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Abstract  

 

 
Purpose 

The purpose of this research thesis is to analyze environmental sustainability in the slow fashion 

apparel industry through supply chain mapping and risk identification of the bio-based fibers. 

 

Methods 

This thesis applied the qualitative method for research. An investigation was done into the case 

company GANT exploring its raw materials use and supply chain in place. Case company’s 

archives along with five semi structured interviews were conducted. The data obtained was 

codified into categories and finally sorted, filtered and identified to answer the research 

questions. As a result of this, a supply chain map along with comparative analysis and risk 

analysis table were developed.  

 

Main Findings 

Bio based polymers (Polyesters) are superior to fossil fuel-based polyesters in certain 

environmental related sustainability aspects such as global warming potential, biodegradability, 

water consumption, renewable and nonrenewable energy use, and raw material renewability 

potential. However, certain micro and macro risks, along with limited life cycle assessments 

carried out on bio-based polymers, cast doubt over their future in the apparel industry. In this 

study, a comparative analysis of two bio-based polymers with synthetic polyester and with each 

other in the context of environmental sustainability can enlighten the decision makers in making 

a well-informed choice. Also, supply chain mapping of the bio polymers depicts a complete 

cradle to cradle life cycle of the garments made from biopolymers in a slow fashion industry. To 

accomplish that, certain micro and macro risks have been identified. These risks can adversely 

impact the supply chain of biopolymers for the slow fashion industry and hence need to be 

managed.  

 

Academic Contribution 
 

This research has academically contributed in further analyzing the environmental sustainability 

potential of bio polymers compared to synthetic polyester in the slow fashion industry. This has 

been accomplished by a comparative analysis chart highlighting certain environmental 

sustainability related performance factors (Table 15) of two bio polymers i.e. PHB and PLA 

against the synthetic polyester. Also, the risk identification of bio polymers for the slow fashion 

industry is not thoroughly researched before and this research has contributed by identifying 

risks in slow fashion industry with the help of micro and macro risk identification table (Table 

14). Lastly, this study academically contributes by supply chain mapping of bio polymers 

(Figure 15) for the slow fashion industry. Resultantly, this thesis expands the horizon of previous 
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researches which were tackling bio polymers in the fashion and apparel perspective and therefore 

provides a foundation for further research to be carried out to explore the improved environment 

related potential of bio polymers and carry out a complete risk analysis for both fast and slow 

fashion industry. 
 

Managerial Implications 

A supply chain map, risk identification and comparative analysis table was developed by this 

thesis which facilitates the assessment of biopolymers in the context of supply chain and 

environmental sustainability. This can enlighten the practitioners to make a well-informed 

decision towards engaging more sustainable raw materials in the fashion industry.  

 

Limitations 

 
• The study only focuses on the environmental aspect of sustainability and does not encompass the 

other aspects namely economic, social and time. 

•  This study takes into account only the slow fashion part of the apparel industry.  

• Only two of the bio polymers (PHB/ PLA) are selected from a number of different bio polymers. 

• Methodologically, the authors desired to gather firsthand data using interviews. This became 

possible with the interviews conducted with the case company GANT. However, it in case of the 

suppliers that the case company recommended, supplier 1 was contacted through their website’s 

contact page while supplier 2 was interviewed using Skype. As a result, the authors acknowledge 

the shortcomings in terms of data collection from the suppliers.  

 
Key words: Supply chain, Risk identification, Polyester, Bio based synthetics, Bio based 

polymers, fossil fuel-based polyester, Fast fashion, Slow fashion, Sustainability, Environmental 

sustainability, Polylactic acid (PLA), PHB (polyhydroxy butyrate), Apparel Industry, Fashion 

Industry. 
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1. Introduction                                        

1.1. Background  

The apparel and textile industry have shifted towards a more globalized business model over the 

past decade, as a result of which a number of problems related to sustainability have gained 

greater importance amongst all stakeholders, which includes consumers as well as firms (Kunz et 

al., 2016). Environmental issues include the use of energy and toxic chemicals in producing end 

products, and also the disposal of chemicals and other refuse (Dickson et al. 2007). Although, the 

textile and apparel industry generated $1,025.9 billion in revenue in 2008 (Data monitor 2009), 

still the fashion and textile supply chain weighs a whopping environmental impact in terms of 

energy utilization (Slater, 2003) and a considerable amount of gasoline is used for transportation 

purposes between supply chains or from supply chains to the end users (Jung and Jin, 2014). 

Several environmental and social externalities ranging from the required raw materials until the 

discarding of textile products damage the environment (Hiller Connell and Kozar, 2012). The 

production of textile materials usually requires high loads of water and the problem gets 

exacerbated by the use of chemically intensive crops amongst which cotton is the foremost 

utilizing 24 percent share of the global consumption of insecticides and 11 percent that of 

pesticides (Lewis and Gertsakis, 2001). Post-consumer waste poses another challenge to the 

environment as the USA alone produces 12 billion tons approximately of textile refuse every 

year (EPA 2006) which equals to 68 Pounds of textiles waste being generated per person every 

year (Council of Textile Recycle 2003). Compared to the pre consumer waste capturing 94 

percent of which gets recycled, post-consumer waste recycling is very limited (Hiller Connell 

and Kozar, 2012). 

Fashion firms are continuously striving to differentiate their product and improve their brand’s 

image by engaging into sustainable practices, for instance ISO 14,000 in their production 

practices as well as in supply chain (Ho & Choi, 2012). To illustrate, the industry has managed to 

replace certain hazardous chemicals with safer ones, implemented less water consuming dying 

techniques and introduced closed loop production processes to ease material recycling (slater, 

2003). However, this road to environmental sustainability in this industry is myopic because it's 

only focusing on sifting through environmentally friendly materials or understanding consumers 

‘attitudes towards organic cotton made clothing or clothing exchange initiatives and recycling’ 

(Jung and Jin, 2014). Considering this scenario, it is high time for fashion industry to bring a 

paradigm shift in its production and supply chain practices as well as towards conscious 

purchasing and consumption practices at the consumer. Pookulangara & Shephard (2013) note 

that over the past few years, the concept of slow fashion has entered into discussions of scholars 

in an attempt to examine related concepts for instance “fast fashion, social responsibility, 

sustainability and transparency” in the fashion industry. Slow fashion is aimed at consumers 

becoming more socially conscious and helping them shift from quantity to quality by changing 

their buying attitudes and encouraging them to purchase high quality fabrics less frequently 

(Fletcher, 2007). This movement can help save the natural resources and enable people to 

become more eco fabric conscious. 

 

https://onlinelibrary.wiley.com/doi/full/10.1111/ijcs.12127#ijcs12127-bib-0027
https://onlinelibrary.wiley.com/doi/full/10.1111/ijcs.12127#ijcs12127-bib-0027
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 The increasing public awareness and sense of social responsibility related to environmental 

issues are leading the textile industry to shift towards products with improved environmental 

profiles (Chen and Burns, 2011). In case of synthetic fiber manufacturing industry, the aspects 

related to sustainability are majorly focused on mitigating greenhouse gas emissions during the 

production of synthetic materials and enhancing their life span with the help of recycling 

(Karthik and Rathinamoorthy, 2018). Nylon and polyester, two of the most widely used synthetic 

fibers are produced from polymer solution obtained from the by-product of nonrenewable 

petroleum resources (Lewin & Pearce, 1998). With yearly production of around 53 million mt in 

2017, polyester is responsible for 50% of the total global fiber output (Textile Exchange Market 

Report, 2018). Despite having advantages such as recycling potential, very good textile related 

material properties, synthetic polyester’s reliance on fossil fuels as raw material source and lack 

of biodegradability which leads to solid waste at landfills are of major concern (Slater et al., 

2005). Noting that the demand and utilization for global textile products is increasing every year, 

an estimated 48 million mt of clothing is discarded yearly, with an estimated 75 percent of them 

ending up in landfills or is incinerated (Textile Exchange Market Report, 2018). Considering the 

fact that ‘consumers in northern hemisphere countries are developing a strong preference for 

ethical and sustainable textiles’ Blackburn (2005, P. 66), there is a strong stimulus in the fashion 

industry to search for bio-based alternatives for synthetic fibers. However, there are underlying 

uncertainties pertaining to the sustainability potential as well as the supply chain related risks 

involved. Although, the extant literature is replete with the manufacturing and chemical 

properties of the bio-based fibers, there is a dearth of complete life cycle assessments 

highlighting the sustainability prospects of bio-based fibers, their supply chain mapping and risk 

assessment in the context of slow fashion industry.  

 

1.2. Purpose and research questions 

The purpose of this research thesis is to analyze environmental sustainability in the slow fashion 

apparel industry through supply chain mapping and risk identification of the bio-based fibers. 

This replacement entails ascertaining the optimum sustainability performance of bio-based 

polymers, supply-demand gap of bio polymers, and manufactures/ suppliers’ proximity. 

 
RQ# 1: What are the benefits related to environmental sustainability in shifting from synthetic to 

bio-based polymer fibers (PLA, PHB) in the slow fashion industry? 

 

RQ #2: What risks are involved in a reliable supply chain of bio-based polymer fibers for the 

slow fashion (apparel) Industry? 

 

1.3.  Scope of thesis 
 

Although this thesis encompasses the fashion and apparel industry, but it is delimited to the slow 

fashion industry as it is comparatively more inclined towards adopting the sustainability 
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measures compared to the fast fashion, by virtue of its very model of business. Moreover, the 

thesis is delimited to the literature review and data collection about only two types of 

biopolymers i.e. PHB and PLA, which could become a sustainable alternative to fossil fuel based 

synthetic polyester in the textile industry. For this study, a slow fashion brand named GANT is 

picked as a case company. The study is limited to the analysis of risk analysis and supply chain 

mapping of GANT in terms of shifting from synthetic to biopolymer counterpart. 

 

1.4.  Outline of thesis   
The information presented in this thesis is split mainly in six chapters that include an 

introduction, literature review, methods, results, discussion and conclusion as shown in the 

following table: 

 

Table 1. Thesis structure 
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2. Literature review  
This Chapter represents the academic views regarding the contextual background of this thesis 

along with the main concepts and theories utilized in here.  

 

 

2.1.  Supply chain management 

2.1.1.  

Background and definitions 
 

Supply chain is defined as the set of three or more elements whether people or organizations are 

directly related to the flow of information, products or services in a descending or ascending 

manner from the raw material supplier to the end user and this supply chain exists even when a 

management method is not defined (Mentzer et al., 2001). This concept was used for the first 

time in 1982 by Keith Oliver referring to the entire business processes (Bo et al., 2014), but it 

was not until the beginning of the 20th century that the concept became very important due to the 

creation of the assembly line. This term has been used and evolved during the last decades, since 

companies from different sectors are increasingly interested in administrating their process to 

improve their competitive advantages (Shukla et al., 2011). However, due to different factors 

including globalization, the management and control of supply chains has become increasingly 

complex. Currently these chains act as distribution networks in which different supply chains of 

different companies interact in order to obtain and transform raw materials into services or 

products to be finally sent to the consumer (Harland et al., 2001). The same effect is observed 

within the apparel industry, which is constantly changing and involving different actors that 

make it more and more difficult to have a standard supply chain. Among these actors it can be 

mentioned the high product diversity, short product life cycles and uncertain demand (Rafi-Ul-

Shan et al., 2016).  

 

Unlike the distribution network, a supply chain can be seen in a less complex way, since it can be 

represented linearly focusing only on material flows in a single direction (Harland et al., 2001). 

According with Strähle and Müller (2017), there are some factors that lead to determine some 

similarities in the apparel industry supply chains that help to see them in a less complex way.  

 

A general supply chain within the clothing industry can be represented in a linear way seen from 

a cradle to grave model starting with the acquisition of materials, the manufacture of fabrics and 

clothing, distribution and retail, the use by the consumer and finally the garment disposal (see 

figure 1). Agreeing with Roos et al., (2015) there is a more detailed supply chain for the 

manufacture of fabrics and garment, in which is necessary that the garments go through different 

stages. The first one is the extraction or acquisition of raw material, the second step is the 

production of fibers, as the third stage is the manufacture of the yarn (thread), followed by the 

fabrics manufacture, then goes through a wet treatment and finally the union and the detail of the 

garments (see figure 2). 
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Due to the interest of companies in reducing the complexity and risks that these factors generate, 

more and more corporations have decided to coordinate and join efforts to satisfy their customers 

by providing goods and services at a low cost (Bruce et al., 2004). For this, some companies 

have decided to make use of the supply chain management (SCM) defined as “the management 

of material and information flows both within and between facilities, such as suppliers, 

manufacturing and assembly plants and distribution centers” (Mentzer et al., 2001). As stated by 

Mentzer et al., (2001) there are different activities that are necessary to do in order to make the 

implementation of supply chain management satisfactory. Among these activities are the sharing 

of information, the cooperation between the elements of the chain, the integration of processes as 

well as the sharing or distribution of risks and opportunities inherent in the process. 

  

 

Figure 1. General linear Supply chain in apparel industry (adapted from Strähle and Müller, 

2017) 

 

Figure 2. General fabric and garment production supply chain in apparel industry (adapted 

from Roos et al., 2015) 

 

Despite the attempts that companies have made to control their processes, there are still internal 

and external factors that could alter the results of operations which could be controlled, reduced 

and even eliminated through the administration of risks within the supply chain (Ho et al., 2015). 

In this sense, Ho et al. (2015) recommends the application of supply chain risk management 

(SCRM) that he defines as a collective endeavor within the organization utilizing both qualitative 

and quantitative methodologies with the goal to manage and avert any macro and micro risk 

factors that can hamper individual elements of the supply chain. Though it is possible to 

implement supply chain risk management to an individual company or logistics activity (Norman 

& Jasson, 2004). For Fan and Stevenson (2018), risk management should also guarantee 

continuity as well as profitability which will lead to obtain a competitive advantage. According 

to Ouabouch and Paché (2014) the objective of SCRM is to offer different tools and methods to 

assess and monitor the risks in order for companies to achieve their goals.  
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This is why it is important to know the different types of risks that companies may face in each 

of their operations and thus determine to what extent they can impact their processes, due to the 

fact that modern supply chains are increasingly complex since the flows of materials and 

information run in parallel to deliver effectively in the place and time agreed in order to reduce 

costs and achieve customer ́ satisfaction (Jüttner, 2005). 

2.1.2.  

Supply chain risk classification 
 

Within the literature reviewed, there are different proposals for the categorization of the risks 

that may arise along the supply chain. On the one hand, Gaonkar and Viswanadham (2007) 

propose that the classification of risks can occur in three main categories. Deviation, when two 

or more parameters within the supply chain system differ from the expected result or the average 

value without having registered any change or anomaly in the structure that make up the supply 

chain. The other one is disruption which happens on account of absence of an integral element of 

supply chain as a consequence of natural or human factors. Thirdly disaster, which is a 

permanent or transient closure of the supply chain as a result of a catastrophic event. While for 

Ouabouch and Paché (2014) this classification can be made into three different factors; the 

upstream supply chain, referring to the relationship with suppliers, the second operational risks 

that occur within the company and ultimately downstream supply chain associated with 

customers. 

 

However, for this purpose in which it is intended to encompass the possible risks that a supply 

chain can face, the research of Ho et al. (2015) will be used. This proposes a theoretical 

framework in which the supply chain risks are divided mainly into two types (See figure 3). On 

one hand, we have the macro factors, which refer to the external threats that companies can 

confront, such as terrorism, political instability, natural disasters, external legal problems, and 

social and cultural grievances among others. The main characteristic of these risks lies in the 

difficulty of being able to eliminate them because they are not part of the process and are caused 

by external agents. On the other hand, micro factors, which refers to all those internal risks 

inherent to the supply chain to which the companies can meet. Within this category it can be 

found four risk factors subcategories: demand, manufacturing, supply and infrastructure that in 

turn is divided into three risk factors, information, transportation, and financial (Ho et al., 2015). 

To analyze these threats, the literature suggests different qualitative and quantitative methods 

and tools that have been developed and used to manage risks along the supply chain. 
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Figure 3. Supply chain risk factors (adapted from Ho et al., 2015) 

 

2.1.3.  

Supply chain risk analysis 

According to different researchers (Tummala and Schoenherr, 2011; ISO 31000, 2009; Fan and 

Stevenson, 2018) the supply chain risk management process (SCRMP) is composed of different 

phases (see figure 4) in which risks can be identified as well as evaluated in order to mitigate the 

impact through the generation of contingency plans to finally control and monitor the preventive 

actions taken during this process. 

 

 

Figure 4. Risk management process within the supply chain 

   

· Risk identification: risk identification is used to find the possible threats using qualitative or 

quantitative methods without taking into account the negative impact that each hazard can 

produce. In this step, is important to identify and group the potential risks that can affect the 

process, the areas that could be affected and the possible consequences that this entails. In this 

step, attention should be paid to the possible interrelationships between the different processes 

along the supply chain, since the identified risks could disturb different areas at the same time, 

causing instability in the chain's performance (Tummala and Schoenherr, 2011). There are 

different methods and tools proposed within the literature focused on the identification of risks. 

These range from the use of complex systems which have not been put into practice until the use 

of simple and established methods such as the supply chain mapping (Fan and Stevenson, 2018) 
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or risk mapping (Norrman and Jansson, 2004) which allow to visualize the origin as well as the 

possible consequences of the risks that the supply chain could face. 

  

· Risk assessment: risk assessment or drivers of SCR as it is named by Fan and Stevenson 

(2018) evaluates the probability that an internal or external event will occur, as well as the 

magnitude of the consequences that this could have, affecting the different factors of the supply 

chain (Ho et al., 2015). 

  

· Risk treatment: risk mitigation or treatment focuses on finding and analyzing different 

alternatives that can be used effectively to reduce risks (Ho et al., 2015). 

  

· Risk monitoring: this stage proposes the monitoring of information within a system or process 

that allows sending a warning signal in case of finding abnormal or erroneous information before 

damage is greater (Ho et al., 2015). According to the information presented by Ho et al. (2015), 

the use of the methods mentioned above does not ensure that risk management is carried out 

satisfactorily, since the available information is based mainly on theory and not on practice. 

