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ABSTRACT
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The purpose of this study was to find out which of the life cycle phases carries the biggest
environmental burden in the life cycles of press felt and filtration products. This is an important
study for the commissioner as they try to continuously improve their environmental performance.
Life cycle assessment were used to determine the impacts for each of the life cycle phases. The
different phases are elaborated on in theoretical background. The phases are then assessed in
materials and methods. The data needed to conclude the study were acquired from the suppliers
and from the commissioner.
Based on the results from life cycle assessment studies, the biggest burden to the life cycle is
created in the production of raw materials. Production of raw materials consists of production of
consumed granulates and processing of the granulates into usable intermediate products which
are used in either press felt’s or filtration product’s production. Granulate production was alone
the biggest contributors to the life cycle impacts in both studies. Processing the granulates into
intermediate products was the second biggest in most of the impact categories as it consumes
energy.
These results indicate that the product development should focus on finding alternative, more
sustainable, materials for these products. Also, the energy consumed during the processing
should be cleaner in order to decrease the life cycle impacts of both products. Decreasing the
impacts in raw materials production would have a major impact on the whole life cycle of evaluated products.
Keywords: life cycle assessment, LCA, press felt, filtration product
The originality of this thesis has been checked using the Turnitin OriginalityCheck service.

ii

TIIVISTELMÄ
Jere Peltomäki: Puristinhuovan ja suodatintuotteen elinkaarianalyysi
Diplomityö
Tampereen yliopisto
Materiaalitekniikan DI-ohjelma
Lokakuu 2020

Tässä työssä tarkastellaan puristinhuovan ja suodatintuotteen elinkaarikuormia elinkaarianalyysin avulla. Työn tarkoituksena on löytää elinkaaren vaihe, joka tuottaa suurimmat
vaikutukset tuotteen elinkaaren aikana. Tutkimus on tärkeä tilaajalle, koska he pyrkivät jatkuvasti
kehittämään toimintaansa kestävämmäksi. Elinkaarianalyysin avulla voidaan tarkastella kaikkia
vaiheita, sekä niistä syntyviä vaikutuksia. Yksittäisiä vaiheita voidaan sitten verrata koko elinkaareen, jonka avulla voidaan todeta vaihe, joka tuottaa suurimman vaikutuksen.
Saatujen tulosten perusteella raaka-aineiden valmistus tuottaa molempien tuotteiden tapauksissa suurimman elinkaarikuorman. Raaka-aineiden valmistus sisältää tässä työssä raaka-aineena käytetyn granulaatin, sekä siitä tuotetun langan, kuidun tai taustaviiran valmistuksen. Granulaattien valmistus oli yksinään suurimpia vaikutuksen tuottajia monissa vaikutusluokissa. Toinen
suurimmista yksittäisistä vaikuttajista oli lankojen, kuitujen tai taustaviirojen valmistuksessa kulutettu energia.
Näiden tulosten perusteella voitiin tehdä johtopäätökset, joiden mukaan uusien raaka-aineiden
etsiminen voisi laskea elinkaaren kokonaispäästöjä merkittävästi. Raaka-aineiden prosessointiin
kuluvan energian lähteisiin pitäisi myös kiinnittää huomiota, sillä ne tuottivat myös suuren osan
vaikutuksista. Siirtyminen puhtaampiin energialähteisiin voisi laskea elinkaaren päästöjä merkittävästi.
Avainsanat: elinkaarianalyysi, puristinhuopa, suodatintuote
Tämän julkaisun alkuperäisyys on tarkastettu Turnitin OriginalityCheck –ohjelmalla.
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1. INTRODUCTION
Increasing concerns over climate questions drives businesses into thinking their own
environmental performance. As the clients are concerned about the products they acquire, it is natural that the businesses are interested to develop their products to please
the clients. At some point products were developed to deliver the best functionality along
with low costs, but now it seems that a change of hearts has happened. The products
should still function as earlier, but they should be more sustainable than before as the
customers are growing interest in environmental matters.
Product-oriented work on environment is closely related to life cycle thinking. Instead of
looking just into the activities happening at production facility, life cycle thinking investigates the phases that the product goes through during its lifetime. It considers all the
activities from raw materials acquisition to the disposal of the product. Generally, there
are always inputs and outputs in all life cycle stages. Acquiring raw materials consumes
energy and processing it into usable goods consumes energy and other additional resources. Energy production creates emissions which have certain impacts on nature.

1.1

Objectives

This thesis aims to provide detailed information regarding the life cycles of press felt and
filtration products. The purpose of this study is to find out which stage of the product’s
life cycle creates the biggest impact on nature. This objective is met with life cycle assessment (LCA) studies. LCA as a method provides tools that help to determine the life
cycle impacts for each of the life cycle phases. In this thesis, there are two separate
studies in which the life cycle phase with most environmental burden is determined for
press felt and filtration products. This is an important work for the commissioning company as they are trying to continuously improve their environmental performance. Other
objective is to create a reference for the commissioner, which can be used in the future
when creating more LCAs of their products.

1.2

Study structure

The study is divided into three entities. The first part includes introduction and theoretical
background. Theoretical background is based on literature and Valmet’s internal learning
material. It comprises an introduction to material life cycle, life cycles of a press felt and
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a filtration product and the LCA methodology. The product life cycles are divided into raw
materials, production phases and disposal of the product. LCA methodology consist all
LCA phases and it is based on literature and articles on LCA.
In the second entity of this thesis, the LCA study of the selected products is conducted.
There are two separate studies since the products are treated separately as this is not a
comparative study. The studies include the four phases of LCA, which are elaborated on
in chapter 2.4.
The last entity of this study concerns the results and discussion along with conclusions.
Conclusions of the study is drawn according to the results as the last chapter of this
thesis. Conclusions consists of the main results, conclusions drawn from the results and
recommendations for future work.

1.3

Overview of the case company

The case company, Valmet Oyj, is divided into four different business lines: services,
automation, pulp and energy, and paper. Paper business line along with pulp and energy
business line concentrate in process technologies. Automation business line delivers
automation related solutions and services business line focuses on spare parts, consumables, and other services. This study is conducted under services business line since
one the offerings at services is paper machine clothing and filter fabrics. [1]
The beginning of Valmet’s fabric business dates to 1797 when the first mill was founded
in Jokioinen, Finland. Eventually, the mill was moved to Tampere and Tampereen Verkatehdas Oy was founded. Later, the name was changed to Tamfelt Corp. Valmet was
founded in 1951 and by the merger with Rauma in 1999, the formed corporation was
named Metso. Metso and Tamfelt combined their operations in 2009. At the time, Metso
provided wide range of products from complete pulp and paper mills to rock crushing
and flow control solutions. Metso was demerged in 2013 into Valmet and Metso. Pulp,
power, and paper operations were transferred to Valmet. Automation business, that was
initially part of Metso, was acquired in 2015. Today, Valmet operates globally and employs over 13000 people. Combined net sales from all business units were 3,5 billion
Euros. 37 % of the orders were received by Services business line, making it the biggest
business line in Valmet. [2]
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2. THEORETICAL BACKGROUND
This chapter concentrates on life cycle and how to assess the environmental burden a
product creates throughout its life cycle. At first, life cycle as a concept is briefly introduced, followed by application of this concept into a press felt and a filtration product.
The final section of this chapter discusses about assessing the environmental burden of
a product’s life cycle through an LCA.

2.1

The Material Life Cycle

As well as living organisms, materials have a life cycle too. Living organisms are born
and raised prior to the maturity and eventual death. The same way materials are extracted from sources and refined into useful raw materials, which are utilized in the manufacturing of a product. Eventually the product reaches the end of its lifetime and gets
disposed. [3] Take for example a beverage can made from aluminum, the aluminum is
either collected from ores or from recycling plant and shipped to a refinery, where it is
turned into bars. The material is extracted and refined into useful raw material. Bars are
then transported to the manufacturer, where the cans are made. The finished cans are
shipped to the beverage company, which uses them to pack goods and the use phase
of the product has begun. The cans are shipped to stores and a customer acquires it
from there and consumes the product, which concludes the use phase. Disposal of the
product is the last phase of the life cycle and it is up to the consumer whether the material
of the product continues its cycle or not. The life cycle of a product is shown below in
Figure 1.
Material
acquisition

Disposal

Production

Use

Figure 1. Material life cycle (adapted from [3])
The life cycle consists of four major phases, material production, manufacturing the product, using the product and the disposal of the product. Between these phases is transportation and distribution activities. There are different resourced consumed in each of
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the phases, but one thing is in common between these four, energy is consumed, and
emissions are created in some form. [3]

2.2

Press Felt

There are three main sections in paper machine: forming, pressing, and drying section.
Each of these section uses different kinds of paper machine clothing since the operations
within these sections are different. A schematic picture of a paper machine and its sections is presented in Figure 2.

Figure 2. Schematic picture of a paper machine, modified from [4]
The first section in Figure 2 is called the forming section. This section uses forming fabrics, which forms the paper web and filtrates excess water out of the paper slurry. At the
forming section, dry solids content is raised from 1% to 20%. [5] From the forming section, the paper web is transferred to press section, which is labeled with number 2 in
Figure 2. In the press section, water is squeezed out of the web in nips. Nip means the
gap between two rolls. In the press section, the dry solids content of the paper web is
typically raised all the way up to 45% [6]. The third section of a paper machine is the
drying section, which utilizes drying fabrics. The drying fabrics are used to press the
paper web against heated cylinders. In order to transfer the heat from the heated drying
cylinder to the sheet, it is important that the fabric maintains the sheet in contact with the
cylinder. Drying section raises the dry solids content of the paper web to its final value,
which is around 95%. [5]
As this chapter focuses on press felts, the press section of a paper machine is presented
in Figure 3. The figure shows forming fabric with blue color, press felts with grey and
drying fabric in red. The green line represents paper web running through the press section.
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Figure 3. Press section of a paper machine, modified from [7]
In Figure 3, the press felts run on both sides of the paper web. As the main function in
the press section is squeezing the water out of the web, the press felt needs to endure
compression while maintaining the necessary void volume within its structure. [6] Figure
4 presents the basic activity that occurs in a simple, single felted press nip.

Figure 4. Simple press nip [6]
Press felts are used to support and convey the web through the press section. In the nip
(Figure 4), the press felt is compressed between rolls along with the paper web. This is
where the pressing occurs, and the press felt needs to be able to protect the sheet while
pressing the water out of it. Protection properties are obtained with layers of batt on the
both sides of the base fabric. [6] These layers are presented in Figure 5 with white color.
The void volume, which takes care of the water removal, is created with woven base
fabrics. These fabrics are in red color in Figure 5. These components are usually made
from polyamides, and in context of this thesis, the components are made from polyamide
6.
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Figure 5. Structure of a laminated press felt [8]
Laminated structure means that there are multiple layers of base fabrics laminated together. As there are various base fabrics, there are various properties that can be altered
to get the desired functionality from the press felt. For example, the base fabric that is
closer to the sheet may be selected to be fine so there is no marking to the sheet. The
other base fabric could be coarser and bring the needed dewatering properties for the
press felt. The batts of the press felt can also be fitted to the purpose. For example, the
paper side batt can be made from finer fibers to create better sheet quality while the roll
side is coarser so the felt endures the mechanical stress better. [6]
The life cycle of a press felt begins with the production of polyamides, which consist of
multiple chemical reactions that are briefly introduced below. Granular polyamide is then
formed into filament or staple fiber, depending on its position in the felt. Filament yarns
are then woven into base fabrics and staple fiber is pre-needled into batt which is needled
inside and on top of the base fabrics to create laminated structure. After the production
phase, the press felt is packed and transported to a customer which uses it in the paper
making process. After usage, the product is disposed.

2.2.1 Acquiring polyamide 6
The press felt chosen for this study is made of polyamide 6 (PA6). The production of
polyamides in general begins from crude oil. Crude oil mainly consists of a mixture of
different hydrocarbon compounds. The main three classes of hydrocarbons that exist in
crude oil are saturated, unsaturated, and aromatic hydrocarbons. Saturated hydrocarbons contain only single bonds between carbons, and they are known as alkanes. In
unsaturated hydrocarbons, there are multiple bonds between carbons. Aromatic hydrocarbons are cyclic compounds and their structure is related to benzene. [9]
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According to [10] benzene is used as feedstock to all commercial processes in the production of caprolactam, which is eventually polymerized into PA6. This whole process
can be found in Figure 6.

