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Abstract 
 

This thesis examined how the sustainability of laminated and coated textile barriers can be compared 

by analysing them through an environmental and functional perspective. This was done by building an 

evaluation model in which an analysis of the functional performance and an analysis of the 

environmental performance was combined and applied on a case study of a laminated and a coated 

material used for workwear. A Life Cycle Assessment (LCA) was used to evaluate the environmental 

impact. To evaluate the functional performance a series of material testing was made for tear strength, 

waterproofness and permeability.  

 
The LCA measured the environmental impact in terms of water use, climate change, and human 

toxicity. The results showed a similar impact on climate change and water use for both barriers. The 

assessment of human toxicity showed that the solvent dimethylformamide, used in the coating paste, 

meant a potential risk for human health. From the material testing it could be stated that the coating 

performed better in terms of tear resistance and waterproofness, but that the laminate showed more 

even results and higher breathability.  

 

To conclude, the study showed that the production of the coated textile barrier had the largest 

environmental impact due to the use of a toxic solvent, but that the functional performance generally 

was better for this coated material. The use of an evaluation model to compare coated and laminated 

textiles demanded knowledge and experience of LCA to be used. Though with the right LCA 

knowledge, the combined methods of functional testing and environmental impact may lead to 

conclusions which would otherwise go unnoticed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

Sammanfattning 

 
I den här rapporten undersöktes hur hållbarheten hos laminerade och textila barriärer kan jämföras 

genom både ett funktionellt och ett miljömässigt perspektiv. Det gjordes genom att bygga en 

utvärderingsmodell inom vilken en analys av den funktionella prestandan och en analys av den 

miljömässiga prestandan kombinerades för att appliceras på en fallstudie av ett laminat och en 

beläggning som används för arbetskläder. En livscykelanalys (LCA) användes för att analysera den 

miljömässiga prestandan. För att analysera den funktionell prestandan utfördes en serie materialtester i 

rivstyrka, vattentäthet och permeabilitet. 

 
LCAn mätte miljömässig prestanda genom påverkanskategorierna klimatförändring, vattenanvändning 

och humantoxicitet. Resultaten visade liknande påverkan avseende klimatförändring och 

vattenanvändning för materialen. Utvärdering av påverkan gällande humantoxicitet visade att 

lösningsmedlet dimetylformamid, som används i beläggningspastan, innebär en risk för människors 

hälsa. I materialtesterna gav beläggning bättre resultat i rivstyrka och vattentäthet, men laminatet 

visade en mindre spridning i resultaten och en högre permeabilitet. Efter viss förslitning och tvätt 

uppvisade materialen dock mer liknande värden.  

 

Sammanfattningsvis visade studien att det belagda materialet hade störst miljöpåverkan på grund av 

utsläpp av det toxiska lösningsmedlet, men att det belagda materialet generellt hade bättre funktionell 

prestanda. Nackdelen med utvärderingsmodellen som togs fram för jämförelsen av materialen, var att 

den krävde kunskap och erfarenhet av LCA för att kunna användas. Med det sagt är en LCA det bästa 

verktyget tillgängligt för att mäta miljöpåverkan, och med den rätta kunskapen om LCA kan den 

kombinerade modellen leda till insikter som annars skulle missas. Därför kan utvärderingsmodellen 

vara ett framgångsrikt verktyg för att jämföra textila barriärer, och även utgöra ett steg på vägen i 

arbetet mot att kunna mäta hållbarhet. 

 

 

 

 

 

 

 

 

 

 

 



 
 

Popular abstract 

Textiles have always been used as a mean to protect our bodies from wind, water and harmful 

situations. In many work situations, the use of functional and protective textiles is completely 

necessary for guaranteeing the safety of the worker. As with many other textiles, the production of 

functional textiles has a negative impact on the environment. The use of chemicals, water and energy 

to produce textiles called waterproof breathable fabrics (WPBF) will result in impacts that have effects 

on ecosystems as well as humans. 

 

The purpose of this study was to compare the sustainability of two types of WPBF used as barriers in 

workwear: a coating and a laminate. A coated textile barrier is made by applying a viscous paste onto 

a textile and then dried, while a laminated textile barrier is the adhesion of a thin film, web or 

membrane onto the textile. The study aimed to develop and implement an evaluation model for 

comparing sustainability by combining an analysis of environmental performance with functional 

performance. In this way, a more nuanced and complex picture of what sustainability of textile 

barriers means would be made.  

 

The environmental impact was evaluated by using a Life Cycle Assessment (LCA). In an LCA, the 

potential environmental impact in each step of the product’s life cycle is measured. However, in this 

study, only the production processes for the materials were included in the LCA. The impacts of the 

materials in this study were measured in three categories: climate change, water use and human 

toxicity. For the evaluation of the functional performance, a series of material testing was made for 

tear strength, waterproofness and breathability.  

 

The results from the LCA showed that the production of the two materials used similar quantities of 

water, and that the amount of water used was more depending on if the textile was dyed in a 

traditional process with several water baths and rinses, or if the dyestuff was added directly into the 

spindope. The laminate had a larger environmental impact in terms of climate change. The reason for 

this was probably that the data for the production processes were based on a much smaller production 

batch for the laminate, which gave it a relatively higher impact per measured unit. For human toxicity, 

the coated textile had a higher impact due to the use of the solvent dimethylformamide. This solvent 

evaporates during production and is highly toxic to humans by inhalation.  

 

The coated barrier showed higher values in tear strength and waterproofness, while the laminated 

barrier had better breathability. After abrasion and washing, the results were more even. This could 

imply that the materials would have the same functional performance after some time of use.  

 

Taking both environmental and functional performance into account, it is difficult to make any 

definite conclusions. An LCA demands knowledge and experience to be performed, but is at the same 

time the best available tool for measuring environmental impact. By combining an LCA with testing 

of functional performance, the result is a more realistic and multifaceted perspective on what 

sustainability really means. 
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Definitions 

 

Breathability: The ability of a fabric to let water vapour molecules pass through, from the inside to the 

outside of the fabric.  
 

Cradle-to-gate: An LCA model that include the processes from raw material extraction to finished 

product at factory gate. 

 
Characterisation factors: These are indicators that reflect the relative contribution to the environmental 

impact. The collected data is multiplied with the corresponding characterisation factor to get a 

quantitative measure of how much impact the product or service has in different impact categories.  

 
Climate change: An impact category expressing the global warming potential of different emissions. 

 
Functional unit: The function of the studied product or service, expressed in quantitative terms. This 

functional unit serves as basis for the calculations and is the reference to which all other data in the 

LCA model are related.  

 
Goal and scope: The first phase of the LCA, where it is decided on what product or system to study 

and what the functional unit will be. The impact categories are also stated here, as well as what 

processes are being studied. 

 

Human toxicity: An impact category expressing to what degree chemical emissions damage the health 

of humans. 

 

Hydrophobic: Having no affinity to water (water repellent). 

 
Hydrophilic: Having affinity to water (water absorbent). 
 

Impact categories: Environmental consequences of different environmental loads, for example climate 

change, toxicity and water use. 
 

LCA: A holistic method where a product or system is studied from a life cycle perspective. 

 
LCI: The second phase of the LCA where the data is collected. The inputs and outputs of the analysed 

activities are also presented here. 

 
LCIA: The third phase of the LCA, where the information about inputs and outputs from the LCI is 

quantified into environmental impacts with the help of characterisation factors. 
 

Oleophilic: Having affinity to oil (oil absorbent). 

 

Water consumption: The amount of water that is used in the direct production processes. 

 
Water use: An impact category expressing the relative amount of water that is used, which takes the 

demand and availability of the water in the region into account. 
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1. Introduction  

“There is no such thing as a bad weather, only the wrong clothes” 

 

Despite being an old saying, this translated Swedish proverb is also expressing a vital part of the 

history of textile clothing. Wearing clothes as a means of protection against weather and/or body 

damage has been done for thousands of years (Holmes 2000; Marek & Martinková 2018). Thanks to 

the right type of clothing, humans are able to walk through burning buildings not being hurt, handle 

microorganisms and toxic chemicals, and work outdoors under harsh climate conditions while 

maintaining a normal body temperature. 

 

These types of textile clothing are placed under a category named personal protective equipment 

(PPE), and are designed for several different applications: construction work clothing, protection 

against fire, healthcare environments, laboratory work etc. (Marek & Martinková 2018). When it 

comes to textiles used in physical outdoor activities the materials need to be combined in such a way 

that the wearer is equipped with a clothing system that  – apart from performing the main function as 

protection – also ventilates and helps to regulate the body temperature (Lomax 2007; Mukhopadhyay 

& Vinay Kumar 2008). In other words, there are two vital requirements for an outdoor PPE fabric and 

clothing system: 

 

• Provide protection from weather (and/or other harm) 

• Provide comfort by being breathable 

 

Waterproof breathable fabric (WPBF) is the name of a type of textile barrier where the two functions 

are combined in one textile system. Producing WPBF is a complex challenge. Combining permeability 

and waterproofness in a garment is creating a material with two main functions that somewhat 

contradicts each other (Mukhopadhyay & Vinay Kumar 2008; Hunter & Fan 2009). On the one hand, 

the textile is supposed to keep the wearer from getting wet. On the other, it should also maintain a 

comfortable microclimate for the body of the wearer to assure that there is no over- or underheating. 

This means that when designing a WPBF, there is always a compromise between the two functions 

(Hunter & Fan 2009).  

 

Using textiles as a means of protection is an important application but protecting the environment 

from the impacts of the textile industry is equally important. It is widely known that the textile 

industry has a major environmental impact – both in terms of resource use and pollution 

(Naturvårdsverket 2018). Producing WPBF and protective clothing often involves a lot of processing 

of the materials, to achieve the desired properties. More processing should also imply a larger 

environmental impact, as the production phase of a garment’s life cycle is where the major 

environmental impacts – regarding toxicity and climate change – arise (Roos, Sandin, Zamani, & 

Peters 2015; Naturvårdsverket 2018). Protective clothing is also a product group that is associated 

with high environmental burden because of the heavy use of toxic chemicals to create, for example, 

oil-repellent and flame-retardant properties (Schmidt, Watson & Roos 2016).  

 

The environmental impact of a product is however not as easy to evaluate as it might seem. A product 

that at first glance seems more environmentally ‘friendly’, might not be better than a product that is 

perceived as more environmentally ‘unfriendly’, when different environmental parameters are 
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considered. Cotton versus polyester is an example of this, where the natural cotton fibre is perceived 

as superior to the fossil fuel-based polyester. A study from 2014 (van der Velden, Patel & Vogtländer) 

showed that from a life cycle perspective, cotton actually had higher environmental burden than 

polyester. This shows that the naturalness of a product might not even be a decisive factor when it 

comes to environmental impact, and the same might go for other seemingly evident relations.  

 

An environmental aspect that is often overlooked is the location of the production. The textile is often 

produced in developing countries, for the textile bought in Sweden for example, almost 80% is 

produced outside the EU. In these textile producing countries limited access to water treatment plants 

and poor handling of chemicals is common. The energy sources for the production to a larger extent 

also comes from more unsustainable sources. Coal, which is associated with significant emissions of 

greenhouse gases, is for example a prevalent source of energy in the largest textile producing country, 

China (Naturvårdsverket 2018; Huang, Zhao, Geng, Tian & Jiang 2017). This not only contributes to 

problems in the textile producing countries but could also mean a greater global environmental impact 

than if the production would have been placed in a region with better equipped production facilities.  

 

Another aspect that adds complexity to the evaluation of a product’s sustainability, is the balance 

between functionality and environmental burden. A product that is environmentally ‘friendly’ 

produced might still not be considered sustainable, if the production process too severely compromises 

the product’s functionality. For example, who would use a sustainably produced raincoat if it could 

not repel water? When applied to protective clothing, this is of particular importance, as functionality 

in these garments could be a matter of life and death.  

 

To assess the sustainability of a product therefore requires a model that includes environmental 

impacts from several different angles.  

 

 

1.1 Life cycle assessment  

 

Life cycle assessment (LCA) is a method of evaluating the environmental impact of a product or 

system with a holistic approach that considers the entire process. With LCA it is not possible to push 

the environmental problems from one part of the life cycle to another, or from one environmental 

problem to another, since the product or system is evaluated as a whole (Finnveden et al. 2009; 

Baumann & Tillman 2004). LCA is also a method that takes geography into account, which means 

that it considers that different regions have different sensitivities to certain environmental impacts and 

that infrastructure varies between different parts of the world (Baumann & Tillman 2004). These 

aspects make LCA a suitable method for more comprehensive and fair comparison between different 

products or systems. 

 

The downside of LCA being a comprehensive method is that the method is data intensive. Collecting 

data can be a very time consuming, and therefore costly, process. Databases are therefore an important 

tool in LCA, since they can make the data collection process more efficient. Today there are many 

different databases, but some categories of impact are still difficult to assess due to limitations of the 

databases. Toxicity and the impacts of chemicals are often excluded from these impact categories due 
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to incomplete inventory data and characterisation factors1 for many substances (Baumann & Tillman 

2004; Finnveden et al. 2009). This is especially true when it comes to chemicals used in the textile 

industry (Roos 2016).  

 

When the raw data has been collected, it needs to be inserted into an LCA software that can calculate 

the environmental impacts. Ideally, LCA would be a simple method, where data could just be inserted 

into a software, and all the calculations were made thereafter. However, in reality LCA is a quite 

complex method. In order to get a result that provides insight into the true environmental impacts, a 

number of conscious decisions need to be made regarding the choice of inventory data, 

characterisation factors and of what processes to include. Making these decisions therefore requires 

practitioners that have a fundamental understanding of environmental impacts, processes, materials, 

chemistry etcetera2. 

 

1.1.1 Impact categories 

To make the results of an LCA more comprehensible and relevant, the studied environmental loads are 

grouped and converted into different impact categories. For many people it is easier to understand the 

consequences of a term like climate change than of a measurement of greenhouse gases such as CO2, 

CH4 and N2O. Apart from climate change, examples of common impact categories include 

acidification, eutrophication, ozone depletion, toxicity and water use. The choice of impacts to study 

depends on the type of product or system that is reviewed, as different products or systems are 

associated with different kinds of environmental problems (Baumann & Tillman 2004).  

 

With regard to the textile industry, a range of impact categories are relevant to mention. Depending on 

aspects such as type of fibre and dyeing process, there might be different significant environmental 

loads. Three impact factors that are highly relevant to most textile products are climate change, 

toxicity and water use3. All industrial processes demand the use of energy, and in most cases this 

energy does not come from a renewable source. The energy is often derived by burning oil, gas or 

coal, which causes emissions of carbon dioxide and other harmful substances. The emissions 

associated with the use and extraction of these energy sources are important contributors to climate 

change (Fung 2002c; Muthu 2014). 

 

Chemical use and pollution are environmental problems that contribute to toxicity. This impact 

category can be further divided into ecotoxicity and human toxicity. Ecotoxicity refers to chemical 

emissions damaging species in the ecosystem, while human toxicity translates to emissions damaging 

the health of humans (Baumann & Tillman 2004). Damaging the ecosystem and human health is a risk 

associated with textile products because of the heavy use of chemicals throughout the life cycle. 

According to a study from 2009 (Olsson, Posner, Roos & Wilson) between 1.5 and 6.9 kg of 

chemicals are used per kg of textile during the stages of fibre production, processing, fabrication of the 

garment and the use phase. A textile process that is related to chemical use is the dyeing process. The 

                                                 
1 These are indicators that reflect the relative contribution to the environmental impact. The collected 

data is multiplied with the corresponding characterisation factor to get a quantitative measure of how 

much impact the product or service has in different impact categories.  

 
2 Dr S. Roos, Discussion 2019-04-29. 

 
3 Dr S. Roos, Discussion 2019-03-25. 
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dye chemicals can be toxic in themselves and can lead to allergies or even cancer, but the wastewater 

from the dyeing process is also linked to a number of issues. One of these issues is that some dye 

substances have a high chemical oxygen or biological oxygen demand, which can cause hostile 

environments to aqueous plants and animals (Kadolph 2013). 

 

The use of water is also important to analyse for textile products. Large amounts of water are being 

used throughout the life cycle for many textile products. This of course depends on the type of fibre 

and fabric that is used, since natural fibres like cotton require extensive amounts of water while 

synthetic fibres only require small quantities. The use of water also depends on what kind of 

processing the material goes through. Dyeing, sizing and scouring are examples of processes which 

can be water intensive (Senthil Kumar & Grace Pavithra 2019). 

 

1.1.2 Previous LCA studies on textiles 

LCA is a tool that is used more and more for textile products, however there are some common issues 

associated with LCAs for this specific product category. In a study from 2014, the authors (van der 

Velden, Patel & Vogtländer) highlighted several problems with LCAs on textiles. One significant 

problem that they identified was that the data used for the calculation was old and outdated. Data for 

energy use for different production steps was in some cases taken from the 1990’s, even though 

significant energy efficiency improvements have been made since then.  

 

Roos brings up another problem with LCAs on textile products, in her doctoral thesis from 2016, 

which is how toxicity impacts are handled. Even though the use and emissions from chemicals is a 

major environmental aspect of textile products, toxicity is rarely included as an impact factor in LCAs. 

This means, according to Roos, that LCAs lack information that could be useful to the textile industry 

in assessing environmental impact.  