There are different procedures or tools that use a qualitative or quantitative approach that can be 

applied in the supply chain risk management. Normally quantitative tools are based on methods 

of analysis such as mathematical programming and simulation focused on risk assessment, 

however, one of the most common disadvantages is that due to the complexity of their 

implementation these models are not commonly applied in real cases and use simulated data to 

prove their effectiveness. On the other hand, there are qualitative tools which are used more 

frequently for the definition of concepts, development of theoretical framework and the 

identification of factors, so that within the SCRM these tools are commonly used to identify and 

categorize risks, as well as the construction of ideas (Bruce et al., 2004). 

  

Harland et al. (2003) propose a tool which can be used for the identification, evaluation and 

management of risks. This tool has six steps that range from the mapping of the supply chain to 

the implementation of the risk prevention strategy (see figure 5). 

 

· Map the supply chain: the objective of this step is the graphic creation of the supply chain that 

allows visualizing the roles and responsibilities of each element involved in the chain. 

 

 

· Identify risk: In this step, a list with the types of risks as well as the place where they can be 

located is made. 

 

 

· Assess risk: In the third step, is evaluated the probability that these risks occur, the factors that 

could cause them as well as the losses that could result. 
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· Manage risk: Here the information collected is analyzed and different alternatives for risk 

prevention are defined. Once this is determined, proceed to define the type of strategy to be used 

(reactive, defensive, prospective or analytical). 

 

 

· Form collaborative risk strategy: At this stage, the risk strategy of the supply chain is 

designed and the communication channels and those responsible for carrying it out are 

determined 

 

· Implement risk strategy: Finally, the risk strategy developed is implemented. In this step it is 

likely that the distribution network should be redesigned, so it is recommended to return to step 

one. 

 

Figure 5. Supply chain risk tool (adapted from Harland et al., 2003) 

 

 

2.2.  Supply chain mapping 
 

According to Gardner and Cooper (2003) a map is a spatial representation of the environment 

used in order to graphically communicate certain information that cannot be seen in a simple 

way. The purpose of the supply chain mapping is to show all the components of the supply 

chain, such as materials, information and transportation, necessary for the transformation of the 

raw material in a finished product, in order to visualize certain factors and opportunities that 

could have some impact on the process (Lian and Van Landeghem, 2002). 
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There are different reasons why a supply chain must be represented graphically. From an 

operational point of view, the mapping of these processes allows to see in a structured and clear 

way the flow of information as well as goods that are exchanged along the supply chain, which 

allows changes to the distribution channels in an easier way (Gardner and Cooper, 2003). On the 

other hand, from the strategic point of view, it allows to improve the resource planning process, 

improve communication and provide a clear and common perspective between the different 

elements of the supply chain as well as provide the basis for the analysis and monitoring of 

supply chain strategy (Tummala and Schoenherr, 2011). To obtain a successful supply chain 

mapping, it is advisable to select a type of product in order to identify the key elements that it 

must contain (Harland et al., 2003). 

 

Supply chain maps can represent any process inside and outside an organization. These can be 

found in various shapes and sizes due to the lack of standardization regarding the icons or colors 

that are used for their elaboration, so it is recommended that these be determined before starting 

with the mapping of the supply chain with the aim to convey the desired message in a more 

transparent way. Some of the characteristics or properties recommended for the elaboration of 

the mapping of the supply chain are that these must take into account three aspects (Gardner and 

Cooper, 2003):  

 

·       Geometry (the shape of the map that considers the types of members of the chain), 

·       Perspective (determines the scope of the map), 

·       Implementation Issues (Amount of information presented) 

  

As mentioned earlier, there are different advantages whereby it is important to have the supply 

chain mapping, however it is also important to highlight some of the disadvantages or risks that 

come with making this type of information publicly known and that companies should evaluate 

previously.  

 

One of the risks that a company could face when making public the supply chain mapping is not 

to correctly define the information that must be shared with the different elements of the supply 

chain, so this information could contain data delicate or confidential which could be used by the 

competition. This is because the information that is handled may contain data about the prices of 

certain components, resources, locations as well as the strategic collaborators that participate in 

this process (Gardner and Cooper, 2003).Another risk that could be generated is to present the 

current position of each of the members of the chain which could affect the current operation. 

This is because each element could know the position in which it is in the market in terms of 

volume and prices, reducing the possibilities of negotiation and leaving the company that 

publishes the mapping of the supply chain at a disadvantage. Finally, the third risk is not 

respecting the purpose of the supply chain map, which is designed to help understand the 

strategy that the company follows in a visual way and not to be periodically redesigned for 

production planning purposes (Gardner and Cooper, 2003). 

 
Environmental sustainability related issues pose challenges to the supply chain of fashion 

industry considering the competition, resource utilization and dilapidated labor conditions which 

the workers endure to make a living (Marisa et al., 2007).  Reasons abound for a supply chain 
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manager to consider a strategic supply chain map (Gardner & Cooper, 2003). An in-depth 

knowledge of the supply chain using the supply chain mapping can assist a company to bridge its 

corporate, sustainable and supply chain strategies along with its suppliers throughout the chain. 3 

(Cetinkaya, et al., 2011). Furthermore, the traditional supply chain mapping and management is 

more focused on maintaining relations with a few suppliers at close proximity to the company 

(Cousins & Spekman, 2003). A well planned and well-structured supply chain map avoids 

decision making on ‘unsupported assumptions’ and as a result prevents ‘high failure risks’ 

(Nuthall, 2003)  

 

2.3. Sustainability 
 

Sustainability as a concept was first coined in the field of forestry where it meant not to harvest 

in excess of that which the forest could yield in new growth (Wiersum, 1995). Historically, there 

has been a concern for preserving natural resources as our ancestors would be alarmed at the 

thought of their prey becoming scarce or the early farmers about diminishing of soil’s fertility 

(Kuhlman and Farrington 2010).In 1713, the word ‘Nachhaltigkeit’ (a term which means 

sustainability in German language) was first used. UN World Commission’s report (1987), more 

famously known as ‘Brundtland Report’ paved way for sustainability towards its widespread 

recognition worldwide (Kuhlman and Farrington 2010). 

 

Sustainability is a complex concept to be completely understood despite having arisen as an 

alternate to the popular socio-economic paradigm (DSP) (Lozano, 2008). Sustainability and 

sustainable development are used interchangeably, however, they are inherently different on 

account of sustainable development being the process or journey towards attaining sustainability  

 (Martin, 2005; Reid, 1995, Lozano and Ros, 2003). Moreover, one of the major sustainability 

developments in sustainability is viewing it as three dimensional i.e. social, economic and 

environmental, which need to be in harmony (Kuhlman and Farrington 2010). 

 

The first challenge in terms of sustainability is to give equal weightage to social and 

environmental aspect of sustainability as is given to the economic one (Lozano, 2008). In 

environmental terms, sustainability can loosely be expressed as a state where the future of 

upcoming generations is not put at stake and both natural & man-made resources are kept 

constant for a foreseeable time in future (Kuhlman and Farrington 2010).The holistic perspective 

of sustainability blends the integrational and integrational perspective and provides a ‘dynamic 

equilibria ’ between the economic, environmental and social aspects of sustainability (Lozano, 

2008).  

 

2.3.1.  

Corporate Sustainability  
 

Hopkins (2003) notes that the social responsibility of businesses gained greater significance after 

the 1960’s and emerged as an important issue not only in the business as well as in the law, 
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politics and economics. Also, as per Lozano (2015), corporate sustainability (CS) has become 

more essential in corporate discussions. Although, the term CSR dominated the discussion 

circles until early 2000’s, corporate sustainability (CS) and corporate responsibility (CR) find 

more widespread mentioning in corporate circles. Principle inspiration about the concept of 

corporate sustainability (CS) originated from Brundtland Report which was published in back in 

1987 (Bhatia & Tuli, 2016). 

 

Corporate sustainability has been defined by Dyllick and Hockerts (2002, p. 131) as the ability to 

meet the needs of present stakeholders (direct, indirect) without losing the capacity to meet the 

needs of stakeholders in future. Lozano (2012) has defined corporate sustainability as a set of 

activities undertaken by organizations which contribute to ‘sustainability equilibria’ that includes 

the economic, social and environmental dimensions, their “iner-rleations throughout the time 

dimension” while keeping the stakeholders and firm’s operations in view.  

 

 The concept of corporations has also become of paramount importance in the suitability related 

discourse (Cannon, 1994). This  shift is because corporations and their stakeholders are coming 

in terms with the mutual affinity and reliance between the economic, environmental and social 

aspects (C.E.C., 2001; Elkington, 1999) and the near and distant future impacts (Lozano, 2008), 

i.e. the four pillars of sustainability 1) economic, 2) environmental, 3) social, and 4) time along 

with their interactions.  

 

Lozano (2012) notes that the initiatives to introduce corporate sustainability need to be modelled 

after a company’s  core competencies and operations and by doing so the selected individual 

initiatives or their combination will address their complete company systems and also the four 

dimensions of sustainability (Social, economic, environmental, time). But there can be 

psychological and social hurdles in a company’s path to corporate sustainability (Hoffman and 

Henn, 2008).  By proper planning of organizational changes along with technological and human 

changes, the companies can overcome the hurdles in the way of sustainability (Lozano,2013). 

 

In context of fashion industry, Pedersen et al., (2018) note that despite the criticism, the fashion 

industry is one of the forerunners in adopting sustainability initiatives, so much so to challenge 

the conventional business modes in the Textile and apparel industry by renewing its raw 

materials (fibers etc.) or introducing latest revenue channels ( e.g leasing of used and new 

clothing) 

 

2.4. Sustainability in apparel industry  

2.4.1.  

Apparel industry  
 

The apparel industry, since the 1970's has been adopted by different regions in the world and is 

the most aged and flourishing industry globally and marks itself as the key export sector in many 
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countries in the developing phase (Alam et al., 2018). During the 1960s and 1970s, 

industrialization was augmented by the apparel industry in developed part of the world e.g. 

countries in Europe, UK, U.S.A and in the newly industrialized countries (South Korea, Taiwan). 

Apparels were the first exports that the economies of these newly industrialized countries 

adopted (Yang & Zhong, 1998; Dickerson, 1999). Later on, a number of more countries followed 

suit. Starting from the 1980s, many developing countries in Asia and Africa e.g. Pakistan, India, 

Cambodia, and Bangladesh have also carved their names in the list of mentionable garment 

exporters of the textile world (Alam et al., 2018). 

 
The apparel and Textiles industry accounted for 4% of the world’s trade in 2017 (WTO, 2018). 

Also, the developing countries, which contributed only 25% of worldwide garment exports until 

the mid 1960s, became responsible for 70% worldwide garment exports by 2014 (WTO 2015). 

The socioeconomic effect of the apparel industry is quite significant as Gereffi & Frederick 

(2010) note that the garment industry is credited with adding millions of employment prospects, 

particularly for women. Therefore, this sector can be credited with improving socio economic 

prosperity in a number of developing countries (Alam et al., 2018). 

 

On the flip side, the apparel and fashion industry in Haiti and Honduras, has allegedly been 

accused of human rights violations in the manufacturing and distribution sectors where workers 

endure ―sweatshop work environments. Per piece stitching rates for the garments, prepared for 

renowned brands such as Disney and Wal-Mart, are hardly a fraction (0.5 %) to the selling price 

of the end product (Adam & Emmelheinz,1999). In the same vein, Kernaghan (1997) noted that 

―in eight hours, a worker goes home with 43 cents in her pocket, after deductions for 

transportation, meals at the plant and other work-related expenses. The workers live in one-room 

shacks that lack running water, which they must purchase by the bucket for 8 cents. On average, 

a family needs six buckets a day, which costs 48 cents — more than they come home from work 

with. Public attention was riveted on the apparel industry when it was revealed that the Kathie 

Lee Gifford line of women’s clothes sold by Wal-Mart was manufactured using child labor in 

sweatshops, many of which were located in Honduras (Kernaghan, 1997 p. 5). 

 
“Although, both the textile and apparel industries are often considered as industries with similar 

economic features, they are significantly different sectors” (Fukunishi & Yamagata, 2012, p. 19) 

on account of the fact that apparel industry is “highly labor‐intensive, the textile industry is 

largely capital‐intensive by nature” (Appelbaum, 2004, p.18). Resultantly, as opposed to the 

apparel industry, Textile Industry is more viable in industrialized countries who are stable in 

terms of capital and technology (Appelbaum, 2004). 
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2.4.2.  

Sustainability concerns in apparel industry  
 

Environmentally conscious societies are showing greater concern that if industries are left 

unchecked, this can inflict considerable damage to the environment (Thanikaivelan et al., 2005). 

World Trade Statistical Review (2018, p.11), notes that ―the current dollar value of world 

textiles (SITC 65) and apparel (SITC 84) exports totaled $296.1bn and $454.5bn respectively in 

2017, up 4.2% and 2.8% from a year earlier.'' However, these promising figures do have a flip 

side to them when it comes to adhering to sustainability. Hiller Connell and Kozar (2012) point 

out that starting from the extraction of raw materials until their end life, the apparel and textile 

related products bear social and environmental repercussions which are harming the 

environment.  

 

Also, in terms of consumption of energy, water usage and use of hazardous chemicals, the life 

cycle stages of textile and apparel products are deleterious to the environment (Jung and Jin, 

2014). The cotton plant which is the most widely used natural fiber in apparel and textiles is 

extremely vulnerable to attacks by pests, and as a consequence, cotton fields are sprayed with an 

estimated 10 % of worldwide use of pesticides and 25 % of insecticides yearly (Mancini et al., 

2008). The intoxicants from spraying of pesticides and insecticides keep on impacting the 

environment, in the form of health-related implications for farmers and degeneration of the 

natural resources (Jung and Jin, 2014). Also, Huang et al., (2003) notes that over usage of 

pesticides and insecticides can lead to poisoning of farmers, polluting of water, decaying of lands 

and enhanced traces of unhealthy chemicals in food supply.  

 

In terms of energy consumption, the apparel industry is not at par with sustainable standards 

e.g.“a t-shirt made from 100% cotton requires 109 megajoules of energy to grow and process the 

fibers, manufacture the yarn (thread), knit the textile, construct the shirt, home launder it 25 

times, and incinerate it after disposal” (Allwood et al., 2006 p.16). In case of polyester 

manufacturing as well, there is a requirement for high energy, which if not sourced from 

renewable resources would result in the generation of large amounts of hydrocarbons, CO, CO2 

and other particulates which ultimately add to atmospheric emissions. (Laursen and Hansen, 

1997).  In addition, the apparel Industry requires a large amount of natural resources such as 

water. This has been indicated by Hessel et al., (2007) that the dyeing processes in textiles can 

demand eight separate dye baths until the saturation of dye in fabric takes place, and each bath 

requires extra fresh water. In addition to air emissions, polyester production also results in water-

borne wastes such as ‘dissolved solids, acids, iron and ammonia’.(Franklin Associates Ltd, 

1993). 

 

In terms of the supply chain as well, the apparel industry dwarfs from being sustainable when it  

comes to consumption of gasoline which has been highlighted by Jung and Jin (2014) that it  

requires considerable volumes of gasoline within the supply chain of apparel goods and  
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especially from manufacturers to the end customers. As soon as the apparel is with its users, its 

cleaning poses another concern. Washing is not very environmentally friendly because certain 

harmful chemicals are used in dry cleaning and laundry activities (Hiller Connell, 2011). At their 

end of life cycle, garments may reach landfills, which leads to overloading of the solid wastes, if 

not properly recycled or biodegraded. (Jung and Jin, 2014)  

 

Lastly, the apparel industry has a myriad of social e.g. child labors, lower incomes, and 

dilapidated working environments. As a result, apparel industry on account of its impact on the 

environment is concerned about sustainability (Connell et al., 2012).  

 

2.4.3.  

Slow fashion apparel industry  
 

The slow food movement is a way of living aimed at eating in a manner which promotes 

personal responsibility to the environment and community (Slow Food USA, 2013). In case of 

the apparel industry, the slow movement initiated when Carlo Petrini coined the term “Slow 

Fashion” (Fletcher, 2007). Slow fashion is concerned with regulating and slowing down of the 

fashion cycle using a blend of moderate production and mindful consumption (Jung and Jin, 

2014). However, slow fashion is still in its infancy stage as Watson and Yan (2013) note that 

there is a dearth of studies investigating the full scope and conception behind slow fashion, so 

much so that a formal definition of slow movement is not available as this movement is in its 

infancy, philosophically and pragmatically (Watson and Yan, 2013).  To this end, Jung and Jin 

(2014) observed that an absence of a proper definition of slow fashion is vexing on account of 

rising curiosity in slow fashion on ground. Just as slow food emerged as an antithesis to fast 

food, the emergence of slow fashion erupted as a befitting response to fast fashion as slow 

fashion deescalates the fashion cycle using a fine blend of less production and conscious 

consumption (Jung and Jin, 2014) 

   

Fast fashion business model which is in place and run by renowned fashion brands such as Zara, 

H&M (Jung and Jin, 2014) is now prevalent everywhere in the apparel industry. This fast fashion 

business model encourages fast paced production, skimpy lead times and by dint of cheap labor 

and materials multiplying the number of fashion seasons (Fletcher, 2010”). However, this fast-

paced production consumption and discarding of fabrics is responsible for planned obsolescence 

of durability (Fletcher, 2010) which leads to lower quality garments unable to endure repeated 

launderings (Jung and Jin,2014) and hence leading to a ‘perishable fashion clothes’ trend (Byun 

and Sternquist, 2008).  

 

On the other hand, slow fashion refrains from abuse of environmental and human resources with 

the intention to accelerate manufacturing pace (Fletcher, 2007), and slow consumption provides 

longevity to product lifespan from its making until its dumping. (Jung and Jin, 2014).  
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The movement for slow apparel, production, and consumption is gaining momentum (Jung and 

Jin, 2014) which communicates that as opposed to overly saturated, lower quality and quantity-

oriented fashion, many designers are preferring a more eco conscious approach towards 

sustainable designing and offering of clothing. They are becoming more inclined to divorcing 

volume budget model promoting slowing down of fashion in their offerings (Jung & Jin , 2014).  