Figure 6. Process diagram of PA6 production
Benzene is treated with hydrogenation to produce cyclohexane or cyclohexene. Hydrogenation is a chemical reaction in which hydrogen is added to an organic molecule. Adding hydrogen to double or triple bonds of a hydrocarbon saturates compound [11]. It can
also be prepared into phenol with cumene process [12]. In the cumene process a mixture
of benzene vapor and propene reacts with phosphoric acid at 250 degrees Celsius and
under high pressure and produces cumene. Cumene is then further processed into phenol [12]. Either of these three can be treated to obtain cyclohexanone that is per [10] the
main intermediate in the production of caprolactam.
Commercially caprolactam is produced from cyclohexanone oxime, which is the result of
reaction between cyclohexanone and hydroxylamine. As it is shown in Figure 6. Cyclohexanone oxime is then treated with the Beckmann rearrangement in order to produce
caprolactam. [10] In the Beckmann rearrangement, an acid is used to rearrange oximes
and amides [13].
The synthesis of PA6 is through ring-opening polymerization of caprolactam. That’s why
PA6 can also be called polycaprolactam, which IUPAC name is poly(hexano-6-lactam)
[14]. Chemical structures of both are presented in Figure 7, where caprolactam is the
structure seen in the left-hand side.
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Figure 7. PA6 synthesis from caprolactam [15]
In the ring-opening polymerization the ring in caprolactam molecule is opened in catalyzed process, as the Figure 7 presents. The synthesis is catalyzed with water in 250 °C
either in a batch or continuous process. In addition to water, there is a molecular weight
regulator used, which is for example acetic acid. After reaching equilibrium, there is some
low molecular weight material such as the monomer left that has to be removed via
leaching or through vacuum distillation in order to achieve the best physical properties.
[16] After polymerization, the synthetized polymer is formed into granules which are distributed to next phase in the life cycle of a press felt, which is the production of fibers and
filaments.

2.2.2 Production of fibers
Filaments are an indefinite length fiber and staple fiber has a determined length [17].
Monofilament yarns, either as single filaments or as plied together, are used in the base
fabrics of press felts. Each of them has its own properties and applications. [6] The base
fabric in Figure 5 is made from plied monofilament yarn. Filament yarns consist of one
or more continuous strands which run the whole length of the yarn. Monofilament yarns
are made of single filaments and multifilament yarns consist of multiple filaments. Most
filaments are produced using extruder either in melt spinning, dry spinning, or wet spinning. Other production processes that are used to produce some particular filaments are
reaction spinning, gel spinning and dispersion spinning. [18] Spinning processes, in general, consist of an apparatus that turns granules into solution, a spinneret that gives the
polymer a profile, a medium that conditions the formed filaments and a bobbin that collects the filaments. [19]
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Melt spinning is widely used method for filament production. It is based on continuous
steady-state elongational flow. [19] According to [20], melt spinning can be used in production of wide range of thermoplastics, such as polyolefins and polyamides. Figure 8
presents a typical melt spinning process.

Figure 8. Melt spinning process [20]
At the beginning of the melt spinning process, there is an extruder. Solid polymer is fed
to the hopper that meters the polymer into the barrel, which is shown in Figure 8. Inside
the barrel runs a screw that conveys the polymer granules towards the spinning head.
The screw has total of three functions, conveying, melting, and metering. These functions
occur simultaneously over the length of the screw. [21] At the end of the barrel is spinneret as shown in Figure 8. At this point the polymer is molten and extruded through
spinnerets [19]. The temperature for melt spinning PA6 is, according to [22], between
260 and 290 degrees Celsius. After the spinneret, the polymer is quenched rapidly which
solidifies the polymer into given profile. As the polymer is now in a solid phase, it can be
stretched and annealed to obtain desired mechanical properties. [19] These steps are
common between filament and staple fiber production. In the staple fiber production,
after solidification, the fiber is crimped, cut and baled [23]. The batt, that is shown in
Figure 5, is made from staple fiber. The last stage in production of yarns is twisting where
the mono- and multifilament are twisted to plied and cabled yarns.

2.2.3 Production of a press felt
The product chosen for this study is a laminated press felt consisting of two different
base fabrics and two different batts (Figure 5). With different base fabrics the properties
of the felt can be manipulated to accustom the needs of the paper machine or paper
grade. Different batts are used to obtain good surface quality on paper side and good
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resilience for wear on roll side. [6] The production process of a laminated press felt is
presented in Figure 9.

Figure 9. Production process of a laminated press felt
Production of a press felt begins with warping and winding of the filament yarn (Figure
9). In these processes the yarns are prepared for the weaving. Typically yarns arrive to
the production facility on spools that are used in transportation, from these spools the
yarn is transferred either on a bobbin in winding process, or on a canister or drum in
warping process. After preparation of the yarns, the weaving process is initiated. As the
result from the weaving, a base fabric is formed. [6] The production of base fabrics is
based in basic weaving process that is used to create woven products. The warp runs
the machine direction and weft runs in cross-machine direction of the weaving loom. The
weft is inserted between warps creating the fabric. [24] The base fabric can be woven
flat or endless, or wound spirally. The number of layers in machine direction determines
if the fabric is single- or multilayer. If it is required, another base fabric can be woven to
create a laminated structure later. [25] After weaving, the base fabric is stabilized under
tension and heat, in order to eliminate tensions created to the yarn and fabric in weaving
in a process called heatsetting [6].
While the base fabrics are prepared the batt is also prepared for the needling process
where the two are joined into one press felt [25]. The preparation of the batt begins from
the staple fibers that are packed into bales. The bales are opened, and the staple fibers
are fed to the process where they are carded and pre-needled into uniform web. In carding, the fibers are combined and aligned properly. Pre-needling consist of light punching
of needles, which eventually creates the batt. [6]
Now the two components of a press felt are ready to be joined (Figure 9). In needling,
barbed needles move up and down through the batt and base several hundred times a
minute. The barbs in the needles pushes the staple fibers in the batt into the base fabric
locking the batt into the base. As there are multiple batts used in some press felts, the
fineness of the fiber can be altered to suit different requirements and finer batt could be
fitted to paper side and coarser to roll side. [6] Some characteristics of the batt are influenced through the production parameters of the needling process. [25]
The last phase of the press felt production is finishing. Finishing consists of washing and
chemical treatments along with heatsetting and final sizing of the press felt. At first, the
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press felt is put under conditions which resembles conditions in a paper machine. The
felt is wetted and heat stabilized under tension, which establishes the running length of
the felt in the paper machine. The running width is also marked and cut. As a part of the
finishing is also compaction of the felt, giving it a faster startup. [6]
After finishing, the excess pieces, that were cut off the felt, are collected, baled, and
shipped to a recycler. According to [26], mechanically recycled PA can replace virgin PA
up to 20 %, without noticeable decline in mechanical properties. The finished felt is either
rolled on a pole and packed to a wooden crate or folded and wrapped with plastic. The
preparation method depends on the transportation mode, which depends on the time
available for the transportation. The wooden crates are used, when the product is
shipped by a truck and the plastic wrap when the product is flown to its destination.

2.2.4 Use of a press felt
Depending on the paper grade, the lifetime of a press felt can vary from three to four
weeks all the way up to two to three months [27], [28]. During that span, the press felt
runs several million times through press nips and it is cleaned constantly, causing the
press felt to lose its thickness and to wear out. Although the felt is cleaned during the
process, contamination is the main reason, why the felt needs to be changed. The contaminants, such as calcium carbonate, kaolin, and other additives of paper making, impend the structure of the press felt causing decrease in water flow and preventing the
press felt to complete its tasks. Some blockages can be opened with chemicals at shutdowns and holes can be mended, but eventually the press felt is too damaged and it
needs to be replaced. [6], [25], [28]

2.2.5 Disposal of a press felt
According to [29], press felts are typically incinerated once they are replaced. Depending
on the waste handling company, the felts are either mass incinerated or used as solid
recovered fuel (SRF). If the felts are utilized as SRF, they need to be processed prior the
incineration. The processing begins with crushing the felts into pieces that have diameter
of around 80 mm. Chopped pieces are then mixed into waste-to-energy process. [29]
There has been research regarding recycling of the used paper machine clothing. One
of the outcomes of this research is the patent Method for Recycling Paper Machine Clothing, which is invented by Torsten Kallweit, Michael Straub and Matthais Schmitt. The
method describes how the paper machine clothing items could be recycled. It includes
all the steps from cleaning the clothing through the comminution of the items to the point
where the product could be granulated again. [30]
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In [29], it is stated that the felts could be utilized as they are in several excavating applications. The close structure of the felts could, for example, obstruct weed from growing
through roads while letting water flow through. At the moment, the press felts that are
removed from process, are seen as waste from legal point of view, which precludes them
to be given straight to stakeholders who could use the felts as such. This is due to [31],
which defines waste as materials or goods that the user has decided to remove from
usage and that the waste must be processed by licensed material handlers. Therefore,
it is up to material handlers, what happens to the felts after they have possessed it and
according to [29], the handlers are placing them mainly into waste-to-energy process.

2.3

Filtration fabrics

In [32], filter medium is defined as any material that operates in filtration process and
separates the desired component from a mixture, solution or suspension. In context of
this thesis, this chapter concentrates on polypropylene filtration fabrics that are used in
form of a disc filter bag in paper and board production. An installed disc filter bag is
presented in Figure 10.

Figure 10. Disc filter bags installed to the disc filter [33]
Disc filter bags are used in vacuum and pressure disc filters in paper and board production. Vacuum disc filters are located in the white water circulation system of a paper
machine and the pressure disc filters are used in the chemical recovery processes in
pulp production. [33], [34] White water is defined as water that has been removed from
the paper web in the paper making process. For example, water that is pressed out of
the web in the pressing section is collected into white water system. [25] In chemical
recovery, green liquor is a solution which contains inorganic compounds that are recovered from burning black liquor and the white liquor is a solution that is produced from
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green liquor and used in the pulping process. [35] Although the filtration processes are
fairly alike, the major difference between these processes is in the operating conditions
which create different requirements for the bags. [25], [36]
In Figure 10, disc filter bags are the white sectors with a grid showing through the fabric.
This grid is the sector that the disc filter bag is fitted on. The sector supports the bag and
gives it the initial shape. Some mills fit a support wire inside the bag. In these mills, there
are the sector and the support wire inside the bag. The support wire is used to support
the bag and to enhance the filtration properties. It is usually made from plastics such as
polyethylene terephthalate or polypropylene. [2] The support wire and the disc filter bag
are the components that are under evaluation in the LCA study that is conducted later in
chapter 3.2.

2.3.1 Acquiring polypropylene
Production of polypropylene begins from crude as did polyamide’s production. Polypropylene is a polyolefin, which are made from olefins, which means the same as alkene.
Olefins are most commonly acquired from steam cracking of naphtha. Steam cracking is
a petrochemical process where carbon-carbon bonds are broke in order to obtain unsaturated hydrocarbons. [37] According to [38], major share of the propylene that’s produced in Europe is produced via steam cracking and 23 % is produced by fluid catalytic
cracking of gas oils and other distillation residues. In [39], the fluid catalytic cracking was
defined to be a process where distillates heavier than diesel are cracked catalytically into
gasoline and lighter components which includes olefins.
According to [40], polypropylene is acquired from addition polymerization of propylene.
In addition polymerization, a chain addition begins from initiation or formation of the active center, continues with repeated additions of the monomers to the polymer chain and
ends to termination of the growing chains [41]. Industrially propylene is produced in
stirred gas phase reactors and polymerization is continuous. The process is fed with
propylene, ethylene, and hydrogen along with catalysts. The final mixture of polymer
powder and monomers are discharged from the reactors. The mixture goes through a
polymer-gas separation and finally there is only polypropylene powder left, which is granulated with an extruder. [37], [42]

2.3.2 Production of main components
As said in section 2.2.2, polyolefin filaments are produced in melt spinning and according
to [43], it is the most popular technique in the industry. It is also mentioned that the processing is usually done in temperatures ranging from 210 to 280 degrees Celsius. The
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yarns used in filtration fabrics are monofilament, multifilament, and staple fiber yarns.
Selection of the raw material, yarn type and weave pattern are the three key parameters
that determines the filtration properties of a filtration fabric. [32] The other main component, along with the yarn and the fabric that is weaved from it, is the support wire.
As the filtration fabric is a woven product, the production of the fabric begins with warping
and weaving, as did the production of base fabrics in press felt production [24]. The three
basic patterns created in weaving are plain, twill and satin, which can be combined to
obtain the desired properties for the given application [32]. The disc filter bag at hand is
made from monofilament polypropylene yarns and with a twill pattern. After weaving, the
flat woven fabric is inspected with light for defects, and mended if needed. [2] Production
process of a disc filter bag is presented in Figure 11.

Figure 11. Production process of a disc filter bag
Although most of the filtration fabrics are heatset after weaving. The fabric that is used
to produce disc filter bags goes to the confection without any heat treatments. In confection, the filtration fabric is cut to pieces which form the sides of the disc filter bag. The
pieces are sewn together, and a zipper is attached to the product. After confection, the
bags are packed. [2]
The support wire is produced with extrusion, as was the yarns for the fabric. The difference between the extrusion processes lies in the used die. The extrusion process is
shown in Figure 12.

Figure 12. Production of support wire [45]
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The mesh is created either with oscillating die or with rotating die. Production with oscillating die includes a notched piston and a cylindrical part. The notched piston creates
the rods that are in machine direction and the cylindrical part creates the cross-direction
rods. These parts are divided into high and low positions and when the two phases are
combined, a tubular mesh is produced. The rotating die includes a fixed part and a rotating part, which both have notches. Rotation creates the mesh pattern. [44] The tubular
mesh that is created in this extrusion process is in Figure 12, with blue background. The
tubular mesh is then cut open to a flat mesh and stretched to obtain desired dimensions
and mechanical properties [45]. After the extrusion, the support wire is cut to match the
diameters of the disc filter bags.

