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This thesis examines the use of wood fiber in paper and board production at Anjalankoski
Mills. The aim of this thesis is to identify potential fiber losses and determine a mass balance
to the integrated mill. Improving fiber utilization is important for enhancing resource effi-
ciency, reducing raw material losses and supporting circular economy objectives.

The study was conducted as a qualitative case study combining semi-structured interviews,
literature-based benchmarking and mass balance calculations. Benchmarking was used to
compare the case Mills fiber use with similar pulping methods for paper and board produc-
tion processes, while the mass balance provided and overall understanding of fiber flows
within the selected system boundaries.

The results indicate that fiber losses occur throughout the Mill. Fiber losses were identified
in wood handling, cutting, debarking, grinding, paper and board machines and finishing.
Fiber efficiency is influenced by several interconnected factors, such as wood quality, sea-
sonal variation, process control practice and limitations in measurement data. The bench-
marking results show that the Mills’ pulping process is competitive in terms of theoretical
yield, but overall fiber efficiency depends on the performance of the entire process. The
study concludes that improving fiber utilization requires a mill perspective, enchanted mon-
itoring of fiber flows and targeted process development. The identified fiber losses and de-
velopment opportunities provide a foundation for improving resource efficiency and sup-
porting more efficient and circular use of wood fiber in paper and board production.
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Tassd diplomityossé tarkastellaan puukuidun kéyttod paperi- ja kartongintuotannossa Anja-
lankosken tehtailla. Tyon tavoitteena on tunnistaa mahdollisia kuituhdvion kohteita ja muo-
dostaa massatase laskenta tehtaalle. Kuidun kédyton tehostaminen on tdrkeda resurssitehok-
kuuden parantamiseksi, raaka-ainehdvididen vahentdmiseksi seké kiertotalouden tavoittei-
den tukemiseksi.

Tutkimusmenetelmina kéytettiin kvalitatiivista case tutkimusta, jossa toteutettiin puolistruk-
turoidut haastattelut, vertailu kirjallisuudesta sekd massataselaskenta. Vertailun avulla tar-
kasteltiin case-tehtaan kuitujen kdyttod suhteessa vastaaviin paperin ja kartongin massanval-
mistusprosesseihin, kun taas massatase antoi kokonaiskuvan kuituvirroista méériteltyjen tar-
kasteltavien systeemien rajojen sisélla.

Tulokset osoittavat, ettd kuituhdviditd esiintyy koko tehtaan prosessiketjussa. Kuituhdvioité
tunnistettiin puun késittelyssi, katkaisussa, kuorimolla, hiomolla, paperi- ja kartonkikoneilla
sekd arkituksessa. Kuitujen kdyton tehokkuuteen vaikuttavat useat toisiinsa kytkeytyvét te-
kijat, kuten puun laatu, vuodenaikavaihtelut, prosessinohjauskéytannot, sekd mittausdatan
puutteet. Vertailutulokset osoittavat, ettd tehtaan massanvalmistusprosessi on kilpailukykyi-
nen teoreettisen saannon nikokulmasta, mutta kokonaisvaltainen kuitujen hyddyntdmisen
tehokkuus riippuu koko tuotantoprosessin toimivuudesta. Tydssé todetaan, ettd puu kuidun
kokonaisvaltainen hyddyntdminen edellyttdd koko tehtaan tarkastelua, parempaa kuituvirto-
jen seurantaa sekd kohdennettua prosessikehitystd. Tunnistetut kuituhdviot ja kehitysmah-
dollisuudet luovat perustan resurssitehokkuuden parantamiselle sekd puukuidun tehokkaam-
malle ja kiertotalouden mukaiselle hyodyntidmiselle.
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1 Introduction

The paper and board industry plays a significant role in both Finnish economy and broader
transition to a more resource efficient and sustainable industrial system. Forest industry’s
share of exports varies by product group but mainly consist of board and pulp, making them
a significant contributor in Finnish economy. In 2024, total exports of forest industry were
12.1 billion euros and about half of it came from paper and board exports. (Ministry of Ag-
riculture and Forestry of Finland n.d.) Wood fiber is a fundamental raw material used in
paper and board production. Products are used widely, for example in different packaging
solutions, communication and hygiene applications. (Higgblom-Ahnger & Komulainen

2003.)

1.1 Background

The mechanical and chemical properties, e.g. length and strength of wood largely impact
product quality, resource efficiency and process performance (Higgblom-Ahnger & Komu-
lainen 2005). In addition to quality demands, paper and board production are also affected
by many structural changes such as reducing environmental impacts and production costs
highlighting specifically the efficient use of wood fiber. Nowadays, environmental factors
are more often considered as a competitive advantage in addition to cost savings. Often im-
provements in environmental performance gains other advantages such as more ethical busi-
ness models, responding to demands from stakeholders, compliance with legislation and re-

ducing risks. (Wessman & Pihkola 2009.)

More efficient material use is not only a competitive advantage, but also the European Union
(EU) sets standards for the industry about environmental legislation and mandatory reporting
requirements. EU will adopt Circular Economy Act (2026), which is meant to shift Europe
to resource-efficient, low waste and climate neutral economy. Circular Economy Action Plan
(2020) is one of the main building blocks of the European Green deal and it includes ad-
dressing the entire life cycle of a product, which ensures also waste prevention and that re-

sources are kept in the EU economy as long as possible. (European commission n.d.)
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Paper and board industry has developed its productivity, cost efficiency and environmental
performance over the last decade (Wessman & Pihkola 2009.) Cost effectiveness is gained
by reducing raw material losses, improving process performance and stable production con-
ditions (Paulapuro, 2000). Pulp represents the largest percentage of mass and cost of raw
material procurement, approximately 80 % of paper consists of cellulose and contributes
about 50 % of the total costs. Integrated production systems are designed to improve effi-
ciency in material, energy and water use purposes. Fiber flows go through multiple process
stages and product lines, therefore often within internal recycling loops and side streams.
Despite these loops, fiber losses usually occur due to process water circuits, reject handling,
sludge and trimming reasons. Fiber losses can cause economic losses and environmental
burdens. Improving fiber utilization is closely linked to reducing raw material use, minimiz-
ing waste generation and enhancing circularity within production systems. These make the
material minimization of fiber losses from paper and board machines as a desirable outcome.

(Manago et. al. 2018.)

1.2 Objectives and research questions

This master’s thesis is conducted in collaboration with Anjalankoski Mills, which consists
of a paper mill producing book paper, magazine paper and improved newsprint grades, a
board mill producing folding boxboard, mechanical pulping and energy production. The
Mill’s operations align with Stora Enso Guidelines (n.d.a), which emphasize the application
of circularity to help reduce environmental impacts. This includes efficient use of raw ma-
terials, process residuals’ reduction, the reuse of fiber and creating business opportunities
and new revenues from process residuals and by-products. To achieve more efficient use of
wood this study analyzes the use of fiber in Stora Enso Anjalankoski Mills as a case study

and investigates their potential fiber waste streams in production.

The aim of this master’s thesis is to identify possible fiber losses in the case study and de-
termine mass balance for the Mill. This creates a foundation for more specific development
in the future. The case study focuses on the use of wood, and it is meant also to create more
accurate data for the Forest department in the future. Identifying fiber losses helps further
development of implementing more efficient ways to use fiber in the future and develop

processes where losses occur. Research questions of the study are introduced below:



11

1) What is the current fiber mass balance in the case study’s process?

2) How much fiber is used compared to other similar board and paper production facil-

ities?
3) What are the possible development ideas for more efficient fiber use in the case Mill?

The paper and board mills were integrated into the Anjalankoski mills in 2024, although they
have collaborated for several decades. However, operational practices between them still
differ making it relevant to conduct a more comprehensive assessment of fiber use from a
larger perspective. For further development it is necessary to identify where potential losses
occur and identify the most significant fiber losses across different processes within integra-
tion. In addition to empirical analysis, the theoretical framework aims to provide a founda-

tion and deeper understanding to support the analysis.

1.3 Structure of the thesis

This study is divided into a theoretical section and empirical case study. The purpose of the
theoretical section is to establish a conceptual framework that supports the analysis and in-
terpretation of the empirical findings. Theoretical section is divided into four chapters. The
first chapter introduces properties of wood and its role in paper and board production. This
creates a foundation for the further calculation process and understanding factors influencing
wood use through these processes. The second chapter introduces different pulping methods
generally and plays a significant role in benchmarking described in the methodology section,
where the benchmarking is conducted through literature review. Different grinding methods
are introduced in theory section at a general level and are benchmarked between case mill
and competing companies’ methods of fiber production and its efficiency through produc-
tion yields. The paper and board production fundamentals are then introduced for foundation
to the case study, where there were already identified some fiber losses that usually occurs,

and utilized when executing data collection in the empirical part of this thesis.

The second section of this thesis presents the empirical study. Methodology section intro-
duces research approach, interviews conducted, benchmarking, methods used to conduct
mass balance calculation and the limitations of this thesis. Mass balance calculations and

benchmarking aim to address research question 2) How much fiber is used compared to other
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similar board and paper production facilities? The research is conducted as a qualitative
study, where interviews within the case company constitute the primary method of data col-
lection. The interviews are used to generate empirical data, which is analyzed by systematic
coding. Empirical data aims to answer to 1) What is the current mass balance in the case
study’s process? and, 3) What are the possible development ideas for more efficient fiber

use in the case Mill?

The following chapter presents the empirical findings of the study by analyzing interviews
conducted at the Anjalankoski Mills, and the calculations conducted. Final chapter before
the conclusions presents the findings and analysis of this thesis reflecting them against the
established research questions and literature introduced in this thesis. In addition to this, it
provides a general perspective on the cost efficiency related to the identified fiber losses.
The final chapter of this thesis presents the main results and addresses the research questions.
The chapter provides an overview of the study and presents main fiber losses at the Anjalan-
koski Mills. In addition to this, it highlights opportunities and needs for further research

identified as an outcome to this study.
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2 Properties of wood fiber and its role in paper and board produc-

tion

Wood fiber is the primary raw material used in paper and carton board production. Untreated
fibers are too stiff and do not bond well, which is why pulp is produced. It is meant to sepa-
rate the fibers and make them more suitable for paper and board manufacturing. (KnowPap
2013.) Trees consist of structurally long cells that differ in shape and function. Most of these
cells grow long, in the direction of the tree trunk and are referred as fibers. Main components
of a tree are cellulose, hemicellulose and lignin (Figure 1). (Haggblom-Ahnger & Komu-

lainen 2003.)

Tree
Low-molecular-weight High-molecular-weight
substances (5%) substances (95%)
Organic Inorganic - .
substances substances Polysaccharides Lignin
| Extractives | Ash
Cellulose Hemicellulose

Figure 1. Components of a tree (KnowPap 2013).

Depending on the tree species, there are also some extractives included. Cellulose creates a
cell wall that surrounds the tree trunk, while hemicellulose and lignin form intercellular sub-
stance surrounding the cellulose framework. Cellulose forms fibrils that are either scattered
or in parallel bundles, depending on the wood layer they are located at. When the fiber en-

counters water, the water penetrates the cell walls causing fibers to swell, which increases
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fiber’s moisture absorption capacity. Trees’ water content affects the fiber’s width, length
and its mechanical properties. (Higgblom-Ahnger & Komulainen 2003.) Wood fiber con-
sists of different layers. Cell wall layers differ from each other in chemical content and the
substance content (Table 1). Wood fiber’s outer cell wall is called primary wall and inside
of the primary wall there is a three-layer secondary wall. Lignin that combines the fibers is
in middle lamella, surrounding the fibers. (KnowPap 2013; Héaggblom-Ahnger & Komu-
lainen 2003.)

Table 1. Different wood species’ chemical and substance content (KnowPap 2013).

Lignin
Wood species | Cellulose [%] | Hemicellulose [%] [gﬁ)] Extractives [%]
Spruce 42 28 28 2
Pine 42 26 27 5
Birch 40 37 20 3
Eucalyptus 50 20 27 3
Acacia 50 24 23 3

In pulp production, softwoods rarely vary significantly in terms of chemical composition,
whereas hardwoods show larger variation because of the larger amount of cellulose and

hemicellulose (KnowPap 2013).