 

2.5. Synthetic polyester  

2.5.1.  

Evolution / Production 
 

Until the starting few decades of twentieth century, cotton was the most widely used textile fiber, 

accounting for almost 70% of global fiber use (EFS, 2006). However, this changed in 1940’s, 

when the production of cellulose based regenerated fibers (e.g. rayon, acetate) surged, and then it 

was in the 1960s (figure 6) that synthetic fibers emerged and became very popular globally 

(Shen et al., 2010).   

 

Since the start, three synthetic polymers 1) polyester, 2) nylon, and 3) polypropylene (PP) on 

account of their applications have found immense popularity in all forms of fabric use (woven, 

knitted) and have since been utilized in industrial as well as fashion fabrics (Dugan, 2001).  

Monomer of propylene (PP) is a hydrocarbon gas which gets produced during the refining of 

petroleum (Zhang & Horrocks,2003) and both nylon and polyester are also produced from fossil 

fuel i.e. petroleum, as a result they can neither compost nor biodegrade (Lewin & Pearce, 1998).  

 

Figure 7 illustrates the extent of Polyester fibers consumption compared to other fibers and the 

raw material that it has been polymerized from.  

 

Dyeing or coloring of fabrics is an ancient technique which is in use since bronze age. (Kulkarni 

et al., 2011). Mostly cotton fabrics are dyed with reactive dyes as they impart better wash 

fastness and allow complete range of bright colors (Khatri et al., 2015) but use of reactive dyes 

results in undesirable effluents saturated with dissolved solids which impacts the environment 

Khatri et al., 2013). In comparison, the coloring of polyester in dyeing process has to be carried 

out under pressure or by adding of a carrier (Lewin & Pearce, 1998). One category of dyes used 

for polyester dyeing are disperse dyes which can cause allergic reactions in humans (Hatch, 

1984). However, Polyester does offer some advantages in terms of recycling to enhance 

sustainability. Kadolph (2007) mentions that an added benefit of producing recycled polyester is 

that of mitigating the environmental impacts as opposed to producing PET fibers from fossil fuel 

again. Such recycling leads to a decrease of air pollution by a whopping 85 %. However, 

polyester fibers made from recycled polyesters are compromised in terms of quality compared to 

polyesters made from new raw material (Kadolph, 2007). 
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Figure 6. World fiber production 1920-2005 (Shen et al., 2010) 

 

 

 

 
 

Figure 7. Fiber types and raw materials (Sandin et al., 2019) 
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2.5.1.1.  

Abiotic Resource depletion  
 

As PET and PP both are derived from fossil fuels, therefore, as a result, they are the top rank 

when it comes to abiotic depletion (Shen et al., 2010). On the contrary, cotton is more efficient 

with regards to abiotic resource depletion and discharge of greenhouse gases as compared to 

other materials in use (Hillstorm, 2018). 

 

2.5.1.2.  

Ozone layer depletion  
 

Those processes which need fossil fuels as raw material normally have a higher ozone layer 

depletion impact. It is because of the Halon emissions which take place when crude oil is being 

produced. (Shen et al., 2010). 

 

2.5.2.  

Environment effect due to land filling  
 

Recycling potential of synthetic polyester is one its main strengths compared to other synthetic 

fibers such as Nylon (Chen and Burns, 2011). As a result of this, approximately 2.4 billion 

bottles of soda are being saved from becoming solid waste at landfills in the United States alone, 

and these bottles are being converted into 100 % recycled PET fibers (Rudie, 1994). Also, Muthu 

et al., (2012) notes that polyester on account of its superior ability to be recycled has a total 

ecological footprint of 77.5 mPt as which is comparable to biodegradable natural and animal 

fibers such as cotton, wool, acrylic etc. (see table 2).  

 

 

Table 2. Environmental impacts due to land filling (Muthu et al., 2012) 
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2.5.3.  

Recyclability 
 

“Quantifying the materials in terms of their recyclability has started in the recent past almost a 

decade ago. The recyclability of a material should reflect many factors such as the environmental 

impact of recycling process, environmental benefits gained, economics of the recycled material 

compared to its virgin, technical quality of recycled material, machines and technologies 

available to recycle and so on” (Muthu et al., 2011 p.58). Recycling of textile fibers can enhance 

the sustainability and eco friendliness of not only textile fibers but also the processes involved in 

their production (Bartl et al., 2005). However, when it comes to textile fibers very slim to none 

efforts have been done to determine their recyclability potential (Muthu et al., 2011). Moreover, 

Muthu et al., (2011) listed ten fibers (see table 3) as per their RPI values and ranked them as per 

their recyclability potential. RPI stands for recycling potential index for materials. the criterion 

for RPI interpretation is such that the lower the value for recycling potential index, the greater 

the recyclability potential of a material (Muthu et al., 2011). 

 

 

Table 3. Recycling potential index and ranking (Muthu et al., 2011) 

 

 
 

RPI values clearly reflect that two of the synthetic fibers i.e. polyester and polypropylene marvel 

at recyclability potential against all synthetic and especially against natural fibers (cotton, 

acrylic, wool). This quality makes them very viable economically as well (Muthu et al., 2011).   

 

2.5.4.  

NREU  
 

Synthetic Polyester has the highest NREU (non-renewable energy use) compared to any natural 

fiber (Shen et al., 2010). In the case of synthetic fibers, its total non-renewable energy 

consumption is calculated starting from its raw material stage until its polymerization where its 

ready for spinning into thread (Muthu et al., 2011). For the total fiber production of polyester, the 

energy use is between 96 and 125 MJ/kg compared to natural cotton which consumers 60 MJ/kg 
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(Sandin et al, 2019). The data quite clearly states that natural fibers (cotton, flax, wool etc.) 

consume far less energy than their synthetic counterparts (Muthu et al., 2011) (see table 4).   

 

 

Table 4. Energy needs (Muthu et al. 2011) 

 

 

2.5.5.  

Biodegradability  
 

Biodegradability is an important factor in determining the ecological and environmental profile 

of textile products (Park et al., 2005). Biodegradation of a textile material signifies the ability of 

a textile material to be consumed by the microorganisms once that material comes in contact 

with soil after being dumped or buried (Muthu et al., 2011). Natural fibers such as cotton, wool, 

viscose etc. rank very high in terms of their biodegradability potential as compared to synthetic 

fibers such as Nylon , polyester etc. which cannot biodegrade (see table 5).  

 

 

Table 5.  Recyclability / biodegradability fibers (Muthu et al. 2011) 
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2.5.6.  

Water requirements  
 

Another  factor which weighs as much as the energy requirements in gauging the sustainability 

potential and eco profile of a fiber is its water requirement for production (Muthu et al., 2012). In 

this aspect natural fibers usually lag behind the synthetic ones. Muthu et al., (2012) notes that 

synthetic polyester requires 62 kg in its production as compared to cotton which requires 

22,000kg and organic cotton which requires 24,000 kg of water ( see table 6) 

 

 

Table 6. Water requirements (Muthu et al. 2011) 

 

 
 

 

2.5.7.  

Life cycle impact assessment  
 

Muthu et al., (2011) pointed out that the synthetic fibers  (nylon, polyester, etc.) on account of 

their production from fossil fuels which are non-renewable in nature, inability to biodegrade and 

Carbon Dioxide emission are inferior to biodegradable polymers which are produced from 

renewable resources and have less greenhouse gas emissions. Although, they outperform 

biofibers in certain areas, however their negative aspects are responsible for their high EI scores 

which imply their detrimental effects on the environment. For Nylon the EI score is 29.5 and for 

synthetic polyester its 6 which are very high. The table below (table 7) illustrates that polyester, 

as compared to natural fibers (cotton & organic cotton) ranks high in terms of damage to human 

health, damage to the ecosystem and resources (Muthu et al. 2011). 

 

 

 

 

 

 

 



s 

 

 

 

 
 30 

Table 7. Life cycle impact assessment results (Muthu et al. 2011) 

 

 

2.6.  Bio-based polymers  
 

The term ‘biopolymer’ usually signifies an organic polymer which is produced by living 

microorganisms as a result of natural process (Armentano I. et al., 2013). Bio-based polymers are 

different from fossil fuel-based polymers because they are extracted from renewable resources 

(Babu et al., 2013). The first generations of biopolymers were obtained from carbohydrate based 

agricultural raw material e.g. corn, potatoes (Babu et al., 2013). But recently there is a shift in 

focus from biomass derived from food sources due to significant breakthroughs in biotechnology 

(Vroman & Tighhzert, 2009). Babu et al. (2013), classified the biopolymers based on their 

synthesis as:   

● Biomass based polymers e.g. wheat, potatoes, maize  

● Microorganisms based polymers e.g. PHAs, PHBs 

● Polymers from Bio Technology (Synthesis of Monomers from corn etc)  e.g., Polylactic acid 

(PLA) 

The classification is further elaborated in figure 8 below.  
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Figure 8. Bio polymers classification (Karthik and Rathinamoorthy, 2018) 

 

One key feature of biopolymers is ability to fully biodegrade at fast pace, due to enzymatic 

action of microorganisms, in a specific time period (Tanase et al., 2014).  

 

2.6.1.  

PHB (Poly hydroxy butyrate) 
 

Polyhydroxy butyrate (PHB) are the ‘simplest and the most well-known’ (Karthik and 

Rathinamoorthy, 2018) of polyhydroxyalkanoates (PHA) family. Although, PHB is similar to 

synthetic plastics in many aspects, however, their most desirable quality lies in their ability to 

biodegrade which is contradictory to synthetic plastics (Karthik and Rathinamoorthy, 2018).   

 

2.6.1.1.  

Production  
 

In order to produce PHB, ‘a variety of bacteria can be used on several renewable feedstock’ 

(Karthik and Rathinamoorthy, 2018). The production of PHA, depending on the specific type 

required, ‘involves fermentation, isolation, and purification from fermentation broth’ (Karthik 

and Rathinamoorthy, 2018). This is carried out by ‘filling a large fermentation vessel with a 



s 

 

 

 

 
 32 

suitable feedstock depending on the type of PHA required which is then mixed with a seed 

culture that has bacteria. Normally, a minimum time span of forty-eight hours is needed for 

fermentation to take place’ (Karthik and Rathinamoorthy, 2018). Also, Karthik and 

Rathinamoorthy (2018) note that in China,  a bioplastics  producing company named Tianan 

Biologic Material Co. is the biggest producer of PHA and PHB biopolymers (see table 8). 

 

 

Table 8. Global suppliers of PHAs (Karthik and Rathinamoorthy, 2018) 

 

 

2.6.1.2.  

Raw material impact on environment 
 

PHB can be produced from feedstocks such as corn as well as using methane gas (CH4) from 

wasted sources of water and landfills. Rostowski et al., (2012) note that Methane is a greenhouse 

gas which has a global warming potential equivalent to “25 over a 100-year period”. Moreover, 

two of the biggest sources of methane Gas (which is used as a raw material for PHB production) 

are landfills and wastewater treatment plants. “The US EPA estimated global methane emissions 

for 2005 at ∼36 Tg from landfills and ∼26 Tg from wastewater treatment facilities, and these 

emissions are expected to double by 2030” (Rostowski et al., 2012 p.). 
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2.6.1.3.  

Application 
 

Philip et al., (2007) mention that initially PHA’s (and its derivatives) were used to produce 

household items such as shampoo bottles and packing materials and in this regards the first ever 

consumer product produced from PHA was a shampoo bottle produced in 1990 by Wella AG. A 

major advantage from a production perspective as well as from functionality is that “PHAs can 

be processed in existing polymer-processing equipment and can be converted into injection-

molded components: film and sheet, fibers, laminates, and coated articles; nonwoven fabrics, 

synthetic paper products, disposable items, feminine hygiene products, adhesives, waxes, paints, 

binders, and foams” (Babu et al., 2013 p.5).   

2.6.1.4.  

Textile related properties  
 

PHA has been blended with natural fibers in order to gauge the impact on mechanical properties 

of PHAs. Philip et al., (2007) note that when PHB’s tensile strength enhanced by 100 % when it 

was blended with pineapple leaf fibers. Also, upon reinforcing when P3Hb using hemp and 

wheat straw and in another case with Polycaprolactone (PCL), the results gave excellent strength 

and mechanical properties. Moreover, Nodax is a PHA based polymer which has been developed 

by Procter & Gamble and it offers both aerobic and anaerobic degradability, elasticity and thus 

can be put to a variety of uses such as : hygienic wipes, medical surgical garments, upholstery, 

carpets, biodegradable bags and tubs (Philip et al,. 2007) .  

2.6.1.5.  

Commercial perspective  
 

From an economical perspective, “Bio polymers contribute 50,000 tonnes of the total 50 million 

tonnes of polymer market in Europe.  Supermarkets such as Sainsbury and Tesco with the recent 

addition of IKEA are now switching to biodegradable shopping bags (Philip et al., 2007, p.242). 

PHA’s faces barriers to entry in commodity market by factors such as exorbitant costs of 

producing and failure to meet the demanded quantities in order to replace the fossil fuel-based 

alternatives. In the beginning the cost of Nodax was around 2.20/kg and Procter & Gamble 

stopped its production in 2006 (Philip et al., 2007). However, steps are being taken to overcome 

such stumbling blocks. In 2006, Metabolix and ADM (USA) announced their plans to initiate the 

first ever commercial plant for mass production of PHA. The plant shall be producing PHA from 

fermentation of raw materials (corn) into plastics (Philip et al,. 2007)(see figure 9). 
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Figure 9. Development of Global production capacity (Philip et al,. 2007) 

 

 

2.6.1.6.  

Biodegradability 
 

Philip et al, (2007) note that the greatest advantage of PHAs and its derivatives (e.g. PHB etc.) 

compared to their bio variant fibers is their property to degrade under both aerobic (oxygen) and 

anaerobic (absence of oxygen) conditions. As compared to cultivated feedstock, PHB production 

from wasted methane gas is comparatively better on account of less energy consumption and 

land utilization for raw material and fermentation (Rostowski et al., 2012). Also, “PHB is unique 

in that it rapidly biodegrades under anaerobic conditions. At end-of-life, PHB-based products can 

be digested to recover biogas feedstock. This biogas can be reused as a feedstock for further 

PHB production, completing the life cycle and eliminating the typical problems associated with 

end-of-life plastics such as accumulation” ( Rostowski et al., 2012, p.9827) 

 

2.6.1.7.  

Energy usage  
 

Energy usage is a very potent factor for enhancing or alleviating the global warming, for it is the 

sole process to date “which detrimentally contributes at least 5 % to the global warming impact” 

(Rostowski et al., 2012 p.9826). In the case of global warming, for instance, energy use is the 

only process that detrimentally contributes at least 5% to the global warming potential impact. 

In case of PHB produced using methane (CH4) gas, “The total energy requirement for PHB 

production from waste biogas is 37.4 MJ/kg PHB, while production from corn requires 41.9 

MJ/kg PHB” (Rostowski et al., 2012, p.9827) as shown in table 9 below. 
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Table 9. PHB production energy requirements (Patel et al., 2002) 

 

 
 

 

Moreover, certain process used in energy production (coal burning) add impetus to toxicology 

impacts. A considerable chunk of the energy required for process (57.60 MJ) for PHB can be 

curtailed if energy is produced from combustion of the excess cell material, producing 20.21 MJ, 

resulting in a net 37.39 MJ energy requirement”. (Rostowski et al., 2012, p.9826) 

 

2.6.1.8.  

Global warming potential (GWP) (CO2)  
 

The technical and economic aspects of PHBs are far better researched as compared to their life 

cycle impacts on the environment (Zhong et al., 2009). The production of PHB from corn could 

limit its manufacturing impact (Kim& Dale, 2005) while producing it from fermentation would 

not be a sustainable alternative (Grengros, 1999). The usage of biomass to produce PHB is that 

which makes it preferable over synthetic polyester from greenhouse gases potential (Zhong et al., 

2009).“In fact, using biogas methane for PHB production, results in a global warming potential 

of −1.94 kg CO2 equiv and can be as low as −6.06 if excess cell material is combusted and 

biogas is used to satisfy energy requirements while PHB from corn feedstock has a global 

warming potential of only −0.1 kg CO2 equiv”( Rostowski et al., 2012 , p.9827).  Renewable 

resources can enhance the sustainability potential for PHB. (Zhong et al., 2009) 

 

2.6.1.9.  

Life cycle assessment  

 
According to Rostowski et al., (2012, p. 9824), LCA is utilized as “early stage design tool” in 

order to pinpoint the possibilities to detect “pollution prevention, reduce resource consumption, 
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guide environmental performance improvements, and identify research needs”. Moreover, life 

cycle assessment assists in a comparative analysis of PHB produced from Methane (CH4) vis a 

vis PHB produced from other sources of feed stock (Rostowski et al., 2012).  To add further, 

Patel et al., (2002) notes that PHB are the chief representative of the PHA biopolymers class but 

no full life cycle assessments have been carried out for PHBs, but merely some studies and 

estimations have been carried out in order to compare the energy requirements and CO2 and 

GHG (greenhouse gas emissions) . 
   

Concerning the greenhouse gases emissions, Kurdikar et al., (2001) has highlighted the studies 

conducted by Gerngross and Slater who studies two alternate energy system to this end. In the 

first system, PHA’s were produced using the energy from natural gas compared to the use of 

biomass (from corn stover) in the second system. This study covers the system ‘cradle to factory 

gate’ along with data on the waste management as well (Table below). Patel et al., ( 2002) 

concludes that PHA produced using biomass is superior as compared to conventional Polyester production in all cases but the results are opposite if natural gas is used to produce electricity and gas in PHA production. Hence, from greenhouse gases viewpoint, what makes this bio-product superior to synthetic polyester is the 

biomass power and not the renewable feedstock (Patel et al., 2002).  