2.3.3 Assembly of disc filter bags
The disc filter bag and the support wire are installed at customer mill. As the fabric is still
so called “raw fabric” since it has not been treated with heat, the heatsetting is done at
the mill. The bag is fitted over a sector and the support wire is also installed within the
bag. Then the assembly is treated either with hot water or with steam, which makes the
bag shrunk over the sector and the support wire if it is being used. Shrinking the bag
over the sector ensures a good fit. [2] Shrinking the bag with heat stabilizes the fabric
from the tensions that develop in the weaving process. Heat breaks the intermolecular
bonds in the filaments and while the fabric cools down, the molecules reformates to preferred direction. This treatment makes the fabric retain the shape it was heatset in. [46]

2.3.4 Use of disc filter bags
Vacuum disc filter is a part of the long circulation of a paper machine water system. It is
basically a long cylindrical machine which is fitted with multiple discs that are attached
to a central shaft that rotates the discs. [47] The structure of a vacuum disc filter is shown
in Figure 13. Its main purpose is to improve material and freshwater economy by circulating both, water and fibers, separately back to the paper making process. By the filtration, the effluent quality is also controlled, and the quantity of the effluent is reduced. [47]
An average lifetime of a disc filter bag is between 3 and 5 years depending on the operation conditions. In service shutdowns, the fabrics are checked in case of blockages and
mechanical damages. If either of those occurs, the bag is replaced. [2]
The disc filter bag is used to separate fibers from white water by collecting the fibers on
the filter medium and letting water flow through into vacuum system. The recovered fiber
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is circulated back to blend chest from which it continues back to the paper making process. [25] The operational principle of the vacuum disc filter is shown in Figure 13.

Figure 13. Operational principle of a vacuum disc filter [48]
In Figure 13, disc filter bags are the white sectors that forms the disc. In the figure, white
water is presented as yellowish liquid that is fed from right. Collected fibers are the bright
yellow parts in the figure. The surface of the filter bag collects the fibers from the white
water as the disc rotates. Water is separated through the filter bag with vacuum and
collected to the central shaft that rotates the discs. Vacuum is created with drop legs,
which are usually 7 m high. Depending on the clarity of the collected water, it might be
fed back to the filtration system if it is not clear enough. Clear water is collected by filtrate
valve and used in the paper making process or in the filter washing system. The collected
fiber is washed off the surface as the disc rotates and circulated back to the paper making
process. After the fibers have been collected, the fabric is cleaned with other shower.
[47]

2.3.5 Disposal of disc filter bags
Disc filter bags are disposed along with industrial waste. Depending on the location, the
disposal of industrial waste is either by incineration or by landfilling. In this thesis the
customer mill is located in the Netherlands. According to [48], the Dutch incinerate half
of their municipal waste. Their target for industrial waste separation for the year 2006
was 90% according to [49]. Although there is no definitive answer on what happens to
the filtration fabrics and the industrial waste, based on the values presented, it is assumed that the disc filter bags are incinerated. Presumably, the bags are heavily contaminated, as are the press felts, and therefore the recycling is not considered as an
available method. Although, it might be possible to recycle the disc filter bags the same
way the press felts are recycled.
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2.4

Life Cycle Assessment

Life cycle assessment (LCA) is a method which is used to analyze environmental impacts
of a product system throughout its life cycle. It is defined by two standards: SFS-EN ISO
14040 Environmental management. Life cycle assessment. Principles and framework
and SFS-EN ISO 14044:2006 + A1:2018 Environmental management. Life cycle assessment. Requirements and guidelines. An LCA study consist of four different phases (Figure 14).
The first phase is the goal and scope definition. In the goal and scope definition, the aim
of the study and studied product system are presented. In the second phase the life cycle
inventory (LCI) is gathered. The LCI consist of all the relevant input and output data of
the product system. The data collected in the LCI phase is utilized in the third phase of
the LCA study. In the third phase, which is called the life cycle impact assessment, the
environmental impact of the collected inventory is assessed. There are various assessment methods that can be used to assess the impacts. The assessment methods are
further elaborated on in chapter 2.4.3.

Figure 14. LCA framework [51]
In life cycle interpretation, which is the last and fourth phase of the LCA study, the results
are interpret on. The conclusions are drawn and the significant issues are identified
based on the results in this phase. [50], [51] The results of the study can be utilized in
several different applications as shown in Figure 14. For example, in [52], the study was
intended to be used as an overview of supply, production and distribution processes of
the commissioning company and in [53], the LCA was conducted in order to find out
which process is superior environmentally.
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2.4.1 Goal and Scope Definition
The first stage of an LCA study is the goal and scope definition. In this section, the goal
and scope of the study is determined and defined. These two determines the requirements of the modelling of the system that is to be studied. It is important to define the
goal and scope properly so the right methodology can be chosen since there are some
methodologies and different methodologies give answers to different questions. [54]
This phase requires a lot of dialog between the commissioner and the practitioner. The
commissioner initiates the study and its role is to state the goal of the study. The practitioner’s role is to deliver the study. Together they should build the goal and scope for the
study that gives the commissioner the information that was initially wanted. [54]
According to the SFS-EN ISO 14040 standard, the goal needs to state the intended application of the study [50]. For example, LCA can be used as a tool in product development [55]. Another example comes from the building sector where it was used in the
early stage planning of zero emissions neighborhood [56]. The intended application tells
where the study is meant to be used. The second thing that the goal should state are the
reasons why the study was conducted [50]. There could be an endless amount of reasons, but it is important that it is clear to the commissioner and to the practitioner why
the study was carried out. For example, the reason for carrying out the study could be
enabling comparison between production processes. This was the case in a Polish study
that compared tissue paper manufacturing from virgin pulp and recycled pulp [53]. It can
also be simply to find out the environmental burden of a product as it is this life cycle
assessment of cotton shirts [57]. The goal of the study should also state the intended
audience of the study [50]. This describes if the study is intended for internal use within
the commissioner’s stakeholders or if it is to be available for public. The fourth thing that
the goal of the study should state is whether the results is intended for public comparative
assertions.
SFS-EN ISO 14040 standard lists total of twelve items that need to be included in the
scope definition. The product system and the functions of the product system that are
under evaluation should be stated. If the study is a comparative study this should include
both product systems and their functions. [50] Product system includes the unit processes together with inputs and outputs that are related to the production of the product
that is under evaluation. The scope defines the functional unit of the study [50]. The
functional unit is a quantitative amount of the product. If the study is a comparative study,
the functional unit should deliver the same functionality on both products. [54] For example, in the Polish study, that was mentioned earlier, the functional unit was 1 ton of produced tissue paper. In this case, it produces the same functionality to a customer in both
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products. [53] The mass of the product cannot always be used as the functional unit. A
study, conducted in Italy, compared the environmental burden of a glass bottle and a
plastic bottle. The functional unit in this study was one (1) liter of bottled olive oil. [52] If
the functional unit would have been mass, the bottles would have had different volumes,
which would have resulted in different functionalities, as the density of glass and polyethylene terephthalate differs greatly from each other.
Next, the SFS-EN ISO 14040 standard states that the system boundary of the studied
system is to be determined in the scope section [50]. The system boundary determines
which unit processes are included in the study, according to SFS-EN ISO 14044 [51].
The standard also states that the criteria for the selection of the system boundary needs
to be defined and explained. If there are stages of life cycle, inputs or outputs that are
omitted, it needs to be explained as well. LCA studies are usually carried out from the
point of raw material acquisition to the point where the product is disposed. However, it
can also include only certain selected stages of the product’s life cycle as it is the case
in the study carried out about the tissue manufacturing. In this case, they are only evaluating the processes that occur within the paper mill. [53] If they would have included
wood logging and pulp production in the virgin raw material side of the study, they would
have had to include wastepaper collection and sorting in the side where recycled paper
is used as stock. The different modes of transportation, for example, would bring up a lot
of different scenarios and it might influence the outcome of the study and making the
scenarios comparable would be a huge LCA per se. Therefore, it is important to set the
boundaries in a way that the LCA answers the questions at hand.
Another item that is included in the scope section is the allocation procedures [50]. Allocation procedures and system boundary are closely related. This is due to the co-products that comes along the actual product. Eventually, co-products may create a need for
system expansion. Allocation means dividing the inputs and outputs of a process between the actual product and co-product or products. Allocation procedure, on the other
hand, defines if there are any allocations made in the study. SFS-EN ISO 14044 standard
states that the allocation should be avoided if possible by dividing the unit processes into
smaller sub-processes or by expanding the product system to cover the functions related
to the co-products [51]. If the allocations can be avoided, there is no need for allocation
procedures. If the allocations cannot be avoided, they can be based on physical or economical relationship between the actual product and co-products. Physical relationships
mean quantities of the products, for example, if there are total of 100 kg of product made
which consists of 80 kg of wanted product and 20 kg of unwanted products, the inputs
and outputs are divided 80/20 between these. The same procedure applies if the product
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is evaluated value-wise between products. If the co-products do not have any value, the
environmental burden is allocated wholly to the main product.
The next item in the scope definition is the selection of life cycle impact categories, the
impact assessment methodology and subsequent interpretation that is used to interpret
the impacts [50]. The selected life cycle impact categories are used in the third section
of the LCA study. Therefore, this section will be explained more thoroughly later in this
paper. After defining impact categories and other related matters to the scope, data requirements are defined [50]. Basically, it explains what data is needed to complete the
LCA study. Assumptions used in the study are presented after data requirements [50].
According to [54], the major assumptions, such as competing technology in the system
expansion, would be stated in the assumptions. Other assumptions that made it into
scope section were that using second-hand clothes replaces the purchase of new
clothes, or that some wastes are recycled and some are incinerated [58], [59]. Along with
assumptions the limitations should also be stated [50]. Limitations should be applied if
the study is valid, for example, only for some geographical area or for some certain time
period. Limitations may also stem from lack of some certain data. [54] In [57], the practitioners needed to use limitations to simplify some life cycle stages, because there were
no data available for some consumed resources.
In order to carry out a reliable LCA study, the collected data should meet the quality
requirements set in the scope of the study [50].According to SFS-EN ISO 14044 standard, the data quality requirements should address ten (10) different items, including time,
place and technology coverage, precision, completeness, sources of the data and uncertainty of the information [51]. The data quality should be closely considered depending on the goal of the study. The choices made in this section can produce very different
results in the end. For example, choosing the electricity mix based on county-average
might give completely different results than choosing the electricity mix based on the
actual electricity that the studied plant uses [54]. Finally, the scope section defines the
type of critical review if there is any and the type and format of the report required for the
study [50]. In this section it is defined if there is a critical review, how it is conducted, the
type of the review and who would conduct it and their level of expertise [51].
As there are a lot of items to be defined in the goal and scope section, ideally there
should be only few choices left to made in the subsequent phases of the LCA. The study
itself is an iterative process and the goal and scope might need a revisit later since there
might raise issues in the following phases. All in all, the choices made in the beginning
give guidelines to the study.
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2.4.2 Life Cycle Inventory
Life Cycle Inventory (LCI) analysis is the second phase of an LCA study [50]. In this
phase, all the relevant input and output data is collected and calculated, compiled, and
possibly allocated between the actual product and co-products [60]. According to [61],
LCI is a model of a product system or systems. Each of these have a function that is
measured in functional units. The LCI analyses the amounts of resources consumed and
emissions generated per functional unit. In [54], the phases in the creation of an LCI are
as follows: constructing a flowchart according to the system boundaries created in the
goal and scope definition, collection and documentation of the relevant data and calculating the environmental burdens of the product system based on the data that is gathered.
The flowchart, that has been created in the goal and scope definition, is elaborated on
in the LCI phase of the study. In this phase, the flowchart is given more details that shows
all modelled activities and flows. Due to the iterative and cumulative nature of this phase,
the flowchart is revised time to time, so the matters that are learned over the course of
the study can be included to the flowchart. [54]
Collection of the related data is the second activity, and according to [54], the activity
that consumes most of the time in the whole LCA study. Collected data includes numerical data, such as consumption of certain type of energy, as well as descriptive data from
the process itself, which identifies the collected data to certain unit process. SFS-EN ISO
14044 standard provides an outline of the data collection procedure, which is shown in
the Figure 15. The figure is adapted from the standard. [51]
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Figure 15. Data collection procedure
As shown in the Figure 15, goal and scope definition determines which data is to be
collected as the system boundary has been set there. At the beginning the system
boundary guides, which processes are the processes that requires data collection. Later,
if there are issues with allocations and the system boundary is expanded, also the
amount of data to be collected expands. Therefore, the preparation for data collection,
which is the first activity of the data collection, begins in the goal and scope phase of the
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LCA study. As the product from the preparation activity, a data collection sheet or equivalent should be acquired. Figure 16 presents an example for a data collection sheet for
a unit process.