Properties of the wood largely impact what kind of mass can be produced. For example,
wood fiber dimensions and chemical composition have a significant impact on the product.
The fiber content of the wood strongly affects the strength properties of the final product,
paper and board. In addition to strength, fiber flexibility, bending stiffness and collapse
tendencies are influenced by the fiber width and cell wall thickness of the fibers used. Fiber
size is relative to the number of fibers per unit of weight that affect the formation and optical
properties of paper and board. Target thickness of fiber is usually one hundredth of its length.
(KnowPap 2013.) These mechanical properties are important in the use of many board
grades, but also for printing papers. Particularly bending stiffness is a property that defines
paperboard, which is a planar product with sufficient thickness. Bending stiffness means the
ability of a structure to resist the effect of forces that are out of its axial or planar direction.
Stiffness is fundamental need for good runnability on the paper and board machine, printing

pressers and converting machines. (Kajanto 2008; Laakso & Rintamiki 2003.)
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Seasonal changes also have an impact on the properties of wood, especially in Finland,
where temperature variations are typical. During winter, low temperatures do not cause ma-
jor changes in wood, however the transition from winter to spring might influence the bright-
ness of wood, increasing the need for bleaching in the process. A considerable rise in tem-
perature can accelerate fiber degradation, promote discoloration and increase fungal activity.
Temperatures and weather conditions also have an influence on wood’s dry solid content,
however no significant differences in printing properties can be observed when the wood’s
dry solid content is between 42-60 %. A lack of watering causes fiber strength decreases and
additional difficulties in grinding process. During winter, the moisture content of fresh wood
is at its highest, which creates a risk of freezing. Therefore, bark removal can be particularly
challenging making it harder to optimize the use of fiber (Lonnberg 2009; Kelloméki 2009.)
Wood’s storage time also influences wood processing, which is why fresh wood is preferred

because it’s easier to prevent moisture and quality changes (Kelloméki 2009).
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3 Pulping methods in paper and board production

Mechanical and chemical pulping are two ways to produce fiber. These methods produce
substantially different fiber characteristics. The end application and the used wood species
determine the chosen method. A combination of these methods is often used in papermaking
processes. (KnowPap 2013.) In the production of paper and board, separated fibers are re-
combined through the formation of new fibers, to form a fiber web (Laakso & Rintamiki

2003).

In this chapter, these methods are examined at a general level most typical for pulping meth-
ods in paper and board production. The aim is to address the mechanical and chemical pulp-
ing processes to such extent that the role of fiber in the process becomes clear, and a theo-

retical insight of where typical fiber losses may appear.

3.1 Chemical pulping

Chemical pulping is the predominant method used in the production of high-quality paper
grades. The process involves treating wood chips through chemical processing in a con-
trolled high temperature and high-pressure conditions. The aim of the process is to remove
lignin and hemicellulose while preserving the cellulose fiber structure. The removal of these
components enhances fiber flexibility and promotes stronger inter-fiber bonding, which im-
proves the mechanical properties of the final product. Two principal chemical pulping meth-
ods are sulfite pulping and kraft pulping. In Finland, the most common process is kraft pulp-
ing, because of its lower sulfur dioxide emissions. (Mboowa 2020; Higgblom-Ahnger &

Komulainen 2003.)

The kraft process (Figure 2) uses strong alkaline conditions to convert only part of the wood
into usable cellulose fibers, while most of the lignin, hemicellulose and extractives are dis-
solved into the process liquor (Haggblom-Ahnger & Komulainen 2003). Although the pulp
yield is lower, the process recovers value by burning dissolved materials to produce energy

and reusing chemicals. Fiber losses occur both from removing non-cellulosic components
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and from some degradation of carbohydrates during cooking, meaning higher fiber quality

comes at the expense of lower yield. (Mboowa 2020.)

Screenin,
Wood : g Pulp
‘Wood handling Cookmg and bleaching and +—»
washing .
drying
Wood Black
residues liquor
Auxiliary boiler Evaporation P Recovery boiler White llquor
preparation

Heat and power
Steam turbine =~ —

Figure 2. Example of the kraft pulping process (Adapted from: Hamaguchi et al. 2012).

In contrast, sulfite pulping is based on acidic, neutral or alkaline conditions using sulfur
dioxide and bisulfite compounds to dissolve lignin through sulfonation reactions. Compared
to kraft pulping, sulfite processes generally achieve higher pulp yields and produce fibers
that are easier to bleach and refine. However, this process is more sensitive to raw material
characteristics, which limits the range of suitable wood species. Key limitation of sulfite
pulping is the lack of an effective chemical recovery system, meaning that dissolved wood

components are less efficiently utilized compared to kraft pulping. (Mboowa 2020.)

After the cooking liquor is separated from finished pulp, the pulp is bleached. Pulp mass
contains some lignin after the cooking, therefore bleaching continues depending on the
amount of lignin and color of the desired end-product. (Haggblom-Ahnger & Komulainen
2003.) Pulp yields vary depending on the final product. Unbleached pulps are produced at
higher yields by retaining more of the original lignin. Bleached pulp requires more extensive
processing, resulting in lower yields. (Bajpai 2015.) The amount of fiber losses and other
waste in chemical pulping are strongly process dependent and vary a lot between different

mills. Chemical pulping production generates various fractions of solid waste, such as bark,
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wood residues and other rejects e.g. sand from wood handling. Other fiber waste streams

appear in sludge from effluent treatment. (Dahl et.al. 2008.)

3.2 Mechanical pulping

Basic methods for mechanical pulping processes are grinding and refining. In grinding, fi-
bers are separated using the grinding stone. Debarked logs are pushed against a wet spinning
stone’s surface (Figure 3). Before the debarking, logs are cut approximately to a one-meter
length. The debarking process itself happens in the debarking drum, and after that the logs
are transported via conveyors to the grinder. Bark residues are collected and usually burned
for energy. Grinding pressure is regulated in the grinding process. In addition to this, the
temperature is regulated with spray water. When the temperature inside the logs rises, fiber
bonds weaken and woods friction against the stone cause fibers to separate. (Metlas KY

2000; KnowPap 2013.)

Wood

Figure 3. Example of a basic mechanical grinding process. Adapted from: Higgblom-Ahnger &
Komulainen 2003).
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The steady conditions in lignin softening and fiber separation largely define the quality of
fiber. Additionally, wood humidity has a huge impact on the process. Lignin’s softening
temperature rises as the dry matter content of wood increases. The processes require suffi-
cient softening of fibers, since without it, fibers can be damaged during separation. Damaged
fibers may remain short, form small sticks and cause different kinds of quality problems,
such as strength property issues and fiber breakdown causing dusting. However, increasing
the temperature too much can cause “burning”, where the wood and surface of the wood get
darker causing unnecessary loss of fiber. Pressuring the grinding process keeps the water on

the wood surface, avoiding these kinds of problems. (Metlas KY 2000.)

In the refining process, wood chips are disintegrated into a disc refiner where one or both
refiners are spinning (Lonnberg 2009). The plates of the disc refiner are patterned, where the
raised elements transfer mechanical energy into the wood chips (Figure 4). Prior to refining,
the wood chips are subjected to steam treatment at 115-130°C for approximately 1.5-5
minutes. The purpose is to facilitate the separation of longer fibers during mechanical de-
fibration stage. This type of refiner pulp is called thermo-mechanical pulp (TMP). It origi-
nated from the refiner mechanical pulping (RMP) process, which used open discharge refin-
ers. The pulp can be further processed in a pressurized refiner, typically at an overpressure
of 1-6 bar. (KnowPap 2013; Lonnberg. 2009.) Wood material losses occur an average of 2-
3 % of wood use during refining (Nuortila-Jokinen 2000).

Grooved
pattern

Figure 4. Principle of refiner mechanical pulping (Adapted from: KnowPap 2013; Lonnberg 2009).
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In mechanical pulping, wood fibers are separated with the help of heat and mechanical stress.
However, it is not meant to isolate anything, even though small amounts of extractives and
other components may still dissolve. (Higgblom-Ahnger & Komulainen 2003.) Although
bark is still generated as a side stream from the process. Approximately 1.5 % of solid waste
in mechanical pulping consists of bark and wood residues from debarking, washing and
screening. The largest waste fraction in mechanical pulping consists of different types of
sludges, mainly from fiber containing primary sludge and excess sludge from biological

wastewater treatment. (Dahl et.al. 2008.)

3.3 Chemi-mechanical pulping

Chemi-mechanical pulping (Figure 5) is a combination of the two methods introduced above,
and it was developed to achieve a higher yield from hardwood as a raw material and better
properties from softwood compared to mechanically produced pulps. The process is similar
to thermochemical pulping but includes additional stages for chemical impregnation and
treatment at elevated temperatures. Chemi-mechanical pulps can be divided into two groups,
such as chemithermomechanical pulp (CTMP) and chemimechanical pulp (CMP). CTMP is
produced with pressurized refining of chemically pretreated chips or coarse pulp typically
with the addition of steam. In contrast, CMP can be produced with refining at atmospheric
pressure from chemically pretreated chips without significant pressurized thermal treatment.
The wood chips used as raw material are either sourced externally or produced on-site at the

mill, in which case debarking, chipping and chip screening are required (Lonnberg 2009.)

Chemicals Reject refining
— )
Chip washing [ Impregnation —| Preheating/Cooking — Refining J*S\:f;: 11111':]115 + Bleaching
Effluent
treatment

Figure 5. General example of chemi-mechanical pulping process (Adapted from: Lénnberg 2009).
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Chemi-mechanical pulps are mainly produced from hardwood and are used in products that
require good strength, such as packaging materials. Although some materials are dissolved
during processing, fiber losses are lower than in chemical pulping. Process still requires
chemical handling and recovery systems, which often are integrated with other pulping pro-
cesses. (Bajpai 2015.) In addition to this, chemi-mechanical pulping is used as a general
name for all the pulps produced by refining or grinding chemically pretreated wood. (L6nn-

berg 2009).

3.4 Comparison of pulping methods

Pulping methods discussed in this chapter differ significantly in terms of yield, primarily
due to variations in the extent of lignin removal and the intensity of chemical and mechanical
treatment. Therefore, the yield of mechanical pulping is better than of chemical pulping,
approximately 90-98 %. Most of the wood components, including lignin, are retained in the
pulp. (Mboova 2020; Hiaggblom-Ahnger & Komulainen 2003.) Material losses are limited,
since fiber separation is achieved through mechanical forces rather than chemical dissolu-
tion. However, retention of lignin is associated with lower fiber strength and bonding prop-

erties compared to chemical pulps. (Bajpai 2018.)

Grinding and refining are two primary approaches used to categorize mechanical production
methods as previously introduced. Within grinding processes, the applied techniques can be
further classified based on operating conditions by high pressure and spray water tempera-
ture. These processes are basic Groundwood (GW), Thermogroundwood (TGW), Pressure
Groundwood (PGW) and Super Pressure Groundwood (PGW-S). If any of the processes
mentioned above include chemical treatment, then the letter C is added, for example CPGW.

(Metlas KY 2000.) The yields in Table 2 are based on fresh debarked Norway spruce wood

3
and in closed processes with a water usage of 10-20 e (Sundholm, 1999.)

metric ton
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Table 2. Yields of different mechanical pulping processes.

Grinding| Method |Yield [% of wood] Data
GW 98.5 Sundholm, 1999; Mboova 2020; Haggblom-Ahnger & Komulainen, 2003
TGW 98.5 Sundholm, 1999; Mboova 2020; Haggblom-Ahnger & Komulainen, 2003
PGW 98.5 Sundholm, 1999; Mboova 2020; Haggblom-Ahnger & Komulainen, 2003
PGW-S 98 Sundholm, 1999; Mboova 2020; Haggblom-Ahnger & Komulainen, 2003
Refining T™MP 93-97.5 Mboova 2020; Sundholm, 1999
RMP 97.5 Sundholm, 1999

In contrast, chemical pulping methods results in substantially lower yields because of the
loss of hemicellulose. The objective of chemical pulping is to dissolve lignin to liberate cel-
lulose fibers, and this leads to the degradation and dissolution of other wood components in
addition to hemicellulose, to some extent even cellulose, which reduces the overall yield.
Typically, the yield of chemical pulping is approximately 50 % (Table3). (Haggblom-
Ahnger & Komulainen 2003; Mboova 2020.)

Table 3. General yields of chemical and chemimechanical pulping methods (Alén 2007; Bajpai
2018; Sundholm 1999).