 

1.1.3 The LCA structure  

Normally an LCA is used to study the product from cradle to grave – from the raw material extraction 

to the disposal or recycling of the used product. It is also possible to make LCAs where not all phases 

of the life cycle are included. An example of this is a cradle-to-gate model, where the product is 

studied from raw material extraction to finished product at the factory (Baumann & Tillman 2004).  

 

Regardless of the type of LCA that is made, the assessment follows the same structure. This structure 

consists of the following four main parts (Baumann & Tillman 2004): 

1. The goal and scope definition is the first phase, where it is decided what product or system to 

study and what the functional unit will be. The application of the study, the reason for doing 

the study and the intended audience should be defined here. The impact categories should also 

be stated, as well as what processes are being studied, the so-called system boundaries. 

2. The life cycle inventory (LCI) is the phase where the data is collected. This usually begins 

with a flow model of the system, where the analysed activities are included and their 

respective inputs and outputs. Calculations are then made in relation to the functional unit. 

3. In the life cycle impact assessment (LCIA) phase, the information about inputs and outputs 

from the LCI is quantified into environmental impacts with the help of characterisation 

factors. 
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4. Interpretations of the findings is the final phase, where conclusions from the LCI and LCIA 

are made.  

 

A schematic illustration of the phases in the LCA are presented in figure 1.  

 

 
Figure 1. The four phases of an LCA, as seen in ISO 14040:2006. 

 

1.2 Material testing 

 

An important aspect of environmental sustainability of textiles, is how long they can be used for. In a 

report from 2016, it was established that doubling the service life of a garment significantly would 

reduce the carbon footprint and water used, compared to buying a new garment (Roos, Zamani, 

Sandin, Peters & Svanström 2016). A suitable method for comparing the sustainability of materials is 

therefore through textile testing, since this could determine how durable the fabric properties are.  

 

1.3 Context 

 

This study is initiated under the project TexBar, a four-year long collaboration between different 

enterprises and textile researchers from RISE IVF and the Swedish School of Textiles. Through 

TexBar, the involved parties collaborate to develop new and innovative textile barriers (Mistra 2015). 

Within the project, the environmental impacts of different textile barriers are also evaluated, including 

coated and laminated materials. 

 

Laminated and coated fabrics have similar properties and can be used in the same type of products. In 

a product development phase, it can therefore be difficult to know which material to choose, especially 

when considering the environmental point of view. Within the group of researchers in the TexBar 

project, there was a perception that laminates were superior to coatings in terms of environmental 

performance4. However, at this moment, no data or information is found that neither confirms nor 

denies that this is the case.  

 

                                                 
4 M. Johansson, expert in coated and laminated textiles, Discussion, 2019-04-08. 
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Workwear is a product category where both coated and laminated textiles commonly are used. One 

company producing workwear and PPE constitutes the case study for this report, and will hereafter be 

referred to as Company X. One of their suppliers, referred to as Supplier Y, provides them with barrier 

fabrics which are used for many of their protective garments.  

 

1.4 Purpose 

 

The aim of this report is to make a comparative analysis of the two textile barriers coating and 

lamination. The study aspires to clarify which processes during the material production phase that 

serves as the largest environmental impactor and the type of impact – in terms of climate change, 

human toxicity and water use – that the different processes accounts for. Furthermore, this study is 

intended to examine the relation between functionality (mechanical properties and comfort) and the 

environmental consequences each barrier’s production process amounts to.  

 

1.5 Research questions 

 

1. Are laminates or are coatings responsible for the largest environmental impact based on an 

LCA? 

2. Is it possible to build a model to conclude which one of these barriers that is the most 

sustainable alternative from a functional and environmental perspective? 

 

1.6 Limitations  

 

This report aims to bring light to the different impacts of coated and laminated textiles in general, but 

will only study the specific materials from Company X. The study is therefore limited to the raw 

material, finishes and processes used by their Supplier Y. The finished material will be used in a 

garment, however this report will only study the material as the fabrication of the garment is assumed 

to be equivalent regardless of material. 

 

In LCAs a wide range of aspects and impact factors can be studied to get a comprehensive view of the 

studied product or system. This LCA focus on a cradle-to-gate assessment, where the use and end-of-

life phases are not included. Also, a limited number of impact categories will be studied, namely 

climate change, human toxicity and water use. There are other impacts that could provide relevant 

information for the analysis, such as ecotoxicity and eutrophication, but they will not be assessed in 

this report. Within the LCA, the impacts of the handling of the waste will not be calculated for the 

direct production processes. 

 

There are many different fabric properties that are important for a workwear garment – such as 

waterproofness, breathability, tear strength, chemical resistance, windproofness, tensile strength and 

colour fastness. Since it is not possible to test all aspects of functionality only a few have been 

selected, which are believed to represent some of the most important requirements of a workwear 

garment. These properties being tested are waterproofness, breathability and tear strength. 
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1.7 Ethics  

 

Ethics is an important part of research, and especially when doing a case study. The researchers need 

to provide correct and specific information, without breaking the rules of confidentiality towards the 

parties providing them with this information (Vetenskapsrådet 2017). In this report, the businesses 

constituting the case study wish to be anonymous and are therefore referred to as Company X and 

Supplier Y. Interviewees from these companies will only be named by their professional title. It is also 

important to state that the researchers of this study aim to be objective, and do not have any relation 

with the involved businesses other than that what is stated, nor do they receive any form of 

compensation from them. 

 

2. Waterproof breathable fabrics 

 

As stated earlier, textile materials that not only stop water from entering but also let vapour pass 

through and leave the textile on the outer surface, are called waterproof breathable fabrics (WPBF). 

True to its name, the main functions required by WPBF are waterproofness and breathability (water 

vapour permeability). 

 

2.1 Waterproofing ability 

 

When talking about clothing that protects against weather, the term “waterproof” is often one of the 

first functions that comes to mind. In relation to water repellent fabric which is a function related to 

the fabric surface energy, surface wetting and water absorption properties (Rehnby 2010; Özek 2018), 

a waterproof fabric entirely prevents liquid water from penetrating the material. Waterproofness is 

measured in the amount of hydrostatic pressure (in mm water) that the material can withstand without 

water penetrating it. For a material to be stated as truly waterproof, a hydrostatic pressure of 5000 mm 

water (column) is the minimum value (Özek 2018). Garments that are specified as waterproof often 

have a pressure of 10 000 mm or more stated in their specifications, while PPE or high-quality 

garments promising complete waterproofness can withstand 15 000 – 30 000 mm water columns (C. 

Loghin, Ciobanu, Ionesi, E. Loghin & Cristian 2018). 

  

During the 1820s the first waterproof fabric was produced by Charles Macintosh, who spread rubber 

between two fabrics and hardened the rubber by vulcanization (C. Loghin et al. 2018). Since then, the 

way of producing waterproof textiles have in spite of industrial developments looked much the same. 

The traditional method of making a waterproof fabric is by coating it with a solid layer of a polymeric 

material – neoprene, polyvinyl chloride (PVC) or polyurethane (C. Loghin 2018; Özek 2018). This 

type of coating commonly has very high resistance to water, oil, or any such liquids and is thus 

waterproof. But at the same time, by performing excellent waterproofing this sealed barrier lacks an 

important function for PPE fabrics – the one of breathability.  
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2.2 Breathability 

 

Being composed of fibres and pockets of air, all fabric are porous materials (Özek 2018) and therefore 

breathable in various degree. However, the term breathability does not mean that the fabric actually 

breathes (Holmes 2000). Instead the term is used when describing the function of a material allowing 

water vapour molecules to move through the material (Özek 2018). This refers to the ability to 

transmit vapour and thus increase the material’s function as a regulator of body temperature 

(Mukhopadhyay & Vinay Kumar 2008; Hunter & Fan 2009).  

 

It is through conduction, radiation, convection and evaporation that generated heat can leave the skin 

and keep a human body at a comfortable temperature (Das, Das, Kothari, Fangueiro & de Araujo 

2007; Hunter & Fan 2009). Conduction and radiation are sufficient means of heat loss for a body at 

rest. When physically active, perspiration that is transferred from the bodies to the surrounding 

atmosphere “carries” excess heat away from the skin (Holmes 2000). If water vapour generated by our 

bodies is prevented from evaporating from the skin – by clothing layers acting as an unbreathable 

“wall” – condensation is created, resulting an increased humidity and a microclimate which makes the 

clothes uncomfortable to wear (C. Loghin et al. 2018; Özek 2018). Thus, moisture transmission 

through a textile fabric plays an important role for comfort, which in turn influence the practical use of 

the garment. Therefore, understanding the mechanism behind moisture transmission is vital for 

understanding the performance of WPBF.  

 

When water vapour molecules move through porous materials, for example textiles, it is called water 

vapour diffusion. This is a result of differences in vapour pressure between material and ambient air 

(Finch 2017). Moisture is always present in the air in different amounts. The more water molecules 

present in a certain volume, the higher the vapour pressure. Since pressure difference is a less wanted 

state than equilibrium, water vapour diffusion occurs from the side of the material which has a higher 

vapour pressure, to the side which has a lower pressure (Finch 2017). Inside a piece of clothing with 

perspiration evaporating from a body in movement, the vapour content and thus pressure is higher 

than on the outside layer of the garment, which results in the vapour diffusion and permeability5.  

 

To measure permeability, it is common to measure the Moisture Vapour Transmission Rate (MVTR). 

The MVTR describes the rate moisture can diffuse through one square meter of fabric, from the inner 

surface to the outer surface, for 24 hours. According to Özek (2018), a rating of 10 000 g/m2/day is a 

requirement for textiles used in high activity garments. However, when the permeability performance 

of two or more textile products are to be compared an opposite value is often used, the measure of 

resistance to water vapour transmission – or in other words resistance to evaporative heat transfer 

(Ret). Ret is “the water vapour pressure difference between the two faces of a material divided by the 

resultant evaporative heat per unit area in the direction of the vapour gradient” (ISO 2014) and it gives 

the permeability of a garment in units of square meter Pascal per Watt, m2Pa/W. A lower Ret-value is 

an indication of good permeability, where garments with Ret-values under 20 is considered as having 

“enough” breathability to be worn when being active. More specific, it can be said that:  

 

• 0-6 m2Pa/W = very good permeability for high intensity activities, 

• 6–13 m2Pa/W = good permeability 

• 13-20 m2Pa/W = satisfactory but uncomfortable at intense activities 

                                                 
5 M, Johansson, expert in coated and laminated textiles, Discussion 2019-04-08. 
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        (Özek 2018). 

 

The Ret-value is given by the following formula: 

 

𝑅𝑒𝑡 =
(𝑝𝑚 − 𝑝𝑎) × 𝐴

𝐻 − ∆𝐻𝑒
−  𝑅𝑒𝑡0𝜇 

                                                                                                                                (eq.1) 

Where: 

• pm is the saturation water vapour partial pressure at the surface of the measuring unit (Pa) 

• pa is the water vapour partial pressure of the air in the test enclosure (Pa) 

• A is the area of the measuring unit (m2) 

• H is the heating power supplied (W) 

• He is the correction term for heating power for the measurement of Ret (W) 

• Ret0 is the apparatus constant in m2Pa/W, for the measurement of Ret (m2Pa/W) 

                                                    (ISO 2014). 

 

Partial vapour pressure, p, is the pressure that a component (here water vapour) exerts independent of 

all the other components present. It is, according to Raoults law, equal to the vapour pressure of the 

pure component at that temperature multiplied by the component’s mole fraction in a mixture of 

components (LibreTexts 2019). 

 

The saturation vapor partial pressure is the vapour pressure when the content of water vapour in the air 

has reached its maximum amount – any higher and it condenses to liquid phase. As warm air can hold 

more moisture than cold (LFS 2019), vaporu saturation pressure differs with temperature. At 35°C, 

close to the temperature at the surface of human skin, the saturation vapour partial pressure is 

approximately 56 kPa (Engineering Toolbox 2004). So, water vapour pressure is caused by 

temperature and different amounts of water vapour content in the ambient air.  

 

What is also worth noting is that this definition of breathability is not the same as wicking, which is a 

fabric property that measures the fabric’s ability to transport moisture away from the body alongside 

its fibres (Mukhopadhyay & Vinay Kumar 2008; Özek 2018). In order to be specific and not have the 

two different properties mixed together, it is therefore advisable to do as Holmes (2000) suggests and 

scientifically refer to breathability as water vapour permeability, which is done in this report. 

 

2.3 Production methods for WPBF 

 

WPBF can be produced by several methods. The main techniques are: 

• Lamination 

• Coating 

 

2.3.1 Lamination 

Lamination of fabric is when two or more components in solid form, of which at least one is a textile, 

are combined into one material in two or more layers. The layers can be joined simply thanks to the 
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structure and properties of the components or by adding an adhesive6. It is a two-step process in which 

the barrier layer is first produced and then laminated to the textile (Fung 2002a). A general 

identification factor for a laminate is a clear distinction between the barrier and the textile, where the 

barrier can consist of film, foil, or membrane (C. Loghin et al. 2018). As for the textile, it can be 

constructed of either a weave, knit or non-woven (Hunter & Fan 2009). 

 

According to C. Loghin et al. (2018) 90% of the synthetic polymers used for lamination are 

polyurethanes. The advantages of this polymer are its elasticity, flexibility, resistance to ageing and 

natural waterproofness.  

 

Various techniques and machines are available for lamination. The challenge is to preserve the fabric’s 

original properties at the same time as creating a laminate that is flexible, durable and that lives up to 

the specified requirements (Mukhopadhyay & Vinay Kumar 2008). Thermoplastic polymers can be 

directly laminated onto textiles by applying heat and pressure, if the adhesive forces between the 

components are strong enough7 (Rehnby 2010). Otherwise an adhesive, in the form of a web, viscous 

paste or granulate, is used to combine the two. As a membrane is thin and has poor mechanical 

strength, it can also be laminated onto a liner fabric for support. This liner fabric is often a lightweight 

web or knit. 

 

There are four main methods of creating a textile laminate (see figure 2): 

1. Lamination to a lightweight web/mesh, placed between the outer fabric and the lining  

2. Lamination to the outside of the lining fabric 

3. Lamination to the inside of the outer fabric 

4. Lamination to both the outer fabric and lining – a three-layer system  

 

In figure 2 the construction of the laminates described above are illustrated.  

 
Figure 2. Schematic illustration of different ways of creating textile laminates. 

 

                                                 
6 Interview with Production Manager at Supplier Y, 2019-05-09. 
7 Interview with Production Manager at Supplier Y, 2019-05-09. 
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2.3.2 Coating 

When a polymer is applied as a paste, foam or viscous liquid onto a textile, it is called a coating 

process (C. Loghin et al 2018). According to Fung (2002a), the definition of a coated textile material 

is that one or more layers of adherent material has been formed on the textile fabric. Coatings are 

much thicker than membranes (Holmes 2000) and can typically be identified by the fact that the 

polymer coating has sunken into the textile surface so that the coating cannot be detached (C. Loghin 

et al. 2018).   

 

Depending on the type of use, the application method for the coating polymer differs. Direct spreading 

is the most basic process, by which the polymer is spread directly onto the fabric by using a blade or 

knife. The type of knife together with the distance between the knife and the fabric surface affects the 

thickness of the coating and the penetration of the coating paste in the textile8. Thereafter the coating 

undergoes coagulation and drying to solidify (Holmes 2000). The coating can be done in several 

application layers depending on use and desired thickness.  

 

Figure 3 illustrates how the cross section differs between a coated and a laminated textile. The coating 

has sunk into the weave, while the membrane lies on top of the weave. Before the coating is applied, 

the material is often calendered to make the conditions for getting an even application as good as 

possible9. 
 

 

 
Figure 3. Schematic illustration of the cross section of a coated fabric (to the left) and a laminated 

fabric (to the right). 

 

2.3.3 Techniques for creating a textile coating or laminate 

Table 1. List of some production methods for textile barriers. 

Method Only lamination Only coating 

Wet coagulation 

 

Solvent extraction 

Melt blown / Hotmelt technology 

 

RF/UV/E beam radiation 

Mechanical fibrillation Thermocoagulation 

 

Solubilizing one component 

 

Foam coating 

 

 

 

                                                 
8 M, Johansson, expert in coated and laminated textiles, Discussion 2019-05-07. 
9 Interview with Production Manager at Supplier Y, 2019-05-09. 
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• Wet coagulation (for micro-porous): A solvent, often dimethylformamide (DMF), is used to 

make a thermoplastic polymer like PU coagulate to a structure with micropores. The polymer 

is dissolved in water together with the solvent and then coated onto the fabric or as transfer 

film. Coagulation of the coating takes place in a chamber with water vapour, where the 

solvent and polymer are separated, and the polymer separates into a microporous structure. 

The fabric is then washed and dried to remove the solvent and leave a polymer with an 

interconnected porous structure.  

 

• Foam coating: Direct coating where the polymer solution is mixed with thickening agent and 

mixture is whisked with air is blown into it to create a foam. After application and drying the 

coated fabric is calendared for compression. No solvents are needed in this process. Usually 

the coating is finished with a water repelling agent. 

 

• Thermocoagulation: Polymer is mixed with two solvents with difference in volatility and 

coated on the fabric. In a low temperature drying, the solvent with a lower boiling point 

evaporated and leaves a polymer that has precipitated to a porous structure. A second higher 

drying process evaporates the solvent that is left10. In this process, biological or waterbased 

solvent can be used11. 