Figure 16. An example of a data collection sheet [51]
There are various sources for the environmental data for an LCA study. Measuring and
calculating data based on the data sheet in Figure 16 is one of them. Data can be also
collected from public sources and if it has been collected this way, SFS-EN ISO 14044
standard states that it shall be referenced [51]. In [57], the environmental data concerning
raw material acquisition was from a database, production data was obtained from mills
and use-phase data was collected from customers by questionnaires.
During the data collection process, the collected data should be validated while its being
collected. Validating the data ensures that it fulfills the data quality requirements that are
set in the goal and scope definition. The validation may include establishing energy or
mass balances and comparations of release factors. [51] With this procedure, the practitioner can be sure that the data is correct, and it follows conservation laws. After validation, the data is related to unit process and functional unit as shown in . After that, the
data is aggregated, and the inventory has been calculated. If there is a need to refine
the system boundary, for example, expand the boundary, the additional unit processes
and data goes through this same procedure from data collection to aggregation. On the
other hand, the sensitivity analysis can also result in exclusion of life cycle stages or unit
processes which lack significance and also in exclusion of inputs and outputs that lack
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significance. [51] Eventually, the LCI analysis is completed and the data that has been
acquired is ready to be used in the next phase of the study.

2.4.3 Life Cycle Impact Assessment
The data gathered in the LCI analysis is translated into environmental impacts in the
LCIA phase. [62] refers to LCIA as the second predominantly scientific phase of an LCA
along with the LCI. At first, the inventory results are classified under selected impact
categories. The substances that have the same kind of impact are assigned under one
category, for example, sulfur dioxide (SO2) and nitrogen oxides (NOx) have acidifying
effect on environment. These two would be classified under impact category acidification. NOx has also an eutrophying effect along with phosphorus and they would be classified under eutrophication. After classification, the category is characterized. In other
words, the quantity of impact is referenced to a substance that has the same impact. For
example, acidification potential would be displayed as kg SO2-equivalents. As the emissions are not a like with their impact on environment, there can be a specific characterization factor used in the process. For example, Global Warming Potential (GWP) equals
1 for carbon dioxide (CO2) and 25 for methane (CH4). [62]
SFS-EN ISO 14040 standard divides the LCIA into mandatory elements and optional
elements [50]. The first mandatory element includes selection of impact category, such
as Climate change, selection of category indicator, such as infrared radiative forcing and
selection of characterization model [62]. Other mandatory elements are classification
and characterization. Optional elements are normalization, grouping and weighting. [50]
Normalization means dividing the numerical result of the characterization with a selected
reference value. Normalized value represents, for example, product system’s contribution of annual production in certain area. [62] Grouping mean sorting the characterization
results into sets depending on, for example, the priority of certain impact. This can be
useful, when presenting and analyzing the results. [54] The last optional element is
weighting [50]. According to [54], ethical and ideological values effect on the weighting
factors and there is no consensus on these values. This has led to discussion regarding
the scientific correctness of using the values. Basically, with weighting factors, one impact can be made more important than other impacts. [54] SFS-EN ISO 14040 reminds
that the LCIA only addresses the questions presented in the goal and scope of the study
and that LCIA is not a complete assessment of all the environmental issues regarding
the product system [50].
In [63], the author lists total of 12 impact categories as common impact categories. On
the other hand, in [54], there are only 8 impact categories listed. In other words, choosing

25

the right categories for a study may raise some issues. To overcome possible issues,
different organizations have provided their own impact assessment methods. One of
these impact assessment methods is ReCiPe, which was used, for example, in [53].
ReCiPe2016 method has 17 different midpoint impact categories, which are shown in
Figure 17. ReCiPe is created by Dutch National Institute for Public Health and the Environment, Radboud University Nijmegen, Norwegian University of Science and Technology, and PRé Consultants [64].

Figure 17. ReCiPe2016 overview [65]
The advantage of using a ready-made method is, according to [54], that the practitioner
can simply choose an adequate method for the study without needing to go through all
of the different categories. As these models are also rather simple as Figure 17 presents,
these might also be easy to present to the audience. ReCiPe is not the only ready-made
impact assessment method, as [52] used Environmental Design of Industrial Products
2003 -method. In [57], CML 2001 and USEtox methods were used to assess impacts.
Selecting the correct method for the study depends on what kind of answers are wanted
in the goal and scope of the study.
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2.4.4 Life Cycle Interpretation
The fourth and last phase of an LCA study is life cycle interpretation. In this phase, all
the results from previous phases are considered together and analyzed. SFS-EN ISO
14044 standard states that the interpretation should include identification of the significant issues, an evaluation considering completeness, sensitivity, and consistency along
with conclusions, limitations and recommendations. In the interpretation, there should
also be considerations regarding the appropriateness of the system functions and boundaries as well as the functional unit. It should also address the limitations identified in data
quality assessment and sensitivity analysis. [51]
Identification of significant issues begins with articulation of the valid significance criteria
which depends on data quality. This aims to identify result parameters that have significant quantitative difference. Carefully completed identification prevents over- and misinterpretations. [62] The significant issues can stem from inventory data, impact categories
or unit processes. For example, the issues can be energy, emission and waste related.
[51]
After identification of the significant issues, an evaluation of completeness, sensitivity
and consistency is to be completed. [51] According to [66], evaluation establishes the
ground for the later activities such as conclusions and recommendations. Completeness
check evaluates how complete the collected data is for the processes and impacts which
were found to be significant issues. If relevant data is found to be missing or incomplete,
the necessity of the missing data is evaluated and if it is deemed necessary, previous
phases needs a revisit to fill the gaps. If found gaps cannot be filled, the goal and scope
of the study might need adjusting. [66] In [62], the goal of the sensitivity check is stated
to be the determination of uncertainties in the results of LCA. Such uncertainties might
come from data quality, cut-off criteria, choice of allocation rules and selection of impact
categories, but usually the scenarios that demands investigation are the ones that differ
from the actual product system. As a result form a sensitivity check, there might be a
parameter which is altered. As an outcome from alteration, the results might change or
not. Also the outcome might be that there is a demand for more detailed sensitivity analysis or that the results are only valid within some margins. [62] As the last part in the
evaluation section is the consistency check. In the consistency check, the assumptions,
methods, and data that is used in the study are investigated. If it is determined, that these
items are not consistent with the goal and scope of the study, their influence on the
results gets evaluated and considered in order to draw conclusions later. [66]
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The last section in the interpretation phase is drawing conclusions, identifying limitations,
and developing recommendations to the intended audience. SFS-EN ISO 14044 suggests a sequence for completing this item. It begins with identifying the significant issues,
and continues with evaluating methodology and results for completeness, sensitivity
along with consistency, and ends with drawing of the preliminary conclusions. If the conclusions are found to be consistent with the goal and scope of the study, the preliminary
conclusions can be reported as full conclusions. [51]
According to [66] and [51], the outcome from the interpretation should be aligned with
the goal and scope of the study. On the other hand, [54] states that studies may also
produce unexpected results which are not aligned with the goal and scope and that there
is no reason to neglect these results. Unexpected results provide a good ground for
learning and due to the iterative nature of the study itself, it is always possible to reformulate the goal and scope.
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3. MATERIALS AND METHODS
In this chapter, the life cycle assessments of press felt, and disc filter bags are conducted.
The chapter begins with the LCA of a press felt and it is followed by the LCA of the
filtration product. The different products are not compared, therefore the products are
evaluated separately, although the goals of these studies are alike. Both studies are
done according to SFS-EN ISO 14040 and SFS-EN ISO 14044 standards which determine the framework for LCA studies.

3.1

LCA of a Press Felt

The LCA is based on a single sales order of a press felt. The selected press felt is,
according to the commissioner, one of their most sold products which is why it was chosen for this study. The structure of the press felt is laminated so it consists of two different
base fabrics and two different batts.
Yarns for the base fabrics and staple fibers for the batts are acquired from different suppliers. Henceforth, the suppliers are referred as Supplier Y and Supplier F, accordingly.
Supplier Y is a German based filament supplier and Supplier F is based in Switzerland.
Both companies provided data regarding the energy consumption of their production operations. Companies also provided the sources of the used energy.
The yarn goes through a twisting phase in a separate production facility, but it is reviewed
as a part of Supplier Y’s production as it is a crucial part of the production of filament
yarn and part of their operations. The transportation between Supplier Y’s facility and the
twisting facility is added to the transportation between twisting company and Valmet’s
facility and evaluated as a whole.
The felt is manufactured in Tampere, Finland and delivered to the Netherlands. The customer was selected based on its location. The selected company represents an average
customer from the commissioner’s point-of-view since it is located roughly in the center
of their customer base. If the customer would have been selected further away from the
commissioner’s premises, the transportations would have taken bigger load from the
whole life cycle than it should take. This choice tilts the focus to the production phases
while taking the transportation into account.
The disposal of the press felt also happens in the Netherlands and it is reviewed as a
part of the municipal waste disposal scenario which uses incineration as treatment
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method. The dimensions for the studied press felt are presented in Table 1. These dimensions depend on the machine and customer and are applicable only for a certain felt
position for the certain customer.
Table 1. Dimensions of the press felt under evaluation
Dimension
Length
Width
Area
Weight

Amount
26 m
9,15 m
238 m2
385 kg

Results, such as emissions and impacts, are calculated using SimaPro 9 -software. In
order to use the software, the amounts of different consumed resources were either calculated or obtained from different internal sources from commissioner’s premises. The
selected raw materials and processes used in this study are presented in Table 2.
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Table 2. Selected SimaPro resources
Raw materials

Project

Nylon 6 {RER}| production | Cut-off, U

Ecoinvent 3

PVC pipe E

Industry data 2.0

Steel welded pipe/EU/Waste type defined
Plywood, for indoor use {RER}| production | Cut-off, U

Ecoinvent 3

Energy
Electricity, high voltage {CH}| electricity production, hydro, reservoir, alpine
region | Cut-off, U
Heat, district or industrial, other than natural gas {CH}| heat production, softwood chips from forest, at furnace 1000kW | Cut-off, U

Ecoinvent 3

Electricity, high voltage {DE}| production mix | Cut-off, U
Electricity, high voltage {DE}| heat and power co-generation, natural gas,
combined cycle power plant, 400MW electrical | Cut-off, U
Heat, district or industrial, other than natural gas {DE}| heat and power cogeneration, oil | Cut-off, U

Ecoinvent 3

Electricity, high voltage {DK}| production mix | Cut-off, U

Ecoinvent 3

Electricity, high voltage {FI}| production mix | Cut-off, U
Heat, central or small-scale, natural gas {Europe without Switzerland}| heat
production, natural gas, at boiler atmospheric non-modulating <100kW |
Cut-off, U

Ecoinvent 3

Electricity, high voltage {PL}| production mix | Cut-off, U

Ecoinvent 3

Ecoinvent 3

Ecoinvent 3
Ecoinvent 3

Ecoinvent 3

Transportation
Transport, freight, lorry 16-32 metric ton, EURO6 {RER}| transport, freight,
lorry 16-32 metric ton, EURO6 | Cut-off, U
Transport, freight, lorry >32 metric ton, EURO6 {RER}| transport, freight,
lorry >32 metric ton, EURO6 | Cut-off, U

Ecoinvent 3

Transport, freight, inland waterways, barge {RER}| processing | Cut-off, U

Ecoinvent 3

Transport, freight, sea, transoceanic ship {GLO}| processing | Cut-off, U

Ecoinvent 3

Ecoinvent 3

Waste treatment
Waste incineration of plastics (Nylon 6 GF 30, Nylon 66 GF 30), EU-27
Waste polyvinylchloride {RER}| market group for waste polyvinylchloride |
Cut-off, U
Scrap steel {Europe without Switzerland}| market for scrap steel | Cut-off,
U

ELCD
Ecoinvent 3
Ecoinvent 3

The resources selected from Ecoinvent 3 database are labeled with “Cut-off, U”, which
means that they represent gate-to-gate analysis of the process. For example, Nylon 6
production includes all the activities, that are included in PA6 production, from raw material extraction to the delivery at plant. Cut-off is applied to the point where the recyclable
material leaves the product system. Abbreviations RER and GLO represents geographical details. RER is modelled for Europe and GLO is global model. The other abbreviations between the same brackets as RER and GLO references to countries for which
they are modelled for.
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3.1.1 Goal and scope definition
Goal of the study is to find out which part of the life cycle of a press felt is in responsible
for the biggest environmental burden of the product. This research aims to help product
developers and to teach personnel about life cycle thinking and how to conduct LCA
studies. It prepares personnel for the emerging environmental questions from the stakeholders. The study also forms a base for collecting same data from different products
from the same production unit as it can be used as a reference in the future. The study
is only intended for internal use only for the personnel of the commissioner. It is not
intended to public evaluation.
Product system under evaluation is a press felt sales order. Therefore, the functional unit
in the study is one (1) unit of produced press felt for a certain customer. The dimensions
of this particular press felt are presented in Table 1. The delivered function of the press
felt is that it runs the given timespan and works as it should in a paper making process.
The production process of a press felt, and its functionality is described earlier in chapter
2.2. The used raw materials and their consumed amounts are presented in Table 3.
Table 3. Raw materials and consumed amounts to produce one press felt
Consumable
PA 6 plied monofilament yarn
PA 6 staple fiber