Method Yield of wood [%]

Chemical pulping
Kraft 35-60
Polysulphide-kraft
Prehydrolysis-kraft
Soda-anthraquinone
Acid sulphite
Bisulphite
Alkali sulphite
Multistage sulphite

Chemimechanical pulping
CTMP 90
CMP 80-95

Chemi-mechanical pulping processes yields are typically lower than purely mechanically
treated pulp but higher than in chemical pulping. Generally, the yield is in the range of 80-
95 %, where CTMP is approximately close to 90 %. The partial removal of lignin results in
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some material loss, while mechanical stage enables the retention of a larger proportion of
wood components compared to fully chemical processes. However, fiber properties are im-

proved compared to mechanical pulps due to the removal of lignin. (Bajpai 2018.)
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4  Paper and board production processes

This chapter examines the principles of paper and board production to provide an overall
understanding of fiber utilization as background information for the case study. The chapter
introduces typical mass and broke management and production phases in paper and board

production.

4.1 Mass and broke management

After grinding, pulp is already a highly refined material, however it cannot be used directly
in paper and board production. There are still some sticks and rough fiber fractions within
the fiber mass, and it creates a need for further processing to meet the quality requirements
of each paper and board machine. The fibers are directed to vibrating screens for classifica-
tion and then it is pumped to fine screening and so on to thickening. The filtrate separated
during thickening is collected and returned to the previous process stages, for example as
spray-water in the grinding machine. Additional water is usually collected from paper or
board machine’s zero-water. The reject from coarse screening is crushed and then combined
with fine screening and from there on it goes to mainline screening. The purpose of this is

to even out variations in the pulp and remove or reduce foreign particles. (Knowpap 2013.)

Mass treatment is usually located between pulp mill and paper or board mill. If the pulp mill
is integrated with the paper and/or board mill, the pulp is pumped as a slurry from the pulp
mill to the paper or board mill directly. However, in the non-integrated mill the pulp is de-
livered in bales and repulped in the pulper. If needed, the pulp is defibrated and refined to
achieve the desired fiber properties. (KnowPap 2013.) Mass is directed to the paper and
board machine through a mixing and dosing system. The mixed mass is transferred from
mixing tank to the machine tank, where the stock is supplied to the short circulation of the
machine. The total amount of mass determines the basis weight. A computer system doses
the required mass based on the measurement results of the basis weight at the machine’s dry

end. (Hiaggblom-Ahnger & Komulainen 2003.)
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A significant part of the paper and board production consists of broke that is reused in the
process. Commonly an approximate amount of 5-25 % of the broke is recycled back in the
process. In some cases, the used amount of broke is even higher. Broke refers to already
produced paper or board that is unsuitable for customer delivery, for instance due to quality
reasons. Broke is generated at multiple stages of the process, for example during edge trim-
ming of wire, edge trim removal at the coating machine and the slitter, and when the web
breaks across the machine width. Additionally, broke is produced at the dry end of the pro-
cess, mainly because of quality reasons. The broke is disintegrated into pumpable con-
sistency in pulpers. The desired consistency is typically 4-5.5 %. Some of the broke returns
to the process in a slightly lower consistency, which is why thickening systems adjust the
pulp to the desired consistency. The system is commonly divided into two sections, one
where the wet-end broke is returned directly to the process and one where the dry-end broke
must be processed before returning it in the process. (Hédggblom-Ahnger & Komulainen

2003.)

As mentioned, broke is needed as a raw material for paper and board production, however
the key is still to minimize its total amount, and it is important to recognize where it is gen-
erated. Close control of broke is crucial to achieve cost effectiveness in production. If this is
not the case and broke is generated over need, the problem needs to be tackled by eliminating
transport, handling damage or remedying quality problems in the paper or board making

process. (Rautiainen 2010.)

4.2 Production process stages

When mass treatment is complete, it is fed to the machine’s short circulation. Short circula-
tion refers to the internal water loop of the process, which means that the water passes
through the wire and is directed to the wire pit. From there the water is utilized to dilute the
thick stock and then it’s delivered to the headbox. The stock’s consistency is approximately
3 % and it must be diluted to the level required for the headbox. In addition to dilution, the
function of the short circulation is to return the water removed, as well as purify the stock
from any impurities. (Haggblom-Ahnger & Komulainen 2003.) These impurities may be for
example shives and sand etc. However, some fiber losses occur in addition to other impuri-

ties. The dry solid content of the rejects is usually approximately 1-25 %. These rejects are
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in normal conditions led to effluent treatment plant but may also be led to sludge dewatering.
(Dahl et. al. 2008.) Production water carries fiber losses, approximately 0.5-5 % of total fiber
amount. In addition to fiber losses, other fillers, fines and wet-end additives are contributed
to the total solids in water flows. The number of solids in the water depends on the internal
clarification used, equipment arrangements and design philosophies. (Nuortila-Jokinen

2000.)

The function of the headbox is to distribute the stock evenly across the entire width of the
wire. Products structural properties are largely formed in the wire section. The stock is fed
from the headbox to the wire at a consistency of approximately 0.2-1.2 %, and the dry solid
content of the web is 15-20 % on the wire. After the sheet formation, water is removed in
the wet-end of the machine by hybrid former together with different suction boxes and foils.
After the wire section, the paper or board is directed to the press section, where the solid
content increases through pressing to approximately 20-55 %. Heated cylinders continue the
drying in the machine’s drying section. The condensate system takes care that the cylinders
aren’t filled up with water. Additionally, the dryer section is designed with a ventilation and
heat recovery system. (Haggblom-Ahnger & Komulainen 2003.) General example of a paper

machine is introduced in Figure 6.

Calendering

. et Reel
Headbox Press section Dryer section
\ Wire section

Figure 6. A general example of a paper machine. (Adapted from: Higgblom-Ahnger & Komu-
lainen 2003).

After the drying section, there is typically a surface sizing unit, whose purpose is to improve
for example surface strength and stiffness. In addition to this, the surface properties and

thickness can be adjusted through calendering, which means the sheet is pressed between
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two or more rolls. Depending on the process, the machine may include a coating section,
where paper or board can be coated with various substances. There are, for example, differ-
ent pigments, binders, waxes, plastics and combinations of these. (Haggblom-Ahnger &
Komulainen 2003.) Rejects of the coating process consist partly of fibers, coating waste,
paper fillers and coating substances such as kaolin and calcium carbonate, latexes and starch.
Coating and fiber waste in sludge represents a costly raw material loss in the process. On top
of these it causes costs to the sludge treatment from plant investments and operation costs,

and additional transport and landfill costs for the waste. (Dahl et. al. 2008.)

Following the paper or board machine, once possible coating and calendering is done, the
web is wound into a machine reel, forming a tambour roll around the tambour spool. The
full length of a machine reel can be over 90 km long, which is why the web must be cut into
a narrower reel of suitable width and length to meet customer demands. The reels are cut by
the slitting machine. The handling of reels includes unloading the reels from the slitter, trans-
porting, sorting, packing and storing the reels. (Knowpap 2013.) Figure 7 summarizes the

fiber losses typically occurring in the paper and board processes.

AR

Packaging,
—— Mass treatment [ StOCk, | Short circulation [ Pap er/Board I Slitter aa storingg angd
preparation machine transportation
o N NN
Fiber, shives and  gipor [osses Fiber losses i Trimmin.
sand with coating y
production

water

Figure 7. Example of paper or board production process fiber losses (Dahl et. al. 2008; Nuortila-
Jokinen 2000).
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In addition to reels, major share of board and paper is globally delivered in sheets. Sheeted
paper and board are delivered because of the customers’ end use. The form of delivered
sheets is called pallets. For short print runs, it is more economical to use sheets and is usually
more flexible in the size of the final product. There are also quality reasons for sheeting and
often it is used to ensure excellent printing quality. In addition to this sheet-fed printing
eliminates curling and cracking of bulky folding boxboards. Fiber losses can be prevented
by trimming reels before cutting and having as narrow as possible edge trim which means
less broke is generated and to ensure reel that matches quality demands desired. The number
of rolls in finishing should be correct, and the amount of waste created should be considered.

(Rautiainen 2010.)
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5 Paper and board grades

The paper is a structurally thin, sheet formed fiber product. Paper is typically formed of a
single layer, whereas the board has multiple fiber layers (Haggblom-Ahnger & Komulainen
2005). Basis weight and properties for papers and board have been usually tailored for dif-
ferent applications and there is no exact limit when paper is called board. However, board is
typically heavier than paper because of its structure and some boards of lower grammage,
such as some grades of folding boxboards, are referred to as board by its end use. (Cepi

2025.)

The following introduces the main products manufactured at the case mill and provides back-
ground on how fiber is converted into market ready products and clarifies differences be-

tween grades. The focus is on the key paper and board grades relevant to this study.

5.1 Printing paper, newspaper and book paper

Paper consists mainly of cellulosic fibers made from wood or other similar natural origins
and has no layers of fiber. However, possible coating forms its own layer as seen in Figure

8 (Alava & Niskanen, 2006.)

Figure 8. Structure of coated paper sheet. (Alava & Niskanen, 2006)

Printing paper grades can be divided into two groups: mechanical pulp dominated paper

grades and chemical pulp dominated paper grades. Classification to these categories is based



30

on the type of pulp used as a raw material. In addition to this, recycled fiber is also one raw
material that can be used. Mechanical pulp dominated paper grades are also known as wood-
containing papers. These contain approximately 25-100 % of mechanical pulp depending on
the desired end-product. However, often the share of mechanical pulp is over 50 %. To im-
prove printability, brightness and maintain opacity, chemical pulp can be added. (Paulapuro

2000.)

The most critical properties for different papers depend on the paper grade produced. With
woodfree papers the coating is the most critical property for achieving product demands.
Therefore, with wood containing paper, fiber ability to absorb water leads to reversible sur-
face compression and fiber swelling. These cause surface roughening of the coated paper,
which includes a coating layer, smoothness and visual appearance that are critical properties
related to quality. Paper grades usually demand higher quality specifications and ground-
wood processes typically include bleaching because of the printability demands by end cus-
tomers. Coating is used to increase smoothness of the paper surface and brightness. (Palta-

kari, 2009.)

The properties of paper grades vary significantly depending on the type of paper produced.

. . . . g

Basis weight varies by grade and, can be for coated book papers approximately 55-90 5
. g

uncoated book papers and newsprint from 50-80 5 and wallpaper base papers may be

around 90 %. The structure of different paper grades also varies according to end-use re-

quirements, as different properties are advantageous for different printing methods. For ex-
ample, newsprints are usually uncoated, have higher bulk and exhibit greater brightness
(Paulapuro, 2000), and book papers may range from uncoated mechanical to high end coated

grades (Rautiainen, 2010).
5.2 Folding boxboard

Folding boxboard (FBB) commonly consists of three layers, where the bottom and top layers
are bleached pulp. The middle layer has been made using mechanical pulp for its high bulk
properties, such as GW, PGW, TMP, or CTMP. Depending on the end-product, there can be
different variations in coating, for example FBB can be single coated or double coated on

the top side, double coated on the top side and single coated in the bottom side, or it may be
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completely uncoated. Also, the middle layer can be bleached mechanical pulp to make it

lighter in addition to bulkiness (Figure 9). (Paulapuro 2000.)

TAMFOLD - Light coated folding boxboard

Single pigment coating
Bleached chemical pulp

ﬁ = Bleached pressure groundwood

pulp

—

N Bleached chemical pulp

TAMBRITE - Fully coated folding boxboard

Double pigment coating
Bleached chemical pulp

B - seached pressure groundwood

pulp

—

- Bleached chemical pulp

Figure 9. Two types of folding boxboard (Stora Enso 2025).

FBB is used for different types of packaging purposes. Typically, FBB is used for various

cosmetics, pharmaceutical and food packaging. Some board applications can be used as book

covers and post cards. Boards basis weight varies between 160-450 %. Product can be de-

livered to the customer in the form of a reel or a sheet. (Laamanen & Lahti 2008.)
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6 Methodology

The research process is based on a qualitative and analytical approach, where empirical data
of the thesis focuses on identifying main fiber losses in normal and abnormal operating con-
ditions in Anjalankoski mill. In addition to fiber losses, the empirical part of this thesis in-
vestigates the key factors that affect the resulting losses and recognize development sugges-
tions. Semi-structured interviews are one of the main methods for identifying these. The data
needed for mass calculations is also conducted partly through interviews and from produc-
tion management system. The data of interviews and calculations are introduced in Chapter
7 and is discussed in Chapter 8. Outcome of the empirical study includes an overview of the
integrations current state of wood use and fiber use. Specific data is not introduced in this

thesis for confidentiality reasons.

To provide more accurate information about case company’s current state of wood use, pulp-
ing methods are benchmarked. Benchmarking is a useful tool that will help continually im-
prove its processes (Patterson 1995). Benchmarking is conducted by examining the produc-

tion yields by theoretical level and benchmarked data is provided through literature.