 

• Transfer coating: Used when knitted or elastic textiles are to have a thin coating applied. In 

this process the coating polymer is in liquid phase and spread onto a releasing paper, 

solidified, then applied with a second layer after which application to the textile is done.  

 

• Solvent extraction: A polymer is dissolved in solvent that mixes with water and is then 

directly coated. Solvent is extracted in a coagulation bath, after which the coating is dried, 

cured, and washed. 

 

• Mechanical fibrillation: Only applicable for micro-porous structures. Most known example are 

the Gore-Tex laminates. A stretching of a polymer film or sheet in both directions creates tiny 

rips and tears in the structure due to fibrillation and voids formed between fibrils. This leads to 

a web-like configuration being developed, which gives the polymer its micro porosity.  

 

• Meltblown/hotmelt: Consists of one or more base layer of coarser thermoplastic melt spun 

filaments and one or more layer of finer thermoplastic microfibers (also met spun) which are 

bonded by heat. By applying a force (without tearing the fibres), the filaments and microfibers 

are elongated and straightened respectively in the direction of the force, where the microfibers 

are packed to form a tight but thin microporous structure.  

                             

(Mukhopadhyay & Vinay Kumar 2008; Özek 2018) 

 

                                                 
10 Interview with Production Manager at Supplier Y, 2019-05-09. 
11 M, Johansson, expert in coated and laminated textiles, Discussion 2019-06-04. 
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2.4 Hydrophilic and micro-porous structures 

 

There are two main methods for coating or laminating a textile material through which water vapour 

transmission (WVT) can occur. One is by creating a micro-porous structure, and the other is by using 

a modified polymer as barrier material, in which intermolecular chemical reactions generates the 

permeability.  

 

2.4.1 Micro-porous structure 

A micro-porous membrane (or coating) consists of an interconnected network of pores within a 

polymeric structure. The pore size is generally between 0.1-50 μm in diameter (Mukhopadhyay & 

Vinay Kumar 2008) with a maximum pore size of 2-3 μm at the surface to guarantee waterproofing. 

The range in pore size makes them large enough for water vapour molecules (40 x 10-6μm) to pass 

through, but small enough to prevent raindrops (100μm) from entering the membrane, see figure 4. 

According to Gorji, Bagerzadeh and Fashandi (2017), a membrane is considered as breathable when 

water vapour at a minimum rate of 400 g/m2/day is transmitted through it. The rate of WVT is related 

to porosity and thickness, where an increase in WVT is achieved through decreased pore size, while a 

thicker fabric decreases water vapour permeability (Mukhopadhyay & Vinay Kumar 2008).  

 

The WVT rate (under steady conditions) through a microporous structure with constant porosity and 

thickness is given by the equation: 

 

𝑊𝑉𝑇 =  
𝐴𝐵

𝑇 + 0.71𝑑(1 − 𝐵)
 

                                                      (eq. 2) 

Where: 

• A = a constant 

• B = the porosity of the structure (% pore volume) 

• T= thickness of the structure 

• d= pore diameter   (Lomax 1985) 

 
Figure 4. A microporous barrier structure where the porosity allows for vapour molecules to pass 

through it but prevents penetration from water drops. 

 

Micro-porous materials are thin walled, circa 10 μm (Holmes 2000; Mukhopadhyay & Vinay Kumar 

2008), and typically made from polyurethane (PU), polyolefins, polyamides, polyesters, polyether, 

copolymers or polytetrafluorethylene (PTFE) (Hunter & Fan 2009). As stated previously, the majority 

Water 
drop 

Microporous 
structure 

Water vapour 
molecules 

Skin 
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of these materials consist of PU due to its flexibility and durability (C. Loghin et al. 2018; 

Mukhopadhyay & Vinay Kumar 2008).  

 

This type of barrier can be made both by coating of the polymer directly onto the fabric surface, or by 

a two-step lamination process (Mukhopadhyay & Vinay Kumar 2008). Since micro-porous barriers 

are hydrophobic and oleophilic (having an affinity for oil) there is a risk of oil and grease 

contaminating its surface. Everything from body lotions to dirt, salt, detergents and oils can clog the 

membrane pores and decrease the permeability (Holmes 2000). To prevent this, the barrier is usually 

layered with hydrophilic PU or treated with a water repellent finish that is non-oleophilic (Hunter & 

Fan 2009). The most known example of a microporous membrane is probably Gore-Tex (Gorji, 

Bagerzadeh & Fashandi 2017). This polytetrafluoroethylene (PTFE) structure is said to consist of 1.4 

billion pores per square centimetre (Mukhopadhyay & Vinay Kumar 2008). 

 

2.4.2 Hydrophilic structure, non-poromeric 

The second kind of method for creating a WPBF, is by using a non-poromeric structure. In this case 

the migration of water vapour molecules depends on a chemical chain reaction between the molecules 

and functional groups in the polymer chain (Mukhopadhyay & Vinay Kumar 2008; Hunter & Fan 

2009). 

 

The WVT rate through a hydrophilic structure is given by the equation: 

 

𝑊𝑉𝑇 = 𝐷𝑆
(𝑝1 − 𝑝2)

𝑙
 

 

                         (eq. 3) 

Where: 

• D= the diffusion constant, depending on the intermolecular structure of the system, pressure, 

and humidity. 

• S= the solubility coefficient, depending on molecular attraction, pressure and humidity 

• (p1-p2) = the partial pressure gradient between the two surfaces of the polymer  

• l= thickness of polymer    

                                                                                                          (Lomax 1985). 

 

The transportation of water vapour through the solid structure, is accomplished by incorporating a 

hydrophobic polymer chain with hydrophilic groups – for example a PU polymer incorporated with 

polyethylene oxide. This integration can be as much as 40% of the polymer weight. In the copolymer 

created, the polyethylene oxide composes amorphous parts that functions as an intermolecular 

transport system for the vapour molecules (Holmes 2000). Due to polarity of polyethylene, weak 

hydrogen bonds are created between the hydrophilic functional groups in the amorphous parts and the 

vapour molecules. The molecules travel through the polymer structure as the hydrogen bonds are 

broken by new vapour molecules entering and replacing previous ones (Mukhopadhyay & Vinay 

Kumar 2008). In this way the moisture “wanders” to the opposite surface in a concentration rate that is 

proportional to the vapour pressure (Holmes 2000). As the transmission largely takes place in the 

amorphous parts of the polymer, a polymer with higher crystallinity has a lower permeability 

compared to a more amorphous one (Mukhopadhyay & Vinay Kumar 2008). Figure 5 shows a 

simplified diagram of the vapour transmission in a non-porous hydrophilic structure. 
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Figure 5. Water vapour passing through a hydrophilic polymer. 

 

Sympatex is an example of a hydrophilic waterproof and breathable membrane. It is produced by 

Akzo Nobel and is made up of polyester (70%) integrated with hydrophilic polyether (30%) and is 

reported to stretch up to 300% without losing its waterproofness or breathability (Hunter & Fan 2009). 

 

Concerning the type of permeable structure – micro-porous and hydrophilic – there are naturally 

attributes that are advantaged as well as less advantaged for each type. Solid hydrophilic structures are 

known to have better tear strength than microporous ones, thanks to their elasticity. Hydrophilic 

structures are also known to be better barriers against microbial contamination (Fung 2002a). 

Hydrophilic materials are swelled by water, which could make them heavier than microporous ones. 

However, thanks to the swelling ability, the hydrophilic structures can not only transport water vapour 

but also liquid water away from the body, which microporous ones cannot.12 

 

2.5 Water repellent finish for WPBF 

 

As previously mentioned, a water repellent finish can be used to help waterproof a material and 

protect the microporous structures from oil and dirt. Another important function of this type of finish, 

is that it can prevent the fabric from getting ‘wetted out’. This is important since a wet fabric could 

reduce the breathability of a coating or membrane. It should be noted however, that the effectiveness 

of all water repellent finishes eventually is diminished – due to abrasion, washing or contamination 

(Fung 2002b). 

 

The most commercially used waterproof formulations, fluorocarbons and siloxanes (silicones), have 

been shown to have a very negative effect on human health and the environment. Looking at the 

effects of fluorocarbons, the long-chained molecules have been proven persistent in the environment, 

bioaccumulative in animals and humans, and toxic in terms of reproduction and development. The 

short-chained fluorocarbons (fewer than eight carbons) are also environmentally persistent but are 

thought to be less toxic and less bioaccumulative than the long-chained alternative. There is however 

little knowledge about the long-term safety of these substances. Siloxanes are less toxic and less 

persistent than long-chain fluorocarbons, but certain cyclic siloxanes can be very toxic and damage 

vital organs and fertility (Whittaker & Heine 2018). 

 

                                                 
12 M, Johansson, expert in coated and laminated textiles, Discussion 2019-04-11. 
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For many PPE, the use of fluorocarbons is the only way to get the type of water repellence that the 

garment needs to have according to safety standards. According to producers, their customers demand 

a certain level of durability for their water repellent textiles, while at the same time wanting to use less 

harmful substances for DWR-finishes. In present day, both suppliers and companies are beginning to 

develop and evaluating other types of water repellent formulas13. 

 

2.6 DMF as solvent in coating production 

 

In addition to the use of fluorocarbons and/or siloxanes for water repellence, the production of 

coatings and laminates involves chemical substances in other processing steps. 

 

The mixing of a coating paste involves several substances with specific functions. Dimethylformamide 

(DMF) is an organic compound which is used in chemical industry as a solvent, intermediate and 

additive. With a miscibility with water and most organic solvents, and a high boiling point, it is 

common as a solvent in the textile industry when processing coatings and synthetic leathers (AFIRM 

Group 2018).  

 

DMF is derived from formamide, where methyl groups have replaced the 

hydrogen atoms in the amine (PubChem 2019). Figure 6 shows the chemical 

composition of DMF.  

 

 

Figure 6. The dimethylformamide molecule. 

When released into the air, DMF can be taken up by humans via inhalation or absorption via skin 

contact. Classified by REACH (ECHA 2019) as a Substance of Very High Concern (SVHC), DMF is 

a reproductively toxic substance which can cause skin and eye irritation and cause internal body 

damage by liver disease (PubChem 2019; AFIRM Group 2018). Through enzymatic oxidation in the 

liver, the DMF metabolite N-methylformamide (NMF) is formed when DMF is taken up by the body 

(Wrbitsky & Angerer 1998).  

 

In a study on the exposure to DMF of fabric operatives in a PU production unit, a statistical 

comparison of air sample of DMF with levels of NMF in the urine of the workers was made. The 

results of the study suggested that, 95% of the total body burden due to DMF exposure is explained by 

inhalation (Osunyanya, Adejoro & King 2001). Therefore, the need for high capacity ventilation and 

monitoring of indoor emissions is very important to ensure a nontoxic workplace. Furthermore, 

several authors (Wrbitzky & Angerer 1998; Osunsanya, Adejoro & King 2001) highlight the 

importance of PPE to limit dermal absorption of DMF, or exposure to it.  

 

 

                                                 
13 Sales Manager at Supplier Y, Interview 2019-05-09. 
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2.7 New techniques within textile barriers 

 

Research on the environmental impacts in relation to production of waterproof and permeable textile 

barriers is continuously being done. During recent years, small producers as well as widely known 

ones (such as Gore-Tex and Sympatex), struggle with how to provide effectiveness and durability 

without exposing the environment and humans to potential toxic harm (Shenh, Zhang, Xu, Yu & Ding 

2016). 

 

2.7.1 Fabrics bases on Biomimetics  

The mimic of biological mechanisms is called biomimetics and is basically a copying of functions 

from nature. These mechanisms have been used to develop fabrics which imitates characteristics in 

natural systems. One biomimetic technique is the so-called lotus effect. Here, a structure is created that 

mimics the structure of a lotus leaf. The mechanism relies on the plant’s hydrophobic cuticle, or 

protective skin. On a microscale, the cuticle has tiny bumps with wax on their tops covering its 

surface. This gives a surface that is rough, wax-like and has a low surface tension. Dirt and 

contaminants are prevented from sticking to it and are instead washed of by water droplets falling on 

the leaves (Kapsali 2018). 

 
According to Kapsali (2018), biomimetics in textile application has a lot of potential but is somewhat 

of an unexplored field. Future research in the field of nature designs can hopefully lead to the 

development of more advanced and sustainable textiles. 
 

2.7.2 Electrospun nanoweb membranes 

Electrospinning is a technique that can be used to manufacture micro- and nanoscale fibres of 

polymers with properties related to mechanical, thermal, optical and electrical performance that 

exceeds the performance of conventional fibres (Asmatulu & S. Khan 2019; X. Gu, Li, Luo, Xia, H. 

Gu & Xiong 2018).  

 
In comparison with conventional production of porous membranes – such as hot melt or mechanical 

fibrillation – electrospinning offers a less costly way of producing membranes. Their high porosity and 

small fibre diameter contribute to a high breathability. The limitation with electrospun 

nanomembranes is the difficulty in regulating the pore size, which in turn gives a good permeability 

but a poor water resistance (X. Gu et al. 2018). That the nanofibrous mats are not homogenic in their 

structure affects their strength and abrasion resistance negatively (Knížek, Karhánková, Bajzík & 

Jirsák 2019). This causes problems when applying the nanomembrane in the textiles industry (X. Gu 

et al 2018). However, just as with membranes from “normally” sized fibres the nanofiber mats can be 

laminated onto a liner (support fabric) to reduce some of its frailness (Knížek et al. 2019). 

 
Nanofibers as WPBF are today produced commercially. One example is the Czechian company 

Nanomembrane. The membrane is said to have fibres of less than 150 nm in diameter, a hydrostatic 

resistance of 5000 mm and a Ret-value of 0.89. The product is actually a combination of two new 

barrier techniques, as the surface is coated with nanoparticles to create a lotus effect giving both 

hydrophobicity and oleophilicity to the surface. This finish is a completely dry process where no water 
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is used. It is also free of fluorocarbons, thus making a less harmful impact on the environment than its 

competitors (Nanomembrane 2019). 

 

3. Research methods and materials 

 

To answer the research question number one, an LCA was done through a case study of a the 

laminated and a coated textile. As explained in section 1.1, the execution of an LCA is a time 

consuming and extensive work. This pertains not only to the collection and organisation of raw data, 

but also to the knowledge of how to transform the data into measurable units of environmental impact 

and calculating a result that is both legitimate and comprehensible (see 1.1). 

 

To answer research question number two, a model was first designed to evaluate the sustainability of 

the two barriers. This evaluation model was based on the combination of two parameters: the 

functional performance and the environmental performance of each barrier. Figure 7 shows a 

schematic illustration how the evaluation model was designed. 

 

 
 

Figure 7. A basic outline for the design of the evaluation model. 

 

3.1 Methodological framework of the evaluation model 

 

The first step in building the evaluation model was to outline the methodological framework, which is 

presented in figure 8. Since the idea behind the model was to evaluate both the functional and 

environmental performance, the model was divided into two main methods. Textile testing was the 

main method of determining the functional performance, and LCA the main method of determining 

the environmental performance. 
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Figure 8. The methodological framework within the evaluation model. 

 
The flow to the left represents the method of material testing for functional performance, while the 

right flow represents the method of LCA for environmental performance. Each step in the two 

methods is connected to one or more of the four sources of information. These sources are illustrated 

in the middle column of the figure; Interviews, Literature study, Discussions with experts within the 

area, and Visit at production site. These information sources are accounted for in section 3.3. 

 

3.2 The report structure 

 

The report structure was just as the evaluation model divided into two main methods: determining the 

functional performance by textile testing and determining the environmental performance by LCA. 

 

An LCA structure is quite specific, with the four phases (see 1.1.3) and does not follow a traditional 

report structure (with abstract, introduction, method, results...). The different phases of the LCA have 

therefore been divided into method, results and discussion. This division is presented in figure 9. 
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Figure 9. Schematic diagram over the report design. 

 
As figure 9 shows, the report is based on a case study. A case study was done because there is an 

endless number of ways to make coated and laminated textiles. It would have been difficult to outline 

the processes for the LCA and to make any conclusions about the materials if the study was to 

compare all coated and laminated fabrics. It would also have been too extensive to study all aspects of 

coated and laminated processes. A more detailed comparison of two specific fabrics was therefore 

thought to be more interesting than a general one.  

 

Company X was chosen to be the case for this project because they use state-of-the-art coated fabrics. 

Their supplier has the ability to produce both coated and laminated materials, which makes it easier to 

do a comparison, since the weave and finishing are the same for both textiles. The disadvantage of 

using a specific case is of course that it is more difficult to draw any general conclusions about the two 

types of materials, and it is impossible to know if other coated or laminated textiles would behave in 

the same way or have the same environmental impact. 

 

3.3 Sources of information 

In order to answer the research questions, and get information for the evaluation of the barriers, four 

main sources of information were used: Interviews, search in literature, discussions with experts 

within the areas, and a visit at the production site.  
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3.3.1 Interviews 

Interviews were held in person at visits at the office of Company X and at the production site of 

Supplier Y. The structure of the interviews has not followed a general form of question-answering, but 

rather one of a conversation. These interviews provided information and insight used for identifying 

and choosing important functions for testing, environmental factors and process parameters. In the 

report the interviewees have been referred to by their professional title, as both Company X and 

Supplier Y wished to be anonymous. 