Amount
214 kg
219 kg

System boundaries were set to include the processes that the commissioner can influence. Therefore, it was determined that the use phase is left out of this study as the
commissioner cannot influence what happens at the customer mill. Otherwise, this is a
complete “cradle-to-grave” study. The feedstock used for the study is plastic granules as
it is the starting point for suppliers Y and F. Both of these intermediate products are then
transported to Valmet’s premises and processed into a press felt which is then distributed
to the customer that uses the product. After usage, the press felt is disposed. The system
boundary is presented in Figure 18.
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Figure 18. System boundary
There are no allocations made in the study. As shown in Figure 18, recycling of scrap
generated in production is taken into account, although it is not a process which the
commissioner can influence instead, it is a process that the commissioner initiates. There
are total of 24 kg of production waste collected from different phases of production. The
production waste of generated in the production of press felt consists only PA 6 scraps.
This study uses the International Reference Life Cycle Data System (ILCD) method as
the LCIA method. ILCD is an It consists 15 impact categories which are presented in
Table 4.
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Table 4. ILCD LCIA method impact categories
Impact category

Unit

Description

Climate change

kg CO2 eq

Ozone depletion

kg CFC-11 eq

Human toxicity,
non-cancer effects
Human toxicity,
cancer effects

Comparative
Toxic Unit,
human toxicity
(CTUh)
CTUh

Particulate matter

kg PM2.5 eq

Ionizing radiation
Human Health

kBq U235 eq

Ionizing radiation
Ecosystems (interim)

Comparative
Toxic Unit,
ecosystems
(CTUe)

Photochemical ozone
formation

kg NMVOC eq

Calculating the radiative forcing over a time
horizon of 100 years
Calculating the destructive effects on the stratospheric ozone layer over a time horizon of
100 years in relation to Trichlorofluoromethane
(CFC-11)
Estimated increase in morbidity in the total human population per unit of mass of the chemical
emitted.
As above
Quantification of the impact of premature death
or disability that particulates/respiratory inorganics have on the population, in comparison
to PM2.5.
Quantification of the impact of ionizing radiation on the population, in comparison to Uranium 235.
Expressing an estimate of the potentially affected fraction of species

Marine eutrophication
Freshwater ecotoxicity
Land use

kg N eq
CTUe
kg C deficit

Expression of the potential contribution to photochemical ozone formation.
Characterizing the change in critical load exceedance of the sensitive area in terrestrial
and main freshwater ecosystems
Characterizing the change in critical load exceedance of the sensitive area, to which eutrophying substances deposit.
Expression of the degree to which the emitted
nutrients reaches the freshwater end compartment
As above
See Ionizing radiation Ecosystems (interim)
Loss of soil organic matter content

Water resource
depletion

m3 water eq

Scarcity-adjusted amount of water used.

Acidification

molc H+ eq

Terrestrial eutrophication

molc N eq

Freshwater eutrophication

kg P eq

Mineral, fossil & renewable resource
depletion

kg Sb eq

See Water resource depletion

The data required for completing the study are energy consumption, raw material consumption and the distances the press felt, and its raw materials travel during the lifespan.
As the production of the felt takes a short time compared to the lifetime of the machines
used to produce it, it was decided that the machinery is not taken into account in the LCI
phase. An average lifetime of used machinery is approximately between 20 and 30
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years, whereas the production of press felt takes about 30 hours. The infrastructure has
even longer lifetime than the machinery.
Based on gathered data, the emissions are calculated with SimaPro 9. The LCIA is also
created with SimaPro 9. There are no requirements set for the data since it is considered
to be reliable at the time this study is conducted as it comes from suppliers’ and commissioner’s premises. The resources and the data related to them acquired from
SimaPro database is also considered reliable.
As the production scrap consist of only PA 6, it is assumed that the recycling operator is
able to replace virgin material with recycled scraps. It is also assumed that all the scraps
are utilized. Materials acquired by this procedure would not be suitable for this application, but it could be utilized in some less technical solutions. This is due to the quality
demands of this product as there could be issues with the consistency of the final product.
This study and its results are limited to only this exact sales order. On the other hand, if
there are products, that consume same raw materials as the product system under evaluation, the supplier data and the production data can be utilized for those products. The
consumption of packaging materials depends on the dimension of the product, but the
same raw materials apply for different products that are packed accordingly. The data
used in calculating the transportation emissions depends on the mass of the product and
the travelled distance. Also the used transportation mode influences the results. Therefore, the transportations would need to be calculated for each product separately.

3.1.2 Life Cycle Inventory analysis
For the inventory analysis, the suppliers Y and F were contacted to collect environmental
data regarding their production. The machinery and infrastructure were left out since the
used amounts of goods represents so small amount of the total production coming out
from the plant during its lifetime. Both suppliers provided data about the energy consumption of their production. The data is shown in Table 5 and Table 6.
Table 5. Data acquired from Supplier Y
Consumption
Electricity
Gas
Fuel Oil

3,96 𝑘𝑊ℎ⁄𝑘𝑔
0,0006 𝑘𝑊ℎ⁄𝑘𝑔
0,013 𝑘𝑊ℎ⁄𝑘𝑔
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Table 6. Data acquired from Supplier F
Consumption
Hydropower

1,7 𝑘𝑊ℎ⁄𝑘𝑔

Steam

6,3 𝑘𝑊ℎ⁄𝑘𝑔

Raw materials energy consumption is calculated based on the data in tables 5 and 6 and
the consumption of given raw material (Table 3). Total energy consumption for both raw
materials are presented in Table 7.
Table 7. Total energy consumption for filament and staple fiber production
Material
consumption

Energy form

Energy consumption
3,96 𝑘𝑊ℎ⁄𝑘𝑔

Electricity
Supplier Y

214 kg

0,0006 kWh⁄𝑘𝑔

0,138 kWh

0,013 kWh⁄𝑘𝑔

2,75 kWh

Hydropower

1,7 𝑘𝑊ℎ⁄𝑘𝑔

372 kWh

Steam

6,3 𝑘𝑊ℎ⁄𝑘𝑔

1380 kWh

Gas
Fuel oil

Supplier F

219 kg

Total
energy
consumption
848 kWh

Selected SimaPro resources for the energy production are shown in Table 2. These
items are labeled either with DE or CH. Supplier F uses waste wood in their steam production, although the selected resource is for soft wood chips. It was chosen, that both
suppliers use the same raw material from SimaPro database. The selected PA 6 granule
is labeled as Nylon 6 in SimaPro (Table 2). With this selection, the focus is on the production process and not in the raw material, as the goal is to assess the burden of different processes in relation with the whole life cycle. Also, the commissioner is unable to
influence the supplier selection of the suppliers Y and F.
As shown in Figure 18, filament produced by Supplier Y goes through a separate twisting
phase in order to produce the yarn used in press felt production. For this process, Supplier Y provided data regarding the energy consumption of this process. The gathered
data and the total energy consumption of this single process is presented in Table 8. The
total energy consumption calculation is based on this data and the consumption of yarn
(Table 5).
Table 8. Energy consumption of the twisting process
Twisting process
Electricity

Energy consumption
0,85 𝑘𝑊ℎ⁄𝑘𝑔

Total energy consumption
181 kWh
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Next, both products are transported to the premises of the commissioner. As both of the
suppliers are located in Central Europe, the Baltic Sea is crossed during the transportation. Both transportation chains are completed with truck, which travels through Europe
into a harbor, where the truck is loaded into a ship. The truck along with its shipment is
unloaded in Helsinki, Finland and it continues to its final destination from there. Travelled
distances and used transportation modes are presented in Table 9. The travelled distances are multiplied with the tonnage of its cargo in order to get useful data for the
calculation of emissions. The travelled distance between Supplier Y and the twisting
company are added together for the trip travelled with a truck. As there is no record
regarding the returning trip, it is left out of this study. The weight used in the calculation
of tonne-kilometers (tkm) is equal to the amount of consumed raw material by certain
supplier in metric tons. The shipments are full truckloads and the presented numbers are
related only for this product.
Table 9. Transportation distances and tonne-kilometers for raw materials
Material consumption
Supplier Y

0,214 t

Supplier F

0,219 t

Mode
Truck
Ship
Truck
Ship

Distance
1660 km
785 km
1160 km
1400 km

Tonne-kilometers
355 tkm
168 tkm
255 tkm
306 tkm

For these two transportation modes in Table 9, SimaPro’s over 32-ton truck and a transoceanic ship were used as resources. The selection is same for both, although the used
consignors are different between the suppliers. Transportations are not always made
with same freighter fleet and therefore the choice was made to use same trucks and
ships to get adequate estimate of a transportation chain used for these products.
For the production of the press felt, on-line measurements of the energy consumption of
Valmet’s machinery were completed in their premises. Measurements were done to
weaving, needling, and finishing machines. The data was acquired over a time span and
consisted of individual points which represented the power the machinery was operating
on in this given time. An average was taken over the data set. The average was then
multiplied by the takt time of certain production phase. The results for the energy consumption at Valmet’s premises are presented in Table 10.
.
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Table 10. Press felt production energy consumption
Weaving

Preneedling

Needling

Average power [kW]

31,3

27,4

37,7

Finishing
(base fabrics)
42,1

Finishing
(press felt)
44,2

Takt time [h]

41,0

2,06

4,16

3,00

3,96

Energy [kWh]

1280

56,5

157

126

175

In addition to the consumption of electricity of these machines, the energy consumption
of heatsetting was also estimated. Heatsetting is done with hot oil, which is heated with
natural gas. Estimation was made by Valmet’s employee, who estimated that 9 MWh of
energy per ton of produced press felt is consumed. Based on this estimation and the
mass of the product (Table 1), total energy consumption for the heatsetting was calculated to be 3,5 MWh. SimaPro resource used to represent the electricity is the average
production mix for Finnish electricity production. The oil, which is used in heatsetting, is
also used in the heating of the infrastructure of the factory, but it is not a part of the
commercial heat distribution. Therefore, the selected resource is a small-scale natural
gas burner.
Production of the press felt generates 24 kg of waste as it is cut to appropriate length
and width. Waste is collected and shipped to a recycler which turns it into usable raw
material for other applications. With this procedure, some of the virgin raw material can
be replaced with scraps. The transportation of scraps is presented in Table 11. The
amounts represent the share of the particular wastes generated in the production of this
press felt and it is generally transported in bigger shipments.
Table 11. Transportation of press felt scraps

Scraps

Weight

Mode

0,0024 t

Truck
Ship

Distance

Tonne-kilometers
856 km
211 km

20,5 tkm
5,06 tkm

As the press felt is now finished, it is packed into a wooden crate. The crate is made from
50x50 cm plywood, which is 8 mm thick. The press felt is wrapped around poles which
are made from polyvinyl chloride and steel. The total usage of these materials and their
dimensions are shown in Table 12. SimaPro resources selected to represent these
goods are plywood for indoor use, PVC plastic pipe and steel welded pipe. Packaging
material consumptions are calculated in kilograms and cubic meters since the SimaPro
uses these units as inputs.
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Table 12. Packaging material consumption
Dimensions
PVC pipe
Steel pipe
Plywood

Calculated usage
12 m
10 m
10,3 m

6,4 kg
162 kg
0,164 m3

Press felt is transported to Helsinki by truck. The truck is then loaded into a ship, which
transports the truck to Travemünde. From there, the truck continues to the customer’s
premises. The transportation modes and the travelled distances with each of them are
presented in Table 13 along with calculated tonne-kilometers.
Table 13. Press felt transportation modes and distances

Press Felt

Weight

Mode

0,385 t

Truck
Ship

Distance
672 km
1396 km

Tonne-kilometers
259 tkm
538 tkm

The next phase of the life cycle of the press felt is use. As a running paper machine
consumes energy and raw materials, it was decided to be left off from this study. It is not
a part of the life cycle the commissioner can influence on and therefore it is not included
here.
The last phase of the life cycle is the disposal. For the study, it was decided that the
disposal method under evaluation is incineration as it is the dominant method for disposal
at the moment. Press felt is disposed along with other municipal waste and incinerated
in a local plant. As it goes through the processing, the best SimaPro resource for this
activity is the waste scenario modelled for average plastic incineration in European Union
shown in Table 2 under waste treatment. Although, the waste-to-energy plants do not
process single waste fractions, this resource allows to attribute the environmental burden
to a specific waste. Other selected resources were used to get the other packaging materials disposed. For this reason, waste type for steel welded pipe needed to be defined
to SimaPro and it is not labeled under any project. Although it is a copy of the original
resource created for Industrial data 2.0.
All of the calculated values used in this LCA are presented in Table 14. The table is a
compilation of previous tables to sum up all used data in the calculation of the emissions
created during the life cycle.
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Table 14. Values used as SimaPro inputs
Phase

Process

Consumable

Yarn raw material

Raw material

Yarn production

Energy

Yarn twisting

Energy

Yarn supply

Transportation

Staple fiber raw material

Raw material

Staple fiber production

Energy

Staple fiber supply

Transportation

Press felt production

Energy

Press felt packaging

Raw material

Press felt supply

Transportation

Scrap disposal

Transportation

Scrap recycling
Replaced raw material
Disposal of the press felt

Energy
Raw material
Waste

PA 6 granule
Electricity
Gas
Fuel oil
Electricity
Truck
Ship
PA 6 granule
Hydropower
Steam
Truck
Ship
Weaving
Needling
Finishing (base fabrics)
Finishing (press felt)
Heatsetting
PVC pipe
Steel pipe
Plywood
Truck
Ship
Truck
Ship
Electricity
PA 6 granule

Amount
214 kg
848 kWh
0,138 kWh
2,75 kWh
181 kWh
354 tkm
168 tkm
219 kg
372 kWh
1380 kWh
255 tkm
306 tkm
1280 kWh
157 kWh
126 kWh
85,6 kWh
3,47 MWh
6,4 kg
162 kg
0,164 m3
259 tkm
538 tkm
20,5 tkm
5,06 tkm
0,6 kWh
- 24 kg
- 385 kg

SimaPro creates the LCI based on the values presented Table 14. These inputs and
previously presented selected resources (Table 2) are used to calculate outputs and
further inputs which are related to, for example, production of PA 6 granules. Due to the
extent of the whole LCI, it is not presented along with this thesis.