6.1 Methodological approach

Qualitative research questions are designed to explore “how” and “why” rather than measure
frequency or predict outcomes. Qualitative research questions aim to uncover deeper under-
standing of the field under research. Selecting an appropriate research design is crucial in
research process and defines the overall approach. (Alaba et. al. 2026.) The method was
chosen with the aim of generating deeper and richer data through interviews, making a qual-

itative approach the most suitable for this study.

One of the most basic analytical approaches in qualitative research is known as inductive
data analysis and is also utilized in this study. The method enables spontaneous development
of themes and categories from the empirical data. Method’s typical analysis includes that
researchers engage with data in a manner that is both methodological and flexible. This

methodology identifies underlying patterns and repeating ideas. Typical data analysis for
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inductive research is data familiarization, initial coding, discovering patterns and themes,

continual comparison and theoretical integration. (Alaba et al. 2026.)

Study utilizes semi structured interviews to form full understanding of the case Mill’s wood
use at present state. Interviews take account of complexity of the issues, rather than quantify
the results (Juhila 2021). In addition to forming a full picture of the Mill’s fiber use, inter-
views aim to also answer third research question “What are the possible development ideas
for more efficient fiber use in the case Mill? Interviews obtain real time and richer data from
the operators and other professionals working at the case Mill and play a central role in
achieving the aim of the study, as they are used to identify and explore potential fiber waste

streams in case Mill.

6.2 Interviews

Interview questions (Appendix 1), were selected based on research questions and the se-
lected questions were reviewed with an expert from the case company. Interview’s purpose
was to let the conversation flow, so there were space and flexibility to explore topics that
arise during the conversations. Focus groups were operators and supervisory staff working

in the mill to provide richer data from different perspectives.

A total of 20 interviews were conducted, 11 of them were with supervisory staff and nine
with operators. The interviewees were selected based on knowledge from each department,
and among supervisory staff there were 1-4 interviewees per department, with the remaining
interviews conducted with operators. The interviews conducted with operators were group
interviews, while those with supervisory staff were individual interviews. As an exception,
two representatives of supervisory staff in sheeting department were present together in the
interview and were counted as one interview. The supervisory staff interviews were recorded
using Microsoft Teams and the recordings will be deleted no later than three months after
the submission of this thesis. Operators’ interviews were documented as handwritten notes,
because interviews were conducted alongside their work. The interviewees cannot be iden-
tified based on their responses and results are presented anonymously in the study, which is

why answers to question 1 are not documented in this thesis.
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Interview analysis coding was carried out by dividing the process into distinct units, where
cutting, debarking and stacking before grinding process were combined into a single unit
instead of separate ones. This was based on the operator interviews, which revealed that
operators rotate between these workstations. For example, interviews at the stacking operat-
ing control station showed that interviewees identified fiber losses at the debarking stage.
However, the analysis of fiber losses and corresponding results are reported as separate pro-
cesses. The interview questions were then categorized into three groups. First category ad-
dresses fiber losses under normal operating conditions, the second category covers fiber
losses under abnormal operating conditions, and third category focuses on identifying main

challenges, key factors influencing fiber losses and development ideas.

After categorization recurring themes within each category are coded using red, yellow or
green colors. Themes coded red indicate that all interviewees raised the same theme or no
measurement data exist according to the interviewees, or at least total of three interviewees
mentioned the theme during interviews. Themes marked yellow are defined using similar
criteria for coding, but theme were mentioned by two interviewees. Themes coded with
green represent those mentioned by only one interviewee. Themes in third category are
coded red if they are related to fiber losses in category one’s red coded themes. Specific
details are not introduced in this thesis to assure confidentiality, but example of the coding

is presented in Appendix 2.

6.3 Benchmarking

Benchmarking is a tool for improvement, achieved through comparison with other organi-
zations. Benchmarking is fundamentally based on recognizing the practices of others within
the industry, identifying the potential shortcomings in company’s own operations, and ac-
knowledging that others may perform certain processes more effectively. It involves under-
standing how these practices are implemented and adapting them within company’s own
organization. This thesis utilizes performance benchmarking, where pulping processes are

compared to other companies’ processes through production yields. (Bhutta & Huq 1999.)

Benchmarking aims also to answer the research question 2) “How much fiber is used com-
pared to other similar board and paper production facilities?”. Method aims to provide basic

principles to achieve overall understanding of what the current state on wood use is in the
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Anjalankoski Mills compared to others in industry. Data collection was carried out itera-
tively during the literature review phase, and part of the data gathering had already been
initiated during the early stages of the theoretical framework (Figure 10). For the selected
benchmark products, additional data was collected to identify pulp production methods used
by the competitors. This enabled the determination of yield values for each product, allowing

a theoretical comparison of wood consumption across similar products.

“How much fiber is
used compared to .
L Data collection fr ) .
other similar board aw cg ection from Selection of peers Benchmarking
! literature
and paper production
facilities?”

Figure 10. Progress of the benchmarking (author’s own work).

For the board, seven companies’ FBB products were selected for benchmarking. The se-
lected products were comparable to Tambrite (Anjalankoski Mills product) in terms of basis
weight. Comparison is conducted of the pulp production methods used for the middle layer
and the yields of chemical pulp used in the back and top layers have not been considered. In
addition to production yields, machine direction (MD) and cross direction (CD) bending
stiffness were examined, as these properties are usually the most critical for customers. For
paper products, the comparison was conducted in accordance with Case company’s request,
focusing on the pulp yield of the two largest competitors’ pulp production methods. In con-
trast to board, thickness and bulk are the most critical qualities for customers and are also
compared. The pulp production processes of the selected grades were compiled into a com-

parison table.

The comparison required making assumptions regarding yields, as not all companies had

reported in detail the methods they used. For example, the combination of BCTMP and



36

mechanical pulping method could be assumed to have a higher yield than CTMP, as the
theory supports that mechanical pulping methods achieve higher yields even when the
bleaching is conducted in BCTMP. Furthermore, the literature indicated that bleaching does
increase fiber losses to some extent depending on how extensive the processing is. As men-
tioned in Bajpai (2015) study, the number of losses is highly process dependent. A yield loss
of 3 % was estimated for the BCTMP method based on Pedro (2011) publication in Paper
making Science and Technology, although the actual value depends on wood species, pro-

cess conditions and the bleaching sequence.

As mentioned, yields may vary depending on the source and represent estimates of actual
fiber losses, which constitutes a clear limitation of this study. However, the primary objec-
tive of this thesis was to assess how the Case company utilizes wood compared to other
similar mills at a general level. Therefore, using theoretical yields provides comparable data
and indicative insights into Case company’s operations. In addition to theoretical yields, the
comparison includes bending stiffness properties for board production, which are essential

from the perspective of fiber production and the performance of the final product.

6.4 Calculations

Calculations for mass balance were conducted from the perspective of fiber consumption,
and it focuses especially on the fiber balance in the mill. However, to determine this, it was
necessary to consider factors such as coating amounts and in case of board, the surface and
back layers. Mass balance data for calculations were collected through interviews and col-
laboration with each department specialist. The main operations were included in the calcu-
lation, and the goal was to provide more accurate data for Forest department on wood use in
the Mill to utilize in the future, which is why Stora Enso Forest department’s operations
were also considered. Their approach to calculating wood use within the integration is de-
scribed later, despite operating as a separate organization. Figure 11 presents the system

boundaries defined for calculations in this study.
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Figure 11. System boundaries for calculation.

Calculation process was carried out after the interview phase to utilize the collected data as
a baseline. Data collection was conducted on a unit-specific basis across different parts of
the process, and the analysis also incorporated the company’s existing calculations. The
scope of the calculations was further specified during the data collection phase to remain
within the limits of this thesis scope. In the case of sheeting, this meant that calculations
focused on the outgoing sheeted volume and the associated fiber losses, and therefore the

system boundaries do not fully cover entire sheeting process.

6.5 Limitations

This thesis is based on fiber losses in the context of paper and board processes, but fiber
losses occurring in the processes in general can be utilized in other mills that operate in same
field. This study is conducted in a mill that has specific operating practices and procedures,
which may limit the opportunity to utilize study results in other companies and industries.
The scope of the study was broad and covered nearly entire mill area, excluding the power
plant and wastewater treatment, which limited the ability to examine fiber losses in a specific
process in greater detail. A more detailed study would have identified measured amounts of

fiber that might have been lost in certain departments.



38

This study is conducted through semi-structured interviews and performance on wood use
by benchmarking, which provides different perspectives on how wood is used in the case
mill. Interviews provided a deeper understanding of the processes and the experience-based
perspectives from both operators and supervisory staff contributed to a more comprehensive
view of the overall process. However, the study is subject to certain limitations. For example,
a total of 20 interviews were conducted, which means that not all shifts from every process
were represented. This was due to the time constraints imposed by the thesis, as well as the
limited resources available for conducting such an extensive interview-based investigation

within the scope of this thesis.

Inductive analysis presents certain challenges, such as subjectivity and data collection usu-
ally is time consuming (Alaba et al. 2026). It is acknowledged that, in this thesis, the re-
searcher’s own assumptions or perspectives may have influenced the interpretation of the
findings. Nevertheless, thesis aims to be as transparent as possible, and efforts have been
made to reduce subjectivity by applying a clear analytical method, in which classification
has been explicitly presented and the coding principles defined. In addition to this, expertise
of the staff has been utilized, particularly in the calculation section, where certain values had

to be estimated due to insufficient data measurement.

The purpose of the literature review is to provide a solid foundation for both the author and
the reader. Some of the referenced studies are not recent since the fundamental principles of
the paper and board industry have not undergone significant changes in recent decades.
Therefore, the sources can be considered valid for this study. In addition to this, the literature
review provides a basis for benchmarking. Selection of the studies for benchmarking has
been conducted iteratively, and the literature search was performed after the case study had
been completed. This limits the reproducibility of the study, constituting a recognized limi-
tation. In addition to this limitation, thesis has case-oriented focus meaning that the literature
does not fully correspond to the operational practices observed in the case Mill. Neverthe-
less, both paper and board production in the case Mill follow the fundamental principles

presented in the literature section of this thesis.
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The Anjalankoski Mills comprises both paper and board production. The paper production

manufactures book paper, specialty newsprint and magazine paper, while the board produces

FBB for consumer packaging. The mill includes integrated mechanical pulping and energy

production. (Stora Enso n.d.b) The power plant and wastewater treatment is not included in

the simplified process diagram (Figure 12), as it is not within the scope of this study.
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Figure 12. Simplified process overview in Anjalankoski Mills (Stora Enso n.d.b).

This chapter presents the empirical findings of the interviews conducted. Methodology was

introduced in Chapter 6. In addition to interview findings, this chapter describes how the

mass balance and fiber use calculations were conducted.
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7.1  Wood handling and cutting

According to the interviews, some fiber waste streams already occurred during the handling
phase. There are some amounts of residual wood pieces and scraps remaining from the wood
storage area. A measurement process has recently started by weighing containers, and the
resulting losses are estimated to represent only a small fracture of the total process. In addi-
tion to this, a small proportion of wood contains metal and cannot be processed. These are

therefore given to the workers.

Weather conditions were also identified as a factor influencing fiber losses. Low tempera-
tures can cause wood to freeze to the ground, resulting in increased debris. In contrast, sum-
mer conditions enhance bark removal, as bark detaches more easily prior to the cutting pro-
cess. Furthermore, poor wood quality can increase fiber waste, as damaged wood is more
likely to break during handling. Majority of the wood is still directed to debarking and further

processing. Sweeping and cleaning waste from the yard is incinerated at the power plant.

The logs are loaded onto a conveyor and transferred to cutting stage. They are cut into
lengths of approximately 1.5 meters using blades installed on the conveyors. Operators con-
trol two conveyors, either individually or both simultaneously. A few interviewees noted
that the cutting generates large amount of sawdust, which is conveyed with water to the

water treatment system as waste and was coded as “yellow” in the analysis.

Short offcuts are generated during the cutting stage when logs are guided along the conveyor
toward the blades at the edges. These blades are designed to cut the logs to the desired length,
leaving a remaining portion that is too short to be utilized. The short offcuts fall from the
conveyor onto the lower conveyor, where they are directed to the chipping process. All in-
terviewees identified short offcuts as a significant source of fiber loss, and this stream was
coded as “red” in the analysis. Sometimes under abnormal situations chips are temporarily

stored in the yard, as shown in Figure 13.
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Figure 13. Chip pile in the yard.