 

 

 

Table 10. CO2 emissions from the life cycle of polyhydroxyalkanoates (PHA) and polyethylene 

(PE) (Patel et al., 2002) 

 

 
 

 

The energy requirements for producing PHB using different feedstock (sugar beet, methane etc.) 

compared to synthetic polystyrene was studied by Heyde (1998) and he concluded that ‘PHB 

production ( worst case scenario) can be more energy demanding compared to the production of 

synthetic polyester, but in contrast to this, there is also a possibility (PHB best case) to 

outperform petroleum based polymers in terms of less energy requirements. (figure 10 below)  

 

Furthermore, in 1999 ‘Monsanto, which excelled at producing PHA (using fermentation) back, 

discontinued its further research and halted its production line’ (Patel et al., 2002).   
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Figure 10. Cradle to Factory gate requirements of nonrenewable energy for various Polymers 

(Hyede, 1998) 

 

 

2.6.2.  

PLA (Poly Lactic Acid)   
 

Polylactic acid (PLA) is an environmentally friendly, plant-derived thermoplastic which offers a 

superior blend of ecological benefits with remarkable textiles related properties (Karthik and 

Rathinamoorthy, 2018). Babu et al., (2013) further elaborates that PLA has been known since 

1845 but it was only in 1990 that it got commercialized. Furthermore, the monomer in PLA is 

extracted through bacterial fermentation of starch from corn or from sugars in Sugar cane or beet 

root etc, both of which are renewable resources (Babu et al., 2013). Compared to other raw 

material resources, corn provides a higher-grade raw material which is fermented and results in a 

more purified lactic acid (Babu et al., 2013). 

 

PLA is thermoplastic in nature which can be used for packaging purposes instead of 

conventional synthetic polymers (PET, PS, PC etc.) _ of electronics and automotive (Majid et al. 

2010). Although PLA has identical mechanical properties to fossil fuel based synthetic  

polymers, it's only disadvantage is lower thermal properties  (low Tg of 60°C) which can be 

triumphed by blending it with other polymers to enhance its mechanical properties  (Babu et al., 

2013). 

 

PLA fibers are finding a number of uses in the Textile industry such as in dressing to active 

wear, furnishings to draping, and nonwoven infant wipes to durable landscape textile products. 

These end products made out of PLA can outperform traditional textiles made from synthetic 

polyesters (Babu et al., 2013).  
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Karthik and Rathinamoorthy (2017) note that under the brand name Lactron®, Kanebo Inc. 

produced a corn starch based PLA fiber having the highest melting point compared to any 

biodegradable alternative. Based on this quality, Lactron® can be utilized to produce 

multifilament, monofilament, staple fibers, or spun-bonded fabrics. Moreover, this fiber has 

qualities comparable to synthetic polyester and Nylon and it is biodegradable. After a few years, 

the fiber keeps on shedding its weight in soil and declines in strength and ultimately decomposes 

(Karthik and Rathinamoorthy, 2017). Furthermore, Babu et al., (2013) mentions that the biggest 

producer of PLA Nature Works LLC, USA. Nature work is producing PLA under the tradename 

Ingeo and its yearly production is 100,000 ton/year (Table below) 

 

 

Table 11.  PLA production capacity (Babu et al., 2013)” 

 

 
“ 

 

Karthik and Rathinamoorthy (2017) note that application wise, the top advantage of  corn based  

PLA fiber is that it provides a solution for dumping while offering the possibility of conventional 

blending of synthetic and natural fibers.  

 

Talking of sustainability, Vink (2001,2002) notes that there is a dearth of data concerning the 

LCA for polylactides. Moreover, he points out that the major manufacturers of this type of 

biopolymers have limited themselves to publishing data only about energy and CO2 (Table 

Below) 

 

Patel et al., (2002) further elaborates on these findings saying that the total nonrenewable energy 

needs for producing PLA are lower than those required for fossil fuel based polymers but the 

process energy requirements for the first commercial plant of PLA are greater compared to  

fossil fuel based polymers which is being envisaged to cut down by the introduction of 

renewable sources of energy as fuel. Alternate methods include changing of raw materials and 

production processes, for example the direct usage of agricultural leftovers and by curtailing the  

intermediary step of isolating dextrose and by engaging of better variety of biocatalysts (Vink, 

2001, 2002). 
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Hakala et al. (1997) mentions a joint venture of Neste with Technical Research Centre (Finland) 

to prepare a relative life cycle assessment of two diaper systems; first one  is prepared using 

synthetic  polyolefins (PP, PE) and the second is prepared using PLA ( using maize, wheat ). 

From an environmental perspective, there are less differences between the two systems while for 

most other parameters synthetic diapers outperformed the bio-based diapers. However, Hakala et 

al. (1997, p.28) concedes that at that point in time when the LCA study was carried out, the PLA 

production process was still in its infancy which allows room for further studies to substantiate 

the findings. 

 

 

Table 12.  Energy and CO2 (Vink, 2001, 2002; Boustead, 1999/2000) 

 
   

3. Methods  

3.1.  Philosophy for research  
 

As Johnson and Clark (2006) stress that  business and management researchers should be in 

knowledge of the philosophical undertakings which they make by choosing a particular  research 

strategy, as this will result in a noticeable impact on our actions and understanding of that which 

we are researching. Within logistics and supply chain management, ontology (Gruber,1993) and 

epistemology (Rosenberg 2011) better present the prevalent schools of philosophy (Positivism, 

Realism, Interpretivism). On account of the physical nature of logistics and supply chain 

management, which on the surface appeals more to the ‘flow’ of goods has attracted more 

materialistic ontological approach of the scholars. This, as per the authors’ observation is not 

befitting since supply chains include the ‘flow’ of information and services as well. As a result, it 

would be more reflective of reality if ontological idealism is included in encompassing` the study 

of supply chain and logistics management. As ultimately the core purpose of supply chain and 
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logistics is to enhance the experience of end-users which comprise of ‘us’. “SCM is concerned 

with managing upstream and downstream relationships with suppliers and customers to deliver 

superior customer value at the least cost to the chain as a whole (Christopher, 1998, p.1341).  

Moreover, this research is inclined towards pragmatism based on Creswell (2003) classification 

of knowledge paradigms since the knowledge claims are arising from actions and consequences. 

Also, this study is dealing with real world environmental sustainability related practices of the 

fashion suppliers in line with Patton (1990) who noted that practically exploring solutions to 

problems is the key feature of a pragmatic knowledge paradigms. It explores some 

environmental sustainability related aspects of the products (biopolymers) and assists in 

analyzing their environmental sustainability potential by proposing comparative analysis, risk 

analysis tables and supply chain map.   

 

3.2. Time horizon for research  
 

This thesis inherits its basis from the “snap-shot approach”; which as per Saunders et al. (2003, 

p.148) is the “study of a particular phenomenon at a particular time.'' To further expand on it , 

during the research phase of this thesis, the authors were not actually examining the supply chain 

of the fashion industry or the imminent sustainability related performance of the upcoming bio 

polymers over an extended span of time. Also, the semi structured interviews which formed the 

basis of data collection were conducted over a short span of time. This approach is also called the 

cross sectional study , using which the authors also looked at the  sustainability performance of  

bio based polymers already in use or being analyzed keenly by industries. Also, the authors 

observed the existing supply chain in the fashion industry as well as in the case company and 

tried to present a model that might add value to current slow fashion apparel Industry.  

 

3.3. Scientific approach  
 

Another decision to be made at the authors’ end was the scientific approach. Saunders et al. 

(2019) identified three approaches (Inductive, deductive, abductive) which researchers can 

utilize for the intended purpose. Also, Saunders et al. (2003), mentions a mixing of inductive and 

deductive approach to allow triangulation to take place. Thereby, the research performed in this 

thesis follows a combination of both deductive and inductive approaches. The research is 

inductive because the authors conducted several interviews which is regarded as a technique for 

inductive approach with the aim to gather practical knowledge from the industry. These 

interviews were conducted with the personnel from the case company GANT and their suppliers. 

The research is deductive, in the sense that a considerable amount of data was reviewed 

regarding the environmental sustainability of bio-based polyester as well as the supply chain 

mapping and risk analysis. Hence, a blend of both inductive and deductive strategies was 

employed for carrying out this study.  
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3.4.  Research method  
 

According to Creswal (2009), if a concept or phenomenon merits an exploration on account of 

having been minimally research before, then it merits a qualitative approach. Moreover, 

qualitative research bodes well when the researcher is oblivious to essential variables to be 

examined. This gives impetus to adopt the qualitative approach for this thesis. While delving 

deep in the literature review, the authors realized that although there was considerable theoretical 

data available for bio polymers, supply chain , risk analysis and supply chain mapping regarding 

apparel industry, however, there was a dearth of theoretical data concerning biopolymers 

aftermath on the slow fashion industry in terms of  environmental sustainability , supply chain 

mapping and risk analysis. Therefore, it befitted this study to adopt the qualitative approach 

predominantly rather than quantitative or mixed method.  

 

Qualitative approach is required possibly because of the novelty of the topic or the subject has 

not been tackled with a certain sample of people before and extant theories are short of 

application for that particular sample being studied (Morse, 1991).As the study primarily deals 

with bio-based polymers whose development and their “environmental, health and safety impacts 

throughout their life cycles” are in their infancy stage (Álvarez-Chavez et al., 2012)  therefore 

the most suitable method to investigate this product in its infancy was to approach the case 

company and its suppliers. As the industrial “production, research and commercialization” of 

bio-based materials are quite competitive, hence mostly the advancements in this field are not 

made public due to vested interests of companies (Alvarez-Chavez et al., 2012). As a result, it 

further emboldened the need to employ the qualitative methods (semi structured interviews, open 

ended questions, audio visual data, Linked-in in-mails) to corroborate latest innovations and 

advancements in this field.  This was in line with Hammarberg et al., (2016, p.499) who notes 

that the qualitative research comprises of small group discussions, semi structured interviews and 

in-depth interviews, each having a distinct objective. “Group discussions” with the aim to 

explore the underlying beliefs about “normative behaviors” ;  “semi structured interviews” in 

order to garner views of  the respondents on the focused topic and its background; “in-depth 

interviews” to further understand an event.  

 

3.5.  Case study  
 

“Case studies require explicit boundaries and a focus, but do not entail the complications of the 

action research spiral nor the rigor of the controls and counterbalances of experimentation” 

(McDonough and McDonough, 1997, p.206-207). Yin (1984) categorizes case studies into three 

types: explorative, descriptive and explanatory. Exploratory case studies are meant at exploring 

the data for “any phenomenon which serves as a point of interest to the researcher” (Zainal, 

2007, p.1). Secondly, “descriptive case studies set to describe the natural phenomena which 

occur within the data in question” (Zainal, 2007, p. 3). Thirdly, explanatory cases are suitable for 

doing causal studies (Tellis, 1997).  
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Both the questions in this study comprise of “what” questions so there were two possibilities at 

hand. As per Yin (2009, p.9) there are two types of ‘what’ questions: One type of research 

questions is actually a form of “how many” or “how much” line of inquiry, e.g. “what have been 

the ways that communities have assimilated new immigrants?”. Pinpointing these ways is more 

likely to suit “survey or archival methods”. “Second type of ‘what” questions are ‘exploratory’ in  

nature which provides justifiable rationale for carrying out an exploratory study with the aim of 

building a pertinent hypothesis and propositions for further inquiry”  (Yin, 2009 p.9). The 

“what” questions being researched in this thesis belong to this category where the authors are 

aiming to find a ‘pertinent hypothesis’ and “propositions for further study’ (Yin, 2009). For such 

questions, exploratory case study became the more suitable choice to conduct this research as 

case studies are highly recommended for theory building and explorative purposes (Eisenhardt, 

1989; Voss et al; 2005). 

 

Once deciding on the exploratory case study as the suitable research method, the second step is 

to ascertain whether to opt for the single case study or multiple case studies. “Case studies can be 

single or of multiple which the researchers need to decide depending on the issue being 

questioned” (Zainal, 2007, p.2). Both, single or multiple case studies have their inherent merits 

and demerits. Multiple-case studies deal with real life events demonstrating evidence from 

multiple sources employing replication and not sampling logic (Zainal, 2007). In contrast, single 

cases are used to confirm or challenge a theory, or to represent a unique or extreme case (Yin, 

1994). Also, Zainal (2007) notes that single-case studies are also ideal for revelatory cases where 

an observer may have access to a phenomenon that was previously inaccessible. Moreover, 

single cases studies enjoy the advantage of amplifying representative cases to a greater extent as 

well as in conducting the study at great depths (Voss et al.,2002). Compared to these advantages, 

Yin (2009) notes that owing to a higher number of cases, the multiple case design is susceptible 

to reduced depth. Bearing these arguments in mind, the authors opted for the single case study of 

the fashion brand GANT.  

 

The case company chosen for this thesis is a slow fashion brand named GANT. This company 

was selected because its strategic development department showed great interest in bio-based 

polymers and they are already under consideration in Gant’s sustainable fibers staircase. GANT 

is a company that is driven by a simple idea: “never stop learning new things” (Gant 

sustainability Report, 2018). This conviction that has been a guiding principle for GANT “ever 

since 1949, when Bernard Gantmacher founded a shirt manufacturing company in the college 

town of New Haven in Connecticut” (Gant 2018). With its presence in 76 markets in globally 

through 550 stores the company enjoys a presence on the global apparel terrain (Gant 

Sustainability Report, 2018). The company projects a true lifestyle brand which is not only 

meant at improving the aesthetic appeal of its customers as well as addressing the environmental 

concerns. To this end, GANT has entered into a collaboration with fishermen in the 

Mediterranean to remove some of the 165 million tonnes of plastic that floats around in our 

oceans. “This plastic is reused in wire, which we can then use in the manufacture of our shirts” 

(Gant beacon Project, 2018). GANT is striving to add impetus to its sustainability campaign 

using numerous measures and one aspect that can catapult its ambitions is the utilization of 

sustainable materials. The company has allocated a whole department “materials department” for 

the research and selection of environment friendly materials. Considerable due diligence is 
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practiced in terms of suppliers of raw materials and end products. With almost 89% of the 

natural fibers being used in its products (shirts , jackets, bottom wear) , Gant aims to further cut 

short the utilization of synthetic fibers ( Polyester , Nylon etc.) with their bio variants. “In 2018, 

GANT has set up a new sustainability roadmap to align its ambitions with its challenges. With 

the help of representatives from all functions, we have planned tangible strategies, until 2030, to 

satisfy our economic, social and environmental responsibilities both within their own operations 

and throughout our whole supply chain” (Gant sustainability Report, 2018).  

 

3.6.  Literature review 
      

As Hart (1998) notes that the literature review is the key behind a successful academic research. 

One merit of the literature review stems from the fact that it ascertains the “researchability of 

your topic before 'proper' research commences” (Hart 1998, p. 13). Also, Hart (1998) categorizes 

the literature review into six classes: Starting off with researching for background, data and 

ideas; secondly, planning the subject; thirdly, concentrating on the subject and analyzing the 

data; fourthly, comprehensive research for the sources; fifthly, building primary bibliography 

and lastly, secondary assessment of the literature. Along with the case study, this thesis 

encompasses a thorough use of literature. There were many aspects within the research that 

could be addressed only in the light of literature on ‘account of dearth of pragmatic utilization of 

components of this study in the industry; one of the most important one being the sustainability 

potential of two bio-polymers under study. An in depth insight into the pros and cons of bio 

polymers vis a vis the synthetic polymers was possible because of the literature produced by 

researchers namely Babu et al (2013) , Muthu et al., (2011) and Chen and Burns, 2011, to name a 

few. 

 

As this thesis primarily focuses on the prospects of replacing synthetic polyester with bio based 

polymers in the slow fashion industry therefore an extant literature was carried out on a variety 

of research papers and articles comprising of topics by keywords : Risk analysis , supply chain 

mapping , logistics , apparel industry , slow fashion industry , synthetic polyester , bio based 

polymers, bio polyester , sustainability , corporate sustainability. These keywords founded the 

basis for the literature search in many available online databases such as Google Scholar, Taylor 

and Francis and Science Direct etc. There was a plethora of articles which dealt with related 

areas of this research’s interests, however only those articles were focused on which discussed 

the risks involved in the supply chain mapping of bio polymers to enhance sustainability in the 

slow fashion Industry. 

3.7.  Data collection  
 

Collection of substantial, reliable and related data adds flesh to the bones of meaningful research. 

The first step in this pursuit is to establish the nature of data needed to tackle the questions under 

research. As per the author’s deliberations, both primary as well as secondary data were required 

to make this research more meaningful.  
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This thesis primarily utilized the qualitative data for research basis and to that end as Patton 

(1990 p.4) notes that “the qualitative findings grow out of three kinds of data collection: 1) “in-

depth open-ended interviews”; 2) direct observation; and (3) written documents”. As Yin (2009) 

opines that interviews have the strength of providing in depth insights and causal inferences and 

explanations. The authors preferred personal interviews to garner primary data as this way “The 

data collected are more insightful as they provide perceived causal inferences” (Yin 1994, p.80).  

 

As Yin (2009) notes that interviews are prone to several weaknesses such as response bias and 

lack of accuracy and reflexivity, which can be compensated by using multiple sources of 

evidence. Response bias emerges as a result of different levels of knowledge which the 

respondents have. Apart from that the interviewer might say what he/she wants to hear. 

Considering that, the authors were cognizant of the limitations of this method of data collection 

inherently, henceforth, they only took measures to control the factors which were under their 

direct control.  

 

3.7.1.  

Secondary Data Collection  
 

In order to make up for the paucity of certain aspects of data, as a result of limited number of 

interviews, the researchers opted for the use of secondary data which mostly comprised of 

documents, websites, books and unofficial reports. The merit of using secondary data is its easy 

accessibility, frugality and ease of obtaining (Hox & Boeije, 2005). For collecting this data, the 

authors focused on articles from the internet and established journals. These documentations 

facilitated the researchers in getting a theoretical background about desired elements of the slow 

fashion industry and bio polymers and its supply chain. Such data covered a relatively longer 

span of time involving a multitude of settings & events. Along with Gant’s official website 

(Gant.se), the researchers kept taking inspiration from the websites and sustainability reports of 

other fast and slow fashion brands such as H&M, C&A, Gina Tricot, Tommy Hilfiger, Gucci, 

Parada. Along with that, documentations and publications from certain state of the art research 

houses for sustainable textiles such as Mistra Fashion, Textile Exchange and European Bio 

Plastics were consulted and embodied as secondary data within this thesis.  