3.2

LCA of a filtration fabric

This study is based on a sales order of disc filter bags. The sales order consists of 100
pieces of filtration fabric and 100 support wires. The production of filtration fabrics takes
place at Valmet’s premises in Ovar, Portugal. Support wires are acquired from a supplier.
There are three suppliers used in procurement of the necessary raw materials. First supplier is a German based filament supplier, which supplies the weft yarns for the filtration
fabric. This supplier also supplies filaments for the press felt, which is why it is referenced
as Supplier Y. The second supplier is also from Germany, and it supplies warp yarns for
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the filtration fabric production. The second supplier is referenced as Supplier W. The
third, an Italian supplier, produces the support wires for disc filter bags. This supplier is
called Supplier S. Suppliers Y and W provided details from their energy consumption for
this study. For the Supplier S, an average extrusion process for plastic tubes from
SimaPro is used to determine the environmental load of their products. The selected
SimaPro resources are presented in Table 15.
Table 15. Selected SimaPro resources
Raw materials

Project

Polypropylene, granulate {RER}| production | Cut-off, U

Ecoinvent 3

Energy
Electricity, high voltage {DE}| heat and power co-generation, natural gas,
combined cycle power plant, 400MW electrical | Cut-off, U
Electricity, high voltage {DE}| production mix | Cut-off, U

Ecoinvent 3

Electricity, high voltage {PT}| production mix | Cut-off, U

Ecoinvent 3

Heat, district or industrial, other than natural gas {DE}| heat and power cogeneration, oil | Cut-off, U

Ecoinvent 3

Ecoinvent 3

Processing
Extrusion, plastic film {RER}| extrusion, plastic film | Cut-off, U

Ecoinvent 3

Transportation
Transport, freight, lorry >32 metric ton, EURO6 {RER}| transport, freight,
lorry >32 metric ton, EURO6 | Cut-off, U
Transport, freight, lorry 3.5-7.5 metric ton, EURO6 {RER}| transport, freight,
lorry 3.5-7.5 metric ton, EURO6 | Cut-off, U

Ecoinvent 3
Ecoinvent 3

Waste treatment
Waste incineration of plastics (PE, PP, PS, PB), EU-27

ELCD

Valmet’s Ovar plant shared their energy consumption data of the production process
taking place at their premises. Raw material consumption is calculated based on the
square masses of produced disc filter bags and it was also provided by the Ovar plant.
The products are transported to the Netherlands to a paper mill, which uses them in their
paper production process. The customer was selected based on its location and it is the
same customer which was used in chapter 3.1 LCA of a Press Felt. The customer is
responsible for the disposal of used disc filter bags, and according to the customer, disc
filter bags are incinerated by a local operator.
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3.2.1 Goal and scope definition
This study is built on same basis as the press felt study. The basic structural items are
shared between these two studies, as the goal, LCIA method, data requirements and
limitations are identical. These items can be found in chapter 3.1.1. System boundaries
include the same activities, but as the product system is different, the process diagram
is also different. System boundaries are presented in Figure 19.

Figure 19. System boundary
Product system in this study consists of 100 pieces of disc filter bags and 100 pieces of
support wires as they are both part of the sales order used as reference. These two
products create a functional product and therefore the functional unit is 100 pieces of
functional disc filter assemblies. In total, there are 280,8 m2 of filter fabric produced,
which are then cut to 100 pieces. The functionality that the product delivers is explained
in chapter 2.3.4. It is assumed that the product is able to function properly throughout its
5-year lifetime.

3.2.2 Life Cycle Inventory analysis
The life cycle of disc filter bags begins from polypropylene granule production. In total,
production of disc filter bags consumes 170,2 kg of polypropylene granules. Consumption of each raw material is presented in Table 16.
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Table 16. Raw material consumed in production of disc filter bags
Product

Consumption

Warp

36 kg

Weft

29,8 kg

Support wire

104,4 kg

Based on raw materials consumption and on the energy consumption data gathered from
suppliers Y and W, the total energy consumption of filament yarns is calculated in Table
17. Collected data is presented in column “Energy consumption”.
Table 17. Filtration product raw materials energy consumption
Material
consumption

Energy form
Electricity

Supplier Y

Supplier W

29,8 kg

36 kg

Energy consumption
4,06 kWh⁄kg

Total energy
consumption
121 kWh

Gas

0,005 kWh⁄kg

0,138 kWh

Fuel oil

0,092 kWh⁄kg

2,75 kWh

1,5 kWh⁄kg

54 kWh

Electricity

All raw materials are transported by truck to Valmet’s premises. The selected transportation mode from SimaPro is EURO6 standardized truck with over 32 metric tons of
freight. Based on the transported distances and material consumption presented in Table
16, the tonne-kilometers are calculated for each of the raw materials. Tonne-kilometers
are presented in Table 18.
Table 18. Transportation calculations for disc filter bag raw materials
Material consumption
Supplier Y
Supplier W
Supplier S

Mode

Distance

Tonne-kilometers

0,0298 t

Truck

2090 km

62,3 tkm

0,036 t

Truck

2230 km

80,1 tkm

0,104 t

Truck

2060 km

215 tkm

Production of disc filter bags consumes electricity as presented in Table 19. Electricity
consumption data is acquired from Ovar along with the amount of produced goods.
Based on these values, the total electricity consumption of production is calculated. Selected SimaPro resource to represent electricity is the average production mix for Portugal, which is shown in Table 15. The fabric production includes only weaving as the fabric
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is so called raw fabric since there are no heatsetting done to the fabric in production
phase. Electricity consumption for sewing includes laser cutting of the fabric.
Table 19. Disc filter bag electricity consumption
Amount
Fabric production

Electricity consumption
0,237 kWh⁄m2
0,863 kWh⁄𝑝𝑐

280,8 m2

Sewing

Total electricity consumption

100 pc

66,5 kWh
86,3 kWh

The finished product is shipped to the Netherlands by truck and the production waste is
transported to a local operator. The amount of production waste was acquired from Ovar
plant. The mass of disc filter bags includes the fabric and support wires. Amounts of
tonne-kilometers for these transportations are presented in Table 20. As the disc filter
bags travel a lengthy distance, it was assumed that it is not the only product transported
by the truck and the selected truck is the over 32-ton truck. Scraps are shipped a short
distance and in small batches, which is why the 3,5-7,5-ton truck was chosen for this
activity.
Table 20. Calculated transportations of production outputs
Mass
Scrap
Disc filter bags

Mode

Distance

Tonne-kilometers

0,00857 t

Truck

36 km

0,0309 tkm

0,170 t

Truck

2090 km

355 tkm

The chosen disposal method for used disc filter bags is incineration. The customer was
contacted in regard of this matter and the selection was made based on the acquired
information. The bags are disposed by a local operator, but there was uncertainty about
the location of this facility. It is assumed that disposal happens in a nearby location and
therefore the transportation is not taken into account.
All relevant data from previous tables in this study is gathered to Table 21. These values
are used as inputs in SimaPro. Support wire production is based on a ready-made extrusion process. The process does not include raw materials. Therefore, PP granule is
presented twice in the table. The first is a reference to the raw material production and
the second is the amount of raw materials processed with extrusion.
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Table 21. Disc filter bag LCI inputs
Phase

Process

Consumable

Weft raw material

Raw material

Weft production

Energy

Weft supply
Warp raw material
Warp production
Warp supply
Support wire raw material
Support wire production
Support wire supply

Transportation
Raw material
Energy
Transportation
Raw material
Processing
Transportation

Disc filter bag production

Energy

Disc filter bag supply
Scrap disposal
Scrap recycling
Replaced raw material
Disc filter bag disposal

Transportation
Transportation
Energy
Raw material
Waste

PP granule
Electricity
Gas
Fuel oil
Truck
PP granule
Electricity
Truck
PP granule
PP granule
Truck
Fabric production
Sewing
Truck
Truck
Electricity
PP granule

Amount
29,8 kg
121 kWh
0,138 kWh
2,75 kWh
354 tkm
36 kg
54 kWh
80,1 tkm
104 kg
104 kg
215 tkm
66,5 kWh
86,3 kWh
355 tkm
0,0309 tkm
0,6 kWh
- 8,57 kg
- 170 kg

SimaPro creates a separate LCI based on the given inputs. LCIA is created based on
that LCI. In total, SimaPro is able to find 1591 different inputs and outputs for the created
LCI. Due to the extent of that list, the LCI is not presented along with this thesis.
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4. RESULTS AND DISCUSSION
The objective of this thesis was to find out, which phase of the life cycle carries the biggest environmental burden for both products. This objective was to be met with LCA
studies which are presented in chapter 3. The results form a reference, which the commissioner can utilize in its continuous endeavors to improve its environmental performance. From the industry’s point-of-view, this thesis is, if not the first, among the first
studies addressing press felt’s and filtration product’s life cycle. Therefore, this acts as
an opening for the paper machine clothing industry on this field.

4.1.1 Press felt life cycle impact assessment
As explained in the goal and scope definition, the selected method for LCIA is ILCD
2011+ midpoint. Here, the results from LCI are characterized under certain impact categories based on their impact on environment. Due to the functionality of SimaPro, the
results are divided into two tables. In the first table, Table 22, results are shown from
cradle to the gate of disposal. The second table holds the results for the whole life cycle,
including the disposal. Based on Table 22, a chart is created to illustrate different percentual fractions for each of the life cycle phases. The chart is shown enlarged in Appendix A.
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Table 22. Press felt LCIA results from cradle to the gate of disposal
Impact category Unit
Climate change
Ozone
depletion
Human toxicity,
non-cancer
effects
Human toxicity,
cancer effects
Particulate
matter
Ionizing
radiation HH
Ionizing radiation E (interim)
Photochemical
ozone
formation
Acidification
Terrestrial
eutrophication
Freshwater
eutrophication
Marine
eutrophication
Freshwater
ecotoxicity
Land use
Water resource
depletion
Mineral, fossil &
ren resource
depletion