However, under normal operating conditions, the chips are transported directly to the silo
and then to trucks for delivery to another mill, where they are weighed. The information is

reported to Anjalankoski Mills.

7.1.1 Debarking

After cutting, the logs are conveyed to one of two drums for debarking. Bark is removed
through openings in the drums during debarking process. Logs from one drum are directed
to the paper machine, while logs from the other drum are directed to the board machine’s
grinding process. According to all interviewees involved in debarking, the largest fiber
losses occur when logs are retained in the drums for too long, resulting in over-debarking.
This can be observed in logs with rounded ends. All interviewees from fiber department
identified drumming as a major source of fiber loss, which was coded as “red” in the thematic

analysis. One interviewee noted that, based on experience, the larger drum appears to break
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more small logs than smaller drum. However, there is no data available to support this ob-
servation. In addition to this, the interviews indicated that over-debarking occurs frequently
during wintertime, as weather conditions complicate bark removal. Other fiber waste streams
identified by the interviewees arise when thin wood sticks enter the process, causing disturb-
ances, as well as handling and extra transfers of wood and bark between containers, yard and
back into the process. One interviewee estimated that containers may need to be emptied up
to six times during a 12-hour period. These observations were individual and were coded as
“green” in the analysis. All bark and debris leaving the process are transported to a so-called
“million conveyor”, returning to the debarking drum and ultimately being directed to the

power plant. The removed bark is also utilized in energy production.

After debarking, a portion of the logs is directed to a storage pile to ensure production con-
tinuity in case of unexpected interruptions. One interviewee addressed that transferring logs
to a storage pile and then back onto a conveyor can also generate some waste. In addition to
this, logs under 1.5-meter are sorted out from the conveyors as undersized pieces and fall

onto a separate conveyor, from which they can be fed directly into the chipping process.

7.1.2  Grinding process

Debarked wood is then directed via stacking to the grinder furnaces, where the PGW method
is applied. The logs are first loaded into the charging hatches of the grinding furnaces and
fed into the process in batches. The grinding plant has ten Galileo grinding stones and twelve
press grinders, with total capacity of 1500 t/day. The groundwood pulp is initially directed
at the flake crushers, where the largest flakes are reduced in size. The pulp then undergoes
through steam separation before entering the pressure screening stage. Following flake
crushing, separation between accepted mass and reject takes place in a disc thickener. The
accepted pulp is thickened to desired consistency, while rejected fraction is returned to reject
grinding. Accepted pulp for the paper machine is directed to bleaching and pressed to the
desired dry solids content. In board production, peroxide bleaching is not applied, however

dithionite is used.

Fiber waste streams identified through interviews include fiber losses with water streams,
which were coded as “yellow”. The interviews revealed that continuous final filtration from

the pressers is discharged as intended, to the wastewater treatment process. One interviewee
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noted that fiber losses may also occur with water after the pressure screening stage. There
are no online measurements of solids potentially carried with water, however continuous
water flow exists. In addition to these potential losses, operators and supervisors identified
that, in the grinding process line feeding the board machine 4 (BM4) has final fraction of the
rejection (R4), which results in a small fraction of continuous fiber loss and is treated in the

wastewater treatment process.

Abnormal production conditions that may cause fiber losses were also identified in the in-
terviews. These include failure of the pressure thickener sealing belts, which may cause pulp
leak into the water. Rupture of disc thickener bags may also occur, allowing pulp to leak into
water, and overflow of pulp tanks may result from disc thickeners failure. Pulp overflow can
also occur on the reject side if the refiners stop operating. Another specific situation is shut-
down, during which pulp may need to be discharged from the tanks into the canal and further
on to wastewater treatment. These situations were mentioned individually in the interviews

and therefore assumed to occur infrequently and were coded as “green” in the analysis.

7.1.3 Paper and board machine

According to two interviewees, fiber waste streams in the paper machine seemed to be an
area that had already been researched previously through material efficiency project. All
interviewees from paper machine 2 (PM2) identified same fiber waste streams, which were
final reject from short circulation and reject from broke screening. These were coded as “red”
in the analysis. The reject from short circulation is continuous, and while flow measurements
are available, consistency is not measured. This complicates estimation of potential fiber
losses, and for reliable results would require sample collection. However, the reject origi-
nates from 6™ portal of the handling process, and interviewees indicated that it likely repre-

sents a small fraction of total fiber losses.

In addition to final reject from short circulation, broke reject screening is intermittent, and
no flow measurements are available. However, it is also estimated by interviewees to repre-
sent a small fraction of fiber losses. Despite this, the measurements were insufficient, were
recognized by all interviewees in the department and were therefore coded as “red” in the
analysis. Based on interviews, no other fiber losses were identified under normal process

operating conditions. However, all interviewees in PM2 reported that broke towers pulp
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overflows cause fiber losses under abnormal operating conditions and were also coded as

C‘red’D.

Under normal operating conditions, all interviewees in BM4 identified reject streams from
back and surface circulation reject handling, which were estimated to represent a small
amount of fiber loss, as well as machine screen reject and broke reject, which are ultimately
combined. Surface and back layers circulation rejects are discharged periodically, whereas
machine screen and broke rejects are removed continuously from the process. In addition to
this, two interviewees indicated that a certain amount of fiber is lost with water flows from
the press section and the wire section. These were coded as “yellow” in the analysis. How-
ever, it was also estimated that a notable share of the losses occurs in the form of thermal
energy. Accepted fraction of reject is recirculated back into the process, whereas the rejected

fraction cannot be reused.

Under abnormal operating conditions, all interviewees in BM4 identified broke tower pulp
overflows as a significant source of fiber loss and were therefore coded as “red”. In addition
to this, three interviewees reported dry-end pulper overflows, which were also coded as
“red”. During broke tower pulp overflows, some fiber recovery is carried out by removing
solids from the wastewater basin and is transferred to the yard (Figure 14). According to one

interviewee it is further refined and used as a soil amendment.

Figure 14. Removed solids from wastewater in BM4.
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In addition to these fiber losses, the poor condition of the disc filters was identified as a
source of fiber loss, and laboratory measurements confirmed that fibers were being lost with
the water. Corrective actions were ongoing at the time of the interviews. Two interviewees
also identified losses related to grade change broke. Although broke is returned to the pro-
cess, it was perceived to generate additional costs, as it must circulate through the process
via stock preparation before being reintroduced into the board machine process, and were

coded as “yellow” in the analysis.

7.1.4 Sheeting

Under normal operating conditions, broke is generated from edge trims and possible side
trims, reel changes and rejection of end reels. All these streams are directed to the pulper
and back to stock circulation. The interviewees estimated that Sheet cutter 4 exhibits the
highest fiber losses as broke compared to other four slitters in sheeting department. Slitter 4
is the largest sheeting slitter at Anjalankoski Mills. In most cases, broke is treated by repulp-
ing, whereby the board is returned to the process circulation. However, according to the
interviewees, certain grades processed in the sheeting cannot be repulped, for example
grades containing plastics. Such end reels are directed to a waste container, from which an
external operator manages further transportation and processing. In addition to this, fiber
losses occur when for trimming reasons it is more beneficial to avoid cleaning breaks be-
tween plastic containing grades and repulpable grades. In such cases, edge trim is directed
to a container designated for plastic containing grades and is therefore considered a fiber

loss. The interviewees estimated that the annual volume of such losses is relatively small.

Reels entering the sheeting are typically generated at the BM4 or supplied from other Mill,
which may be coated with plastics. However, according to one interviewee, there are cases
in which reels are sold as sheets directly to customers, and sheeting is not carried out in the
Anjalankoski Mills. Consequently, all edge trims and broke that would otherwise be gener-
ated from sheeting operations are lost to another producer. Other fiber losses that arise under
abnormal conditions are from pallet rejection, various process disturbances and/or quality-
related issues originating from BM4, which are reported as post-processing quality defects.
Interviewees also noted that additional losses arise from short offcuts generated by BM4

slitter, which the sheeting department directs to an external contractor’s container, meaning
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that the fiber is not recovered within the process. Short offcuts are generated due to trimming
requirements of reels in the slitter, for example when trimming constraints do not fully align
with customer’s order and result in excessively wide edge trim that cannot be repulped im-

mediately due to technical limitations.

7.2 Challenges, improvements and key factors

Challenges, improvements and key factors were identified through third section of the inter-
views. In the Forest department, improvements were already implemented in the wood yard
at the Mill to reduce the load on the Kymijoki river caused by bark and branches being
carried into the river by rainwater. A new filtration technique was implemented to filter solid
material out of the water. Because of this improvement, there were not recognized develop-
ment ideas in that department. However, interviews conducted in that department showed
that issues related to wood quality were occasionally identified and interviewee noted that it
is important to maintain a wood flow that is as homogeneous and consistent as possible to

avoid process disturbances and short offcuts.

The quality of wood was also recognized as a key factor in cutting, debarking and stacking
phases of the process. Other factors identified in these departments included operating-re-
lated factors and weather conditions. All interviewed operators highlighted operating-related
factors also as a challenge in cutting and debarking, particularly over-drumming which

causes fiber losses.

Challenges coded as “red” included lack of optimization and reliable measurements in the
debarking process. Other challenges coded as “yellow” or “green” included tendency of
small and thin wood to break more easily in the drum and, in some cases, to be already
fragmented upon entering the process. Interviewees at the operator level highlighted the need
to develop more consistent operating practices. To reduce fiber losses, a more viable solution
was considered to be the internal use of wood by chipping, either by returning them to the
process or by using them as fuel in the company’s own steam power plant. In addition to
chipping, improving the length standardization of the logs in cutting process would help

prevent the generation of short offcuts.
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Two interviewees noted that a project is already underway to improve optimization of cut-
ting, debarking and stacking by utilizing artificial intelligence-based camera observation.
According to the interviewees, the camera system is designed to generate data on debarking
and offcuts and was hopeful that it will tell in the future if there is wood coming to the
process which does not meet the quality demands. In addition to this, it is intended to in-

crease automatization to standardize operating practices.

Based on the interviews conducted at the grinding process, wood quality was identified as a
key factor influencing production performance. It was therefore coded as “red”, as it repre-
sents a significant factor in earlier stages of production. In addition to wood quality, one
interviewee noted that operating practices related to pressure screens may also influence
fiber losses. All other challenges and development suggestions in interviews were consid-
ered isolated observations and coded as “green”. These include condition of the equipment
and prioritization of maintenance to reduce fiber losses associated with process disturbances
which were identified as a challenge, ongoing improvements in reject handling (R4) and
operators stated that production overall has increased, while tank capacity has not, indicating

a need for further development.

No themes coded as “red”, were identified in the PM2 analysis, and only two themes were
coded as “yellow” indicating that the same themes were not widely observed. The yellow
coded factors contributing to fiber losses were trimming losses and grade changes. Operators
highlighted fiber losses in the slitting machine, where the largest losses typically occur due
to trimming reasons and generating short offcuts. These offcuts are generally used again in
the process and operators emphasized that the fiber losses can be reduced through improved
operating practices. Short offcuts are usually returned in the process as broke, but there are
certain wallpaper grades that cannot be repulped and therefore cannot be reintroduced into

the pulpers.

According to production management, the largest fiber losses occur when rejects are dis-
charged to the canal leading to wastewater treatment. After this fiber can no longer be reused
in the process as it is not suitable for papermaking. Continuous reject streams have previ-
ously been directed to the reject shaker; however, the fraction was found to be too contami-
nated to be returned to the process. At the operator level it was also noted that the wastewater
pump starts too slowly when the level in the reject tower begins to rise. It was seen on one

factor that complicates efficient management of pulp overflows. As mentioned before,
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improvements in material efficiency were already done before, however there were identi-
fied the need for study on how to use fiber fraction that cannot be used again in papermaking.
Implementation of new grade change program was done in November to reduce trimming
losses. Also optimizing run cycles decreases trimming losses, however this possibility is

constrained by order backlog.

The main factors influencing fiber losses in BM4 were related to maintenance, and this
theme was recognized at both the management and operator levels. The primary mainte-
nance-related challenge involved starting issues in threading after a web break, which was
recognized as key cause of broke tower pulp overflows. Operators pointed out that managing
overflows is difficult due to limited capacity and large number of challenges. Other themes
that were coded as “green” included slitting machines maintenance problems in 2025, and
differences in practices related to the use of broke during threading after web breaks across

shifts.