 

 

3.3.2 Literature search  

To find information about previous research on the topic, the project was initiated with a literature 

search. This search for literature then continued throughout the project. The primary way of searching 

was through databases. This was done with search phrases mainly related to LCA, coating and 

lamination. Examples of commonly used databases, search phrases and filters are presented in table 2.  

 
To find information about LCA the book The Hitch Hiker’s guide to LCA (2004) by Baumann and 

Tillman was the primary source used. For information about coating and lamination different types of 

sources were used – both books and articles – with the main one being the article A review on 

designing the waterproof breathable fabrics part I: Fundamental principles and designing aspects of 

breathable fabrics (2008) by Mukhopadhyay and Vinay Kumar. 

 
Some of the sources used for coating and lamination processes may be classified as old. The risk of 

referring to techniques that are out-of-date was minimised by using new publications as support to the 

major source mentioned above. Also, interviews and the visit at the production site suggested that the 

techniques mentioned in the older literature still are relevant. 

 
Table 2. List of databases and sources of information used for the literature searching. Examples of 

search phrases are shown in the second column, and examples of filters for limiting the searches in 

the third column.  

Most used databases Search phrases (examples) Filters (examples) 

Primo 

 

Scopus 

 

Google Scholar 

 

Journal of Industrial textiles 

 

“membrane” 

“coating” “waterproof” “textile” 

 

“membrane” AND “waterproof” AND 

“permeab* 

 

“nanoporous” AND “membrane*” 

AND “clothing” 

 

“LCA” OR “Life Cycle Assessment" 

AND "textile" AND waterproof AND 

coating 

 

environment* AND coat* AND textil* 

Peer Reviewed 

 

Year of publication: 2015-2019 

 

Areas: 

- textiles 

- permeability 

- waterproofness 

- polyurethanes 

- laminated fabrics 

- polymers 

- coated fabrics 

- water vapour 

- water vapour transport 

- waterproof clothing 
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3.3.3 Discussions with experts within the area  

For the execution of the study, a fundamental understanding of LCA was necessary. This meant that 

discussions with LCA experts were necessary, since the authors had limited prior knowledge. As 

explained in 1.1, an experienced LCA practitioner is needed for choosing databases, impact categories 

and instructing the use of the software. The authors rely on the knowledge in LCA of Dr Roos for this 

aspect.  

 

3.3.4 Visit at production sites  

For the collection of raw data and information, a visit to the European production site of Supplier Y 

was made. The visit included a step-by step walkthrough for every production process of the two 

barriers, discussions with the Sales Manager and Production Manager, and collection of raw data for 

each processing step.  

 

3.4 Material 

 

The materials investigated in this project are a laminated and a coated fabric, and the weave that 

creates the base for both barriers. The end use of the textiles is in workwear garments produced by 

Company X, and all three materials are supplied by their Supplier (Y). From Supplier Y, the specified 

properties of the materials were given. A selection of these properties is shown in tables 3 and 4.  

 

Table 3. Specifications of the base weave from Supplier Y. 
Material Weight Number of end (warp) Number of picks (weft) 

Base weave 124 g/m² 60 yarns/cm 32 yarns/cm 

 

Table 4. Specifications of the coated and laminated textiles from Supplier Y. 
Material Membrane/ 

coating 

Weight Tear 

strength  

(ISO 13937-

2: 

2000) 

Water- 

column 

(ISO 

811:2018) 

Watercolumn 

(ISO 811:2018), 

after washing 

5x60°C + 

drying  

Water vapour 

resistance 

(ISO 

11092:2014)  

Laminated 

fabric 

Microporous 

PU 

150 g/m² Warp: 20 N 

Weft: 40 N 

1000 cm 700 cm 9 m2Pa/W 

Coated 

fabric 

Hydrophilic PU 165 g/m² Warp: 22 N 

Weft: 55 N 

1000 cm   500 cm 12 m2Pa/W 

 

The coated fabric is used in workwear by Company X, while the laminate is a product under 

development. The reason for choosing these specific barriers is that they have the same base weave, 

which was an important part in making a fair comparison between the different barriers. The raw data 

collected for the LCA is taken from a production batch of 1200 m for the coated textile and a 

production batch of 200 m for the laminate. This fact will be taken into account when evaluating the 

final results of the case study.  
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3.5 LCA: Goal and scope 

 

The first phases of the LCA are the goal and scope definition and the inventory analysis. 

Since information about many parts of the goal and scope has been stated earlier in this report, it will 

not be repeated here. Within this goal and scope, the functional unit, impact categories, 

characterisation factors and data specifications are presented.  

 

3.5.1. Functional unit 

LCA is a relative approach where the environmental impact relates to the function of a product or 

product system (Baumann & Tillmann 2004). The function is expressed as a quantitative unit by 

which the comparison between different products or product systems is made possible. In this study 

the definition of the functional unit was one square meter (1m²) of finished fabric. 

 

3.5.2 Impact categories studied 

In this study, the assessments are made according to the impact categories climate change, human 

toxicity and water use. These impact categories have been selected in dialogue with supervisor Dr 

Sandra Roos and modified considering the goal and the time frame. In addition to this, the amount of 

chemicals used in each process was calculated, as well as the direct water use during the production of 

each barrier.  

 
The impact score, IS, is the measured score that each impact category adds up to. It is calculated 

according to the following formula: 

 

𝑆 =  ∑  

𝑖

∑  𝐶𝐹𝑥,𝑖 × 𝑀𝑥,𝑖

𝑥

 

                                                                               (eq. 4) 
Where: 

IS = impact score for impact category, for example human toxicity 
CFx,i= characterisation of substance x released to compartment i 
Mx,i= the emission of x to i                                                                           

 

(Huijbregts et al. 2010) 

 

In table 5 the four impact categories and their characterisation method and measuring unit is shown. 

Each characterisation method and unit are explained in the following three sections. 

 
Table 5. Impact categories and characterisation methods. 

Impact category Characterisation 

method 

Unit Reference for 

characterisation method 

Climate change Global warming potential kg CO2 

equivalent 

CML IA 

Water use Water scarcity potential m3/m2 month AWARE 

Human toxicity 

non-carcinogenic 

Human toxicity potential 

of DMF in indoor air 

disease 

cases/kg 

emissions 

USEtox 2 
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3.5.2.1 Climate change 

Global warming potential (GWP) is a way of comparing the impacts on climate change from 

emissions of different gases over a period of 100 years. The emissions of greenhouse gases are 

calculated as a relative factor of kilograms of a carbon dioxide equivalent. As CO2 is used as a 

reference, the GWP of CO2 is 1, and all other emitted gases contributing to climate change are put in 

relation to CO2; the higher the GWP of a gas, the more it warms the earth during a 100-year period 

(EPA 2017). For example, using the CO2 equivalent factor for methane found in CML IA database, it 

has a factor of 30 for a period of 100 years. In that period, emission of 1 kg methane therefore has a 30 

times larger impact on climate change than what 1 kg CO2 has. 

 

3.5.2.2 Water use 

For calculation of the water use in this study, the method AWARE is used. The AWARE method “is 

based on the quantification of the relative available water after the demand of humans and aquatic 

ecosystems has been met, answering the question: What is the potential to deprive another user 

(human or ecosystem) when consuming water in this area?” (Boulay et al. 2017, p.369). The CFaware 

is a quantitative factor ranging between 0.1 to 100, and can be used to weigh water use in an LCA to 

evaluate its potential impact on both humans and ecosystem. Hence, this potential impact of water use 

is equivalent to a water scarcity footprint. For complete calculation of CFaware see appendix 1. 

 
For calculation of the CFaware, the inverse of the difference between availability and demand per area 

per month is used to quantify the potential of water deprivation (eq. 5). This value of available water 

remaining per surface area in a given watershed, is put in relation to the world average after demands 

of humans and ecosystem have been met. In cases of a negative AMDi, when the demand is greater 

than the availability, the CF is set to a maximum value of 100. When AMDi is less than 1% of the 

world average available water remaining (AMDworlds avg), the CF is set to the minimum value of 

0.1. 

 

𝐶𝐹𝐴𝑊𝐴𝑅𝐸 =  
𝐴𝑀𝐷𝑤𝑜𝑟𝑙𝑑 𝑎𝑣𝑔

𝐴𝑀𝐷𝑖
 

 

                                                                                                (eq. 5) 

                                  
Where: 
AMDi= water Availability Minus Demand in m3/m2 month 
AMDworld av= 0.0136 m3/m2 month = consumption weight average of the AMD i over the whole world 
      

     (Boulay et al. 2017) 

 
The factor takes into account not only water involved directly in the process, but also the water used in 

background processes: production of electricity by water power and water use in production of for 

example raw materials and chemical substances. The CF for non-irrigation water use in Sweden is for 

example 1.694, while the same CF in China is 27.081 (Wulca 2019). 
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The measurement of water use may result in factors that will be difficult to understand without 

experience and knowledge of LCA interpretation. There is a risk that the results from the LCIA do not 

show the different relations between the barrier production processes and the impacts that are the main 

focus of this study14.  

 
A simplified method of measuring the water use can therefore be appropriate. One way of doing this is 

by comparing the amount of water consumed in the direct production processes, which is done in this 

report. This means that the water use from the background processes mentioned above are excluded. It 

is important to state that this method is not an impact assessment. Unlike water use, which shows the 

relative use of water, this simplified method would only show the actual consumption of water.  

 

3.5.2.3 Human toxicity 

For evaluating the human toxicity caused by the laminated and coated production, indoor air emissions 

of evaporated toxic chemicals were measures. When using USEtox, they are measured by the CF for 

human toxicity stated as disease cases/kg emitted substance. DMF is used as solvent in the coating 

production and classified as a SVHC according to REACH (ECHA 2019), see 2.6. This is the 

chemical that will be studied for Human toxicity. As the production of the laminate does not include 

DMF or any solvent (see figure 15), human toxicity will only be measured for the coated material. 

 

To calculate the CF for chemicals that have potential to increase human disease, the following formula 

is used: 

 
CF = FF x XF x EF 

Where:      (eq. 6) 
FF = human fate factors 
XF = human exposure factors 
EF = human toxicological effect factors    

   

(Roos 2018) 

 

The impact of indoor emissions of DMF during coating production was calculated as disease cases/kg 

emitted substance. The following equation was formulated:  

 

𝐴 × 𝐶 × (1 − 𝑉𝑐) × 𝐶𝐹𝐷𝑀𝐹  

 

                                                                                    (eq. 7) 
Where: 

• A = amount of coated fabric (m2) in a continuous process 

• C = amount of chemical (DMF) used in kg/m2 fabric m when coating paste is applied in three 

subsequent layers during the continuous process 

• Vc = ventilation efficiency in the factory  

• CFDMF = Characterisation Factor for DMF Human toxicity = 0.00361 cases/kg emitted DMF 

                                                 
14 Dr Roos, Discussion at RISE IVF 2019-05-20. 
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For complete calculation, see Appendix 3. 

 
Since other chemicals apart from DMF are used, the amount of chemicals used in in each production 

step was calculated and compared for both barriers. This was made to get a comparative number for 

the overall use of chemicals and their role in the environmental performance of the barriers. 

 

3.5.3 Type of data and software used  

The process data required for fabric flows was provided by Supplier Y. Thus, data related to the 

process step of the actual lamination and coating steps was site specific data collected directly from 

the factory of Supplier Y. The collected data was then inserted into the LCA software. In this study, 

SimaPro was the software used to calculate the LCIA. Within this software the Ecoinvent databases 

were used. An illustration of the software, databases and methods used to calculate the impacts is 

shown in figure 10. 

 

 
Figure 10. Illustration of the connection between database used for inventory data (left), methods for 

measuring impact categories (right) and the LCA software SimaPro used (middle). 

 

The LCA process can be quite difficult to understand. A simple flowchart over the crucial steps in this 

process, including the collection and conversion of the data, is shown in figure 11. 

 

 
Figure 11. The data handling process, from collection of raw data to calculation of environmental 

impact.  

 
Also, what is important to mention is that the batches of fabric production were different for the 

coated and for the laminated textile. Data for the coated fabric was given for a 1200 m batch, while the 

data for the laminate was given for as a 200 m batch. Since the data provided is for different lengths, 

this should be corrected for. However, this was not done for the data presented in this report. 
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3.6 LCA: Life cycle inventory 

 

A general flow chart over the production is presented in figure 12, showing the in- and outflows from 

textile production. The raw material is the input of production and the output is the finished material. 

The raw material is processed in several steps, which require electricity, fuel, water and chemicals. 

These processes create outflows in the form of waste and emissions to air, water and soil. 

 
Figure 12. General flow chart of the production of the coated and the laminated textile.  

 

The description of the two production processes is made in accordance with information collected at 

Supplier Y. Figure 13 illustrates the process flow for the production of the coated barrier and the 

laminated barrier. Each step in the flow charts is connected to the inflows and background processes 

necessary for that specific step.  

 

As figure 13 also shows, the dyeing process is different for the different materials. Using different 

dyeing techniques was an assumption that was made, in order to evaluate if the choice of dyeing 

technique had a greater impact than the choice of barrier. Even though the aim of this study was to 

compare a coated textile with a laminated one, and not the dyeing processes per se, the idea behind 

using an LCA for evaluating environmental performance was to get a picture of each material “as a 

whole”. As the traditional textile dyeing process is known to be a source of high chemical and water 

use, it was important for the purpose of the study to evaluate the role of this process properly.  
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Figur 13. Flow charts of the material production, from the fibre spinning to the finished fabric – 

including the inflows of production. The flow chart to the left illustrates the processes for the coated 

fabric and the flow chart to the right the processes for the laminated fabric. 

 
For each process step the inflow of material, electricity, fuel, water, and chemicals was collected at 

Supplier Y, and formed the basis for the raw data calculations in SimaPro. Each inflow category 

shown in figure 13 was converted to fit the software and the functional unit of 1 m2 of fabric as 

follows: 

 
• Raw material: from kg to kg/m2 of fabric with added waste for fabric production 

• Electricity: from kWh/batch of fabric to kWh/m2 

• Fuel: from kWh/batch of fabric to MJ/m2 

• Water: from kg/l and kg/batch of fabric to kg/m2 

• Chemicals: from percentage/kg in mixture and percentage/kg water to g/m2 fabric 

 
Figure 14 shows what type of chemicals that are used for the coating paste, including PU polymers, 

solvents, lubricants, crosslinkers and catalysts. As stated in section 3.5.2.2, the solvents used for the 

coating includes DMF. The figure also shows materials used to create the laminated barrier, which are 

a pure PU-based membrane, an adhesive made from PU and a liner material which is removed after 

curing. 
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Figur 14. Illustration of the substances used for creating the coating paste for the coated barrier to 

the left (mixing ratios not included). The materials used for creating the laminated barrier to the right. 

 

3.7 Material testing 

 

The material testing was carried out at the Swedish School of Textiles in Borås, and at RISE IVF in 

Mölndal. Table 6 shows a list of the relevant properties for a workwear garment. For every property 

the test method that has been used for evaluation is stated, as well as the equipment used during the 

test, and where the testing has been carried out.  

 
The test methods were chosen with consideration to the material requirements set by Company X. In 

interview and discussion with Material Developer at Company X15, the properties that were valued as 

the most critical for a workwear garment were prioritized. The comfort and mechanical properties 

tested were waterproofness, breathability and tear strength. From Supplier Y, specifications of the 

materials were given with values for different test methods. The specifications showed that the 

laminated and coated materials were quite similar with regards to these properties (see table 4). In 

order to simulate the user phase, to be able to determine the service life of the materials, washing and 

abrasion was made as pretreatments. These pretreatments were also expected to differentiate the 

materials more in the later tests and make the comparison more interesting. 

 
Table 6. List of the test methods used and their specifications.  

Function tested Test method Equipment Location 

Pretreatment: 
Abrasion resistance 

SS-EN 530:2010 Abrasion 
resistance of protective 

clothing 
 

SS-EN 343:2004 Protective 
clothing 

SDL Atlas: Martindale 
M235 

Swedish School of 
Textiles at the University 
of Borås, Borås, Sweden 

Pretreatment: 
Washing and drying 

 

ISO 6330:2012 Domestic 
washing and drying 

Standardized washing 
machine A and tumbler 

Swedish School of 
Textiles at the University 
of Borås, Borås, Sweden 

Waterproofness ISO 811:2018 Hydrostatic 
pressure test 

SDL Atlas: M0I8 
Hydrostatic Head tester 

 

Textest FX 3000 
Hydrostatic Head Tester 

RISE IVF 
Möndal Västra Götaland, 

Sweden 
 

Tear strength ISO 13937-2:2000 Single 
tear method 

Mesdan Lab: Tensile 
Tester 

Swedish School of 
Textiles at the University 
of Borås, Borås, Sweden 

Water vapour 
resistance 

(breathability) 

ISO 11092:2014 
Thermal and water vapour 
resistance under steady-

state conditions 

Hohensteiner Skin Model RISE IVF 
Möndal Västra Götaland, 

Sweden 

                                                 
15 Material Developer at Company X, 2019-04-08 
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3.7.1 Execution 

For each test, the specimens were placed in standardised laboratory climate for conditioning for at 

least 12 h. Throughout the tests, three specimens were used per material and test. This is according to 

the standard for the water vapour resistance test, but both the standard for tear strength and 

waterproofness specify that at least five specimens should be used – this was therefore a deviation.  

