at the Main Power Plant. 
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5. Results 

5.1 Paper Machine 7 
 
Table 1: Results from measurements at PM7 by PCO 

 
 
 

 

PM7 

Figure9: PM7 In-flow and Out-flow 

The result of water flow measurement for 57J-353 may not be 100% accurate 
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The ABB system provides a complete overview of the mills work in progress, water in-flow, out-
flows, various averages, etc. The data is stored in the system for six months. Figure 9 shows 
water operation around PM7. Values for Water and Paper and for Water and Pulp are calculated 
from data in the ABB system. This includes average amount of paper product, grade of moisture, 
and grade of pulp concentration. Excess Water is here understood to mean the amount of water 
for pulp preparation and water vapor measured by the PCO. Amounts of Fresh Water and 
Sewage are showed in the ABB system. 
 

5.2 Paper Machine 5 
 
Table 2: Results from measurements at PM5 by PCO 

 
 
 
 

Figure 10: PM5 In-flow and Out-flow 
 

PM5 

The result of water flow measurement for 55J-351 may not be 100% accurate 
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The Fresh Water and Sewage data are taken from the ABB system and from the measured results 
from this project. The same is valid for the amount of Water and Paper and for the Water and 
Pulp. The amount of Excess, i.e., water flowing to Pulp Preparation, was measured by the PCO. 
 

5.3 12bar Pump (High Pressure Water) 
 
Table 3: Results from measurements at 55C-352 by PCO 
 

 
 
The high pressure water from the 12bar pump is separated into various lines for various 
applications. Even though water flowing in these lines is not particularly stable, repeated 
measurements have shown consistent results. Prior to this project, there were no alternative 
methods for measuring these flow rates. 
 

5.4 Paper Machine 8 
 
Table 4: Results from measurements at PM8 by PCO 
 

 
 
The PCO measurements differed from the expected values by about 20m3/hr. These 
discrepancies were consistent for all the pipes measured at this location. Possible reasons are 
turbulence or high pulp content in the water. At all three positions, weak transducer signals made 
the measurements difficult and time consuming. 
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Figure 11: PM8 In-flow and Out-flow 
 
Values for Sewage, Fresh Water, and Excess are shown in the ABB system. This information is 
used for calculating Water and Paper, Water Vapor, as well as Water and Pulp. The values for 
Sewage, Excess, and Fresh Water were taken directly from the ABB system. 
  

PM8 



 
  

23 

5.5 Power Plant 
 
Table 5: Results from measurements at Power Plant by PCO 

 
 

 
Figure 11: Power Plant measurement locations 
 
Compressor cooling water was measured over several days and average water flow rates were 
recorded. In addition, three other positions were measured over shorter time periods. At these 
positions, several measurements had to be taken to obtain trustworthy data. A shutter valve that 
automatically regulates the fresh water intake could be a solution to this problem. 
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6. Summary and Discussion from Water Flow Rate Measurements: 
 

• Previously undefined water flow rates are measured and documented at PM7, 5, 8 and at 
power plant  

o Fresh water 
o White water 
o Water containing pulp 

• Balancing charts indicate that measurements done are accurate 
• Indiscrepancies and immeasurable water flow rates are due to turbulence, falling water, 

or high paper pulp content 
 
Results from measurements and balancing charts indicated the data presented in this part of the 
project is accurate. Therefore, it can be used as an aid when defining a closed water system at 
Edet Mill. In the limited number of places where static measurement devices were mounted on 
the pipes, some discrepancies are observed between these and the PCO. These discrepancies are 
thought to stem from turbulence, falling water, or high pulp content water.  
 
 
  



 
  

26 

 
  



 
  

27 

7. Conclusions 
 

• Membrane technology is not a viable option for Edet Mill 
• Disk, or drum filtration could be alternative options 
• Water flow rates were measured and documented at PM7, 5, 8 and at Power Plant  
• Balancing charts indicate that measurements were accurate 
• Indiscrepancies and immeasurable water flow rates are due to turbulence, falling water, 

or high pulp content 
 
 
Even though membrane filtration technology has become popular in various types of industries, 
including pulp and paper, it is not a viable option for Edet Mill. This is due to the high content of 
contaminants, such as SS, present in the processed water. Cost and operational difficulties are 
also inhibitive factors. Alternative filter options, such as disk or drum filters may be used 
instead. The majority of the measurements done of water flow rates have proven to be accurate. 
Indiscrepancies from certain static measurement devices could be attributed to turbulence, falling 
water, or high pulp content. The results documented may be used for defining a closed water 
system at Edet Mill. 
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