The main development themes were related to threading, and the transition to ropeless
threading is currently under planning. In addition to this, improvements were made to repair
lines of current ropes. All themes related to the pulp overflows were coded as “red” as they
were identified as one of the largest sources of fiber loss. One interviewee noted that tech-
nologies to prevent pulp overflows already exist. It was also suggested that maintenance
alone may not be the only issue in BM4, and that overall process chemistry should be eval-
uated. Another improvement proposed in interviews to prevent broke pulp overflows was to
ensure clear operating instructions in special situations such as starting and shutting down.
Continuous rejects were estimated to be small and were mentioned only once during discus-
sions of challenges in the interviews. One interviewee noted that removing continuous reject

is difficult, and they represent only a minor fraction of fiber losses.

Interviewees in the sheeting department perceived that the main challenge from the perspec-
tive of fiber loss arises from quality defects, which can result in large volumes of material
being rejected at once. Rejection due to sheeting related quality defects is relatively rare, and
rejected pallets are typically repulped whenever possible. Development opportunities were
identified in the handling of end-reel rejection. If customers were willing to accept partially
filled pallets, all fiber could be utilized within the order. The most significant factors influ-

encing fiber losses were identified as quality defects, the coordination of production planning
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between the slitting machine and sheeting operations, and the production of smaller reels,

which leads to increased fiber losses due to more frequent reel changes.

7.3 Mass balance

The mass balance calculation considered the largest department specific fiber losses identi-
fied through interviews (Figure 15). These include short offcuts generated in cutting, de-

barking, broke tower pulp overflows in both paper and board machines, and the share of

sheeting output directed outside of the process.
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Figure 15. Identified fiber losses considered in the mass balance calculations.

Calculating the amount of wood entering in the cutting phase is determined by weight sam-
pling, which is a method used for measuring wood volume and means that the truck is
weighed both loaded and empty to determine the green weight of the wood. The green den-
sity value is determined based on sample bundles selected through statistical sampling.

.k . : . :
Green density (m—g3) refers to the wood in its fresh as received moisture state. The green weight

is converted into solid volume (m?) using the green density value. Green density values are
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determined with the help of the Pulpwood Online calculation tool, which enables calculation
based on specific samples when there is known basic information where and when the wood
is collected from the forest. However, method can’t be used for rail deliveries because there
is no weighing equipment available in Anjalankoski Mills for trains. Instead of this the logs
are weighted using a reach stacker scale and the driver is reporting weighting results in the
system. Simplified green density model is determined for the wood delivered by rail, which

is adjusted for the measurement period.

After this, water displacement measurement method is used to determine the volume of sam-
ple wood bundles. This enables to determine amount of wood (m?) entering the process. The
wood volumes are inventoried monthly using drone-based measurements, and the infor-
mation is used to determine monthly wood amount, which is the starting stock and ending
stock amount in calculations. Measurements of wood waste collected from the stock yard
were initiated this year. In addition to yard waste, there was small amount of wood, which
contained metal that did not end up in the process, which was not considered in the calcula-

tions.

Wood chips originating from cutting process are calculated based on monthly change in the
field inventory and quantity of Anjala’s chips measured in Imatra. At the beginning of the
year 2025 Anjalankoski still held a substantial chip stock remaining from the closure of the
TMP process and during this transition phase the contactor simultaneously transported chips
directly from the silo and cleared the old field stock of chips. Field storage area had been
fully depleted by May, and that point onward chips were 100% Anjala’s own short offcuts.

Wood directed to debarking process is calculated by deducting the reported inventory dif-
ference from the incoming volume of bark covered wood. The share of bark has been defined
as 12 % in the waste report. However, interviewees could not say where this determination
precisely originally came from. According to one interviewee, bark density had at some point
been defined, but there was no information available on how frequently this determination
is carried out. The interviewees highlighted variations in wood quality, which further com-
plicates the estimation of the bark proportion in incoming wood. Diameter of trees varies
significantly and as mentioned in Chapter 2, weather conditions affect both moisture content
of the wood and the relative share of bark. Due to the lack of more detailed measures, the

bark share is assumed to represent 12 % of total production.
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The calculation of the pressured groundwood pulp production tons is based on grinding stone
production. Groundwood production tons are divided into two machine lines, and the calcu-
lation has been reported in more detail for the paper mill. PM2 uses production management
system called Vipetec. Product-specific PGW consumption was obtained through Vipetec,
which was approximately 80-94 % off mass on average depending on grade. The calculation
was performed by an external company, which is why its underlying assumptions and meth-
odology were not examined in this study. For board production, there is no indication that
similar production management is used such as Vipetec. Therefore, the calculation was car-
ried out by determining the share of PGW in the product by grades using the following equa-
tion (1)

fiber [mi] = basis weight [%] — coating [%] — surface [%] — back [%] (1)

2

, Where the basis weight is average basis weight by grade, coating is amount of total coating
average by grade, and surface and back layers basis weight average by grade. The calculation
only considers the variables presented in the above equation (1), meaning that components
such as fillers and surface sizing have not been included. When basis weight averages for

fiber by grades are known, mass percentages can be calculated for each grade as following

(2)

fiber [iz
mass %y = ———— =% 100% 2)
basis welght[m]
, where mass%  means the average share of fiber in the board by grade, fiber [%] a calcu-

lated average basis weight of fiber by grade (1) and average basis weight of each measured
tambour reel’s basis weight via online measurement system. Fiber shares in the middle layer

were, depending on the grade, approximately between 45-52%.

After determining the fiber share, the proportion from the reel can be calculated using the

following equation (3)
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fiber [t] = mass%;  * tambour reel weight [t] 3)

, where mass%; determined in equation (2) is multiplied by the weight of tambour reels

[t] averages by grades to obtain the amount of fiber [¢]. Fiber consumption can be determined

by following equation (4)

fiber [t]
tambour reel weight [t]

fiber [t/t] = 4

, where equation (3) is divided by each grades average tambour reel weight [t]. The result

of this calculation represents the fiber consumption by grade for the year 2025 on the BM4.

An assumption was made regarding broke utilization, which varies between paper and board
production lines. At the paper mill, broke is typically reused in the process to the greatest
extent possible and has minimum and maximum target values defined by grades, depending
on the thickness target. However, in board production, broke cannot be utilized in the same
manner due to quality reasons. Calculation is based on an estimate for 2025, in which used
amount of broke were for approximately 30 % share of the middle layer weight. This broke
share has been deducted from the proportion of primary fiber used. In addition to this as-
sumption, the potential reuse of broke has not been considered, as it cannot be reliably de-

termined how many times broke circulates within the process.

Based on the interviews from both machine lines, pulp overflow from the broke towers were
assessed as one of the most significant sources of fiber loss. Assessed calculations were done
to estimate the amount of fiber loss in 2025. Calculations to BM4 were done with digitali-
zation specialist to Wedge program that collects measurements about the process. However,
calculations are estimates and there is lack of measurements, such as consistency and flow.
Calculations were performed by summing up the incoming mass amount to the tanks during
BM4 production break conditions. When the tower exceeded 2499 m3or more, the differ-

ence between inflow and outflow was treated as overflow. The excess volume was multiplied
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by the estimated consistency to estimate the solids content (assumed fiber) in the overflow,

and broke circulation during the web break was considered.

In addition to pulp overflows, BM4 has also limited capacity of wastewater tank before it
goes to the wastewater treatment and limited capacity to pump the sludge, which is why
there is fiber recovery unit. However, there are not enough proper measurements to say what
the separated amount of fiber is. An assumption can be made by comparing measured num-
ber of solids to the amount of water which is going to the wastewater treatment. This would
require that both of those flow meters are functioning properly. Calculation indicated that 38

% of the overflowed pulp were assumed as fiber and was recovered.

Calculation methods for broke towers pulp overflows differ between PM2 and BM4 because
of process specifics, for example PM2 has a flushing pipeline coming from the broke tower,
which makes it harder to estimate fiber share of the outgoing water flow. BM4 does not have
a corresponding water spray system. PM2 has two broke towers, which enables circulation
between towers. Broke overflows from towers were assessed using data from Reject Tower
1. Pulp overflow from the broke tower was assumed to occur when tower surface level
reached 95 % and the estimated flushing water volume was deducted from the outgoing flow.
Estimation for the outgoing water flow was based on the period prior to the implementation

of flushing water system.

Once the fiber consumption for each grade was calculated, production was compared
monthly. The fiber production volumes for paper and board production lines were derived
from the available data and compared with fiber consumption figures. The calculation results
showed that the produced tons were higher than the amount consumed. In addition to this,
the analysis for board grades was extended to compare the actual fiber use for each grade
with the expected values based on the grade specifics. The dry matter content was assumed

to be 100 % in all calculations.

Based on the interviews, the fiber loss generated in the sheeting process in the Anjalankoski
Mills was estimated as low, as the majority of broke is returned to the circulation via pulpers.
Therefore, only the share of outsourced sheeting was included in the fiber loss calculations.
The data for sheeting was obtained from the master planning specialist, and the fiber loss
was estimated based on the average broke generation in 2025 in sheeting. It was assumed

that external provider generates broke at a similar proportional rate.
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8  Results and analysis

This chapter presents the empirical results of the study and provides an analysis of fiber use
within the Anjalankoski Mills. Aim of this study was to identify potential fiber losses at the
Anjalankoski Mills and to establish a mass balance focusing particularly on fiber use within
the integrated Mill. The findings are based on the interviews conducted, mass balance cal-
culations, and benchmarking analysis described in the methodology. The results are struc-
tured in accordance with the research questions, focusing first on the current fiber mass bal-
ance and distribution of fiber losses, followed by a comparison with similar pulping produc-
tion systems and development potential in the Mill according to losses. In addition to this,

general evaluation of cost-effectiveness is conducted.

8.1 Mass balance overview

The fiber mass balance of the Anjalankoski Mills was assessed across the main production
stages, from wood handling to final production formation, based on the system boundaries
defined in the calculation phase. The analysis included wood supply, cutting, debarking,
grinding, paper and board machines processes and sheeting, while excluding the power plant
and wastewater treatment processes from the system boundary. Fiber losses occur through-
out the process and are distributed across multiple stages rather than concentrated in a single
unit operation (Figure 16). The percentages of fiber losses were calculated by comparing the
incoming wood volume in the cutting and for both machine lines in relation to wood use per
mass ton. Fiber losses in PM2 and BM4 represent only the pulp tower overflows. However,
the sheeting department losses are not comparable to the wood use and represent only share

of loosed fiber as broke to another company.
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Figure 16. The amount of fiber losses identified in Anjalankoski Mills.

In the early stages of the process, losses are primarily associated with wood handling and
preparation. Cutting generates short offcuts on average 5.5 %, while debarking losses con-
sists of bark and may result in fiber losses due to over-debarking. The total of 12 % is esti-
mated amount of bark removed, which is utilized in calculations. Measurement methods,
particularly in the debarking department, are insufficient, therefore the actual amount of bark
and fiber loss caused by over-debarking could not be determined in this study. In addition to
this, as seen in the literature, weight and moisture content of the wood varies between sea-
sons and the estimation could not be valid in all time periods. The theory and interviews
support the fact that winter conditions complicate bark removal. This may lead to a reduction
in fiber losses but may also result in quality-related challenges. Another factor affecting the
measured wood flow, in relation to weight, moisture and weather conditions, is the scale
measurements used in the cutting and debarking processes. The accuracy of these measure-

ments remained unclear during the study, and seasonal variations were not examined.

The primary input to the system consists of wood logs, which are processed into mechanical
pulp and subsequently converted into paper and board products. In the grinding process,
fiber losses are mainly linked to reject fractions and carried out with water streams. Water

circulation does not have proper online measurements for identifying fiber carried with the
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process water, and therefore its quantification would have required more detailed measure-

ments. For this reason, these calculations were excluded from the study.

In addition to water-related losses, all interviewees in the paper machine identified reject
streams from short circulation and broke screening as continuous sources of fiber loss. Sim-
ilarly, in the board machine, reject streams from surface and back layers circulation, as well
as machine screening, were recognized as contributing to fiber losses. While these streams
were generally perceived to represent a relatively small share of the total fiber loss, they
occur continuously and were identified in the interviews. From the interviews on the PM2,
it emerged that attempts had been made to reuse the final reject stream, but it was found to
be too contaminated. Although the continuous flow is assumed to be small, value could be
created if a solution for its utilization was developed. In addition to this, a continuous flow
was identified in BM4 process waters originating from both the press section and wire sec-
tion. Development work to address this was ongoing, and additional value could be created

by recovering heat that is currently lost.