 
As reference to the coated and laminated samples, samples of the base weave were also tested. The 

base weave was tested for both tear strength and water vapour resistance. Since the fabric had no 

water-resistant treatment the test for waterproofness was not made. The purpose of measuring the tear 

strength and breathability of the base weave, was to make it possible to evaluate what the coating and 

membrane added to the fabric in terms of functionality. 

 

3.7.1.1 Pretreatment tests 

The abrasion, that was made as a pretreatment, was made according to a standard for workwear (SS-

EN 530:2010). Unlike the common abrasion procedure, the test specimens were in this case placed on 

the abradant table instead of the standardized wool weave. Sandpaper (grit 180) was placed in the test 

piece holder where the specimen is usually placed.  

 
The test resulted in an abraded area of around 6 cm in diameter. The size of this area was smaller than 

the size of the test specimens used for the upcoming tests of tear strength and waterproofness. An 

effort was made to place the abraded area in the middle of all test specimens, to be able to compare the 

effect of the abrasion between the materials. For the test of tear strength, the torn area was divided into 

four sections, where the abraded area covered the first two sections.  

 
Washing and drying was also made as a pretreatment. This was done according to the ISO standard 

6330:2012, with a reference washing machine type A and a dryer type A3. No deviations were made 

from this standard. 

 

3.7.1.2 Tear strength 

The ISO standard 13937-2:2000 was used as a base for testing of tear strength but changes were made 

to suit the purpose of the study (see appendix 7). The method is known as the trouser test. Rectangular 

specimens were cut in the centre to form trouser-shaped legs. Thereafter the legs of the trousers were 

fastened in the clamps of the tensile testing machine to form a straight line, and pulled in the vertical 

direction to tear the fabric in the direction of the cut. The tear forced was applied parallel to the trouser 

leg cut, and the force needed to tear the fabric a specific length was recorded.  

 
For calculation of the tear force, the tearing length was divided into four equal parts, starting with the 

applying of the force and ending with the last peak of force. A peak defines as the point on the test 

force curve where the gradient changes from positive from negative.  The first part is not used for 

calculating the mean value, with exception to the tests that were exposed to abrasion (see 4.2.1 and 

appendix 7). The two highest peaks from each of section 2-4 were selected and used to calculate a 
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mean tear force for the specimens. Mean values were calculated for warp and weft direction of each 

fabric, as well as a mean value for the four sections.  

 

3.7.1.3 Breathability 

To measure the barrier’s breathability, the Ret-value was used. The testing was carried out according 

to ISO 11092:2014 or the “skin model”. Here, a climate chamber was used to simulate perspiration 

form a human body. Inside the chamber was an electrically heated porous plate, holding a constant 

temperature of 35°C and a relative humidity (R.H) of 100%, to simulate the human skin (Henningson 

& Westborn 2009). This was the same temperature of the chamber air (R.H 40%). The hot plate was 

covered by a cellophane film which is permeable to water vapour but impermeable to liquid water. 

The test specimen was then placed with the barrier side (in this case the inside of the fabric) on the 

cellophane film onto the plate. From the side, a fan circulated a constant wind of 1 m/s while the 

heated plate was fed with water from underneath which evaporated and diffused through the 

cellophane and the specimen (ISO 2014). 

 
To calculate the Ret-value the heat per unit area was measured, which was required to maintain the hot 

plate temperature of 35°C. By that, the rate of water evaporating was determined. To calculate the Ret-

value of the specimen, the water vapour resistance of the air layer above the test apparatus was 

subtracted from the Ret-value of the test specimen plus the air layer above the apparatus (ISO 2014). 

The Ret-values were determined from equation 1 (see section 2.2). Each individual testing was 

finished when the quantities of Tm, Ta, RH and H – temperature of hot plate and chamber air, relative 

humidity and heat required for hot plate – had stabilised (ISO 2014). 

 

3.7.1.4 Waterproofness 

Waterproofness was tested according to ISO 811:2018, which determines the resistance to water 

penetration with a hydrostatic pressure test. A fabric specimen of 100 cm2 was exposed to a pressure 

of water from the one side of the fabric. The pressure was steadily increasing, and when the third drop 

of water penetrated the fabric the pressure was noted and the test was ended. In this study, the water 

pressure was applied from below the fabric. In addition to the notation on the third drop of water, the 

first drop of water penetrating the fabric was also noted. 

 

3.7.2 Statistical methods 

In order to evaluate the results of the tests, statistical analysis was used. Analyses of variance 

(ANOVAs) were made to detect any potential significant relations between the materials, 

pretreatments and tested properties. The p-value was therefore studied and compared to the 

significance level 0.05. ANOVAs were made for the tests of tear strength and waterproofness. The 

water vapour resistance test was not evaluated with statistical methods, since only a limited number of 

tests were made.  
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4. Results 

 

The results are presented separately for the LCA and the material testing, starting with the Impact 

assessments for the LCA and then moving on to the results of the functional tests. 

 

 

4.1 LCA: Impact assessment 
 

The results of the life cycle impact assessments and the environmental calculations of water 

consumption and chemical use are shown in table 7 below.  

 
Table 7. Compilation of the studied environmental impacts. Climate change, water use and human 

toxicity has been calculated in SimaPro with the help of characterisation factors. Note that all 

measurements are in relation to the functional unit of 1m2 fabric, except for human toxicity.  
Material Climate 

change  

(kg CO2 eq.) 

Water 

use 

(m3)  

Direct water 

consumption 

(m3)  

Human toxicity of DMF 

(number of disease 

cases per day) 

Direct use of 

chemicals in the fabric 

processing (g) 

Coating 1.42 1.11 0.00223 0.03239 Including dyeing: 117 

Without dyeing: 67 

Laminate 1.72 0.875 0.00076 - Including dyeing: 61 

Without dying: 56 

 

4.1.1 Climate change 

The total impact on climate change was 1.42 kg CO2 equivalent for 1 m2 of coated fabric and 1.72 kg 

CO2 equivalent for 1 m2 of laminated fabric. Figure 15 shows the impact for laminate and coating 

compared as a tree network, where the red arrows illustrate the relative size of the impact. The total 

impact for each material is traced backwards to its source, which is a process (yellow), a material 

(beige) or an energy source (green).  
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.  
Figure 15. Analysis of the climate change for the coated and laminated fabric, showing the processes 

and inputs that contribute the most to the impact in kg CO2 equivalent. 

 
The greatest impact for both materials comes from material manufacturing in the fibre spinning phase. 

For the laminated fabric the application of finish is the second greatest impactor due to natural gas in 

the form of heat (for specific numbers, see table in appendix 4). The relation between type of process 

and climate change is further illustrated in figure 16 and 17. The bar charts show the impact from each 

process in the production phase of the coating and the laminate respectively, where the grey bars 

represent processes which are the same for both materials. It is clear that the contribution from fibre 

spinning for coating and dope dyeing + fibre spinning for laminate were the greatest.  

 

 
Figure 16. Contribution to climate change impact from each process for the production of the coating 

expressed in kg CO2 equivalent. Grey bars represent similar processes. 
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Figure 17. Contribution to climate change impact from each process for the production of the 

laminate expressed in kg CO2 equivalent. Grey bars represent similar processes 

 

4.1.2 Water use and water consumption 

The impact of water use, according to the AWARE method, was 1.11 m3 for the coated fabric and 

0.875 m3 for the laminated fabric (for specific numbers of the processes, see table in appendix 5). No 

substantial difference between the two materials in terms of water use could therefore be stated. 

However, when studying the consumption of water in the direct processes – that is, how much water 

that was actually used during production in the factory – the production of the coated fabric demanded 

nearly three times as much water as the laminated fabric (see table 7). The processes that required 

water during processing were sizing and desizing for both materials, and jet dying for the coated 

material.  

 

 
Figure 18. Analysis of the water use for the coated and laminated fabric, showing the processes and 

inputs that contribute the most to the water use.  
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In figure 18 above, the processes and inputs (materials and energy) that were the largest contributors 

to the water use for each material are shown. The illustration shows that for both materials, the major 

sources contributing to water use come from the spinning and sizing processes. The reason for this 

was not that the processes required large amounts of water, but because water was used in background 

processes. Spinning and sizing are energy consuming processes, and water is used to produce this 

energy according to the AWARE modelling.  

 
The SimaPro program offers a list of the relative impact of the inventory data. An excerpt from this 

list is shown in appendix 2. The list, for both the coated and laminated textile, showed that the 

inventory data contributing to the largest water use were water from “turbine use” and from “cooling”. 

This further demonstrates that the water use impact mainly depends on what type and amount of 

energy that is used.  

 
Figure 18 also shows that the difference in water use between the actual coating and lamination 

processes was small – although the lamination had a slightly lower impact (0.103 m3) than the coating 

(0.129 m3). What the tree diagram also shows, is that the jet dying of the coated fabric had a 

significant impact on water use. In terms of both water use and water consumption, this process is 

what differentiated the coated fabric from the laminated one – since the dope dye for the laminate 

demanded no direct consumption of water and had a low water use impact.  

 

4.1.3 Human toxicity and chemical use 

The amount of indoor emissions of DMF in coating production was calculated to 0.055 kg per 

production day (see appendix 3). This resulted in 0.032 potential disease cases per day. As for the 

direct use of chemicals in each process, figure 19 and 20 show in which process steps chemicals are 

used, and the amount used in grams per square meter for the coating and the laminate respectively. 

Note that the amount of chemicals does not take the toxicity of the substances into account. No 

difference is made between chemicals classified as SVHC and those that are not. 

 

 
Figure 19. The steps in the coating production in which chemicals are used. The grey bars represent 

processes that are the same for the coating and lamination processes.  
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Figure 20. The steps in the laminate production in which chemicals are used. The grey bars represent 

processes that are the same for the coating and lamination processes. 

 

 

4.2 Material testing 

 

For the complete test results of tear strength, waterproofness and water vapour resistance, see the test 

reports in appendix 7, 8 and 9. 

 

4.2.1 Pretreatments 

Abrasion and washing were made as pretreatments. The abrasion of the materials affected the 

materials in different ways. The surface of both materials was notably brushed after abrasion. For the 

laminated fabric, the abrasion with 1000 rubs created holes through the weave, while no holes could 

be seen in the coated material (see appendix 6). Washing however had no apparent visual or tactile 

effects on the fabrics. 

 

4.2.2 Tear Strength 

Neither of the coated and laminated materials reached the tear strength specified from Supplier Y 

when tested without pretreatment. As for variation within results, the coated material showed higher 

variance, especially in the weft direction. The results for the laminate were quite even between the 

specimens. Unlike the two WBPF, the base weave showed a higher mean tear strength in the direction 

of the warp compared to the weft.  

 
Tables 8 and 9 shows the mean tear strength in N for each material and pretreatment in warp and weft 

direction.  

 
Table 8. Mean values of tear strength for coated textile in warp and weft direction.  

Coating Warp (N) Weft (N) 

Untreated 22 52 

Washing 24 60 

Abrasion 1000 rubs 19 42 

Abrasion 250 rubs + washing 19 22 
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Table 9. Mean values of tear strength for laminated textile in warp and weft direction.  
Laminate Warp (N) Weft (N) 

Untreated 20 34 

Washing 22 30 

Abrasion 1000 rubs 19 20 

Abrasion 250 rubs + washing 28 51 

 
Figure 21 and 22 shows bar charts of the tear strength for the two materials in warp and weft direction, 

illustrated as the mean tear strength after 1000 rubs abrasion and without pretreatment for each of the 

four test sections. 

 
In the test series of pre-abraded samples, the treatment with 1000 rubs showed a decrease in strength 

over the area of the specimen that was exposed to abrasion (in section 1 and 2, see appendix 7) for 

both materials. However, the overall mean tear strength was lowered only in weft direction compared 

to the non-abraded material. This was true for both coating and lamination.  

 

 

Figure 21. Mean values of tear strength in warp direction (N) before and after abrasion for coated 

and laminated material divided into four sections, where abrasion took place in section 1-2. 

 

 
Figure 22. Mean values of tear strength in weft direction (N) before and after abrasion for coated and 

laminated material divided into four sections, where abrasion took place in section 1-2.   

0

10

20

30

Section 1 Section 2 Section 3 Section 4

Tear Strength Warp (N) before and after abrasion

Base weave Laminate untreated
Laminate abraded 1000 r Coating untreated

0

20

40

60

Section 1 Section 2 Section 3 Section 4

Tear Strength Weft (N) before and after abrasion

Base weave Laminate untreated
Laminate abraded 1000 r Coating untreated



 38 
 

 
No great difference was shown for the test specimens that were washed and abraded with 250 rubs – 

only a small decrease in strength in weft direction for laminate was noted. For the samples exposed to 

abrasion with 1000 rubs, the sections exposed to abrasion (1-2) showed somewhat lower peaks (see 

appendix 7). 

 
An ANOVA was made in order to highlight any differences or relations between the materials and the 

washing pretreatment. This was made with a significance level of 0.05 and the following hypotheses: 

A) HO: There is no relation between choice of material and tear strength =>                  

type of barrier does not affect tear strength 

B) HO: There is no relation between pretreatment of the material and tear strength => 

washing as pretreatment does not affect tear strength 

C) HO: There is no interaction between material and pretreatment for tear strength => 

combination of material and washing as pretreatment does not affect tear strength 

 

Table 10. The p-values for the tear strength testing in the warp direction, taken from an ANOVA 

including the untreated and washed samples. 
 

Source of variance p-value 

Material 0.02398 

Treatment 0.16548 

Interaction 0.10316 

 

 

 

 

 

 

 

Table 11. The p-values for the tear strength testing in the weft direction, taken from an ANOVA 

including the untreated and washed samples. 
 

Source of variance p-value 

Material 0.00018 

Treatment 0.55085 

Interaction 0.13862 

 

Looking at the p-value for Material, it shows a value smaller than the significance level for both warp 

and weft direction, thereby stating that the choice between a laminated or coated structure will have an 

impact of on the tear strength in warp and weft – especially for the weft direction. Hypotheses A can 

therefore be discarded. As for the B-hypothesis, p-values are too high to falsify that the washing does 

not affect tear strength in warp or in weft direction. The same can be said for hypothesis C.  
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In figure 23 and 24 the interaction between material and treatment on tear strength is graphically 

illustrated for each material in warp and weft direction. For both directions the graphs show how tear 

strength increases for the coating after wash but decreases for the laminate. In warp direction the 

difference between unwashed and washed is very small, and the materials act similarly with only a 

minor change in tear strength. Despite figure 26 showing different curves for weft direction, with a 

steeper incline in tear strength before and after washing for the coated material and a smaller decline 

for laminate, the difference in tear strength after washing is, as stated by the ANOVA, not big enough 

between the materials to confirm an interaction. 

 

 

Figure 23. Mean values of tear strength in warp direction for the coated and the laminated material, 

before and after washing. 

 

 
Figure 24. Mean values of tear strength in weft direction for coated and laminated material without 

washing and after washing. 

 

4.2.3 Waterproofness 

The test of waterproofness showed differences between the materials and the different pretreatments. 

A compilation of the results is shown in figure 25 below. 
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Figure 25. Water resistance for the coated and laminated materials with five different pretreatments.  

 

The results from the tests of the untreated materials of the hydrostatic head showed that the laminate 

resisted approximately 6000 mm while the coating exceeded 10000 mm. Both materials showed even 

results, except from one laminate specimen which deviated from the other two. This is shown in the 

first bar in the diagram above. 

 
When tested after two washing cycles, the coating showed unchanged results while the laminate 

decreased by approximately 6% in relation to the unwashed specimens. After five washing cycles the 

water resistance decreased considerably for both materials, with exception to one coated sample. Both 

materials lost approximately half of their waterproofness. The pretreatment of five washes gave a large 

spreading of results, especially for the coated material where the three specimens resisted 1480 mm, 

10000 mm and 3500 mm respectively. The laminated specimens showed more even results though one 

sample withstood a lower water column than the other two.  

 
Concerning the abrasion pretreatment, it had no visible effect on the coated material. There was a 

considerable decrease in resistance for the laminate exposed to abrasion with 1000 rubs, and this was 

most likely due to the holes in the base weave (see appendix 8). As for the specimens abraded with 

250 rubs, the results for the laminate were much lower than the non-abraded specimens.  

 

When exposed to both five washing cycles and abrasion, both materials resisted a little over 1000 mm. 

With the exception of one coated specimen, which resisted 1000 cm, the results were even.  

 

An ANOVA was made in order to highlight any differences or relations between the materials and the 

pretreatments. This was made with a significance level of 0.05 and the following hypotheses: 

A) H0: There is no relation between choice of material and waterproofness =>               

type of barrier does not affect waterproofness 

B) H0: There is no relation between pretreatments and waterproofness =>                    

type of pretreatment does not affect waterproofness 

C) H0: There is no interaction between material and one or more pretreatments =>        

type of material and pretreatment does not affect waterproofness 

 

Table 12 shows the p-values where all pretreatments except abrasion 1000 rubs are included. As 

mentioned, this pretreatment was excluded due to holes through both laminate and base fabric. 
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Table 12. The p-values for the water column test, from an ANOVA including all samples except those 

abraded with 1000 rubs. 

Source of variance p-value 

Material 0.00061 

Treatment 0.00066 

Interaction 0.84512 

 
According to the p-value, both hypotheses A (0.00060587) and hypotheses B (0.00066276) can be 

discarded which was already clear from the test results (see appendix 8) and it can be stated that the 

type of barrier as well as the type of pretreatment affects waterproofness. 