kg CO2 eq

Total

Raw materials

Production

Transportation

6380

4950

1340

89,3

kg CFC-11 eq

2,33E-04

3,27E-05

1,83E-04

1,74E-05

CTUh

7,54E-04

4,95E-04

2,38E-04

2,07E-05

CTUh

2,12E-04

1,78E-04

3,16E-05

2,53E-06

kg PM2.5 eq

3,53

2,84

0,640

0,056

kBq U235 eq

890

115

768

7,45

3,01E-03

2,45E-04

2,72E-03

4,57E-05

kg NMVOC eq

17,2

14,3

2,59

0,396

molc H+ eq

26,6

22,0

4,02

0,547

molc N eq

68,2

56,7

10,3

1,25

kg P eq

1,39

1,18

0,201

0,008

kg N eq

5,52

4,64

0,774

0,112

17600

13700

3440

490

kg C deficit

5040

1990

2630

417

m3 water eq

22,1

13,2

8,98

-0,112

0,079

0,062

0,013

3,93E-03

CTUe

CTUe

kg Sb eq

The following break-down of impact categories is based on network views from SimaPro.
Each of the network present an impact category in which the percentages are shown for
each of the operations. There is an example of the network view in Appendix C. The
example presents a flow of impacts for each of the activities.
The biggest contributor to the climate change is the raw materials with 77% of all emissions related to climate change as shown in Appendix A. Production of PA6 granules
creates alone 3800 kg CO2 eq, which is roughly 77% of the total characterized emissions
assigned to the raw materials. Staple fiber and yarn production create the remaining 23%
of the raw material emissions. Although production of staple fiber consumes more energy
than production of yarn, as shown in Table 14, yarn production generates 5 times more
emissions than staple fiber production. This is due to selected energy production methods as staple fiber is produced with hydropower and waste wood-based energy instead
of standard energy mix, oil and natural gas which are used in yarn production. Valmet’s
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operations in production is responsible for 21% of the emissions. The largest contributor
in the production is heatsetting, with 72% share of the total production related emissions.
Heatsetting consumes natural gas in heating of the oil which runs in the rolls of machinery. Using plywood in packaging of the product absorbs 300 kg CO2 eq and recycling
production scraps reliefs the environmental burden of production with 220 kg CO2 equivalents.
Overall, energy consumption produces 85% of the total CFC-11 eq emissions. This is
divided between German and Finnish energy production along with natural gas consumption with fractions of 10%, 41% and 35% accordingly. German emissions are related to production of filament yarns, which creates 12% of the total CFC-11 eq emissions. Combined, raw materials are responsible for 14% of the total emissions. Production of the press felt carries 79% of the total emissions and transportation the rest.
Comparative toxic units causing issues on human health without cancerous effects are
mostly generated in production of energy. The largest single contributor on these emissions is the German energy production mix in filament yarn production with share of 27%
of the total emissions. The second largest source is in the steam production for staple
fiber production with 21% fraction of the total emissions. In addition to energy production
for filament yarn production, twisting process also generates 11% of the emissions. Polyamide granulate production creates 6% of the total emissions, which is divided to filament production and to staple fiber production based on their masses. Overall, raw materials hold 65% of all emissions. 32% of the CTUh emissions come from production of
the press felt and the major contributor there is electricity production with 18%. Other
production operation having these emissions is consumption of packaging materials with
9% share.
Comparative toxic units having cancerous effects on humans is mostly divided between
raw materials and production of press felt. Almost 99% of the emissions comes from
these two with shares of 84% and 15% respectively. Raw material emissions are broken
into three major contributors which are PA6 granule (42%), German electricity production
(27%) and Polish electricity production (10%). Press felt production and its 15% share of
the total emissions is mostly created in energy production.
Raw material production generates 80% of particulate matter emissions. The major contributors in production of particulate matter are PA6 granule production and waste wood
burning in steam production for staple fiber. PA6 granule production holds 43% of emissions, which is divided between filament yarn and staple fiber production. Steam production has 29% of the emissions. In the press felt production phase, plywood consumption
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is the largest source for emissions as it has 11% of the total 18% of the emissions related
to press felt operations.
Ionizing radiation affecting on human health is predominantly created in electricity production in Finland as it holds 83% of all the emissions. Due to the production of electricity,
production of press felt is responsible of 86% of the total emissions. The second largest
source for ionizing radiation is in electricity production in Germany with 11% of the total
emissions. The same ground rule applies on ionizing radiation affecting on ecosystems.
Here, press felt production holds 90% of the total emissions and German based operations 6%.
Emissions related to photochemical ozone formation are mostly generated in the production of PA6 granules. This operation alone holds 66% of these emissions. Production
of steam for staple fiber accounts 6% of the emissions and German electricity production
4%. Overall, filament yarn and staple fiber production generates 83% of the total cradleto-gate emissions. Production of press felt has 15% of these emissions of which 10%
comes from energy production and 5% from steel pipe production. Steel pipe is used in
packaging of the press felt.
Emissions, with acidification as their impact category, are mostly generated in raw material production. PA6 granule production holds 56% of the emissions and German electricity production 15%. In total, raw materials has 83% of these emissions. Although there
are twice as much electricity used in press felt production than in filament yarn production
(Table 14), filament yarn production produces twice as much emissions than press felt
production, according to SimaPro. Press felt production, in total, generates the remaining
15% of the total emissions.
Terrestrial eutrophication emissions are divided the same way between raw materials
and press felt production as acidification emissions. 50% of the emissions comes from
PA6 granule production and 22% from German electricity production. Totaling in 83%,
raw materials is the biggest source for emissions. Finnish electricity production generates only 8% of the total emissions and the production of press felt totals in 15%.
Electricity production in Germany is the largest contributor to freshwater eutrophication
with share of 59% of the total emissions. The second largest is Polish electricity production with 18%. In total, raw material production creates 85% of the total emissions. Press
felt production accounts 14% of the total emissions which are mostly generated in electricity production as the Finnish electricity production holds 11%. A noticeable feature
here is that the twisting process uses ten times less energy than the whole production
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phase. Despite that, the Polish electricity production creates almost twice the amount of
emissions in this category than Finnish electricity production.
Emissions causing marine eutrophication are mostly generated in the production of PA6
granules. PA6 granule production creates 3,41 kg N eq, which is about 62% of the total
characterized emissions. Overall, raw material production is responsible for 84% of the
life cycle emissions. Production of press felt creates 14% of the emissions and the remaining 2% is from transportation. Without recycling production scraps, production
would account 18% of the emissions. Recycling the scraps reliefs 4% off the production’s
emissions.
The biggest contributors to freshwater ecotoxicity are German electricity and PA6 granule production with shares of 32% and 29%, accordingly. In total, raw material production
accounts 78% of the total characterized emissions. Press felt production produces 20%
of the emissions of which half is produced in Finnish electricity production. The Polish
electricity production accounts the same amount of emissions as the Finnish production.
Plywood production uses the most land of the evaluated operations. Its share of the total
land use is 39%. The next biggest land consumer is Swiss natural gas production with
32%. The third largest consumer is Finnish electricity production.
Water resource depletion is divided between raw material production and press felt production. Raw material production consumes 60% of the water resources and press felt
production 41%. These account together over 100%, which is possible, because characterized consumption of transportation is almost -1%. Based on the percentages given
in SimaPro, production of steel pipe and Polish electricity production are the biggest
consumers. Polish electricity production consumes 27% of the water and steel pipe production consumes 41%. PA6 granule production consumes 21% of the total consumption.
Mineral, fossil & renewable resources are mostly consumed in PA6 granule production,
since PA is based on fossil oil. This operation is in responsible for 71% of the total consumption. Rest of the consumption occurs in energy production as natural gas is considered as a fossil resource. Recycling of the production scrap makes the consumption 4%
smaller in the production phase.
LCIA based on the whole life cycle of the press felt is presented in Table 23 and in
Appendix B. Previously presented total is now under label “Press Felt” as the previous
total represented the cradle to the gate of disposal share of the total life cycle. Now, the
disposal is added to the life cycle in order to acquire a view of the whole life cycle. The
disposal of the press felt is under “Waste incineration of a press felt” and this contains
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incineration of the press felt and recycling or otherwise utilizing the packaging materials.
The new total represents the total characterized emissions for the life cycle of the press
felt. Table 23 is also presented in Appendix B as a chart.
Table 23. Press felt life cycle LCIA results
Impact category

Unit

Climate change
Ozone depletion
Human toxicity,
non-cancer effects
Human toxicity,
cancer effects
Particulate matter
Ionizing radiation
HH
Ionizing radiation
E (interim)
Photochemical
ozone formation
Acidification
Terrestrial eutrophication
Freshwater eutrophication
Marine eutrophication
Freshwater ecotoxicity
Land use
Water resource
depletion
Mineral, fossil &
ren resource depletion

kg CO2 eq
kg CFC-11 eq

5730
2,32E-04

Waste incineration of a
press felt
6380
-651
2,33E-04
-1,06E-06

CTUh

7,55E-04

7,54E-04

1,44E-06

CTUh

2,12E-04

2,12E-04

5,82E-07

kg PM2.5 eq

3,59

3,53

0,057

kBq U235 eq

889

890

-1,80

2,99E-03

3,01E-03

-1,89E-05

kg NMVOC eq

15,3

17,2

-1,89

molc H+ eq

25,1

26,6

-1,47

molc N eq

60,0

68,2

-8,21

kg P eq

1,39

1,39

3,58E-04

kg N eq

4,78

5,52

-0,741

18500

17600

957

kg C deficit

5070

5040

34,5

m3 water eq

21,8

22,1

-0,262

0,070

0,079

2,94E-04

CTUe

CTUe

kg Sb eq

Total

Press Felt

As shown in Table 23, incineration of the press felt in the disposal phase, gives some
benefits along with some burdens to the life cycle of the product. Major benefits are acquired in impact categories such as climate change, photochemical ozone formation,
acidification, terrestrial eutrophication and marine eutrophication. With incineration, it is
possible to replace some of the average energy production mix when press felt is converted into SRF. This activity prevents the press felt from being put on a landfill and it
can be utilized in a form of energy. Although the incineration does generate some emissions, it generates less than using the standard production mix, which is why it is shown
as a benefit. For this waste scenario, the recycling of packaging materials was also considered, which benefits the life cycle even further. Along with benefits there are also
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some burden added to some impact categories as there are some particulate matter and
some emissions affecting on freshwater ecotoxicity generated in the incineration.

4.1.2 Press felt life cycle interpretation
Raw material production creates significant amount of emissions in most of the impact
categories, as shown in Appendix A. The major contributors are PA6 production and
electricity production in Germany and Poland. PA6 goes through multiple different processing phases as shown in Figure 6. This alone is the major contributor in impact categories such as climate change, human toxicity, acidification, terrestrial eutrophication,
marine eutrophication, and mineral, fossil & renewable resource depletion. German and
Polish electricity production is producing a lot more emissions in certain impact categories than Finnish electricity production as explained in previous chapter although the
consumed amount is smaller than in production phase.
As shown in Table 23, press felt life cycle produces 5730 kg CO2 eq of climate changing
impacts. According to VTT Technical Research Centre of Finland, a gasoline driven car
produced 74 grams of CO2 equivalents per person kilometer in year 2016 [67]. Based on
this, press felt life cycle produces equivalent impacts to 77400 kilometers driven by a
single person on a highway in Finland. For a reference, an average Finnish person drove
13600 kilometers with a passenger car in year 2019, according to Statistics Finland [68].
Production is the significant contributor in impact categories such as ozone depletion,
ionizing radiation, land use. Emissions categorized under ionizing radiation are due to
electricity production in Finland. Based on this the Finnish electricity production relies
more on nuclear power than other evaluated countries. If the infrastructure of different
production facilities were to be taken into the study, land use might have been bigger in
raw material production as there are more facilities used than in press felt production.
As it was planned, transportation phase is taken into account, but its effect on life cycle
is rather small. The biggest contribution of this phase occurs in ozone depletion and land
use. If the customer were selected further away from Valmet’s production facility, its
share would have been bigger in each of the categories. But it seems that the influence
would have remained smaller than other phases, since the customer selection only has
an impact on a single trip.
As this study concentrates on the major inputs, some of the input data has not been
collected. Inputs such as different chemicals consumed during the production of filament
yarn and staple fiber or consumption of pressurized air would have made the study more
complete. It is doubtful that those inputs would have any impact on the study, because
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the consumed amounts are much smaller than the consumption of main raw materials.
As electricity consumption of Valmet’s machinery were measured online, the production
phase was able to be evaluated completely. Inputs regarding washing the product during
the finishing process in production were left out of the assessment as it was reviewed in
SimaPro that those inputs have no effect on the results. Overall, collected data for the
processes and the resulting impacts are determined to be complete. Also, the assumptions, methods, and data are consistent with the goal and scope of the study.
In conclusion, based on the results from LCIA, raw materials are the biggest contributor
to the overall emissions of the product. Although this study is limited only to this exact
product sales order, some recommendations for the future can be made. It is recommended, that the product development is focused towards finding more sustainable raw
materials for the product. On the other hand, the performance of the material needs to
be in balance with current raw material. Using a material with worse performance than
current, leads to an increase in production as the press felt needs to be replaced more
often, given that the customer is willing to use the developed product. Increase in production volumes results to an increase in emissions generated at plant, if it is assumed
that emissions per produced press felt remains the same. It is also recommended that
the maintenance team and plant management start to look for more sustainable ways to
acquire electricity. For example, photovoltaic panels could be utilized to produce at least
some part of the consumed electricity locally. This could potentially lower the scores in
ionizing radiation and ozone depletion. Also, based on LCIA results on raw material production, plant management could potentially be able to steer filament supplier towards
consuming electricity from sustainable sources.