 

However, despite being such helpful in this research, secondary data has its own cons. “The 

disadvantage is that the data was originally collected for a different purpose and therefore may 

not be optimal for the research problem under consideration or, in the case of qualitative data, 

may not be easy to interpret without explicit information on the informants and the context” 

(Hox & Boeije, 2005 p.597).  Consistent with these demerits, the researchers faced an uphill task 

while trying to distill information from these reports and trying to put them in the context of the 

desired research questions.  

 

Finally, it behooves to note that many other forms of data collection such as, direct and indirect 

observations, physical artifacts and observation from participants have not been selected for this 

paper. The underlying cause for negating these means of data collection can stem for time or 
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technical constraints; they could be too time consuming or for example in case of physical 

artifacts, the cultural aspect is beyond the scope of this thesis  

 

3.7.2.  

Primary data collection  
 

Primary data are that which are collected for the purpose of tackling a particular research 

problem under study, using methods that benefit at solving the research problem at best (Hox & 

Boeije, 2005).  To gather the primary data, interviews of the managers at GANT were conducted. 

The researchers, while conducting the in-depth interviews, communicate with those people who 

are in knowledge of the intricacies of the problem of interest in an attempt to explore the 

experiences, goals or point of views of others and learn to see situations from their perspectives 

rather than researcher’s own prism (Rubin and Rubin, 2012, p.3). Also, Voss et al., (2002) 

stresses that when the set of questions can be answered by the key respondents e.g. top 

management or directors of the company, then it usually suffices to conduct one interview per 

case. However, beforehand it needs to be assured that the respondent is the one. Consistent with 

this, 5 interviews were conducted; three of which comprised of semi structured interviews with 

the materials managers at GANT and two further interviews with prospective suppliers of bio 

polymers that the case company is interested in.  

 

The format of the interviews was semi structured as Saunders et al. (2009, p.320) mentions that 

“there are three types of interviews which are structured, semi-structured and unstructured”. 

“The consideration behind choosing semi-structured interviews as a means to data collection was 

twofold: First, they are well suited for the exploration of the perceptions and opinions of 

respondents regarding complex and sometimes sensitive issues and enable probing for more 

information and clarification of answers. Second, the varied professional, educational and 

personal histories of the sample group precluded the use of a standardized interview schedule 

(Baribell, 1994, P.330).”  

 

 The format of the interview questions was pre decided while keeping room for extempore 

questions to emerge while the discussion would ensue. The language of the interview was 

English, and the overall ambiance of the meeting was quite comfortable, candid and cordial. The 

authors were careful to preclude the dichotomous questions as it could mar the objective of the 

interview. As Patton (1990, P.354) notes that the dichotomous questions provide the interviewee 

with “yes” or “No” type answers. Such answers are not the intended objective of author’s 

research. The authors were aiming for in depth answers as Patton (1990, P.354) notes that “in -

depth interviewing strives to get the person being interviewed to talk about experiences, feelings, 

opinions, and knowledge”. The authors also made sure to include the open ended questions 

which could further encourage the interviewee to disseminate more information in line with 

Patton’s ( 1990 , P.353) observation that  “ Qualitative inquiry _strategically, philosophically, 

and methodologically_ aims to minimize the imposition of predetermined responses when 

gathering data. It follows that questions should be asked in a truly open-ended fashion so people 

can respond in their own words”.   
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Out of a total of five, three of the interviews were conducted with the strategic materials 

development managers at GANT. Both interviewees had been working for several years in the 

apparel industry and had wide knowledge of sustainable materials, slow fashion and supply chain 

in the context of the case company and slow fashion industry. The interviews were conducted at 

the head office of Gant in Stockholm. The interview questions ranged from the existing supply 

chain at GANT, biopolymers and their expected role in reducing the company’s environmental 

footprint and about the risk management being practiced at the company.  During these 

interviews, the interviewees directed us to get in contact with the potential suppliers of 

biopolymers to get more technical and first-hand knowledge. In this regards the authors were 

able to have one more skype interview with the supplier at Mango Materials through skype. The 

interviewee was the technology officer at the bio-polymer company and had in-depth knowledge 

about biopolymers and bio composites and their environmental impacts. This interview 

comprised of in-depth question about the production, biodegradability and overall environmental 

sustainability potential of the bio polymer (PHB) The other supplier company, Nature works was 

contacted using their contact page. The questions comprised of the details concerning the 

production process, environmental sustainability potential and life cycle assessment of the 

biopolymer (PLA). During this communication via contact page, we were informed by their 

support team about some of the company’s archives regarding the production and environmental 

impact of their biopolymers. These archives were also used as a primary source of data.  

 

In coherence with Voss Et al., (2002), no further interviews were carried out as a result of 

achieved saturation of answers from the interviewees. Detailed information about the 

interviewees and the interview characteristics has been provided in the appendix section of this 

dissertation.  

 

3.8.  Data Analysis  
 

Qualitative analysis is reported as the most complex as well as the least codified segment of the 

process in conducting a case study (Eisenhardt, 1989). Yin (2009, p.126) notes that “analysis of 

data involves theoretical propositions and other strategies, considers and implements analytic 

techniques, delves into rival explanations, and portrays data (facts) apart from interpretations”. 

Eisenhardt and Graebner (2007) even suggest avoiding using the term “qualitative research,” and 

better to contrast the qualitative approach being employed with other approaches for qualitative 

study (Onwuegbuzie et al., 2012). Analyzing case study data along with data collection tasks 

enables the researchers to make quick customization in study design as per requirements (GAO, 

1990). 

For this study, data was collected through interviews as is quite common with case studies 

(Eisenhardt & Graebner, 2007). In line with Yin (2009), three of the interviews were recorded 

and later transcribed and electronically filed to have a trail of evidence. Two of the remaining 

interviews, one with supplier 1 using skype, was not recorded because of intervieew’s request. 

The interview with supplier 2 was conducted through their contact page and they provided us 
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with written responses. For the in person and skype interviews, the authors kept taking notes 

during the interview and later during the transcribing process as well. For the interview 

conducted through contact page with supplier 2, as the authors were receiving written responses 

therefore no further notes were taken. Also, in line with Eisenhardt (1989), in order to minimize 

subjectivity, the research members should review the collected data in an individual manner and 

later cross match them jointly. Taking heed from this, two of the group members individually 

transcribed and summarized all the interviews.  

 Yin, (2009, p. 126) notes that the analysis of data is carried out by examination, categorization, 

testing and tabulation of data; otherwise evidences can be recombined in order to reach 

conclusions empirically. Also, Yin (2009) recommends a general strategy to analyze data in 

addition to incorporating analytical technique. In this study, the authors adopted the general 

strategy of recombining and analyzing data within both the research questions. This helped the 

authors not only in planning the evidence collection but also in ignoring the less relevant 

information (Yin,2009). By adopting this measure, all the information irrelevant to RQ1 and 

RQ2 was filtered out. As a second step, in line with Biggam (2015), the authors looked out for 

prevalent themes and patterns in the data being analyzed. Also, theme identification was 

facilitated by reading and re-reading the data several times (Remenyi et al., 1998). After 

identifying the themes, data was coded into different categories, as advised by Voss et al., 

(2002). Finally, the categorized data within the themes was matched with the existing theory to 

see how the theory could be extended while spotting the differences and similarities. (Remenyi et 

al., 1998). 

 

3.9.  Quality of research    
   

To assess the quality of research design, Yin (2003) categorized the criteria based on, construct 

validity, internal validity, external validity and reliability. These criteria are further explained 

below in the context of this study.   

        

3.9.1.  

Construct Validity  

According to Yin (2009), construct validity is to identify suitable and applicable measures to the 

concepts under study. Yin (2009) notes that as a result of insufficient measures applied by the 

researchers, case study method often succumbs to subjectivity.  To avert this, the authors took 

the following steps:  

1) Emailed the interview questions before hand to the interviewees.  

2) Made sure that the interview questions fall within the scope of research questions.  

3)  Communicated with a key respondent from GANT beforehand (5 days before) via Telecon and 

inquired about reservations about the content of the interview questions. 
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4) Based on respondent’s feedback, the authors tweaked and fine-tuned some of the interview 

questions to make them more conducive to the respondent’s scope of knowledge about the topic.  

 

3.9.2.  

Internal Validity  
 

As per Yin (2009), Internal validity stems from establishing a causal relationship between 

different sets of conditions. Saunders et al. (2009) sheds more light by remarking that internal 

validity concerns how well a research is conducted and to what degree the researcher is able to 

confirm that no other variables, except the one studied, caused the result. To further simply, in 

order to ensure internal validity, the researchers need to satisfactorily explain as to why does e.g. 

condition A is leading to condition B and not to conditions B and D.  Yin (2009) suggests four 

techniques to accomplish this: Pattern matching, explanation building, rival explanations, logic 

models. For this thesis, the authors ensured internal validity using the below mentioned steps: 

 

1) Pattern matching basically implies that finding the matching patterns and themes within the data 

sample in order to substantiate the arguments made by the researchers (Yin, 2009). In case of bio 

polymers, many of the research findings consistently confirmed the reviewed literature. 

However, some novel results were also found which seems quite reasonable as the research area 

about Biopolymer is still evolving and many aspects of it are under researched.   

2) Secondly, the authors orchestrated the research process in such a manner as to avoid any 

deviations in excavating the findings. To accomplish this, only those articles were sifted through 

literature which were peer reviewed as well as frequently cited which advocates their quality.  

3) Thirdly, while preparing for the interviews frequently cited literature articles were consulted to 

ensure internal validity.  

4)  Fourthly, semi structured interviews pose a challenge in the manner of missing to ask all the 

questions listed by the interviewers. To skirt this problem, one of the researchers kept a constant 

check that the interviewers were not remiss towards any question listed.  

 

As a result of these measures, an acceptable level of internal validity is expected to have been 

reached for this study.  

 

3.9.3.  

External Validity 
 

As per Voss et al. (2002), the case studies usually lackluster on account of not having 

generalized results. Yin (2009) points out that external validity is related to the extent of 

generalization of its results. In this context, Voss et al. (2002) further remarks that surveys 

compared to case studies often produce more generalizable results.  In order to attain external 

validity, the authors opted for the following below mentioned steps: 
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1) Yin (2009) suggests that in order to enhance the external validity in single case studies, ‘analytic 

generalization’ must be used. Analytic generalization means to compare the results and design of 

the study with an existing theory. Since the researchers relied on a single case study for this 

research, therefore projecting on this notion of single case study a comprehensive literature 

review was conducted by referring to a number of academic resources. This practice later 

contributed to distilling a clear set of interview questions meant for the interviews , which may 

have given impetus to enhancing external validity for this research as ‘generalizability in a 

research study could be increased by designing research approaches such as conducting 

interviews based on an appropriate and sufficient literature review ‘(Rowley, 2002).  

2) Still, on account of the singularity of the case, the authors accede to the paucity of 

generalizability. To improve this, more companies and their suppliers should be engaged in 

future research along with applying the idea of bio polymer usage and its risk analysis in fast 

fashion industry as well (which was beyond the scope of this research).  

3) All in all, the 1) the singularity of the case (2) the limited geographical access of suppliers as 

well as the apparel /fashion brands  (with in Europe/ North America)  (3) the electing of a single 

business model / fashion trend ( slow fashion), restrict the external validity of this research. 

 

 

 

 

3.9.4.  

Reliability  
 

Reliability, as Yin (2009) explains is concerned with the degree to which a particular study’s 

results can be repeated in case the research is imitated by another researcher using the same 

procedures and methods as were employed by the previous researchers. Miles and Huberman 

(1994) also remarked that reliability determines the constancy of results when the study is 

replicated by other researchers and methods over a passage of time.  For this purpose of ensuring 

reliability, the authors opted for the below mentioned steps:  

 

 

1) In tune with Yin (2009) recommendation of ‘establishing the trail of evidence’, the interviews 

were recorded, transcribed and archived in electronic libraries.  

 

2) In line with Shenton (2004) suggestions of proper documentation of the data collection 

procedures, in order to facilitate the future researchers to imitate the study, the authors of this 

thesis opted for: 

 

    2.1) The methodology section of this thesis was classified with all the steps taken during the 

course of this research.  
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     2.2) Moreover, the details of all the semi structured interviews: name of the case company, 

the departments details and the interview questions were included in the different method section 

and appendix of this study.  

 

3) Bryman & Bell (2018) suggest an ‘inter observer consistency’ to enhance reliability. To that 

end, all three authors arranged special meet ups to discuss the notes taken during the interviews 

as well as discussed their judgements of the data while performing analysis.  

 

4. Results / Findings  
 

The section represents a summary of the interviews conducted with the case company GANT 

and with the potential suppliers of bio polymers.  

 

4.1.  Case company  
 

Gant, the case company of this thesis was born in 1949 as the brainchild of a Ukrainian 

American named Bernard Gantmacher after he founded a shirt manufacturing facility in the 

college town of New Haven, Connecticut. His sons, Elliot & Marty, alongside their father played 

a key role in elevating the company to its present stature. Earlier, the company was 

manufacturing shirts for other brands. It was only in 1949, that the company started 

manufacturing shirts under its own name. As of now, the company is specializing in complete 

range of Fashion wear for men, women and children. The company has a vast range of products 

(Figure 11) such as:  Shirts (t-shirt, formal woven shirts, sweatshirts), bottom wear (chinos, 

jeans, dobby shorts, bath shorts, sweatpants), Sweaters & Knitwear (hoodies, jackets, Koftas), 

Jackets, sportswear and inner wear. As of now, the product range at Gant has enhanced to all 

types of apparel, as well as shoes, accessories and home interior (Gants Signature clothing 2019) 
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Figure 11. Gant product variety 

 

 

Although the thesis pertains to sustainability & supply chain at large, which can range from the 

raw material stage until the recycling stage, but the evidence has been collected by niching down 

from:  

1) The raw material stage until the recycling stage in terms of supply chain Risk analysis (Cradle 

to cradle)  

2) Raw fiber stage until the recycling stage (Cradle to cradle) in terms of Sustainability.  

 

 

4.2.  Sustainability potential of bio polymers  
 

GANT  

 

Gant is putting efforts towards becoming a more sustainable brand in line with its brand motto of  

“Never Stop Learning”. As GANT’s CEO states on the company’s sustainability report (2018), 

“GANT’s Never Stop Learning philosophy is what moves us forward. We focus on being better, 

learning more, and leading by example. Ours is not a ‘buy and throw away’ mentality. We 

believe in craftsmanship and creating high-quality products that can be used for many years”. 

The researchers found this passion for unceasing innovation and sustainability (see figure 12) 

deeply ingrained in the whole work ethic and culture of the company upon visit. Providing 

impetus to this sustainability drive, it was expressed that “I have not used any paper in office for 

the past three years” (Respondent 1). In response to our question regarding the need for adopting 
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bio polyesters over synthetic polymers he expressed it in a clear fashion that “Because we want 

to cut down our carbon footprint” (Respondent 2). In the same vein, within company’s data 

archives the authors found the Gant’s CEO expressing that “We will continue to source traceable 

and sustainable plant-based materials wherever possible. And because we were born on the East 

Coast of America, we also want GANT to be known for improving waterways around the world. 

We are proud to support Waterkeeper Alliance, the world’s largest non-profit dedicated to the 

protection of drinkable, fishable and swimmable water, and other initiatives”.  

 

Responding to the extent of this transition from the synthetic polyester towards bio polyesters in 

their apparel composition, the response was “ At this stage we are not in precise knowledge of 

the exact portfolio of the bio-based polymer products (garments) that as of now are being 

envisaged to become a part of  Gant’s apparel collection at the stores” (Respondent 1). He 

further explained that at this evaluation stage we are keenly looking forward to engaging bio 

polymers in our apparel line  but it's tough to  predict the exact extent in terms of their 

engagement whether they could be used as a mix with the synthetic polyesters or as a stand-alone 

fiber is a question which is still in the offing. Moreover, it was expressed that “Sustainability, for 

us is a very tangible concept, much more than a drum beat to attract audience or customers , we 

actually want to ingrain sustainability and to that goal we are actually using almost 89 %  of 

natural fibers in the composition of our products; of the remaining 11 % are synthetic materials 

of which  polyester is estimated to be around 6 %” (Respondent 2). To further replace the use of 

synthetic materials with natural alternatives is the underlying aspiration for GANT. Furthermore, 

the Sustainability report (2017) of GANT revealed that  amongst raw materials, 89 % of natural 

fibers used by GANT comprise of  77% cotton, 8% wool, leather, feathers, 11% synthetic fibers 

and 4 % plant based fibers. Also, in 2018 Gant classified and created “sustainable Fiber 

Staircase”. The first part of this sustainability driven staircase was implemented in 2018. Also, 

concerning the conservation of natural resources, it was remarked “To make sure that these 

natural resources can be used in the times to come we have several strategic programs in action 

to mitigate scarce resources consumption and take care of  those resources that we already 

possess.'' (Respondent 1). Sustainability report (2017) further adds to this “One of such programs 

is the cotton staircase that is a staircase plan on how we will use Better Cotton (BCI), organic 

certified cotton, fair trade cotton, recycled cotton and close-the-loop cotton.” 

 

In terms of recycling, the company's archives unfold that “GANT also has a “reduce reuse 

recycle” policy in order to contribute to closing the loop on all parts of the business. By focusing 

on reduce, reuse and recycle GANT works actively with suppliers to minimize waste, effective 

use of resources and making conscious choices. GANT takes responsibility of unsold goods and 

provides solutions for those products to get a second life together with the organization called 

New Life. In the contract with GANTs apparel suppliers there are requirements on the suppliers 

to make quality tests. The suppliers conduct quality tests and if the tests do not comply to 

GANT’s standards, they need to make adjustments.’ 

 

As with the energy consumption, the company’s sustainability report (2018) elaborate that “The 

total consumption of energy is 121 GWH in 2018 compared to 120 GWH in 2017. This 

comprises of energy utilized for raw material, production, headquarter energy use, warehouses 

and shops. 85% of the energy utilization is in the production (compared to 94% in 2017) while 
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the remaining 8% is for head office, shops, warehouses (compared to 6 % in 2017) and 7% on 

cultivation of raw materials.  