 

For hypotheses C the ANOVA gives a high p-value and no significant difference. The mean values for 

water resistance in cm of each testing is shown in figure 26. The diagram shows (as the p-value 

indicated) that the two patterns look quite similar and thus, that there is no significant interaction 

between materials and pretreatment. Yet the coated material shows a higher difference in result 

between pretreatments. 

 

 
Figure 26. The mean values of water resistance for the laminate and the coating, for each type of 

testing. 

 

 

4.2.4 Water vapour resistance 

For permeability, figure 27 shows the mean values in water vapour resistance for washed and 

unwashed materials. In general, the laminated material showed lower Ret-values than the coated 

material. However, the sample that got the lowest Ret-value and highest breathability was coated. The 

laminated specimens were more even in the test results with a standard deviation of 0.64 compared to 

1.78 for the coated specimens. Both the highest and the lowest value of the 6 specimens tested, were 

coated. 
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Figure 27. The Ret-values measured of the materials before and after washing. 

 

After two washing cycles, both materials showed a decreased Ret-value. In Figure 28 the interaction 

between pretreatment and material is shown. The curves are similar, which implies that the materials 

behave the same after being washed, both losing water vapour resistance and increasing their 

breathability. The curve for the coated material showed a greater decline in the Ret-value after 

washing.  

 

 
Figure 28. The mean Ret-values for the laminate and the coating before and after washing. 

 

5. Discussion  

The evaluation is presented separately for environmental performance (LCA) and the functional 

performance (material testing), thereafter a combined discussion of the evaluation model follows. 

 

5.1 LCA: Evaluation 

 

The calculations of impact assessments in SimaPro showed that the processes related to fibre spinning, 

sizing, dyeing and finishing contribute the most to climate change and water use for both materials. 
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The reason for this is because these processes use the most energy, and that the use of electricity and 

heat are the major contributors to climate change and water use for both the coated and laminated 

material. Based on the calculations of climate change and water use, the biggest reduction of these 

impacts would be achieved by using more energy-saving processes.  

 
Since energy use was the input that generated the highest impacts, it is important to remember that the 

energy use for the laminated fabric processes (that are not the same as the coating processes) are 

calculated with a smaller batch. The energy amount for these processes are not corrected for to 1 m2 or 

to one full batch, which is a potential source of error. This might have generated a higher relative 

usage per m2 for the smaller batch (the laminate) and could imply that the calculated climate change 

and water use impact should be lower for the laminate than what is stated. 

 
The coating and lamination processes do not have a significant impact on water use, and the impact it 

has is pretty much equal between the two. Even though the water use was more or less equal between 

the materials, it could still be interesting to see what using a different method than AWARE would 

result in regarding water use. Instead of calculating with a demand to availability ratio as in the 

AWARE method, a consumption to availability ratio could be used. This second method only includes 

water that is no longer available after the process, which means that it takes into account that water 

can be withdrawn and then released back into the water source. By using this method, no water for 

“turbine use” or “cooling” is included, which could give a more realistic idea of the actual water use in 

this case. This method was not available to use within this project, why calculations only were made 

with the demand to availability ratio. 

 
It can also be argued that water consumption in this case is a better value to compare the water use, 

since this shows how much water is used in the direct processes. However, since there was no 

difference in the direct water consumption for the coating and lamination processes, the background 

processes are relevant to include. What mattered in terms of both water use and water consumption 

was the type of dyeing process that was used. The jet dyeing naturally had significantly higher water 

use and consumption than the dope dyeing, due to the fact that it requires water baths whereas no 

direct water is used in for the dope dyeing.  

 
The jet dyeing process did not only account for the largest amount of direct water use but was also the 

process with the largest use of chemicals. Another step that required large amounts of chemicals was 

the actual coating process for the production of the coated material. The jet dyeing and coating process 

were the largest contributors to the chemical and the direct water use in the coating production. This 

meant, that in comparison, the chemical use of the coating production far exceeded the use in the 

laminate production. If the dyeing processes were switched, so that the laminate had a jet dyed base 

weave, and the coating a weave that was dope dyed – the result would be more even. Thus, when 

taking water and chemical use into account, the choice of dyeing process might be more important 

than the choice of barrier from an environmental point of view. However, this of course depends on 

the toxicity of these chemicals, which – other than DMF – was not assessed in this report. In future 

work, further toxicity assessments would therefore be relevant. 
 

Another valuable investigation would be to look more into how other factors would have affected the 

environmental impact of the processes. In the production of the studied materials, natural gas was the 

main source of fuel. How would the impact of climate change or water use be affected if that gas was 

changed to a more sustainable source of energy? Or, how the water use be affected if the cooling water 
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and the water power now used to produce electricity, was change to another source? Would such a 

procedure result in a decrease of water scarcity potential but at the same time increase the 

environmental impact somewhere else? This would be interesting to study. 

 

The only definite conclusion that can be made from the LCA, is that the coating paste has toxic 

potential due to the use of DMF. It is widely known that DMF is a very toxic substance, that may 

damage the internal organs or the reproductive health of people exposed to it. Even though chemicals 

are used in the lamination process as well, these are not as toxic as DMF. Worth mentioning is also 

that many of the chemicals used in the lamination process also are used in the coating process, since 

they both use PU, and so does not “add” any unique toxicity to the lamination process. However, as 

stated previously, further toxicity assessments need to be made in order to establish the actual toxicity 

impact of each barrier.  

 

5.2 Material testing 

 

In all three tests the coated material showed more uneven results, which is to be expected by a coated 

material. When applying a coating there will always be some variation in the thickness of the coating.  
The reasons for the samples not reaching the specified strength in weft direction could be several. For 

one, it could be the specific batches that the specimens were taken from that behaved different. There 

is also the possibility that the tests of tear strength for the specifications were not made recently, and 

that the results have changed over time without notice.  

 
Important to note is the difference in the effect of abrasion before tearing between the materials. The 

laminate was easily abraded and marked holes through the weave for some specimens. One should 

bear in mind that the abrasion carried out as pretreatment was made with a sandpaper, which means 

that the specimens were exposed to a more intense abrasion than in a normal Martindale test. The 

effect of the abrasion was clear with lower tear strength values for the sections 1-2, for both the 

laminate and the coating. Since the laminate was more affected by the abrasion, the tear strength was 

also lower for the laminate. 

 
It is also interesting to note that the base twill weave had higher tear strength in warp direction than 

the coated and laminated material. However, in weft direction the strength doubled and almost tripled 

after lamination and coating. This could be explained by the fact that a twill weave is not identical on 

both sides, meaning one side has more warp threads and the other side more weft threads facing the 

surface. The membrane and the coating were applied on the side with the more warp threads, and 

thereby “locking” the warp more than the weft – with adhesive and coating paste. When the threads 

are “locked”, the elasticity is compromised, which results in a lower tear strength.  

 
For the untreated coated and laminated fabrics there was a significant difference in water resistance. 

The coated fabric withheld a pressure expected for a waterproof outdoor garment. The laminated 

fabric did however only withstand around 6000 mm, far from the 10 000 mm that was specified. On 

the other hand, the limit for calling a fabric waterproof is a hydrostatic head of 5000 mm (Özek 2018). 

Hence, the question of whether the laminate is living up to its purpose or not is more a question of 

what kind of water resistance that is needed in the intended use of the laminate. For a workwear 

garment with a specification for 10 000 mm hydrostatic head, the laminate in the case study is 
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obviously not suitable. But in a garment that does not require as high water resistance, the laminate 

would be suitable as a waterproof barrier. 

 
However, since the abrasion created holes in the laminated fabric, it is difficult to assess the actual 

waterproofness of the laminated material. The abrasion obviously weakened the material and made it 

easier for the water to penetrate through. Important to include is the fact that the laminate was not 

finally developed at the time of the testing. It is possible that both the abrasion and the waterproofness 

function is being improved.  

 

Even though some variation in the results of the coated material probably can be explained by a 

variation in coating thickness, the large differences between the specimens after five washing cycles is 

too great to blame it on the coating application – even if a decrease is expected after washing. An 

interesting find was that the materials had equal performance after wash and after some abrasion. Such 

a result could imply that after a workwear garment have been worn and used for some time, the 

performance of the laminate and coating are more or less the same. 

 
For breathability, both materials performed according to its given specification for this test, even 

though the results for the coated samples had some variation. For the untreated specimens, the 

laminate had slightly better breathability overall, but both materials can be classified as having good 

permeability (see section 2.2). That the laminate was going to have better breathability was expected 

since the laminate had lower resistance to water. However, after two washing and drying cycles, the 

measured breathability of the two materials was almost identical. This proves yet again that after some 

time of using the materials, the performance is very even. The tests for breathability and 

waterproofness also showed that there is an inverse relationship between these two properties – the 

higher the waterproofness, the lower the breathability. Washing the fabrics therefore worsen the 

waterproofness, but increases the breathability. This suggests that high breathability and high 

waterproofness is difficult to achieve, and a decision needs to be made which is the most important. 
 

Though showing some interesting results, this series of material testing was not comprehensive 

enough to make any clear assumptions on the barrier performance of the two materials. What can be 

said is that the performance of the coated textile varied. It does not necessarily mean that it does not 

live up to its standards, but based on this case study there is clearly some uncertainty involved in how 

it will perform when used in a garment. When it comes to the laminated textile evaluated, it has also 

shown a problematic performance in terms of tear strength and waterproofness. This could be 

explained by the fact that the barrier was under development at time of the study. 

 
Whether the deviation in test results depends on a production factor or not, both barriers have reason 

to be evaluated in a more comprehensive study when it comes to waterproofness, different 

pretreatments and abrasion. Ideally, a complete test with at least five specimens for each material, 

pretreatment and direction should have been used. A greater quantity of data would help evaluate 

whether the varied results for the coated materials was a direct result of a varied thickness of paste. 

Also, specimens should ideally have been taken from different batches for every test to rule out that 

this is what caused the difference in comparison to the specified results (table 4).  
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5.3 Assessment on the evaluation model 

 

Evaluating the results from the methods used in the model proved to be difficult. While the coated 

barrier performed better in the functional testing for tear strength and water resistance, the production 

of it includes the use of a solvent which is toxic to humans. The laminate was in comparison a less 

toxic alternative, which neither used solvents nor any large amounts of other chemicals for producing 

the membrane. However, the laminate did not perform well in the test for waterproofness. 

 
Just as the evaluation of the functional performance was difficult, the use of LCA proved to be 

complex. Even though the authors gained knowledge and understanding about the method as the study 

proceeded, the application of the LCA would not have been successful if it was not for continuous 

dialogue with LCA experts. However, when evaluating something as complex as sustainability, LCA 

with its holistic perspective and complex structure is probably the most suited and best method to use. 

 
The creation of a WPBF is a weighing between the two functions of waterproofness and breathability. 

The performance of one function will have to be compromised in order for the other to work more 

efficiently. When it then comes to putting the total functional impact in relation to the environmental 

one, there are defined safety standards that obviously cannot be compromised regarding workwear and 

PPE textiles. However, the purpose was not to compare environmental and functional impact against 

one another.  Instead the study aimed to combine the two methods in a new developed model for 

evaluating sustainability of textiles. 

 
Environmental impact, functionality, and sustainability are all connected. Just as “economy” is a term 

which can be interpreted from a vast variety of perspectives, sustainability is a concept that will be 

defined differently depending on the angle of the viewer. The real challenge is how to evaluate and 

measure these connected aspects as a whole, and to compare the sustainability of different products 

without excluding one perspective. 

 
In this thesis, a tool for evaluating a barrier’s sustainability was created in a way that takes several 

aspects of the multi-facetted term sustainability into consideration. Combining a method of measuring 

textile functionality with the best method available for measuring environmental impact, the model 

offers a way of analysing a textile material that widens the perspective of textile sustainability. 

Though the case study did not result in the discovery of any great unknown differences between the 

barriers and their performance, the model proved to have potential for further development.  

 

Producing a textile product with a specific functional use, such as WPBF, requires a certain amount of 

resources. This will result in an environmental impact. If that product can be used for a long time, it is 

considered good quality. When that same product demanding the same resources is used over a lesser 

amount of time, that high performance textile – still considered as good quality – increases its relative 

environmental impact. A shorter life span means higher energy consumption, more water use, and 

more chemicals emitted in relation to how many times it can be used. If the evaluation model would 

be used to evaluate a textile barrier, the functional performance would be evaluated not only on the 

actual results of a test series, but more interestingly, in relation to the results from the LCA. In this 

way, one of the connections between the different parts constituting a products sustainability will be 

examined. That is also the higher purpose of this study; seeing these connections between 

functionality, environmental impact, and sustainability to understand how they can be evaluated 

together.  
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5.4 Future work 

 

In future work, it would be interesting to study other coated and laminated textiles, and see if similar 

results are obtained – both in terms of functional and environmental performance. It would also be of 

value to do more extensive tests on the materials investigated in this study, especially for the tests 

where large variations could be seen. Further impact assessments on coated and laminated textiles 

could also be of great importance, especially toxicity assessments. One of the major differences 

between coating and lamination processes is the type and amount of chemicals used for coating. 

Studying the toxicity of more chemicals used in these processes, in terms of impacts on both humans 

and the ecosystem, could probably therefore give a better foundation for a comparison between the 

materials.  

 
Furthermore, it would be interesting to investigate if the environmental and/or functional performance 

could be improved using new or smart technology. Techniques for making WPBF that could 

potentially lessen the environmental impact is using biomimetics, electrospinning and water-based 

solvents in the coating paste. The use of biomimetics, such as the lotus effect instead of a 

fluorocarbon-based DWR-finish, will result in less chemical use and less risk of harming humans and 

ecosystems (Kapsali 2018). By using electrospinning, production and energy use could be made more 

efficient (Nanomembrane 2019). Coating solvents based on water means that no DMF is used, which 

could then create coatings that are less toxic. These techniques would therefore be interesting to 

investigate from an LCA point of view.  

 

6. Conclusions 

 

Based on the case presented in this study, it is difficult to say which barrier is responsible for the 

highest environmental burden. Since there are several sources of error for the impact assessments, with 

the main one being the difference in batch size, no clear analysis can be given for the impact on 

climate change or water use. Toxicity impacts were only studied for the coated fabric, since the toxic 

solvent DMF was used for coating production, and no similar toxic chemicals were used for the 

production of the laminate. Hence, it can be stated that the production of the coating means a potential 

risk of toxic impact on human health that the laminate does not. 

 
However, based on the functional testing, the coated material generally performed better than the 

laminated one. In terms of tear strength and waterproofness, the coated fabric performed better – both 

before and after pretreatment. The advantages of the laminate were its breathability, and the fact that it 

performed more evenly. Also, the tests showed that the more pretreatment, the more similar the 

performance was between the barriers. This would suggest that after some time of using the fabrics it 

does not matter which one you choose.  

 

Taking both environmental and functional performance into account, it is difficult to make any 

definite conclusions. Overall, the coated fabric was superior in terms of functionality, but inferior 

regarding the toxicity aspects of production. One explanation as to why conclusions are difficult to 
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make, is the fact that the authors had no prior experience of LCA. The building and use of a model of 

LCA and material testing, would only be successful if the practitioner has knowledge and prior 

experience of not only LCA, but of chemistry and toxicity analysis. With a background in textile 

engineering, or a similar field, the use of LCA will probably not generate valid results or results that 

can be interpreted and evaluated by the practitioner. Though with the right LCA knowledge, the 

combined methods of functional testing and environmental impact may lead to conclusions which 

would otherwise go unnoticed.  
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Appendix 1 

The calculation of the AWARE characterisation factor was made with the following equations: 

 

 

𝐴𝑀𝐷𝑖 =  
𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 − 𝑑𝑒𝑚𝑎𝑛𝑑

𝐴𝑟𝑒𝑎
=

𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 − (𝐻𝑊𝐶 + 𝐸𝑊𝑅)

𝐴𝑟𝑒𝑎
 

       

𝑆𝑇𝑒𝑖 =  
1

𝐴𝑀𝐷𝑖
 

       

𝐶𝐹𝐴𝑊𝐴𝑅𝐸 =  
𝑆𝑇𝑒𝑖

𝑆𝑇𝑒𝑤𝑜𝑟𝑙𝑑 𝑎𝑣𝑔
=

𝐴𝑀𝐷𝑤𝑜𝑟𝑙𝑑 𝑎𝑣𝑔

𝐴𝑀𝐷𝑖
 

       

 

𝐶𝐹𝐴𝑊𝐴𝑅𝐸 𝑀𝐴𝑋 = 100 𝑓𝑜𝑟 𝐷𝑒𝑚𝑎𝑛𝑑 ≥ 𝐴𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑟 𝐴𝑀𝐷𝑖 < 0,01 𝑥 𝐴𝑀𝐷𝑤𝑜𝑟𝑙𝑑 𝑎𝑣𝑔  

 

𝐶𝐹𝐴𝑊𝐴𝑅𝐸 𝑀𝐼𝑁 = 0.1 𝑓𝑜𝑟 𝐴𝑀𝐷𝑖 > 10 𝑥 𝐴𝑀𝐷𝑤𝑜𝑟𝑙𝑑 𝑎𝑣𝑔  

 

     (Boulay et al. 2017) 

 

• AMDi = water availability minus the demand in m3/m2 month 

• HWC = Human water consumption (not returning to watersheds) 

• EWR = Environmental water requirements for freshwater ecosystems (proxy for ecosystems 

minimum water demand) 

• AMDworld av = 0.0136 m3/m2 month = consumption weight average of the AMDi over the whole 

world 

• STei = inverse of AMDi, surface time equivalent required to generate 1 m3 of unused water in 

this region 

• CFAWARE = characterization factor for water scarcity potential according to AWARE method 
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Appendix 2 

Excerpt from list of inventory processes from SimaPro. This first table shows the relative water use for 

the coated fabric and the second table the water use for the laminated fabric. The processes are placed 

in descending order of total impact, with the highest contributor placed as number one.  