In the mass balance calculations, fiber production and fiber consumption were examined for
both machine lines and compared with each other. The comparison revealed discrepancies
in both machine lines. However, the discrepancy was greater in the paper machine. The un-
derlying causes of these could not be identified. The consumption data for paper machines
were obtained from Vipetec system. In addition to this, the amount of fiber loss cannot be
directly attributed to the volume of pulp overflows, as it was not possible to determine what

proportion of the overflowed dry solids consists of fiber.

For both machine lines, broke tower pulp overflows under abnormal operating conditions
were identified as the most significant source of fiber loss. Therefore, these were included
in the mass balance calculations to assess their impact on the overall results. In relative terms,
the impact on the mass balance was not considered significant as seen in Figure 16, with
approximately 0.3 % of the wood assumed to be lost in broke tower pulp overflows in board
production and 0.1 % in paper production. However, the estimated cost associated with these
losses was relatively high, particularly in board production where the amount of production
was higher than on paper. Generation of broke was also seen as one of the losses when it is
produced more than necessary, even when it is not fully lost from the process. Therefore, in
large amounts it increases process load, resulting in additional handling and process costs

and increases the risk of broke tower pulp overflows.
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Regarding sheeting, the interviews indicated that most of the fiber is returned to the pulp
circulation at BM4. Therefore, at the request of the case company, analysis focused on the
share of outsourced sheeting and the associated fiber losses. These losses were estimated to

represent 9.5 % of outsourced sheeting.

To further support the interpretation of the mass balance results, key factors influencing fiber
losses across the process were identified based on the interview data. While the mass balance
provides an overview of where the losses occur, the interviews offer insights into the under-

lying causes behind these losses, which are introduced in Table 4 below.

Table 4. Key factors influencing fiber losses.

Process

Key factors

Influence on fiber losses

Wood supply

Wood quality,
storage
condition,
weather,
handling losses

Poor quality and freezing
increases mechanical losses

Cutting

Log length
optimization,
offcut
generation,
sawdust
formation

Short offcuts leads to direct
material losses

Debarking

Drum retention
time, seasonal

conditions, log
size variation

Over debarking leads to
direct material loss

Grinding

Water flows,
reject handling
(R4),
equipment
condition

Fiber to waterflows?, reject
losses

PM2

Reject
handling,
measurement
limitations,
overflows

Continuous reject, broke
overflow

BM4

Reject
handling, disc
filter
performance,
water circuits
and broke
system
stability,
measurement
limitations

Continuous rejects,
overflows

Sheeting

Trim width,
reel quality,
cutting
accuracy,
production

Trimming losses, quality
related broke

planning
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As seen in Table 4, key factors vary between process stages. Wood quality, process control
and measurement limitations were consistently linked to fiber losses and management of
losses. The findings support results of the mass balance analysis by providing context for
the observed loss distribution within the process. In addition to wood quality and process
control, other key factors were process conditions and equipment performance, which were
highlighted in the interviews especially in grinding and BM4. Interviews showed that oper-
ation practices, especially in cutting and debarking, are key factors influencing the resulting

losses.

8.2 Fiber use compared to other similar paper and board production

Comparable products from competing companies were selected as benchmarking targets,
with Anjalankoski’s Tambrite used as the refence product for board grades. The companies
are presented anonymously in this study for both paper and board products, and the data
were collected from publicly available product specifications. Information on pulping tech-
nologies was gathered from the companies’ websites, which enabled the estimation of theo-
retical yields. Limitations of comparison are presented in the methodology. For board prod-
ucts, comparable grades were selected based on similar basis weights. These are introduced

in Table 5 where grammage represents the basis weight.

Table 5. FBB benchmarking results.

Grammage 200 | Stiffness MD | Stiffness CD Method Yield [% of wood]
Tambrite 221 122 PGW 98.5
PEER2 217 97 BCTMP 87
PEER3 213 104 BCTMP 87
PEER7 176 77 TMP 93-97.5
Grammage 210
Tambrite 257 141 PGW 98.5
PEER2 250 120 BCTMP 87
PEER3 257 122 BCTMP 87
PEER6 242 120 BCTMP 87
PEER7 219 95 TMP 93-97.5
Grammage 220
Tambrite 296 161 PGW 98.5
PEERI1 260 130 CTMP/BCTMP 87-90




59

Grammage 230
Tambrite 335 182 PGW 98.5
PEERS5 203 101 BCTMP 87
Grammage 250
Tambrite 424 228 PGW 98.5
PEER2 397 201 BCTMP 87
PEER4 393 172 GW 98.5
BCTMP+ mechan- 90
PEER6 412 201 ical pulp
Grammage 260
Tambrite 476 255 PGW 98.5
PEER2 468 228 BCTMP 87
PEER3 455 228 BCTMP 87
PEERG6 468 228 BCTliVC[aPl ;ﬁ?han' 90
Grammage 275
Tambrite 571 302 PGW 98.5
PEER2 522 261 BCTMP 87
PEER4 515 215 GW 98.5
BCTMP + me- 90
PEERS 346 176 chanical pulp
BCTMP + me- 90
PEER6 536 269 chanical pulp
Grammage 300
Tambrite 735 383 PGW 98.5
PEER4 609 257 GW 98.5
PEER7 627 273 TMP 93-97.5
Grammage 325
Tambrite 905 464 PGW 98.5
PEER4 753 319 GW 98.5
BTCMP+ mechan-
PEERS 567 292 ical pulp 80-95
PEER7 801 348 TMP 93-97.5

As can be seen from Table 5, the Anjalankoski Mills are the only mill among the compared

companies that utilize the PGW process to produce similar folding boxboards. The method
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can be indicated to influence bending stiffness, which is observed to be higher for each of
the products compared than for their competitors. The comparison presented considers only
the mechanical pulp used in the middle layer. To determine the overall yield, the share of
chemical pulp used in the other layers should also be included, as it is typically used in the
surface and back layers. When comparing the theoretical yields of different pulping methods,
a difference between PGW and BCTMP can be observed. This indicates that PGW utilizes
approximately 11.5 % more incoming wood compared to a company using BCTMP process.
On the other hand, results indicate that Anjalankoski Mills are losing short offcuts in the
cutting phase before the PGW process approximately 5.5 % in 2025, corresponding to the
more accurate yield difference being 6 % between the use of wood compared to PGW and
BCTMP. The grinding process itself is likely to achieve the 98.5 % yield; however, wood

handling and preparation causes reduces in the total efficiency in wood use.

For paper grades, a similar benchmarking analysis was conducted (Table 6). However, com-
pared to board production, there is a wider variety of paper grades and a broader range of
basis weights. Therefore, the comparison was limited to book paper grades based on produc-
tion volumes produced on PM2 in 2025. Selected products were Classic and Creamy book
papers. Compared products were selected to be as similar as possible across the companies
and were chosen from the two largest known competitors. In addition to yield, the compari-
son also considered bulk and thickness, with thickness serving as the primary limiting factor
for paper grades. A higher bulk in paper products indicates better cost competitiveness, as it
enables achieving the required thickness with a lower basis weight. The selected competitors

use the TMP process for mechanical pulp production.

Table 6. Benchmarking results for book papers.

Grammage 48 | Bulk | Thickness | Method | Yield [% of wood]
PEER3 1.6 78.4 TMP 93-97.5

Grammage 52| Bulk | Thickness | Method | Yield [% of wood]
PEER3 1.6 83.2 TMP 93-97.5

Grammage 60| Bulk | Thickness | Method | Yield [% of wood]
Classic 1.6 96 PGW 98.5
Classic 1.8 108 PGW 98.5
PEERI 2 120 TMP 93-97.5
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Grammage 70| Bulk | Thickness | Method | Yield [% of wood]

Classic 1.6 112 PGW 98.5
Classic 1.8 126 PGW 98.5
PEERI1 2 140 TMP 93-97.5

Grammage 50| Bulk | Thickness | Method | Yield [% of wood]
Creamy 2 100 PGW 98.5
PEER2 2 100 TMP 93-97.5

Grammage 52| Bulk | Thickness | Method | Yield [% of wood]
Creamy 2 104 PGW 98.5
PEER2 1.6 83.2 TMP 93-97.5

Grammage 55| Bulk | Thickness | Method | Yield [% of wood]
Creamy 2 110 PGW 98.5
PEER2 2 110 TMP 93-97.5

Grammage 60| Bulk | Thickness | Method | Yield [% of wood]

Creamy 1.8 108 PGW 98.5
PEER2 1.8 108 TMP 93-97.5
PEER4 1.8 108 TMP 93-97.5
Creamy 2 120 PGW 98.5
PEER2 2 120 TMP 93-97.5

Grammage 70| Bulk | Thickness | Method | Yield [% of wood]
Creamy 2 140 PGW 98.5
PEER2 2 140 TMP 93-97.5

Grammage 80| Bulk | Thickness | Method | Yield [% of wood]

Creamy 1.6 128 PGW 98.5
PEER2 1.8 144 TMP 93-97.5
Creamy 2 160 PGW 98.5
PEER2 2 160 TMP 93-97.5

As shown in Table 6, four peers were initially included in the benchmarking. However, de-
tailed data for grades between 48-52% was not available for Anjalankoski Mills and other

peers. Therefore, only three out of the four could be included in the final benchmarking. The
results indicate that for the Classic grade, the bulk at the Anjalankoski Mills is lower than
that of the corresponding competitor product. In contrast, for the Creamy grade, both thick-
ness and bulk are at a comparable level to the competing products. Based on the results the

yield from the pulping process at Anjalankoski Mills appears to be approximately 1-5.5 %
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higher that of benchmarked companies. However, the same consideration as with board ap-
plies when evaluating actual yield in terms of wood use, as factors such as short offcuts alone
can reduce yield by up to 5.5 %. In addition to this, development efforts to increase bulk

would enhance competitiveness in paper products.

8.3 Development potential

Development areas were identified primarily through the interviews, with additional aspects
emerging during the mass balance calculations. These areas are particularly evident in the
recurring themes identified in the interview analysis. At a general level, the calculations
revealed challenges related to measurement limitations and data gaps in the assessment of
fiber flows. Consequently, quantifying fiber losses in several parts of the process proved

difficult or could not be carried out within the timeframe of this thesis.

Furthermore, the existing wood flows and their measurement points should be reviewed, and
measures such as seasonal calibration of log scales (e.g. winter and summer conditions)
should be implemented to improve accuracy and enable better estimation of backup storage
volumes as there are no measurements. More precise measurement of removed bark would
also provide insight into the actual extent of over-debarking and support process monitoring
by identifying conditions that increases its occurrence. Seasonal variation and quality of
wood were recognized as a key factor in debarking operations. In addition to this, improved
data collection on wood quality would enable more informed discussions with wood suppli-

ers regarding quality requirements and their impact on process efficiency.

Based on the interviews, utilizing short offcuts within the process would be beneficial, as to
improve wood utilization. As discussed in the previous chapter, this could enhance compet-
itiveness by increasing the yield through more efficient use of wood. If all short offcuts could
be effectively utilized, it could provide 11.5 % increase to board and 5.5 % to paper in overall
wood use yield compared to other similar competing companies. Therefore, further devel-
opment efforts in this area could be justified. In addition to this, the interviews indicated that
large amount of sawdust is generated in the cutting process and is directed according to the
interviews to the water circulation in wastewater treatment. It could potentially be utilized
more effectively, for example as fuel in the on-site powerplant rather than being directed to

the water cycle. To address these challenges, an Al based camera system is being
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implemented to optimize by monitoring short offcuts and debarking quality. It aims to detect
below specification wood entering the process and supports increased automation and stand-

ardized operations practices.

For the grinding process, the interviews identified an ongoing development project related
to removal of the R4 reject stream. Eliminating this continuous reject flow is expected to
reduce fiber losses. However, interviewees noted that this may have implications for board
quality. The project was still in progress at the time of this thesis, and the results could not
therefore be used. In addition to this, potential fiber losses in water circulation in grinding
could not be assessed in this thesis and further research using laboratory measurements could

be conducted to determine the actual share of fiber losses.

In addition to grinding, also PM2 and BM4 interviews indicated that need for development
was related to reject streams of the final reject fraction. The aim would be to utilize the
fraction unsuitable for paper and board making as an alternative value generating stream.
For both machine lines, the calculation of broke tower pulp overflows involved assumptions
due to insufficient flow and consistency measurements. It was assumed that all overflow
consisted of fiber although this is not the case. In addition to this, reliability of flow meters
leading to wastewater treatment was questioned in the interviews. From the perspective of
wood consumption, it would be useful to determine the amount of fiber directed to the

wastewater treatment for each machine line separately.