 

 

 

 
 

Figure 12. Gant sustainability vision 

 

 

 

In terms of water utilization, it was expressed that GANT is a member of Waterkeeper alliance 

with the goal “to help protect drinking water and water that we can fish and swim in all over the 

world, while combating problems such as pollution and climate change” (Respondent #2). 

Company’s archives further state that “An estimated 2 million tonnes of industrial and 

agricultural waste are released into our waterways every day. By entering into a partnership with 

the Waterkeeper Alliance, the largest and fastest growing non-profit organization focused on 

clean water, GANT supports the organization's mission through an annual charity grant. The 

respondent further added that in order to mitigate the water print, “sustainable fiber case” is 

expected to contribute by “preventing microplastics (from polyester) to end up in the ocean”, 

which happens during the laundry of the polyester and nylon-based garments. 

 

Discussing the emissions of greenhouse gases, in 2018 GANT was responsible for emitting 

130,00 Tons of GHGs (as compared to 126,000 Tons in 2017). GANT aims to reduce this by 

being compliant to Fashion Industry’s Charter for Climate Action by bringing down emissions 

by 30 % until 2030. Sustainability Report (2018) reveals that 77 % of the emissions are by 

production, 14 % due to extraction of raw materials, 3 % by logistics and 3% by head quarter, 
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shops and warehouses, 2% by packaging materials and 1 % by business travels. Air emissions 

from raw materials and production were 19 kilo tons.  

 

As with the water consumption, the company’s archives revealed that GANT used 15.2 million 

cubic meters of water in production compared to 15 million cubic meters in 2017. And, total land 

usage for production and cultivation of raw materials in 2018 was 120 Square kilometers.  

 

 

 Supplier 1: PLA (Poly Lactide) fiber  
 

The US based supplier is a leader in terms of using innovative technology to convert annually 

renewable plant matter into useful end products such as packaging materials and textile fibers 

(Vink etal.,2004). Quite innovative in approach, the company has carved a name in the 

bioplastics industry by making a bio variant of the traditional oil based synthetic polyester, 

competing it in performance as well as in economics. As mentioned in the methods that being 

unable to settle a skype interview with the production manager and/or senior scientist at the 

supplier due to their busy schedules, the authors communicated with the supplier through their 

contact page where inquiries and questions regarding their product are dealt by their support 

team.  The respondent from the support team shared with us that “the adoption of their 

company’s products, gives new cradle to cradle options to the brand owners. The yearly capacity 

to produce the PLA fiber is 330 million pounds (150,000 metric tons)”. And their supply 

network is spanned to North America, Japan, Europe and also in Asia pacific. Moreover, the 

respondents made it clear that “PLA biopolymer can be produced using different feedstocks 

(corn, sugar cane, sugar beets). In this particular supplier facility, corn is the basic feedstock to 

obtain PLA polymer. The variety of corn being used is Yellow Dent #2 industrial corn which is 

distinct from the variety which produces sweet corn utilized for human food consumption”. Also, 

it was brought in the authors’ notice that “the sustainability related profile of PLA fiber being 

discussed only pertains to PLA sourced from corn and to in-house production practices”. Further 

inquiry (company’s archives) revealed that below mentioned factors could impact the eco profile 

 data of the polylactides:   

 

1) Type of feedstock (corn, beetroot, sugarcane etc.)  

2) Local production practices 

3) Type of logistics 

4) Technology applied for fermentation. 

5) Polymerization technique to change monomers into bio polymers.  

6) Different data type used for electricity & fuels at different stages.  

 

Also, while inquiring about the environmental footprint via supplier’s contact page, the 

respondent expressed that “the key value proposition of bio polymers such as PLA fibers in 

particular is of their “intrinsic zero material carbon footprint” based on assumption that they are 

either composted or incinerated after end use”. The current level of CO2 in the atmosphere has 

elevated to 450 ppm which is alarming and along with other GHGs (methane, nitrous oxide) it is 

responsible for trapping more sunlight and augmenting the average temperature in the climate”. 

From carbon point of view, the bio based fibers producing industries adopt a better sustainable 
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alternative regarding material carbon by utilizing bio based resources in a circular fashion i.e. 

carbon trapped during photosynthesis is utilized in  producing bio materials and is emitted back 

to the atmosphere (depending on the end use of the biomaterial product) in a time span  of one to 

ten years. Plants utilize this carbon once again every year to produce biomass and this results in 

the closure of material carbon loop. The respondent clarified that “Simply put, PLA results in 

1.83 kilogram removal of CO2 /kilogram of  PLA produce i.e. 1.83 kg of net Carbon Dioxide 

uptake takes place from the atmosphere which gets harnessed in the PLA polymer and this  

marks the major edge of utilizing renewable and sustainable resources. On the other hand, 

plastics made with fossil fuels do not lead to any CO2 removal”.  

 

Discussing another important life cycle assessment indicator (on a global scale) i.e. global 

warming potential (GWP), the respondents expressed that “the net cradle to factory gate GWP of 

PLA polymers is 0.620 kg C02 eq/kg of PLA fiber. Furthermore, the biggest contributor of 

greenhouse gases within the whole value chain process is lactic acid production”. Along with 

that, the respondents brought forth another global life cycle indicator named PENNR i.e. primary 

energy use through nonrenewable sources which include coal, uranium, oil etc. The energy 

consumption using renewable and nonrenewable sources in represented in LHV (Lower heating 

value) whose unit is MJ/kg.  In this facility, LHV for nonrenewable resources is 37.010 MJ/kg of 

PLA and that for renewable resources is 26.610 MJ/kg of PLA.  

 

In response to the question pertaining to land use for PLA production the respondents detailed 

the following factors on which land usage depends on:  

 

1) Type of crop (sugarcane, beetroot, corn) to produce PLA. 

2)  The local average yields of crop.  

3) The % age of starch in feedstock. 

4)  Efficiency of processing the crop.  

5)  Process utilization (to convert starch into end Polymer). 

 

Supplier’s data archives which revealed that in order to produce 1 kg of PLA, 1.53-meter 

square/acre is required. If the plant is run at its full capacity i.e. 150,000 t, it would require 

22,950 hectares of land.   

 

Water usage is of major concern for upholding sustainability measures. The archives (see figure 

13) revealed the water usage at different stages of PLA production. For one kg production of 

PLA polymer fiber, 13.22 kg of river water and 21.78 kg of ground water is utilized.  

 

Also, the archives noted the acidification (AP), eutrophication (EP) and ozone depletion potential 

(ODP) along with Photochemical ozone creation chemical potential of the PLA polymer being 

produced in the facility. Acidification Potential (AP) is an aftermath of emissions of acids to the 

atmosphere which are later accumulated inside surface soils and waters. This is expressed as 

equivalent of SO2. The acidification potential of PLA polymer is 7.26 g SO2 equivalent. 

Eutrophication is defined as the polluting of aquatic ecosystems as a consequence of which the 

excessive-fertilization or over richness of water and soil (with nutrients) has resulted in an 

abnormal swelling of biomass. Unit for calculation of EP is kg based on a weighted gross of the 
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emissions of nitrogen(N2) and Phosphorus (PO4) derivatives. The eutrophication potential (EP) 

of PLA is 1.38 g PO4 equivalent. Ozone Depletion Potential (ODP) describes the depletion 

capacity of the ozone layer on account of emissions of chlorofluorocarbons and different 

halogenated hydrocarbons in the atmosphere. The Ozone Depletion Potential of PLA 

biopolymers is 3.99 E-10 g CFC-11 eq (see table 13).  

 

 

 

 

 
 

Figure 13. Water usage in PLA production (Supplier’s Archives) 
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Table 13.  Values for life cycle impact assessment indicators (Supplier’s archives) 

 

 
 

Supplier 2: PHB Biopolymer   
 

There is a growing interest recently in production of PHB from wasted methane gas (CH4) as 

methane is cheaper nonfood feedstock and also because it is present in abundance (Pieje et al., 

2017).Methane gas is produced from anaerobic digestion (i.e. digestion without the presence of 

oxygen) at the wasted H20 treatment plants or by the waste decomposition at agriculture sites or 

landfills. Once inquired, the interviewee elaborated that for this particular facility, the methane 

gas is acquired from wasted water treatment plant. Further, the interviewee stated that this 

polymer is later converted into bioplastic polymer. After its end use, the bioplastic can again be 

dispatched to a landfill or waste treatment plant to compost and degrade into methane. This leads 

to a closed loop cycle. Furthermore, the respondent added that, the significance of making PHB 

which is a very useful product from wasted Methane (CH4) which is a greenhouse gas and is 

proven to be at least 34 times more hazardous than carbon dioxide gets highlighted due to its 

potential to save the ozone layer from methane’s impact.  

 

Talking further about the eco friendliness and sustainability potential of PHBs, the respondents 

shared that PHBs produced using methane as the raw material lead to :  

 

1) Biodegradability: PHB bio polymers are completely biodegradable and compostable. As a 

result of this, their accumulation does not take place in natural environments. This leads to 

significant reduction in pollution which their synthetic plastic variants contribute to. The 

respondent added that “Our team is always thinking about the “end-of-life” or the “design for 

next use” of their products where they might ultimately end up; for example, a wastewater 

treatment plant or the ocean. We spend a lot of our time looking at biodegradability in anaerobic 
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environments, marine environments, backyard compost, making sure that it’s completely 

digestible, making sure there’s no intermediate that could be persistent, or that you’re not 

inversely having something that’s toxic accumulating” 

 

2) Non-Food Source: Since the raw material of PHB is wasted methane gas, hence it does not  

compete with the food source ( sugar cane , sugar beet , corn ) and  the respondent added in the 

same vein that  “We have a lot of interest from methane producers, not just from anaerobic 

digesters, but also from landfills, abandoned coal mines … it’s an issue for these producers what 

to do with their methane”  

 

3) Biocompatibility: The bio polymer obtained using Methane gas is completely bio compatible 

and hence it can find uses in a number of industries such as fashion & apparel, food packaging 

and biomedical applications as well.  

 

4) Energy Efficient: The process utilized to produce PHB biopolymer is energy efficient and 

less exorbitant compared to other plastic producing methods. Moreover, as the production by 

products decompose back to raw material, hence it optimizes the production process innately for 

efficiency and mitigating pollutants.  

 

5) Less Harmful: No harmful solvents or chemicals are used in the production of this 

biopolymer.  

 

6) Compatibility: The whole bio plastic is produced on the standard manufacturing equipment 

hence it is cost effective in terms of its compatibility with the existing and conventional set ups 

of producing plastic.  

 

7) Reduction of Greenhouse Gases: Bio based plastic production per unit releases only 8 to 14 

% of the emissions resulting from the production per unit of synthetic fossil fuel-based plastics.   

Greenhouse gases which are a formidable foe to the atmospheric protective layer ozone (O2) can 

be lessened in two ways by the introduction of PHBs bio polymers.  Firstly, by the direct 

utilization of GHG, methane which is thirty-four times more formidable than CO2 over a time 

span of 100 years. Traditionally, methane gas is either vented into the atmosphere or burnt as 

there is lacking economic incentive to capture it. However, when asked about the complete LCA 

studies, the respondent clarified that “We have conducted internal LCAs but nothing published 

for review. Ours show that our PHA is carbon negative.” 

 

Innovative Method 

The respondent clarified that their facility is not the first one to produce PHBs and PHAs. These 

bio polymers are under research for quite a number of years already, however, the method of 

production is innovative and more sustainable and eco-friendlier. Previous methods employ 

feedstocks such as sugar or corn which can lead to the process becoming more energy intensive 

and costly. As a result, the PHB biopolymer made using the old methods dwarfs in terms of 

performance and its commerciality prospects.   

 

Readiness for Apparel Industry 



s 

 

 

 

 
 59 

The respondents added that back in 2012 until 2015, they had meetings with responsibles from 

many fashion / apparel companies who showed overwhelming interest in engaging bio polymers 

as a replacement of bio polyester since polyester is being used in 64 % of total apparel 

manufacturing. Almost 85 % of that polyester lands up in the landfills and there is no further 

solution biodegrade it or compost it. In October 2017, the company was able to convert the bio 

polymers into fibers which can then turned into yarn  using the spinning process to further weave 

that into fabric. Hence, a bio polyester using PHB bio polymers is a reality which is of 

paramount importance for the textiles. The company is developing some of the textile products 

to be sold online and through store shelves to gauge the potential interest from the end customer 

as well.   It was highlighted that the shirts and other apparel made out of bio polyester shall be 

bio-degraded by micro-organism at landfills after having served their purpose. However, to 

degrade, bio polyester clothes need warm temperatures and the right bacteria around to chew 

them up, and the process might take weeks or even months of constant exposure.  

 

Commercial Perspective  

PHB as of now is not commercially available. However, the respondents expressed that their 

economies show that they can be cost competitive with petroleum-based plastics. As a company 

in its maturing stage, bringing the higher prices down is a challenge that needs to be tackled in 

order for it to compete with the synthetic and bio alternatives. The company is enacting a 

demonstration facility whose production capacity is estimated at thousands of polymer/ week and 

then aiming to hit the ground running by a commercial facility with a production capacity of 10 

million pounds per year. This shall let the economies of scale come into play and further help 

bring down the cost per pound of the bio polyester. The respondent when inquired particularly 

about their readiness for fashion industry responded “Recently, we developed a polyester 

replacement using our PHB and we are working with various fashion brands to make prototypes 

and ultimately provide the clothing of the future” 

 

Comparison of PHB with PLA  

While discussing the comparative analysis of PHB with PLA, the respondents hinted at the 

superior sustainability and performance aspects of PH 

 

1)  Melting Point “PLA has a lower melt point than PHA. Heat makes it degrade. That means that 

PLA plastic cups at a picnic can begin to melt if exposed to too much heat; I believe this has 

been drastically improved in latest PLA production techniques, however , PHA by comparison 

doesn't have this problem; a PHA straw won't turn into spaghetti in your coffee cup”.  

 

2) Biodegradability Advantage: “PHA is naturally occurring (bacteria naturally produce it), while 

PLA is synthetic”. This revelation that PLA is synthetic was very novel for the respondents as 

the literature plus the PLA producing supplier’s explanations were always towards meriting PLA 

as a bio product. The respondent further expanded on it as “something is considered a bioplastic 

if the carbon is derived from a "rapidly renewable" resource (like sugar, corn, starch), as opposed 

to ancient fossil fuel carbon. This does not guarantee biodegradability, however. The Plant Bottle 

(a Coca Cola’s plant-based packaging bottle which is 30 % plant based), is an example of a 

bioplastic that is not biodegradable. The carbon that makes up the PET polymer of the Plant 

Bottle are from sugar, not fossil fuel, and the PET "chain" is chemically and structurally identical 
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to fossil fuel-based PET; and as such, it can't biodegrade. Now, talking of PLA, it is made from 

sugar/starch that will break down in an industrial managed composting facility. So you can use 

fossil carbon to make biodegradable plastics and "rapidly renewable" carbon to make non-

biodegradable bioplastic. These are both called bioplastics. PHA on the other hand will 

biodegrade with enzymes found in the environment; it is "bacteria fat" and will break down in 

the ocean; you can eat PHA”.  

 

 

Based on the discussion above, below table 14 has been prepared comprising of key properties 

that can determine the environmental sustainability potential of the bio polymers compared to 

synthetic polyester. 

 

Both Bio polyesters outperform conventional polyester in the aspects of global warming 

potential, biodegradability, water consumption, renewable. Nonrenewable energy use, and raw 

material renewability potential. However, the synthetic polyester is at par with bio polymers in 

terms of recycling potential and is obviously superior in terms of its market positioning and 

commercial availability since it’s in use in the fashion and apparel industry for many decades.  A 

comparative analysis of both bio polymers with each other reveals that PHB is superior to PLA 

in terms of global warming potential (GWP) , water consumption as it is utilizing wasted water 

in its production process and nonrenewable energy use as well as in land utilization for raw 

material. This is on account of the fact the PHB doesn’t require a feedstock for its production 

while PLA relies on corn. This also gives PHB another advantage that it does not compete 

directly with a food source (sugarcane, corn, sugar beet) for the supply of its raw materials. 

However, PLA compared to PHA has been better researched and more substantial data is 

available regarding its life cycle assessment compared to PHB, especially the PHB produced 

with methane as a raw material which comes under the scope of this thesis. Moreover, PLA is 

commercially available and as per Babu et al., (2013) , the yearly supply of PLA fiber from 

suppliers from China, Japan, USA , Europe was an estimated 200 kilo tons. As of 2019, the data 

from supplier for PLA revealed that their plant’s production at full capacity is 150,000 k ton. 

Hence, PLA has better commercial availability and better researched sustainability related 

studies to back its viability as a potential alternative to petro-fuel based synthetic polyester.  

 

 

 

Table 14. Performance factors of synthetic and bio based polyester 

 

 Performance Factors 

Synthetic 

Polyester 

(PET) 

Poly Lactic Acid (PLA) 
Poly Hydroxy 

Butyrate(PHB) 

1 

Global Warming 

Potential (Kg eq 

CO2/kg of fiber ) 

4.1 0.62 -6.06 to -1.94 

2 Biodegradability No Yes yes 
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3 Recycling Potential Yes Yes yes 

4 
Water consumption /Kg 

fiber 
62 kg 35 kg 

Uses Wasted 

Water 

5 
Renewable Energy use 

(Mj/kg) 
1-2 37.01 37.4 

6 
Non-Renewable Energy 

Use (NERU) MJ/kg 
96 26.61 N/A 

7 Raw Material Source 
Non 

renewable 
Renewable Renewable 

8 Land utilization 
For Plant 

Only 

1.52 meter square /1 kg 

PLA 

Least Land 

required 

9 
Readiness for Apparel 

Industry 

53.7 

million tons 

/year in 

2017 

200 Kiloton (2013) 

Not                                                                                                                                                                                                                                            

commercially  

available 

 

 

4.3.  Risk identification and supply chain mapping of bio polymers  
 

Although one of the greatest interests for this case company is the search and use of increasingly 

sustainable materials in order to reduce the negative environmental impact that the materials 

currently used could have, it is of utmost importance to take into account the risks that are taken 

when making changes in supply chains. In this particular case, attention is directed towards the 

identification and evaluation of risks in the supply chain of apparel products made using fossil 

fuel based synthetic polyester (PET),  that can potentially be replaced with fabrics made from bio 

based polymers ( PHB and PLA). 