 

Coated fabric: 

 
 

Laminated fabric: 

 
 

 

No Substance Compartment Subcompartment Unit Total Fiber spinning Sizing Beaming

Total of all compartments m3 1,11108073 0,306837144 0,378465882 0,000200817

1 Water, turbine use, unspecified natural origin, CN Raw in water m3 27,6988332 19,20442386 0,104457689 0,000916723

2 Water, turbine use, unspecified natural origin, RoW Raw in water m3 24,8744374 16,2566953 0,2410227 0,002670137

3 Water, turbine use, unspecified natural origin, FR Raw in water m3 5,68144361 4,567610851 0,031228775 0,010683109

4 Water, turbine use, unspecified natural origin, US Raw in water m3 4,94141121 3,236582699 0,037810671 0,00084768

5 Water, turbine use, unspecified natural origin, ES Raw in water m3 3,55787852 2,063681223 0,160678854 0,000828079

6 Water, turbine use, unspecified natural origin, RU Raw in water m3 1,49779073 1,000387141 0,010871911 0,000262399

7 Water, turbine use, unspecified natural origin, IN Raw in water m3 1,44395575 0,93675898 0,006337021 4,80793E-05

8 Water, turbine use, unspecified natural origin, IT Raw in water m3 1,39760598 0,78518363 0,06759901 0,000149188

9 Water, turbine use, unspecified natural origin, CL Raw in water m3 1,17535777 0,762528596 0,005185853 4,96989E-05

10 Water, turbine use, unspecified natural origin, AU Raw in water m3 1,03571069 0,687581888 0,005492193 0,000112416

11 Water, turbine use, unspecified natural origin, PT Raw in water m3 0,91342112 0,509538855 0,045166794 6,74576E-05

12 Water, turbine use, unspecified natural origin, TR Raw in water m3 0,87632988 0,566215926 0,004540211 2,95325E-05

13 Water, turbine use, unspecified natural origin, MX Raw in water m3 0,81880309 0,531171104 0,003610364 3,46243E-05

14 Water, cooling, unspecified natural origin, RoW Raw in water m3 0,68839028 0,375651496 0,020511261 8,92135E-06

15 Water, turbine use, unspecified natural origin, IR Raw in water m3 0,63037018 0,409413671 0,002796252 2,22591E-05

16 Water, turbine use, unspecified natural origin, GR Raw in water m3 0,43848897 0,246170171 0,021068718 2,38132E-05

17 Water, turbine use, unspecified natural origin, SE Raw in water m3 0,43491738 0,247621234 0,020156184 7,81468E-05

18 Water, turbine use, unspecified natural origin, BE Raw in water m3 0,39254297 0,328351057 5,38895E-05 0,000835566

19 Water, cooling, unspecified natural origin, RER Raw in water m3 0,35918146 0,109661748 0,008014535 3,25439E-06

20 Water, turbine use, unspecified natural origin Raw in water m3 0,35700789 0 0,355742162 0

21 Water, turbine use, unspecified natural origin, UA Raw in water m3 0,34544903 0,191813354 0,017326121 1,71246E-05

22 Water, turbine use, unspecified natural origin, CA Raw in water m3 0,33163232 0,214667194 0,001953903 2,0372E-05

23 Water, turbine use, unspecified natural origin, RO Raw in water m3 0,26140206 0,145727832 0,012987826 1,3705E-05

24 Water, turbine use, unspecified natural origin, RS Raw in water m3 0,21062598 0,116705023 0,010635079 1,03867E-05

25 Water, turbine use, unspecified natural origin, BG Raw in water m3 0,20381217 0,113875704 0,009788765 9,89223E-06

26 Water, cooling, unspecified natural origin, CN Raw in water m3 0,15427303 0,108524556 0,000604557 5,65022E-06

27 Water, river, Europe without Switzerland Raw in water m3 0,14765589 0,000493842 0,000177968 8,96128E-08

28 Water, turbine use, unspecified natural origin, DE Raw in water m3 0,12036246 0,089156559 0,002023061 0,000170887

29 Water, river, RoW Raw in water m3 0,10276408 0,07899565 0,000593309 0,000150142

30 Water, turbine use, unspecified natural origin, BR Raw in water m3 0,09212671 0,059869189 0,000414305 4,19732E-06

No Substance Compartment SubcompartmentUnit Total Dope dye + fiber spinning  Sizing Beaming Weaving Desizing Fixation

Total of all compartments m3 0,87508623 0,330433324 0,37846588 0,00020082 0,00769885 0,02736463 0,00664322

1 Water, turbine use, unspecified natural origin, CN Raw in water m3 23,9531084 20,7809208 0,10445769 0,00091672 0,03514504 0,81535274 0,15183199

2 Water, turbine use, unspecified natural origin, RoW Raw in water m3 22,2217913 17,84139433 0,2410227 0,00267014 0,10236681 0,89653258 0,39514107

3 Water, turbine use, unspecified natural origin, FR Raw in water m3 6,47005146 4,576648635 0,03122878 0,01068311 0,40956544 0,14923739 0,32126752

4 Water, turbine use, unspecified natural origin, US Raw in water m3 4,39775078 3,546587224 0,03781067 0,00084768 0,03249805 0,18657668 0,07291536

5 Water, turbine use, unspecified natural origin, ES Raw in water m3 3,56956445 2,102407579 0,16067885 0,00082808 0,03174663 0,23189251 0,25806139

6 Water, turbine use, unspecified natural origin, IT Raw in water m3 1,38769145 0,801324904 0,06759901 0,00014919 0,00571951 0,09547933 0,10342932

7 Water, turbine use, unspecified natural origin, RU Raw in water m3 1,33127077 1,085396099 0,01087191 0,0002624 0,01005976 0,05121422 0,02130879

8 Water, turbine use, unspecified natural origin, IN Raw in water m3 1,23557693 1,037110549 0,00633702 4,8079E-05 0,00184325 0,05171903 0,00894854

9 Water, turbine use, unspecified natural origin, AU Raw in water m3 1,18295223 1,031641041 0,00549219 0,00011242 0,00430979 0,03493683 0,00987973

10 Water, turbine use, unspecified natural origin, CL Raw in water m3 1,0062641 0,843219304 0,00518585 4,9699E-05 0,00190534 0,04214658 0,00762491

11 Water, turbine use, unspecified natural origin, PT Raw in water m3 0,9068806 0,520243433 0,04516679 6,7458E-05 0,00258617 0,06343836 0,06828646

12 Water, turbine use, unspecified natural origin, TR Raw in water m3 0,7503567 0,625606106 0,00454021 2,9533E-05 0,00113221 0,03188531 0,00648862

13 Water, turbine use, unspecified natural origin, MX Raw in water m3 0,70100644 0,587432491 0,00361036 3,4624E-05 0,00132741 0,02937439 0,0053072

14 Water, turbine use, unspecified natural origin, IR Raw in water m3 0,53910125 0,452468022 0,00279625 2,2259E-05 0,00085336 0,02244416 0,00399084

15 Water, cooling, unspecified natural origin, RoW Raw in water m3 0,48650746 0,421755845 0,02051126 8,9213E-06 0,00034202 0,01690665 0,00208655

16 Water, turbine use, unspecified natural origin, BE Raw in water m3 0,4561072 0,328363253 5,3889E-05 0,00083557 0,03203364 0,00827767 0,02163277

17 Water, turbine use, unspecified natural origin, SE Raw in water m3 0,43569324 0,252466878 0,02015618 7,8147E-05 0,00299596 0,02878148 0,03171016

18 Water, turbine use, unspecified natural origin, GR Raw in water m3 0,43196456 0,251505885 0,02106872 2,3813E-05 0,00091294 0,02977701 0,03163698

19 Water, turbine use, unspecified natural origin Raw in water m3 0,35654793 0 0,35574216 0 0 0 0

20 Water, turbine use, unspecified natural origin, UA Raw in water m3 0,34287245 0,195918526 0,01732612 1,7125E-05 0,00065652 0,02423988 0,02596937

21 Water, cooling, unspecified natural origin, RER Raw in water m3 0,29881634 0,110334564 0,00801453 3,2544E-06 0,00012477 0,00253432 0,00035613

22 Water, turbine use, unspecified natural origin, CA Raw in water m3 0,28857017 0,238025499 0,0019539 2,0372E-05 0,00078102 0,01019503 0,00304115

23 Water, turbine use, unspecified natural origin, RO Raw in water m3 0,25929243 0,148924163 0,01298783 1,3705E-05 0,00052542 0,01818076 0,01948562

24 Water, turbine use, unspecified natural origin, RS Raw in water m3 0,2092415 0,119201985 0,01063508 1,0387E-05 0,0003982 0,0148422 0,01593864

25 Water, turbine use, unspecified natural origin, BG Raw in water m3 0,20075743 0,116816611 0,00978877 9,8922E-06 0,00037924 0,01396913 0,01466731

26 Water, cooling, unspecified natural origin, CN Raw in water m3 0,13529705 0,117329495 0,00060456 5,6502E-06 0,00021662 0,00455793 0,00089143

27 Water, turbine use, unspecified natural origin, DE Raw in water m3 0,13265538 0,089652111 0,00202306 0,00017089 0,00655139 0,00449694 0,00738594

28 Water, river, RoW Raw in water m3 0,11626763 0,087470031 0,00059331 0,00015014 0,00575609 0,00261084 0,00450106

29 Water, turbine use, unspecified natural origin, AT Raw in water m3 0,08554318 0,051623979 0,00352861 2,7705E-05 0,00106215 0,0052287 0,00590085

30 Water, cooling, unspecified natural origin, FR Raw in water m3 0,08517751 0,06021498 0,00039873 0,00014189 0,00543977 0,0019512 0,00424654
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Appendix 3  

Human toxicity is calculated in the number of potential disease cases, with the following equation: 

 

𝐴 × 𝐶 × (1 − 𝑉𝑐) × 𝐶𝐹 

 

Where: 

A = amount of coated fabric (m2) in a continuous process  

C= amount of chemical used in kg/m2 fabric, when the coating paste is applied in three subsequent 

layers during a continuous process 

Vc= ventilation efficiency in the factory 

CFhumantox= characterization factor for human toxicity, disease cases/kg indoor emitted DMF 

 

Using the data for the production of the coated material, the following result is calculated:  

 

31590 × 0.5538/195 × 0.1 × 0.00361 = 0.03239 disease cases/day 

 

For calculation of A, the following data was used: 

- coating speed of 9 m/min 

- fabric length of 50 m 

- fabric width of 3.9 m 

- production time of 15 hrs / working day (2 shift) 

 

 Production of 

coated fabric (m2) 

Emission of DMF 

(kg) with 90% 

ventilation efficiency 

Potential disease 

cases 

Day 31 590 8.9716 0.03239 

Month 

(20 working days) 

631 800 179.4312 0.6477 

Year 7 581 600 2153.1744 7.7730 

 

Continuous process = 195 m2 where  

 65 m2 = base coat layer 1 → 0.1209 g DMF used 

 65 m2 = base coat layer 2 → 0.1209 g DMF used 

 65 m2 = top coat layer → 0.312 g DMF used 

 

The three layers give 0.5538 kg DMF used per 50 m coated fabric. 

 

The amount of emitted DMF with 90% ventilation efficiency: 0.05538 kg per 50 m fabric 

 

Number of disease cases per 50 m fabric:  

0.05538kg emitted DMF x 0.00361 (CF) = 0.000199992 disease cases/195 m2 coated fabric 
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Number of disease cases per day:  

 

 
0.000199992

195
 𝑥 31590 = 0.03239 𝑑𝑖𝑠𝑒𝑎𝑠𝑒 𝑐𝑎𝑠𝑒𝑠/𝑑𝑎𝑦  

 

Number of disease cases per month:  

 
0.000199992

195
 𝑥 631800 = 0.6477 𝑑𝑖𝑠𝑒𝑎𝑠𝑒 𝑐𝑎𝑠𝑒𝑠/𝑚𝑜𝑛𝑡ℎ  

 

Number of disease cases per year:  

 
0.000199992

195
 𝑥 7581600 = 7.7730 𝑑𝑖𝑠𝑒𝑎𝑠𝑒 𝑐𝑎𝑠𝑒𝑠/𝑦𝑒𝑎𝑟  
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Appendix 4 

Tables showing the process steps in which the largest impact on climate change takes place during the 

production of the coated and the laminated material. All impacts are calculated for 1m2 fabric. 

 

 

Climate change 

Coating 

 

Process step 
Part of process step/ 

material/ source 

Part of process 

step/ 

material/source 

Impact amount 

(kg Co2 eq.) 

Coated fabric  Entire process   1.42 

- Fiber spinning   0.745 

- - 
Polyethylene terephthalate, 

granulate, amorphous 
  0.475 

- - Spinning PES fiber  0.27 

- - - 
Electricity in 

spinning 
0.226 

- Sizing   0.167 

 

 
 

Climate change 

Lamination 

 

Process step 
Part of process step/ 

material/ source 

Part of process 

step/ 

material/source 

Impact amount 

(kg Co2 eq.) 

Laminated fabric Entire process   0.875 

-  
Dope dye + fiber 

spinning 
  0.782 

- - 
Polyethylene terephthalate, 

granulate, amorphous 
 0.475 

- - Spinning PES fiber  0.27 

- - - 
Electricity in 

spinning 
0.226 

- Sizing   0.167 

- Finish   0.334 

- - 
Heat in finishing (natural 

gas) 
 0.293 
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Appendix 5 

Tables showing the process steps in which the largest impact on water use takes place during the 

production of the coated and the laminated material. All impacts are calculated for 1m2 fabric. 

 
 

Water use 

Coating 

 

Process step 
Part of process step/ 

material/ source 

Part of process 

step/ 

material/source 

Impact amount 

(m3) 

Coated fabric Entire process   1.11 

-  Fiber spinning   0.307 

- - 
Polyethylene terephthalate, 

granulate, amorphous 
 0.209 

- Sizing   0.378 

- - Electricity in sizing  0.366 

- Jet Dyeing   0.256 

- - Tap water in jet dyeing  0.144 

- Coating and Curing   0.129 

 

 
 

Wate use 

Lamination 

 

Process step 
Part of process step/ 

material/ source 

Part of process step/ 

material/source 

Impact amount 

(m3) 

Laminated fabric Entire process   1.72 

-  
Dope dye + fiber 

spinning 
  0.33 

- - 

Polyethylene 

terephthalate, 

granulate, amorphous 

 0.209 

- Sizing   0.378 

- - Electricity in sizing  0.366 

- Dot lamination   0.103 
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Appendix 6 

The laminated fabric and coated fabric after abrasion with 1000 rubs. For the laminate the abrasion has 

marked holes through the fabric and exposed the white membrane underneath. For the coating no 

holes could be seen. 

 
Laminated fabric: 

    
 

Coated fabric: 
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Test Report: 

Appendix 7 

 

 

Performed by: 

Rebecka Kloth and  

Clara Wickman 

 

 

Date of test: 

08-04-2019 and 10-04-2019 

 

 

 

 

Laboratory at the 

Swedish School of 

Textiles in Borås 

 

 

Date of evaluation: 

23-04-2019 

 

ISO 13937–2: 2000 

 

 

Tear properties of fabrics: Determination of trouser-

shaped test specimens (Single tear method) 

 

 

Specimen description: Base weave 

 

Material: 100% PES 

Weave type: Twill 

Warp count: 60 yarn/cm 

Weft count: 32 yarns/cm 

Weight: 124 g/m2 

 

Specimen description: Laminate 

 

Base weave: As specified in the base 

weave 

Weight: 150 g/m2 

Membrane: Microporous PU 

 

 

Specimen description: Coating 

 

Base weave: As specified in the base 

weave 

Weight: 165 g/m2  

Membrane: Hydrophilic PU 

 

 

 

 

 

Test specifications 

 

Machine used: Mesdan lab: Tenso-Lab 

Room temperature: 20,0°C 

Humidity in the room:  Not found 

Number of specimens per test and fabric: 

3 

Unit: All tests are measured in newton (N) 

Other comments: Results marked with (-) 

indicate no significant peaks
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Pretreatments 

 

 

Pretreatment Standard(s) Pretreated 

tests 

Comment 

Abrasion SS-EN 530:2010 

SS-EN 343:2004+A1:2007 

Tests 5 – 6 

and 9 – 10 

Abrasion made with sandpaper 

(180 grit). 

1000 rubs for tests 5 and 6, and 

250 rubs for tests 9 and 10. 

Washing and 

drying 

ISO 6330:2012 Tests 7– 10 Washed and dried 5 times, with 

washing in 60°C and tumble 

drying on low heat. 