4.1.3 Disc filter bag life cycle impact assessment
Life cycle impacts in this study are assessed according to ILCD 2011+ midpoint method.
The results are divided into two different tables, the same way as in the press felt study.
LCIA results are presented in Table 24 and in Table 25. Based on the results, charts are
created to illustrate the percentual fractions of each life cycle phase. LCIA charts are
shown in Appendices D and E. The goal in the study is to find out, which of the phases
represent the biggest environmental burden in the life cycle of the disc filter bag. Impact
categories are broken down the same way as in chapter 4.1.1.
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Table 24. Disc filter bag LCIA results from cradle to the gate of disposal
Impact category Unit

Total

Raw

Production

Transportation

materials
Climate change
Ozone
depletion
Human toxicity,
non-cancer
effects
Human toxicity,
cancer effects
Particulate
matter
Ionizing
radiation HH
Ionizing radiation E (interim)
Photochemical
ozone
formation
Acidification
Terrestrial
eutrophication
Freshwater
eutrophication
Marine
eutrophication
Freshwater
ecotoxicity
Land use
Water resource
depletion
Mineral, fossil &
ren resource
depletion

kg CO2 eq
kg CFC-11 eq

577
1,93E-05

501
9,52E-06

34,7
1,47E-06

41,4
8,32E-06

8,34E-05

6,07E-05

1,22E-05

1,05E-05

2,78E-05

2,44E-05

2,25E-06

1,17E-06

0,230

0,187

0,012

0,023

43,1

38,7

0,920

3,42

1,13E-04

8,76E-05

4,06E-06

2,14E-05

1,77

1,51

0,135

0,121

2,99
7,18

2,41
6,25

0,445
0,618

0,135
0,317

0,240

0,213

0,023

3,46E-03

0,460

0,374

0,058

0,028

2730

2220

257

249

410
1,47

155
1,32

45,7
0,217

210
-0,058

4,82E-03

2,54E-03

2,35E-04

2,04E-03

CTUh
CTUh
kg PM2.5 eq
kBq U235 eq
CTUe
kg NMVOC eq
molc H+ eq
molc N eq
kg P eq
kg N eq
CTUe
kg C deficit
m3 water eq
kg Sb eq

Climate changing impacts are mostly created in the raw material production as shown in
Appendix D. Raw materials, in total, produce 87% of these emissions. The biggest single
operation which creates emissions is PP granule production since it is responsible for
56% of the total impacts. Production of electricity used in warp and weft production is the
second biggest contributor with 21% share of the total impacts. Production of disc filter
bags accounts 6% and transportation 7% of the total impacts.
The dominant processes in ozone depletion category are transportation with 43% and
raw materials production with 49% of the total impacts. Impacts from raw materials production are divided, almost equally, between electricity production and extrusion process. Production of disc filter bags creates the remaining 7% of the total impacts.
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Raw materials contribute the most to human toxicity non-cancer effects category. It creates 73% of these impacts which originate mostly from electricity production (49%) and
extrusion of support wire (18%). Production of disc filter bags generates 15% of the impacts, which are also created in electricity production. Transportation has the remaining
13% of the impacts.
Human toxicity cancer effects category’s largest contributor is raw materials. Electricity
production creates 43%, PP granule production 31%, and extrusion 13% of the impacts.
In total, raw materials create 88% of the total impacts. Filter fabric production has 8%
and transportation 4% share of the impacts.
Most of the particulate matter impacts are created in raw materials production as it creates 81% of the impacts. PP granule production alone is responsible of 56% of the total
emissions. Other contributors in this category for raw materials production are electricity
production and extrusion with shares of 12% and 11%, respectively. Production of disc
filter bags generates 9% and transportation 10% of the impacts.
The biggest portion of ionizing radiation affecting on human health comes from raw material production. In total, raw materials generates 90% of the total impact. This is mostly
divided between electricity production and extrusion process. Electricity production creates 48% and extrusion 42% of the impacts. Transportation has impact of 8% and the
remaining 2% is created in the production of disc filter bags.
In ionizing radiation E category raw materials accounts 77% of the impacts. Impacts
originate from electricity production and extrusion process. Electricity production creates
36% of the impacts and extrusion 41%. Transportation creates 19% of the total impact.
Production phase generates 4% of the impacts.
Photochemical ozone formation impact category is mostly influenced by raw materials.
PP granulate production accounts 68% of the total impacts while the total raw materials
impact is 86%. Electricity production for raw materials create 8% of the impact and extrusion 6%. Disc filter bag production creates impact of 8% and transportation 7% in this
category.
Most of the acidification potential is covered by raw materials with share of 81% of the
impacts. PP production generates half of these with impact of 41% on total impacts.
Electricity production creates 28% and extrusion of support wire 10% of acidification potential. Production of disc filter bags holds 15% of the impacts which are created in electricity production. Transportation has 5% share of the total impacts.
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The largest share of terrestrial eutrophication impacts comes from electricity production
for raw materials production. That operation creates 44% of the total impacts. The second largest activity is PP granule production with 32% share. Raw materials as a whole
produce 87% of the emissions. Disc filter bag production holds 9% of the impacts and
transportation 4%.
The dominant contributor to freshwater eutrophication is electricity production for raw
materials. It accounts 70% of the total impacts. With the 14% of the impacts generated
in extrusion along with smaller contributors, the total impact from raw materials is 89%.
Disc filter bag production creates 10% of the emissions.
Emissions causing marine eutrophication are mostly generated in raw materials production. Raw materials account 81% of the total impacts. The major contributor here is PP
granule production with a share of 47%. Electricity production creates 22% of the impacts
along with the 10% created in extrusion process. Activities at Ovar plant is responsible
for 13% of the impacts. Transportation accounts 6% of the total impacts.
The largest portion of freshwater ecotoxicity impacts is accounted to raw materials with
share of 82%. The biggest contributor here is electricity production for raw materials as
it holds 43% of the impacts. Remaining 39% of the impacts in raw materials production
is divided almost evenly between PP granule production and extrusion. Both, production
of disc filter bags and transportation, creates 9% of the impacts.
Transportation is the biggest contributor in land use. This is due to use of trucks as transportation mode. Its share of the total impacts is 51%. Extrusion is the second largest
contributor in this impact category with a share of 26%. In total, raw materials hold 38%
of the total impacts. The remaining 12% comes from electricity production. In the production phase, the electricity production accounts 11% of the impacts.
Water resource depletion occurs mostly in raw materials production. The largest contributors are electricity production (28%), PP granule production (28%) and extrusion process (31%). In total, raw materials production holds 89% of the impacts. Disc filter bag
production generates 15% of the impacts. As the transportation is done via roads, transportation accounts -4% impacts in this category.
The last impact category in this method is mineral, fossil & renewable resource depletion.
In this category raw materials account 53% of the impacts. The biggest contributor in raw
materials phase is extrusion with 36%. PP granulate production and electricity production
both creates 8% of the impacts. Transportation phase is the other major contributor with
42% of the impacts. The remaining 5% comes from production of disc filter bags.
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Table 25. Life cycle impacts of disc filter bag
Impact category

Unit

Climate change

kg CO2 eq

Ozone depletion
Human toxicity,
non-cancer effects
Human toxicity,
cancer effects
Particulate matter
Ionizing radiation
HH
Ionizing radiation
E (interim)
Photochemical
ozone formation
Acidification
Terrestrial eutrophication
Freshwater eutrophication
Marine eutrophication
Freshwater ecotoxicity
Land use
Water resource
depletion
Mineral, fossil &
ren resource depletion

kg CFC-11 eq

Total

Disc filter bags

Waste incineration of a
disc filter bags
577
-179

398
5,37E-05
9,25E-05

1,93E-05
8,34E-05

3,44E-05
9,09E-06

2,80E-05

2,78E-05

1,84E-07

0,368
84,7

0,230
43,1

0,138
41,7

5,24E-04

1,13E-04

4,11E-04

2,58

1,77

0,808

5,49
9,79

2,99
7,18

2,50
2,61

0,241

0,240

6,06E-04

0,713

0,460

0,253

2740

2730

11,4

410
1,38

410
1,47

0
-0,099

5,31E-03

4,82E-03

4,94E-04

CTUh
CTUh
kg PM2.5 eq
kBq U235 eq
CTUe
kg NMVOC eq
molc H+ eq
molc N eq
kg P eq
kg N eq
CTUe
kg C deficit
m3 water eq
kg Sb eq

As shown in Appendix E, disposal of the disc filter bags has a major influence in many
of the impact categories. Incineration gives benefits in climate change and in water resource depletion. On the other hand, it also creates a lot of emissions compared to the
cradle-to-gate emissions in most of the categories.

4.1.4 Disc filter bag life cycle interpretation
Raw material production creates significant amount of emissions in most of the impact
categories, as shown in Appendix D. PP granulate production is the biggest single contributor in climate change, human toxicity cancer effects, particulate matter, photochemical ozone formation, acidification and marine eutrophication. It was also among the biggest in freshwater ecotoxicity and in water resource depletion. Electricity production of
raw materials was the biggest or among the top processes in all categories. Extrusion of
support wire was also mentioned multiple times among with largest contributors. However, it should be noted that it also consumes roughly 3 times more PP granulate than
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other raw materials. Production of disc filter bags did not show up in any of the categories
as it consumes less electricity than other processes as shown in Table 21. Transportation
has some impact in land use and in mineral, fossil & renewable resource depletion. Impact in land use comes from using roads in the distribution. Using diesel as fuel in the
trucks consume fossil resources which is why it shows up in that category. As the transportation is done on roads, it removes some impact from water resource depletion.
Disc filter bags’ life cycle impacts on climate change are 398 kg CO2 equivalents as
shown in Table 25. Using the same coefficients as in the press felt study, this is equal to
5380 kilometers driven by a single person with a gasoline driven car. This is roughly
equivalent to the impacts that an average Finnish person creates by driving a passenger
car for 5 months since an average Finnish person drove 13600 kilometers in year 2019
[68].
This study concentrated on the major inputs as did the press felt study, which is why
some of the inputs has not been collected. Therefore, this is as complete study as the
press felt study. The study is also consistent with the goal and scope.
Based on the results, production of the raw materials creates the biggest impact on the
life cycle of a disc filter bag. Therefore, it is recommended that the focus in product development it pushed towards finding materials that are more sustainable than the current
materials. Ensuring that the mechanical properties of the new material are in balance
with current material is vital in order to make the product life cycle more sustainable.
Although the conducted studies are not to be compared, as the evaluated products deliver different functionalities, they are produced similarly and they both use a plastic as a
raw material. Also, the data gathered for the studies consists of same items. Therefore,
the results are a similar in both studies. In the press felt study, raw materials production
phase consists of the production of granules and the production of used filament or fiber
product. For the filtration product, the raw materials production phase includes extrusion
of support wire to the phase in addition to filaments production. Based on charts presented in Appendix A and in Appendix D, the biggest environmental burden to the life
cycles is created in raw materials production.
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5. CONCLUSIONS
The environmental burdens of different life cycle phases of press felt and filtration products were assessed in this study with LCA method. LCA method is elaborated on in
chapter 2.4 and the method is applied to the products in chapters 3.1 and 3.2. The objective was to find out which of the life cycle phases has the biggest impact on the life
cycles of evaluated products. As an overall result, the production of raw materials is the
biggest contributor in most of the impact categories. This is due to the fossil nature of
the raw material and the consumed energy in the production of different intermediate
products used as press felt and filtration product raw materials.
The key issues in the life cycle of press felt are the production of PA6 granules and the
production of energy used in filament production. Together these two create significant
impact in categories such as climate change, both ecotoxicity categories and in all eutrophication categories. These results can be used in product development and in procurement operations.
Selecting more sustainable raw material for press felt production can significantly decrease the overall impacts of the product. This applies, if it can be assumed, that the
production phase of the press felt is not influenced by the change. However, the mechanical properties of the selected raw material should be in balance with current raw
material. Otherwise, it may increase yearly impacts coming from the production plant if
the customer needs to replace its press felt more often as it will increase the production
volumes of Valmet’s plant.
The procurement operations of Valmet could address the issues found out here with the
filament supplier. As shown in Table 14, raw materials consumption is divided almost
evenly between filament yarns and staple fibers in the press felt study, but the staple
fiber production consumes over two times more energy than filament yarn production.
Despite the difference in energy consumption, staple fiber production creates less impacts than filament yarn production. This is due to the source of energy that the staple
fiber supplier uses. Staple fiber supplier consumes hydropower and waste wood-based
steam, whereas filament yarn production consumes the standard German electricity mix
and fossil fuels in its energy production. This creates a difference between the two suppliers. Initiating a dialog with filament supplier could push the supplier towards using
cleaner energy which would eventually lead to decrease in impacts created at filament
production facility.
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The same issues found out at the press felt study applies to the filtration product. The
largest environmental burden is created at the PP granulate production and at the electricity production for the filament production. These issues might be solved by product
development and by contacting suppliers.
Disposal of both products are done by incineration. Although it shows in Appendices B
and E, that there are some benefits gained in climate change, incineration should not be
the preferred method for disposal. Disposal by incineration throws away all the inputs
put to the product at raw materials production and at Valmet’s production plants.
For the future work, recycling the products would give even better benefits for the life
cycle. Researching methods for recycling the products would require some investments,
but as explained in chapter 2.2.5, there is a method for recycling the products. Recycling
the products for some less technical solutions would replace some need for virgin materials production. Reusing would be the best alternative as it would keep the inputs within
the product.
The LCA results indicate that there are a lot of work yet to do with the life cycles of these
products. In the future, the commissioner and other participants in this industry should
keep conducting LCA studies on their products as the studies hands out lot of useful
information regarding the product life cycles. Studying life cycles gives a great overview
of products environmental performance and it brings out the key issues within the products. Finding the key issues is a vital component in the improvement of sustainability in
any industry.
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APPENDIX A: PRESS FELT CRADLE-TO-GATE
LCIA CHART
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Figure 20. Cradle-to-gate press felt LCIA chart
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APPENDIX B: PRESS FELT LIFE CYCLE LCIA
CHART
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Figure 21. Press felt life cycle LCIA chart
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APPENDIX C: PRESS FELT CLIMATE CHANGE
NETWORK
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Figure 22. Network example representing climate change in press felt life cycle, activities with less than 1% impact left out of the network
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APPENDIX D: DISC FILTER BAG CRADLE-TOGATE LCIA CHART
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Figure 23. Cradle-to-gate disc filter bag LCIA chart
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APPENDIX E: DISC FILTER BAG LIFE CYCLE
LCIA CHART
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Figure 24. Disc filter bag life cycle LCIA chart
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