According to the analysis proposed by Harland et al. (2003), before starting with the 

identification of potential risks, it is necessary to start with the elaboration of the supply chain 

map in order to visualize in a simpler way what are the elements or actors involved in the process 

as well as the role they play within this chain. For the present analysis, several interviews were 

conducted to reach this objective. 

In order to come in knowledge of current supply chain of GANT in place, it was requested from 

the respondents to mention the elements involved for the supply of raw material, in this case 

from the producer of polymer fibers, to the end of life mechanism for the used garments as well 

as the geographical area of its suppliers. According to the interviewees, Gant's supply chain does 

not vary much from any premium company dedicated to the clothing industry. This chain begins 

with the acquisition of raw materials subsequently used for the manufacture of yarn (thread) in a 

spinning mill followed by the manufacture of fabrics in a weaving unit. Once these processes 
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have been carried out, the garments are manufactured in garment or apparel factories according 

to the requirements previously requested by Gant, which are sent to different warehouses for 

safekeeping and worldwide distribution. Once the garments are distributed at the different points 

of sale, they are acquired by the customer who finally ends the process by discarding the 

purchased product. According to the data obtained, the image shows a linear supply chain which 

can be determined as a cradle-grave approach where the elements involved range from the 

polymer fiber producer, to the garment disposal (see figure 14). 

Due to the low percentage of polyester that this company handles in its products (around 6% of 

the final goods)  with respect to other materials such as cotton (above 80%), a large part of its 

polyester suppliers (thread and fabric) are located in China. According to the interviewee, Gant is 

only responsible for communicating the required designs and specifications to the fabric 

supplier. Likewise, this supplier is responsible for contracting and payments of its suppliers, 

preparation of purchase orders, sending specifications, inventories, as well as ensuring that they 

comply with the quality standards and necessities that this premium brand requests according to 

the contract. Moreover, Gant is open to referencing its suppliers  in the upstream for example , in 

case of  bio polymers , the designated PLA supplier can be referenced to the suppliers in the back 

loop such as garment manufacturers , fabric producers and spinning mills.   

 

 

Figure 14. General supply chain map of Gant 
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In order to design the supply chain map by replacing the regular synthetic polyester (PET) with 

the bio-polyesters (PLA), the raw material supplier (PLA) was asked if it was possible to use this 

material under the same production conditions or manufacturers should take different measures. 

As stated by the supplier, the design and the properties that these fibers currently have do not 

require special attention, so they can be integrated into the actual manufacturing process without 

any setback, allowing no major effects on the chain of supply in terms of material flow. 

In the light of the data accumulated, since PHB is not being commercially produced for the 

textile sector specifically, therefore, the focus of making the supply chain mapping as well as the 

risk identification and assessment was further narrowed down to the PLA supplier which has 

more commercial viability and availability  at this point. This step shall help keep the perspective 

of this to be more pragmatic and relevant to the time present time frame and assist the case 

company as well in realizing its objectives of engaging the best and most readily available option 

for the choice of its bio polymer engagement in its fiber mix to mitigate the carbon footprint and 

ultimately become more environment friendly. Taking into consideration the information 

mentioned above, the suggested supply chain map would not present serious changes since only 

the synthetic polyester supplier is replaced by bio polyester (see figure 15). 

 

Figure 15. Future supply chain map based on bio polymers PLA integration.   

As claimed by Ho et al. (2015), there are macro (environmental, political, etc.) and micro 

(demand, manufacturing, supply and infrastructural) risk factors that can affect the supply chain 
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effectiveness. Due to the large amount of information and research time required for this study, 

the risk analysis was developed based only on the identification of possible factors that could 

have a negative impact on the supply chain from the production of biopolymer fibers to the 

manufacture of garments. 

According to the tool proposed in the literature for risk analysis, the second step to follow is the 

identification of risk factors that could affect the supply chain. In this case, both the suppliers and 

the company under study were requested to mention the potential risks and threats that they can 

envisage. Using as a basis the list of risks proposed by Ho et al. (2015) the most important risks 

for the elements of the supply chain were selected (see table 15). 

 

 

Table 15. Risk identification 

 

 

 

Micro risk factors 

As mentioned earlier in the literature, micro risk factors are those threats within the process that 

are generated by the elements that constitute the supply chain. Below are some of these types of 

risk identified by Gant and the raw material supplier for each category: 

Within the demand risk factor, the PLA provider interviewed expressed main concern about 

unreliable demand expectations, customer dependence, short delivery times and competition in 

the market. As mentioned by this, the rapid and unpredictable changes in terms of the 

requirements of its customers about design and properties of its products is one of the most 

relevant risk agents due to the impact it generates on the manufacturing issue and resource 

planning. At this point, the supplier emphasized that "The competition in both the internal and 
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global market is increasingly aggressive, so it is not possible to allow us to let go of a key 

customer that in the short or medium term can generate serious consequences." According to the 

supplier, this has led them to take decisions in some cases not so accurate in terms of production 

scheduling causing inefficiencies in the process since this does not allow to anticipate customer 

requirements using as a basis the history of previous years as in other industries. This 

phenomenon has leads us to reduce the productivity in order to meet the delivery times requested 

by customers and thus avoid further losses. 

Talking about the futuristic scenario with the respondent from the supplier company expressed 

that an overwhelming demand of bio polyester, on account of its superior biodegradability and at 

par or lower prices compared to synthetic polyester, could divulge the biopolymer Industry’s 

unpreparedness in the face of huge demands. As of 2014-15, the total global PLA production 

does not exceed more than 200 kilo tons and that of PHA is at an estimated 98 K ton/year. 

Compared to the global demand of synthetic polyester which is an estimated 53.7 million tons 

(Statista.com, 2019), the supply demand gap is immense. 

Within the manufacturing risk factors, both the PLA supplier and Gant, agree that some of the 

risks that could affect the supply chain are strikes, lack of experience or training of personnel 

working in the manufacture of raw materials, design changes, and technological changes 

required for the handling of materials that are emerging in the market.  

Due to Gant's need to improve quality and reduce the negative impact of its products, the 

constant search for new raw materials to use in its garments has consequently generated the need 

to find specialized suppliers that can meet these requirements. In this sense, Gant refers to 

additional concerns such as the flexibility and production capacities available, due to the low 

availability of sustainable materials such as biopolymers, as well as personnel safety and 

products quality related in the manufacture of these products. In this case, the interviewee 

mentioned that “Gant is a company that is constantly changing, looking for new technologies in 

the market that will lead us to fulfill the commitment established for sustainability, but we are 

aware that this change has to happen gradually, since market supply evolves more slowly 

compared to demand, so we have had to stick to what the market offers and not vice versa. ” 

Regarding the safety of the personnel and the quality of the products used, Gant added that “We 

know that to meet our objectives it is our responsibility to ensure that the manufacture of our 

products is carried out in a sustainable way. For this reason, we conduct annual audits to ensure 

that our suppliers meet certain requirements that range from social development to 

environmental care. ” 

In the case of the PLA supplier, the interviewee mentioned risks such as working conditions, 

obsolete products, costs for inventory management, short life of the products, and the high 

diversity of the products required by their customers. The supplier emphasized the latter by 

ensuring that due to the diversity of the products that the big brands offer to their customers in 

order to create the need for users to renew their garments and to distinguish themselves from 

others brands and thus generate competitive advantages has led to manufacturing companies 

making more changes in its production processes provoking the increment of inventory levels. 

Likewise, the supplier expresses that to mitigate the increase in their inventories, the production 

is only limited to producing what was previously required by customers. However, this has led to 
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increased delivery times by not having available material causing uncertainty towards the 

customer. 

When it comes to biopolymers and the lack of availability in the market, as well as the lack of 

information about their properties and management within the textile industry, it produces some 

uncertainty towards the elements of the supply chain regarding the reliability of these materials 

about the supply capacity. Among the risks identified by both the supplier and Gant, the lack of 

ability to meet the client's requirements can be mentioned; on the one hand Gant emphasizes the 

quality and sustainability of the products while for the supplier the issue of quantity and time has 

greater weight. Another risk is the price, due to the low availability of biopolymers and the 

production time. Additionally, both coincide in the ability to obtain materials that meet the 

requested conditions, the reduced list of suppliers in the market and the dependence on a supplier 

that this could mean, threatening the entire supply chain. 

Among the risks mentioned by Gant in this category, is supply responsiveness and selection of 

wrong partner. As mentioned by the interviewee “Within the fashion industry, the responsibility 

and response time of the suppliers are factors that cannot be ignored, since it depends that our 

products reach our customers in a timely manner ... . A delay would mean very large losses for 

those involved since seasonality is a factor in this industry. 

As for the PLA provider, being technologically behind its competitors and the efficient use of the 

available supply resources are other factors that should be considered. At this point, the supplier 

emphasizes the risk they face if there is not a constant update in their processes and materials, as 

this would mean staying on the road causing instability in the supply chain by reducing the 

options available in the market for the supply of materials. 

Regarding the infrastructural risks, the respondent from the PLA supplier added that one of the 

biggest risks is of “informational structure break down and information delays between the main 

company (GANT) and the upstream enterprises which comprise of PLA supplier and designated 

garment factories of GANT which are acquiring the biopolymer from PLA supplier. This 

situation is more prevalent in case if the case company has limited options of suppliers for the 

bio polyester. It could result from a “poor virtual integration between different supply chain 

without the use of Internet-based technologies and information sharing systems”. 

Another risk in the infrastructure category which could have reasonable impact is the cost of bio 

polymer. The respondent mentioned that “Currently, the price of PLA resin pellet is around 

$0.90-1.00/lb delivered in bulk in the US, close to the prices of conventional polymers such as 

PP and PS in that market”. Mover, the respondent shared that Netherlands is the biggest 

importers of PLA in the world from the USA and elsewhere.  

Amongst other infrastructure risks that could hamper the supply chain are 1) Port instability, 2) 

accidental damage in transportation 3) Excessive handling due to border crossing 4) Change in 

transportation modes or no transport solution alternative. However, the respondent didn’t 

comment much about the possibility of these events initially. It was later expressed that to look 

after their offshore shipments some of the best logistics and shipping companies are engaged 

which make sure that such risks can be averted to their best. However, there is always a 



s 

 

 

 

 
 67 

possibility of such an inopportune event occurring that could disrupt the shipment of raw 

materials from reaching their intended destination. But these risks were beyond the expertise of 

the respondents and the researchers didn’t discuss these risks at length.   

Macro risk factors  

While discussing with respondents the macro factors that could hamper the biopolymer (PLA) 

access to the case company from suppliers, two factors were noted to be of paramount 

importance 1) Economic instability 2) Political instability; both of which are inextricably related 

to each other as well.  Delving deep into this, the respondent from the supplier company (PLA) 

remarked that, “Uncertainty emerging from an unpopular or shaky political environment tends to 

hamper the investments and puts economic growth on lax”. And there is another angle to this as 

well in which “poor economic performance can result in collapsing of a government”.  To that 

aforementioned effect, when inquired from the respondent (PLA) about if the possibility of 

fathoming such sheer level of politico economic instability (for bio based polyesters) seems too 

far-fetched, came the reply, “Political and economic stability is by no means the norm in human 

history. Democratic regimes, like all political entities can be quite fragile. Our economies have 

witnessed the dot com recession as well as subprime mortgage and credit crisis in 2007.” Once 

such a scenario takes place that the companies, especially the ones who are in the research and 

take off phase can see the funding’s from governments or other financial sources shrink in best 

case scenario if not totally diminished. In the same vein, the respondent added that “Once 

political instability takes over and economic aspects seems bleak, then there innovation and 

ingenuity takes a backseat. And since, bio polymers are actually in their very infancy stage 

where we are always on the lookout for better raw materials or alternatives for our feedstocks 

and reducing our dependence on fossil fuel energy based operations therefore “innovation” is not 

an “option” but the “ pressing need ” at this juncture. Hence, any bio polymer industry cannot 

weather the impact of radical regime shift which could bring radical policy changes”.  

 

Discussing about the policy change (regarding biopolymers’ marketing and production) by govts, 

which could be a very robust determinant in disrupting the supply of bio polymers, the 

respondent expressed that “ This policy could come in case of GMO traces in the final product or 

in case of raw material ( corn , sugar cane, etc. ) coming in direct competition with the food 

source or land utilization for raw materials that could instead be used for growing food crops for 

human consumption.”. Biodegradability is still a mercurial term in terms of how its branded by 

certain companies. The respondent highlighted that radical policy shifts could emerge from 

irresponsible marketing of bio-polymers, “The federal government and the state of California 

have penalized companies for selling biodegradable "plastic" that actually takes years to break 

down.'' Or they could come from the policy shift of the partner country, for example “Bio 

polymer (PLA) based materials or garments can be composted at industrial facilities which 

require heat and pressure and USA’s recycling industry is not yet ready to accommodate the 

overwhelming amount of bio-plastics. And until 2015 USA would recycle only 9 % of total 

plastic waste which shrank to approximately 2.2 % after China and some other countries-

imposed restrictions on accepting and recycling plastic waste coming from the USA.” Hence, 

other country's policy shifts could also impact the sustainability advantage or take away the 

marketing or selling edge of a product which in this case is Biopolymer PLA and if it can’t be 

recycled due to lack of recycling facilities, then it loses its sustainability edge.  
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One possibility in such a scenario, where Government's stringent policies or growing concerns 

over the potential  impact of producing the product ( or its raw materials) at home could be to 

source raw material from developing countries where natural raw materials  (organic Corn in this 

case )  are readily available  or to completely shift production to developing countries where the 

policies are clement. However, “ such decisions could have their own potential repercussions in 

terms of the political and economic stability of those developing govts for example  Vietnam 

which is controlled entirely by the ruling party and was once considered to have great potential 

for fashion and apparel related activities could not retain its pace due to certain reasons, one of 

which is that the  State owned enterprises (SOEs) which account for almost 40 % of GDP are 

underperforming but Government is unwilling to take reforms. some allege these SOEs to be 

personal cash cows for ruling party officials”. Moreover, there are certain other challenges if 

suppliers are from developing countries such as “Child labor, Sweat shops, Zombie workers”.    

 

5. Discussion  
 

This portion shall be tackling the two research questions of this thesis through discussing the 

findings and in the light of respective literature.  

 

5.1.  Answering question # 1  
 

RQ# 1:  What are the environmental sustainability related aspects of shifting from synthetic to 

bio-based polymer fibers (PLA, PHB) in the slow fashion (apparel) industry?  

 

5.1.1.  

Carbon emissions & GHGS  
 

Reduction of carbon footprint and greenhouse gases (GHGs) is the foremost motive behind the 

adoption of bio polymers from the case company’s perspective. Generally, in favor of bio 

polymers the fashion companies state that from carbon footprint perspective, the bio based fibers 

producing industries are inclined to adopting a better sustainable alternative in terms of material 

carbon by utilizing bio based options in a more circular fashion i.e. carbon which gets trapped 

during photosynthesis is used to produce bio materials and is emitted back into the atmosphere 

(depending on the end use of the biomaterial product) over a period of one to ten years. In case 

of  bio polymer PLA from supplier 1 , results in 1.83 kg removal of CO2 /kg of PLA produce 

(i.e. 1.83 kg of net CO2 uptake takes place from the atmosphere) and this results in one of the 

key advantages of utilizing bio based renewable resources for producing polymers compared to 

synthetic resources .  And in case of PHB from supplier 2 , although the exact quantity of CO2 

emission was not ascertained but an estimate was shared during the interview that  this 

biopolymer over the course of its extraction and production emits as estimated 8 to 14 % of total 

emissions compared to the production per unit of synthetic fossil fuel based plastic. This is in 
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contrast with Patel et al., (2002) who found that from greenhouse gas emissions perspective, 

PHA is superior to synthetic polyester ( PET) by dint of using  biomass power as opposed to 

common thinking that renewable feedstock is responsible for this improvement. It conveys that 

because PHA is produced using biomass to propel its production processes then it scores better 

than conventional Polyester production in all cases but the results are opposite if natural gas is 

used to produce electricity and gas in PHB production. However, even if not in terms of less 

production of carbon dioxide, PHB contributes to reduction of methane gas which is much more 

potent in terms of damage to the environment and this commensurate with Gabriel et al., (2014) 

findings that Methane gas( by its mass) is twenty five times more hazardous than CO2, over a 

period of 100 years. 

 

On the other hand, plastics /polyester made with petroleum-based fossil fuels do not lead to any 

CO2 removal. This is in line with Shen et al., (2010) who stresses that polyester fiber has the 

highest potential in terms of human toxicity and a major portion of this toxicity has its roots 

stemming from the emissions of PAH during the production of amorphous polyester. When a 

fossil fuel based  textile item is utilized and further narrowing it down to this study’s scope if 

synthetic based polyester fabrics are produced and later utilized, the material carbon which is 

released  in the atmosphere rises  by a number which is equal to the amount of fossil carbon 

trapped in that item. This is not the case in fabrics produced from bio based polyesters where the 

carbon released in the atmosphere is again taken up by the product for the next product cycle.   

 

5.1.2.   