 

Results 

Test 1: Untreated base weave, warp                Test 2: Untreated base weave, weft      

 Warp 1 Warp 2  Warp 3 

Peak 1 35 23 31 

Peak 1 22 23 22 

Mean 1   26 

    

Peak 2 23 24 24 

Peak 2 23 24 23 

Mean 2   23.5 

    

Peak 3 24 25 24 

Peak 3 24 24 23 

Mean 3   24 

    

Peak 4 24 25 24 

Peak 4 24 25 24 

Mean 4   24.3 

    

Mean 2-4   23.9 

 

 Weft 1 Weft 2 Weft 3 

Peak 1 19 18 19 

Peak 1 17 17 19 

Mean 1   18.1 

    

Peak 2 19 18 18 

Peak 2 18 17 18 

Mean 2   18 

    

Peak 3 18 17 17 

Peak 3 18 17 17 

Mean 3   17.3 

    

Peak 4 18 17 17 

Peak 4 27 17 17 

Mean 4   17.2 

    

Mean 2-4   17.5 
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Test 3: Untreated, warp 
 L1 L2 L3 C1 C2 C3 

Peak 1 24 25 23 27 28 26 

Peak 1 20 24 20 26 25 25 

Mean 1   22.6   26.1 

       

Peak 2 24 26 22 25 25 24 

Peak 2 23 24 21 23 25 23 

Mean 2   23.3   23.6 

       

Peak 3 22 24 24 21 24 22 

Peak 3 22 23 22 21 21 20 

Mean 3   22.8   21.5 

       

Peak 4 21 19 21 21 22 21 

Peak 4 19 17 20 21 22 20 

Mean 4   19.5   21.2 

       

Mean 2-4   21.9   22.1 

       

 

Test 4: Untreated, weft 
 L1 L2 L3 C1 C2 C3 

Peak 1 38 31 - 64 55 38 

Peak 1 30 29 - 57 - - 

Mean 1  32    53.5 

       

Peak 2 35 34 34 72 53 45 

Peak 2 34 33 33 65 53 43 

Mean 2   33.8   55.2 

       

Peak 3 36 37 36 68 49 40 

Peak 3 33 34 33 65 46 38 

Mean 3   34.8   51.0 

       

Peak 4 35 33 35 62 45 45 

Peak 4 33 34 32 61 42 40 

Mean 4   33.7   49.2 

       

Mean 2-4   34.1   51.9 

       

 

 

 

 

 

 

 

 

 

 



 64 
 

 

Test 5: Pretreatment abrasion 1000 r, warp 
 L1 L2 L3 C4 C5 C6 

Peak 1 10 10 9 21 18 18 

Peak 1 9 8 7 17 16 14 

Mean 1   9.2   17.3 

       

Peak 2 20 19 16 19 15 19 

Peak 2 16 14 10 16 13 18 

Mean 2 18 16,5 13 17,5 14 18.5 

   15.8   16.7 

Peak 3       

Peak 3 22 23 25 22 23 21 

Mean 3 21 22 24 21 21 21 

   22.8   21.5 

Peak 4       

Peak 4 21 20 16 23 21 21 

Mean 4 20 20 12 22 19 14 

   18.1   20 

       

 Mean 2-4   18.9   19.4 

 

 

Test 6: Pretreatment abrasion 1000 r, weft 
 L1 L2 L3 C4 C5 C6 

Peak 1 6 5,5 10 23 23 23 

Peak 1 5 4 8 - 22 22 

Mean 1   7.2   22.7 

       

Peak 2 10 4 27 23 25 32 

Peak 2 8 - 25 17 19 27 

Mean 2   13   23.8 

       

Peak 3 19 20 32 50 56 59 

Peak 3 16 19 29 30 48 58 

Mean 3   22.7   50.2 

       

Peak 4 27 16 29 57 43 59 

Peak 4 25 14 29 54 40 55 

Mean 4   23.3   51.3 

       

Mean 2-4   19.7   41.8 
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Test 7: Pretreatment wash, warp 
 L1 L2 L3 C4 C5 C6 

Peak 1 23 22 23 24 30 26 

Peak 1 23 21 20 22 29 22 

Mean 1   22   25.5 

       

Peak 2 24 25 23 25 23 25 

Peak 2 21 22 22 25 22 24 

Mean 2   22.8   24 

       

Peak 3 22 21 23 24 24 25 

Peak 3 22 20 23 24 23 25 

Mean 3   21.8   24.2 

       

Peak 4 21 22 22 23 22 25 

Peak 4 19 19 21 23 21 24 

Mean 4   20.7   22.8 

       

Mean 2-4   21.8   23.7 

 

 

 

Test 8: Pretreatment wash, weft 
 L1 L2 L3 C4 C5 C6 

Peak 1 30 32 48 66 60 55 

Peak 1 29 - 32 - - 49 

Mean 1   33.8   59.3 

       

Peak 2 29 31 31 67 64 56 

Peak 2 26 29 29 53 60 66 

Mean 2   29.2   61 

       

Peak 3 30 33 33 62 63 56 

Peak 3 28 31 30 64 60 63 

Mean 3   30.8   61.3 

       

Peak 4 32 32 33 51 54 64 

Peak 4 29 31 31 54 - - 

Mean 4   31.3   56.8 

       

Mean 2-4   30.4   59.7 
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Test 9: Pretreatment wash and abrasion 250 r, warp 
 L1 L2 L3 C4 C5 C6 

Peak 1 13 10 13 14 12 15 

Peak 1 10 9 10 13 13 13 

Mean 1   10.8   13.3 

       

Peak 2 10 19 22 24 20 16 

Peak 2 9 15 22 23 19 15 

Mean 2   16.2   19.5 

       

Peak 3 21 21 22 23 24 24 

Peak 3 20 21 21 23 23 23 

Mean 3   21   23.3 

       

Peak 4 20 22 22 25 25 25 

Peak 4 20 20 22 24 24 24 

Mean 4   21   24.5 

       

 Mean 2-4   19.4   22.4 

 

 

Test 10: Pretreatment wash and abrasion 250 r, weft 
 L1 L2 L3 C4 –  

invalid 

C5 C6 

Peak 1 24 13 13 - 21 25 

Peak 1 19 13 12 - 20 23 

Mean 1   15.7   22.3 

       

Peak 2 23 24 25 - 28 -  

Peak 2 22 21 20 - 19 - 

Mean 2 22.5 22.5 22,5 - 23,5  

   22.5 - 23.5  

Peak 3       

Peak 3 34 31 28 - 66 63 

Mean 3 31 30 28 - - 56 

   30.3   62.8 

Peak 4       

Peak 4 32 35 32 - 74 62 

Mean 4 32 32 30 - 67 60 

   32   65.8 

       

Mean 2-4   28.3   50.7 
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Deviations 

 
For calculation of tear strength, the results from the tests were inserted into tables and 

divided into four equal sections. For each section, the two highest peaks for tear strength 

were noted and the mean peak for each section were calculated for the two materials 

respectively.  

 

According to the standard, the first section should start at the first peak value. Since some of 

the specimens had been exposed to abrasion as pretreatment before the test and this 

abrasion was only done on a part of the specimen and not the whole sample, the first section 

was decided to be counted from the actual beginning of each testing. For the same reason 

the fourth section was counted to the actual end of the test. 

 

As the standard recommends that the first section is excluded from the final mean value, the 

three means for the remaining (three) sections were used to calculate a mean value of tear 

strength for each material.   

 

Any sections that did not include any peaks as they are defined in the standards were not 

used for further calculations. 

 

 

Potential sources of error 

 
The abrasion did not cover the entire area being torn, which made the calculations difficult. 

An effort was made to place the abraded area in the same place for all specimens, however 

slight variations between the samples exist and might have affected the result. 

 

 

Analysis of Variance 

 

 

ANOVA of the tear strength in weft direction for the untreated and washed samples 
Source of variation SS df MS F p-value F-crit 

Material 1661,45333 1 1661,45333 43,0456204 0,00017645 5,31765507 

Treatment 14,9633333 1 14,9633333 0,38767623 0,55085458 5,31765507 

Interaction 104,43 1 104,43 2,70561565 0,13861565 5,31765507 

Within 308,78 8 38,5975 
   

       

Total 2089.62667 11         
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ANOVA of the tear strength in warp direction for the untreated and washed samples 
Source of variation SS df MS F p-value F-crit 

Material 4,20083333 1 4,20083333 7,71975498 0,02398205 5,31765507 

Treatment 1,2675 1 1,2675 2,32924962 0,1654771 5,31765507 

Interaction 1,84083333 1 1,84083333 3,38284839 0,10316362 5,31765507 

Within 4,35333333 8 0,54416667 
   

       

Total 11.6625 11         
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Test Report: 

Appendix 8 

 

 

Laboratory at RISE IVF  

 

 

Date of test: 

23-04-19 and 26-04-19 

 

 

 

Performed by: 

Rebecka Kloth and  

Clara Wickman 

 

 

Date of evaluation: 

29-04-19 

 

ISO 811: 2018 

 

 

Determination of resistance to water penetration:  

Hydrostatic pressure test 

 

 

 

Specimen description: Laminate 

 

Base weave material: 100% PES 

Weave type: Twill 

Warp count: 60 yarn/cm 

Weft count: 32 yarns/cm 

Weight: 150 g/m2 

Membrane: Microporous PU 

 

Specimen description: Coating 

 

Base weave material: 100% PES 

Weave type: Twill 

Warp count: 60 yarn/cm 

Weft count: 32 yarns/cm 

Weight: 165 g/m2 

Coating: Hydrophilic PU 

 

 

 

Test specifications 

 

Machine used: TEXTEST: FX 3000 and SDL Atlas: M018 

Room temperature: 20,5°C 

Humidity in the room: 66,1% RH 

Water temperature: 20°C 

Rate of increasing water pressure: 60 cm H2O ± 3 cm H2O/min  

Number of specimens per test and fabric: 3 

Unit: All tests are measured in millimeters (mm) 

Other comments: The tests were ended at 10 000 mm. Specimens where no drops were 

visible after 10 000 mm are marked with >10 000. The TEXTEST machine was used for tests 

3,4, 5, 6, 9 and 10. The SDL Atlas machine was used for tests 1,2,7 and 8.  

Samples for tests 1 and 2 are taken from the second batch of fabric that was sent. Samples 

for tests 3-10 are taken from the first batch of fabric received.  
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Pretreatments 

 

Pretreatment Standard(s) Pretreated tests Comment 

 

Abrasion 

 

SS-EN 530:2010 

SS-EN 343:2004 +A1:2007 

 

Tests 

7–12 

Abrasion made with 

sandpaper (180 grit). 

1000 rubs for tests 7 

and 8, and 250 rubs for 

tests 9 – 12. 

 

Washing and 

drying 

 

ISO 6330:2012 

Tests 3 – 4 were 

washed 2 times. 

Tests 5 – 6 and 

11 – 12 were 

washed 5 times 

Washed and dried 2 or 

5 times, with washing in 

60°C and tumble drying 

on low heat. 

 

 

Results

 

 

 

 
Test 1. Untreated sample, laminate  

1st drop (mm) 3rd drop (mm) 

1 4550 5050 

2 6970 7300 

3 6210 6890 

Mean 5910 6410 

 

Test 2. Untreated sample, coating  
1st drop (mm) 3rd drop (mm) 

1 >10 000 >10 000 

2 >10 000 >10 000 

3 >10 000 >10 000 

Mean 10 000 10 000 

Test 3. After washing (x2), laminate  
1st drop (mm) 3rd drop (mm) 

1 6950 7330 

2 5200 5680 

3 4740 5110 

Mean 5630 6040 

 

Test 4. After washing (x2), coating  
1st drop (mm) 3rd drop (mm) 

1 2900 >10 000 

2 5440 >10 000 

3 >10 000 >10 000 

Mean 6110 10 000 

 

 

Test 5. After washing (x5), laminate  
1st drop (mm) 3rd drop (mm) 

1 1180 4460 

2 930 3800 

3 860 1220 

Mean 990 3160 

 

 

 

Test 6. After washing (x5), coating  
1st drop (mm) 3rd drop (mm) 

1 1400 1480 

2 >10 000 >10 000 

3 1050 3500 

Mean 4150 4990 
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Test 7. After abrasion 1000 laps, laminate  
1st drop (mm) 3rd drop (mm) 

1 2500  2500  

2 340 950 

3 4900 5000 

Mean 2500 2820 

Com-

ment 

All specimens had holes 

through the weave.  

For specimen 1, there were no 

drops, but the hole bursted into 

a jet of water. 

Test 8. After abrasion 1000 laps, coating  
1st drop 

(mm) 

3rd drop 

(mm) 

1 >10 000 >10 000 

2 >10 000 >10 000 

3 >10 000 >10 000 

Mean 10 000 10 000 

 

 

 

 

 

Test 9. After abrasion 250 rubs, laminate  
1st drop (mm) 3rd drop (mm) 

1 5200 5360 

2 5000 5250 

3 4710 5400 

Mean 4970 5340 

 

Test 10. After abrasion 250 rubs, coating  
1st drop (mm) 3rd drop (mm) 

1 >10 000 >10 000 

2 >10 000 >10 000 

3 >10 000 >10 000 

Mean 10 000 10 000 

 

Test 11. After washing (x5) and abrasion 

250 rubs, laminate  
1st drop (mm) 3rd drop (mm) 

1 980  1260 

2 1210 1350 

3 1180 1300 

Mean 1120 1300 

 

 

Test 12. After washing (x5) and abrasion 

250 rubs, coating  
1st drop (mm) 3rd drop (mm) 

1 950 1200 

2 >10 000 >10 000 

3 920 1170 

Mean 3960 4120 

 

Potential sources of error 

 
The abrasion did not cover the entire area being tested. An effort was made to place the 

abraded area in the same place for all specimens, however slight variations between the 

samples exist and might have affected the result. The mounting of the abraded test 

specimens on the Martindale machine might also have damaged the fabrics in some way 

that cannot be seen.  
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Analysis of Variance 

 

Source of 

variance 

SS df MS F p-value F-crit 

Material 850083.333  1 850083.333  16.5153341  0.00060587  4.3512435  

Treatment 1572175.67  4 393043.917  7.63601797  0.00066276  2.8660814  

Interaction 70791.6667  4 17697.9167  0.34383336  0.84512268  2.8660814  

Within 1029447.33  20 51472.3667  

   

       

Total 3522498  29         
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Test Report: 

Appendix 9 

 

 

Laboratory at RISE 

IVF  

 

 

Date of test: 

30-04-2019 and 16-04-2019 

 

 

 

Performed by: 

Rebecka Kloth and  

Clara Wickman 

 

 

Date of evaluation: 

17-04-2019 

 

ISO 11092: 2014 

 

 

Measurement of thermal and water-vapour resistance 

under steady-state conditions (sweating guarded-

hotplate test) 

 

 

Specimen description: Base weave 

 

Material: 100% PES 

Weave type: Twill 

Warp count: 60 yarn/cm 

Weft count: 32 yarns/cm 

Weight: 124 g/m2 

 

Specimen description: Laminate 

 

Base weave: As specified in the base 

weave 

Weight: 150 g/m2 

Membrane: Microporous PU 

 

 

Specimen description: Coating 

 

Base weave: As specified in the base 

weave 

Weight: 165 g/m2 

Membrane: Hydrophilic PU 

 

 

 

 

 

 

 

 

Test specifications 

 

Machine used: Hohensteiner Skin Model 

Number of specimens per test and fabric: 

3 

Conditioning: 35°C and 40% RH 

Orientation of test specimen: The warp 

was in the same direction as the air flow. 

Unit: All tests are measured in m2Pa/W 

Other comments: Each test was stopped 

when the measured quantities (Tm, Ta, 

R.H., H) were considered stable, even 

though there was some deviation in the 

Ret-values. 
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Pretreatments 

 

Pretreatment Standard(s) Pretreated 

tests 

Comment 

 

Washing and 

drying 

 

 

ISO 6330:2012 

 

Tests 4 – 5 

 

Washed and dried 2 times, 

with washing in 60°C and 

tumble drying on low heat. 

 

 

 

Results

 

 

Test 1. Base weave  
Mean Ret- 

value 

(m2Pa/W) 

Deviation in 

Ret-value 

(%) 

1 2.07 0,02 

2 2.01 0.01 

3 1.88 0.02 

Mean 1.99 - 

 

 

Test 2. Untreated sample, laminate  
Mean Ret- 

value 

(m2Pa/W) 

Deviation in 

Ret-value 

(%) 

1 10.68 0.10 

2 9.79 0.08 

3 9.12 0.08 

Mean 9.86 - 

 

Test 3. Untreated sample, coating  
Mean Ret- 

value 

(m2Pa/W) 

Deviation in 

Ret-value  

(%) 

1 8.38 0.09 

2 10.45 0.11 

3 12.75 0.09 

Mean 10.53 - 

 

Test 4. Washed sample, laminate  
Mean Ret- 

value 

(m2Pa/W) 

Deviation in 

Ret-value 

(%) 

1 8.41 0.04 

2 8.61 0.04 

3 7.78 0.04 

Mean 8.27 - 

 

 

Test 5. Washed sample, coating  
Mean Ret- 

value 

(m2Pa/W) 

Deviation in 

Ret-value  

(%) 

1 7.52 0.02 

2 8.68 0.04 

3 8.45 0.04 

Mean 8.22 - 
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