Collaboration with the Forest department in reviewing the calculations, along with continu-
ous harmonization of practices, would improve the overall understanding of wood use across
different organizational units. In addition to this, implementation of efficient online meas-
urements for monitoring wood flows would be beneficial. Continuous tracking of wood use
and utilization of this information would optimize wood use, improve predictability, and

reduce the need for large wood storage volumes.

The interviews also highlighted the need for systematic monitoring to maintain overall view
and to integrate fiber loss tracking as part of departmental responsibilities. Improving and
standardizing measurement practices would enhance understanding of process side streams
and support better control of material losses. Standardized monitoring approaches could fa-
cilitate this, as current practices, for example calculation of broke tower pulp overflows on

both machine lines vary depending on the practices how the calculation is conducted. This
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indicates that overflows are not conducted as systematically and consistently as it could. The
lack of automated calculations may reduce the likelihood of reporting pulp overflows, espe-
cially in operator levels. In addition to this, it would provide valuable information for the

effective control and prevention of overflows.
8.4 Cost effectiveness

Cost efficiency in paper and board production is fundamentally linked to the efficient use of
wood fiber, as raw material costs constitute a significant share of the total production costs.
As introduced in previous chapters, most of the losses are related to the wood handling be-
fore the PGW process. Short offcuts represent direct loss of usable raw material, as they are
diverted to the chipping and external utilization instead of being used in the primary process.
The economic significance of short offcuts can be approximated based on raw material pric-

ing. According to Finnish Luonnonvarakeskus (2026) wood approximate price in 2025 was

83 % This would indicate that even small losses would represent relatively high costs.

The interview results indicated that both paper and board machines have continuous reject
removal. According to Nuortila-Jokinen (2000), process water may carry approximately 0.5-
5 % of the total fiber amount. While the magnitude of these losses depends on process con-
figuration and internal water treatment, it highlights a need for efficient control of the reject
streams. Currently, no online measurements are available to determine the amount of poten-

tial fiber losses in both machine lines.

Broke management plays a dual role in cost effectiveness. On one hand, internal recycling
of broke improves material efficiency and reduces the need for virgin fiber. On the other
hand, excessive broke generation indicates inefficiencies in process control and product
quality, leading to additional handling and processing costs. As mentioned before, approxi-
mately 0.3 % of the wood is assumed to be lost in broke tower pulp overflows in board
production and 0.1 % in paper production in 2025. Fiber recovery reduces these costs slightly
in board production. However, in general these costs associated with fiber losses are usually
relatively high. In board production, the cost impact of overflows is further increased by the
presence of chemical pulp in the broke. This high value raw material is effectively down-

graded in the broke tower to a lower value fraction used in the middle layer.
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In addition to broke tower pulp overflows, the analysis of fiber use in the board machine
revealed that the middle layer was operated at a higher basis weight than defined in the
recipe, especially in lower grammage grades, while remaining within quality specifications.

Nevertheless, this has implications for annual raw material consumption costs.

As mentioned in the theory, Rautiainen (2010) highlighted in case of sheeting, that fiber
losses can be prevented by trimming reels before cutting, having as narrow as possible edge
trim and ensuring that there is right number of reels. As in the case of board and paper,
control of broke in sheeting is also crucial to achieving cost effectiveness in production. If
this is not the case and broke is generated over need, the extra transport and handling are

generating cost-related issues.

In case of outsourced sheeting, costs are usually estimated carefully. Under normal condi-
tions, broke generated in the sheeting process would be reused within the mill’s own process.
However, when sheeting is outsourced, this material is lost to an external producer. Further-
more, the broke includes chemical pulp, which is more valuable than mechanical pulp in
terms of costs. The calculation results indicate that there are usually underlying reasons for
outsourced sheeting, particularly related to costs. Reasons could be for example, sheeting
size, wooden pallet size, narrow reels or for some reason production of the order is not cost
effective to conduct. In addition to this, coating is sometimes carried out at a distant location,

and it is not economically feasible to transport the product back to the originating mill.
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9  Conclusions

This thesis examined wood utilization at the Anjalankoski Mills and identified various
sources of fiber losses across different stages of the process. A comprehensive understanding
of the Mill is essential for optimizing overall performance. Optimizing wood use can lead to
material and cost savings, as well as improved collaboration between organizational units.
Identifying fiber losses supports future development by highlighting opportunities to im-
prove fiber efficiency and by indicating which process stages should be prioritized for further

development.

To examine this topic, this thesis was conducted as a qualitative case study that combined
20 semi-structured interviews, literature-based benchmarking and mass balance calculations.
This approach enabled the analysis of fiber use from multiple perspectives, including prac-
tical process knowledge, comparison with similar production processes, and insights pro-
vided by the calculated mass balance within the selected system boundaries. The interviews
provided insight into how fiber losses are observed in the daily operations and which process
stages are considered most relevant according to operators and supervisory staff. Bench-
marking placed Anjalankoski Mills wood use in a broader industrial context, while the mass
balance calculations focused on fiber flows and losses at the Mill level. Due to confidential-
ity requirements, detailed numerical results are not disclosed in this thesis. However, this
study still provides an overall understanding of fiber use in the Anjalankoski Mills. This
overall perspective is essential for recognizing potential improvement and supporting further

development toward more efficient fiber use.

9.1 Summary of findings

The aim of this thesis was to identify potential fiber losses, and mass balance calculation
was conducted to achieve this objective. The mass balance focused particularly on fiber use,
as the purpose was to evaluate fiber use in the Anjalankoski Mills. The findings show that
fiber use efficiency is shaped by several connected factors, including wood quality, seasonal
variation, cutting and debarking practices, reject flow control, broke handling and limitations

in measured data. Based on these findings, the thesis provides a foundation for improving
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fiber flow monitoring and supporting more efficient wood utilization at Anjalankoski Mills.

Three research questions were defined to guide the analysis.
RQ1: What is the current fiber mass balance in the case study’s process?

The thesis identified the main areas where fiber losses occur and the factors influencing
them. The most relevant fiber losses were related to short offcuts generated during cutting,
debarking and potential over-debarking, possible grinding related rejects, reject flows from
paper and board machines, broke handling, pulp overflows and outsourced sheeting related
losses. The results indicate that the fiber mass balance was successfully established within
the defined system boundaries, providing an overall understanding of fiber flows and loss
points in Anjalankoski Mills. The analysis made it possible to identify the most relevant
areas where fiber is lost and where further attention should be directed. However, inconsist-
encies in reporting and the underlying assumptions of the calculations were not always com-
municated across organizational boundaries, which may limit comprehensive understanding
of the process. In the case of debarking, the actual loss of wood could not be determined,

which affected the assessment of wood use efficiency.

In addition to this, fiber consumption was compared with PGW production, and discrepan-
cies were observed in 2025. This suggests that some fiber is lost in the paper and board
processes. However, the mass balance does not allow these losses to be linked only to broke
tower pulp overflows. The difference was larger in paper production, even though the over-
flows volumes were lower than in board production. This indicates a need for further exam-

ination of fiber consumption measurements and overall consumption data.

RQ2: How much fiber is used compared to other similar board and paper production facil-

ities?

The findings indicated that Anjalankoski Mills performs competitively in terms of fiber use
when compared to similar paper and board production facilities. The benchmarking results
showed that the PGW pulping process provides a high theoretical yield relative to alternative
pulping methods commonly used in comparable products. The estimation of efficient wood
use should include wood handling and preparation before the PGW process. Results showed
that Anjalankoski Mills short offcuts reduce the overall yield in wood use. Therefore, the
comparison highlights that while Anjalankoski Mills pulping technology is efficient, further
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improvements in upstream and downstream process stages are essential to fully realize its

potential in terms of fiber use efficiency.
RQ3: What are the possible development ideas for more efficient fiber use in the case Mill?

The results indicated that improving fiber efficiency requires better visibility of fiber flows.
In several process stages, fiber losses were recognized based on operational experience, but
their accurate quantification was limited due to insufficient measurement data or in some
cases interviewees did not have detailed information on certain fiber losses. This highlights
the importance of developing more systematic measurement and monitoring practices to
support data-driven decision making. In addition to this, monitoring should be more clearly
integrated into departmental responsibilities to ensure consistent tracking and more effective

identification of improvement actions and control of material flows.

The most relevant development opportunities were identified in reducing or bettering utili-
zation of short offcuts, improving debarking control and minimizing over-debarking. In ad-
dition to this, more accurate control of water flows including fiber should be recognized in
grinding and both paper and board production lines. Improved monitoring and control also

included reducing losses related to broke handling and pulp overflows.

The findings of this thesis also highlight an ongoing Al camera-based development project
in the cutting and debarking departments. It is designed to support process optimization and
improve consistency in operations. This likely already partly addresses the measurement-
related challenges identified in this thesis. The results emphasize that development actions
should be prioritized based on both the magnitude of potential losses and the current level

of measurement uncertainty.

9.2 Future research directions

In the future, the Anjalankoski Mills would benefit from more precise measurement data on
fiber losses at the points identified in this thesis but not analyzed in detail due to the scope
limitations. In addition to this, interviews conducted during this study indicated that material
circulation analysis had been conducted at PM2 in the past. No similar information was
identified for the BM4. Mapping material circulation would provide valuable insights, for

example into the circulation of chemical pulp, as well as the use of coatings and other fillers.
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In the current BM4 calculation, these aspects are partly included in the previous year’s con-

sumption data but were not analyzed in detail.

Another important research topic is the further utilization of sludge streams. This includes
both wastewater treatment sludge and reject containing fiber fractions from paper and board
machines. Investigating their reuse potential and possible value creation pathways would
support the development of more circular material flows within the Mill. More broadly, fur-
ther research is needed on the reuse of waste fractions and the creation of value from the side
streams. This includes technical, economic and environmental feasibility supporting the or-

ganization’s circular economy objectives.

The findings of this thesis indicated the measurement data on fiber losses is limited in several
process stages. Future studies should therefore focus on improving the accuracy of fiber loss
quantification, especially where losses were identified through interviews but not directly
measured. Quantifying the identified fiber loss points through laboratory measurements
would provide valuable information on the magnitude of these losses and indicate whether
continuous monitoring is required at those locations. The mass balance developed in this
thesis is partly based on theoretical calculations and available internal data. Future research
could build on this by conducting more detailed, measurement-based mass balance analysis

to validate and refine the results.

Future research could also explore the applicability of the findings in this thesis to other
paper and board mills. Comparative studies across similar integrated mills would help iden-
tify differences in which fiber loss mechanisms are case-specific, and which are more
broadly relevant across the industry. In addition to this, further studies could focus on eval-
uating the practical impact of the defined development actions at Anjalankoski Mills. This
includes assessing how improvements in measurement practices affect the mass balance and
process control in cutting and debarking departments, what technologies could utilize in fi-
ber circulation from the rejects, as well as cost performance and environmental outcomes
over time. Overall, future research should shift from identifying the potential fiber loss
streams toward their more precise quantification, prioritization and implementation of tar-
geted solutions. This could include increased measurement-based analysis and the circular

utilization of fiber containing side streams.
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Appendix 1. Interview questions.

What is your role in the production process?

What are potential fiber waste streams in production under normal operating conditions?

How often do these waste streams appear under normal operating conditions?

What are potential fiber waste streams during abnormal operating conditions?

Are there any specific situations where disturbances generate more fiber side streams?

How are these waste streams handled or reused in the mill?

In your opinion, what are the main challenges managing fiber side streams effectively?

What could be done there to improve fiber recovery or reduce fiber losses?
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What factors influence the magnitude of a specific fiber
loss?




Appendix 2. Example of coding.

Normal operating

Abnormal operating

Development

2Fiberwaste | 3How often +tamount? 6Handling 4Fiberwaste  50ther spesific situations 6Handling 7main challenges 8Improvements 9Factors
Calculated/optical an Al-based
measuremZnt Understand why machinevision | Quality
Short offcuts ) Delivered elsewhere No No wood is directed to -
Assessed as large . projectis of wood
chipping
amount planned
Calculated value, no Losses depend on The debarking | The debarking
measurement, reliable| o . hatch closure time; | The larger drum appears processisnot | drum could be [Operator
Bark X Directed to incineration X ) )
measurementis no clear stopping [to break more small wood optimally stopped expertise
lacking guidelines exist managed automatically