Raw material stressing the food resource  
 

A sustainable bio based product is that which is derived from renewable resources and is capable 

of being recycled and is also biodegradable with commercial prospects and environmental 

acceptance (Mohanty et al., 20012). While interviewing supplier 2, it came to author’s notice that 

in case of PHB production, the raw material is wasted methane gas (CH4). As a result, the start 

of supply chain for raw material sourcing starts with the Methane gas produced from anaerobic 

digestion (i.e. digestion without the presence of oxygen) at the wasted H20 treatment plants or by 

the waste decomposition at agriculture sites or landfills. Hence, the raw material required for the 

production of PHB biopolymer is not competing directly against any food source. Moreover, 

Methane gas (CH4) is renewable as well as its consumption actually benefits the environment 

since it is one of the most potent greenhouse gases which is endorsed by Shindell et al. (2009) 

who stress that most updated modeling shows that methane gas possess more severe global 

warming potential than previous measurements, once the indirect impacts of methane gas on the 

aerosols present in the atmosphere are taken into consideration. This advantage of  

 

In case of PLA biopolymer, the supplier 1 mentioned that the variety of corn being utilized 

(Yellow dent corn) is distinct from the sweet corn variety which is used as a human food and 

animal feed source. However, on account of being quite versatile crop, Yellow Dent can be 

utilized for food, feed, fuel and material purposes. Even running the plant on full production for 

the specific facility would consume 0.11 % of total US corn production (361 Million tons in 



s 

 

 

 

 
 70 

2014) and 0.04 % of the world’s corn production ( 988 million in 2014). Based on these 

statistics, although production of PLA in terms of raw material is stressing the food source to a 

limited extent but since corn is a fully renewable crop therefore the repercussions are not 

extreme.  

 

Another aspect to raw materials which concerns sustainability is the use of GMOs in crops which 

has been highlighted by Ahmann and Dorgan (2007) that an unknown health hazard in the 

production of PLA is the usage of GMOs to raise the yields and enhance the properties of starch. 

However, Supplier 1’s archives clearly revealed on authority of a third-party certifier ‘Genescan’ 

that as far as the final PLA product is concerned, there are no traces of GMO. However, it was 

also discovered through archives that  US current production of corn comprises of both GM corn 

and non GM corn, further emboldened by  NASS (2010) that  in 2008, 85% of acreage in the 

United States was planted with bioengineered corn. However, since only non GM corn is being 

used as feedstock therefore the health hazards related to it are avoided  because of the fact that 

human health hazards related to GMOs are mercurial and not fully explored to date (Graedel and 

Howard-Grenville, 2005). 

 

5.1.3.  

Land usage for raw material and industry  
 

Life cycle assessment is the tool utilized to measure not only the environmental impacts but also 

the resource utilization throughout the product’s lifecycle (Goran et al., 2009). Both the supplier 

1 & 2 emphasized that biomass raw materials are carbon neutral on account of the fact that CO2 

produced from biofuels was previously absorbed during plant growth and can be carbon negative 

as a result of increased carbon sequestration in the soil and root biomass. In contrast, recent 

studies suggest that greenhouse gases benefits accrued from using of biomass raw materials 

would be lessened if the effects of direct or indirect land usage are accounted for 

(Gopalakrishnan, et al., 2009). In view of this, land required for raw material (methane) sourcing 

of PHA are essentially the same which are either being used as landfills and waste disposal sites.  

PHA is not yet being produced on a commercial scale by the respective supplier 2 therefore the 

exact knowledge about the land required for erecting its plant could not be confirmed.  

 

Archives from supplier 1, revealed that in case of PLA, where corn is used as a feedstock, 2.67 

kg corn/PLA Kg is required, however 100% of this corn is not used and only starch fraction is 

used (in PLA production) which is 57 % of corn. Based on this, the net corn utilization is 2.67 x 

0.572 = 1.572 kg corn /PLA kg. Therefore, Remaining parts of corn, in terms of land usage, are 

attributed to other produces such corn oil and corn gluten meal etc. Based on this, 1.52-meter 

square of land is required to produce one kg of PLA biopolymer. And if the plant is run on its 

full capacity i.e. 150,000 t, that would require 22,950-hectare land compared to the 5 billion 

hectares of land available globally (European Bioplastics) for agriculture. Global production of 

plastics as of now is approximately 330 million tons and assuming that all plastic production is 

shifted to biopolymer production using corn , even that would require only 0.9 % of 5 billion 

hectares of  available land for agricultural purposes (Vink and Davies , 2015). 
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5.1.4.  

Biodegradability  
 

Biodegradability is considered as a standard measurement of the environmental friendliness of 

textile products (Park et al., 2005).  Supplier 2 stressed that PHB bio polymers are completely 

biodegradable and compostable. As a result of this, their accumulation does not take place in 

natural environments. This concedes to Muthu et al., (2011), Biodegradation of a textile material 

signifies the ability of a textile material to be consumed by the microorganisms once that 

material comes in contact with soil after being dumped or buried. This leads to significant 

reduction in pollution which their synthetic plastic variants contribute to. However, the time 

period in which this degradation takes place is missing from literature and not much could be 

obtained regarding this point from the respective supplier B’s data.  

 

As per Supplier 1, the biodegradability of PLA bio polymer takes place is two steps. First, step is 

of disintegration in which the moisture and heat in the compost tend to split the polymer chains 

resulting in small sized polymers and ultimately into lactic acid. Lactic acid is abundant in nature 

and hence there is no dearth of microorganisms that can metabolize lactic acid. In the second 

stage of biodegradation, microorganisms devour the lactic acid and small sized polymer chains 

and the end result of composting is water, humus, nutrients and Co2. However, without proper 

humidity and temperature this process can be extremely lax. The temperature required for the 

proper biodegradation of PLA polyester is 60 degrees (Álvarez-Chávez et al., 2012).  

 

Synthetic polyester on the other hand is not biodegradable and hence it can remain unaffected by 

natural degrading factors for very spans of time. However, synthetic polyester are recyclable and 

in this aspect they outperform all natural fibers which applies to the findings of  Muthu et al., 

(2011) which grade synthetic polyester and polypropylene (PP) as the best fibers in terms of 

recyclability above all available bio counterparts.  

 

5.1.5.  

Water consumption  
 

Water usage is one of the prime factors when carrying out the life cycle assessment of textile 

materials (Muthu et al, 2001). The water requirement for 1Kg production of synthetic polyester 

requires 62 kg of water (Boustead, 2005). In case of PLA fiber production, one kg production of 

PLA polymer fiber requires 13.22 kg of river water and 21.78 kg of ground water.  No such data 

about the water requirements for PHA production is found in literature and on the basis of 

classified information this aspect could not be explored from the respective supplier 2.  

 

 



s 

 

 

 

 
 72 

5.1.6.  

Energy consumption 
 

Vink et al., (2003) expressed that with regards to environmental concerns and sustainability, 

three factors are of paramount global importance: fossil energy use, GHGs (greenhouse gases) 

and water consumption. In case of synthetic polyester fiber,  the total energy uptake is between 

96 and 125 MJ/kg and as a result the  environmental impacts during virgin fiber production of 

polyester is 7.9 compared to cotton whose environmental impact is 0.001 (Muthu et al., 2012;  

Sandin et al. , 2019). Compared to the synthetic polyester’s energy use, the total nonrenewable 

energy consumption of PLA is 37 MJ /kg and that of renewable (wind and solar) is 26.610 

MJ/kg. These figures commensurate  with the previous studies such as analysis of Blackburn ( 

2005 , P. 212)  that the first generation of PLA fibers production systems uses 25 to 55 % less 

fossil fuel energy and with future enhancements and upgradations the use of fossil fuel can be 

reduced up to 90 % compared with that of synthetic polyester production.  

 

In case of PHA, data regarding the energy consumption of PHA production is controversial 

(Crank et al., 2005), however, PHA producers claim that the production of these bio-based 

polymers require only 3.5 % of the energy required to prepare synthetic plastics (Tullo, 2008). 

Also, the supplier 2 did not give any exact or tentative figures regarding the energy consumption 

per kg of the PHB fiber, mentioning that the commercial production has not yet started therefore 

any such figures would be doubtful.  

 

5.2.  Answering Question # 2  
 

RQ# 1:  What risks are involved in a reliable supply chain of bio based polymers fibers for the 

slow fashion (apparel) industry?  

 

For a long time, the fashion industry has been strongly criticized due to the negative impact it has 

generated in the social and environmental field due to the high levels of pollution and the nature 

of its products as well as the exploitation of its workers derived from the need to reduce 

production costs (Rafi-Ul-Shan et al. 2018). As stated by these authors, there is a great lack of 

knowledge on the part of these companies regarding the risks present within the supply chain in 

terms of sustainability. 

According to the information obtained within the interviews conducted, one of the main concerns 

of the present case company (Gant) is the continuous improvement of its garments to reduce the 

unfavorable effect that is caused to the environment and society, so this company is committed to 

the constant search for new technologies that allow this objective to be fulfilled. In this sense, 

Gant's interest in the evaluation of sustainable raw materials has been increasing, however, 

around 11% of the products it currently produces are still manufactured based on synthetic 

materials of which around 6% corresponds to synthetic polyester. Based on this need for change, 
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Gant is currently evaluating the possibility of replacing garments made from synthetic polyester 

with more sustainable materials, in this case the use of biopolymers. 

One of the most important concerns that come to the table is the lack of knowledge about these 

materials and the kind of risks related to the supply chain. For this case Ho et al. (2015) proposes 

a list of risks, which serves as a basis to identify both internal and external threats that may affect 

the supply chain and can be applied to each of the elements that make up this chain.  

According to Ho et al. (2015), the macro risk factors are those external events that can generate a 

negative impact on companies. However, this does not mean that companies should have the 

ability to control them, on the contrary, these are the ones that sometimes generate an unstable 

environment (Olson and Wu 2010). Within the external risk factors (macro factors) identified by 

both the supplier and Gant, the economic recession may be mentioned as well as the political 

instability of the geographical areas where the different elements of the supply chain are located 

since this could lead to a decrease in the economic development of the country and generate 

uncertainty in investors. Likewise, mention is made of the effects generated by the changing 

policies established by governments in order to regulate the production and marketing of 

biopolymers. As mentioned by Tang and Tomlin (2008), the well-being of a country depends on 

various factors that directly affect the development and permanence of its infrastructure, among 

which is the government factor.  

On the other hand, there are micro factors which pose certain risks to the supply chain of the bio 

polymers. Ho et al., (2015) categorized the micro risk factors present in demand, manufacturing, 

supply and infrastructure that in turn is further divided into three risk classes i.e., information, 

transportation, and financial. As it was expressed by the supplier of PLA that demand related 

risks emerge from the uncertainties or sudden rise or drop in the demand which the supplier 

cannot manage. This is inline with observation by Martino et al., (2017 , p.140) that “the 

particular field of the fashion retail industry since its highly unpredictable demand and extremely 

short life cycle make it very important to analyze risks connected to the supply chain”. The 

supplier of PLA mentioned that the demand risk can emerge from the information gap between 

the various actors involved in the whole biopolymer garment manufacturing process and it 

includes the spinners, the weavers, the dyeing and printing mills and garment manufacturers. 

This assessment of the supplier resonates well with the observation of  Svenson (2002) who 

notes that demand risks emerge due to likely intrusions to the “material and information flow 

between the main company and the market”  and all other related enterprises which are inclusive 

between them. The supplier further elaborated this can result in a bullwhip effect for the 

company As forecasting demand is a tumultuous task and  since supply chain process is replete 

with possible disruption therefore it can influence the suppliers orders. A sudden fluctuation is 

customer demand can impact all the factors of supply chain. This scenario is in cognizance with 

Miragliotta (2006) studies which noted that bullwhip arises as a consequence of absence of 

complete feedback, paucity of information flow between various actors involved and insufficient 

market visibility.  

As Zsidin (2003) note that supply risk emerges from those factors that interrupt the “flow of 

information and materials” between different upstream industries and the concerned company. 

As of 2014-15, the total global PLA production does not exceed more than 200 kilo tons and that 
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of PHA is at an estimated 98 K ton/year. Compared to the global demand of synthetic polyester 

which is an estimated 53.7 million tons (Statista.com, 2019), the supply demand gap is immense. 

The respondent from the supplier company reiterated that in order to bridge that gap, the 

biopolymer industry needs to be well prepared.  This scenario is reflected in the observations of 

Martino et al., (2017, p.140) who remarks that “supply network risks increase if the company is 

dependent on a few key suppliers, if it works in a global sourcing perspective”. 

One of the categories in micro risks is infrastructure which is further divided into three risk 

classes i.e. information, transportation, and financial (Ho et al., 2015). Concerning the financial 

class of infrastructure risk, the price of the biopolymer PLA is of prime concern. Although, this 

price is competing with the price of synthetic polyester, i.e. Currently, the price of PLA resin 

pellet is around  $0.90-1.00/lb delivered in bulk in the US, close to the prices of conventional 

polymers such as PP and PS in that market ”, however, this could be disrupted by the emerging 

technologies which are utilizing wasted water deposits and landfills for their  raw material 

extraction such as PHB, which is expected to be much less costly as compared to PLA and could 

lead to price competition at both ends. In such a scenario from the case company’s perspective, 

the whole exercise of shifting one bio supplier polymer to the next (better priced) could be time 

consuming and may impact the efficiency of its operations. This scenario is highlighted by 

Martino et al., (2017 , p.145) that cost related risks could result in  “long production lead time, 

delivery delays of raw materials and sole use of foreign suppliers (Macchion et al., 2015), are all 

factors that may involve an extension in throughput time thus exposing companies to possible 

disruptions in material flows”. Moreover, concerning the information related class of 

infrastructure risk, the inability of GANT to ensure a proper integration between all actors of the 

supply chain , from PLA supplier until the garment factory and distribution centers could bear 

unfavorable consequences which has been highlighted that by (Bhimani and Ncube, 2006); 

 that “Poor virtual integration between Supply Chain actors without the use of Internet-based 

technologies and information sharing systems could result in order delays and missing the 

targets”. 

6. Conclusions, contributions and implications  

6.1.  Main findings  
 

The purpose of this study was to ascertain the sustainability potential of bio-based polymers 

namely PLA (Poly lactic acid) and PHB (polyhydroxybutyrate) in the context of slow fashion 

apparel industry along with their supply chain mapping and identification of risks. In the light of 

results and discussion, it can be stated that the thesis has fulfilled its purpose. This has been 

accomplished by a conceptual supply chain mapping and risk identification for the  case 

company GANT with regards to the biopolymer (PLA) as well as an incisive and thorough 

sustainability based comparative analysis of both bio polymers (PLA, PHB) against synthetic 

polyester ; and also by comparing the two bio polymers with each other. The comparative 

analysis has been summarized in Table 14 while the conceptual supply chain mapping is 

presented in figure 15.  

The comparison Table 15 shows that both bio polyesters outperform conventional polyester in 

the aspects of global warming potential, biodegradability, water consumption, renewable, non 
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renewable energy use, and raw material renewability potential. However, the synthetic polyester 

is at par with bio polymers in terms of recycling potential and is obviously superior in terms of 

its market positioning and commercial availability since it’s in use in the fashion and apparel 

industry for many past decades.  A comparative analysis of both bio polymers with each other 

reveals that PHB is superior to PLA in terms of global warming potential (GWP) , water 

consumption (as it is utilizing wasted water in its production process) and nonrenewable energy 

use (NREU) as well as in land utilization for raw material. However, PLA compared to PHB has 

been better researched and more substantial data is available regarding its life cycle assessment 

compared to PHB,  and in addition to that commercial availability of PLA is on more solid 

grounds while PHB is still in research  and prototyping phase. 

 

As for the risk analysis, a number of micro and macro risks have been listed in order to envisage 

the risks that GANT (the case company) and its suppliers could face. The most prevalent micro 

risk factors from that the biopolymer supplier’s perspective that could impact the supply chain of 

biopolymer for GANT are : the uncertain demand from the main company that could lead to a 

bull whip effect, unpreparedness of biopolymer industry as a whole to handle future projections, 

supply demand gap of bio polymers, less than expected biodegradability and composting 

performance of PLA fiber in the landfills, production related risks where the production gets 

hampered due to internal strikes or disruptive technological changes. Also, the bio polymers 

suppliers face a risk of competitive and less costly bio polymers that could disrupt their market 

presence. From Gant’s perspective, supply gap or delayed supply as well as discontinuous supply 

of raw materials is of paramount importance, choice of the wrong partner and supplier 

responsiveness are also key risks to manage. Also, infrastructural risks comprise of informational 

structure break down between GANT and other suppliers such as PLA supplier , spinning  units, 

weaving units , wet processing units and the garment factory. Moreover, the supply chain 

mapping for the bio polymer has been depicted which details all the upstream and downstream 

elements that are involved in the cradle to cradle handling of the case company’s bio polyester-

based products.  

 

6.2.  Academic contributions  
 

This research has academically contributed in further analyzing the environmental sustainability 

potential of bio polymers compared to synthetic polyester in the slow fashion industry. This has 

been accomplished by a comparative analysis chart highlighting certain environmental 

sustainability related performance factors (Table 15) of two bio polymers i.e. PHB and PLA 

against the synthetic polyester. Also, the risk identification of bio polymers for the slow fashion 

industry is not thoroughly researched before and this research has contributed by identifying 

risks in slow fashion industry with the help of micro and macro risk identification table (Table 

14). Lastly, this study academically contributes by supply chain mapping of bio polymers 

(Figure 15) for the slow fashion industry. Resultantly, this thesis expands the horizon of previous 

researches which were tackling bio polymers in the fashion and apparel perspective and provides 

a foundation for further research to be carried out to explore the improved environment related 
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potential of bio polymers and suggests a complete risk analysis for both fast and slow fashion 

industry. 

 

6.3.  Practical implications  
 

Palys and Atchison (2008, p. 386) note that the researchers must make room for “ what  exactly 

are the implications of these results for the bigger issues that made this research "interesting" for 

you in the first place”. Miles and Huberman (1994, p. 304) note that the authors should “describe 

their broader meaning in the worlds of ideas and action they affect”. Therefore, this thesis, since 

its inception, was conducted keeping the pragmatic view in mind. As already mentioned in this 

research that fashion and apparel industry is fast becoming more aware of its responsibility to 

protect the environment and slow fashion is one of the means to such sustainable end. Using this 

thesis, slow fashion brands can emulate the supply chain mapping and become aware of the risks 

involved in this transition from synthetic polyester towards bio polyesters. The comparison table 

15 of bio polymers with synthetic polyester gives an objective insight into the merits and 

demerits of this crucial managerial decision to opt for bio-polymers. Supply chain mapping in 

figure 15 gives a visual mapping of the cradle to cradle life cycle of the bio polyester garments. 

The risks identified in table 14 can help managers of both fashion brands and suppliers of 

biopolymers analyze their preparedness and room for improvement in adoption of bio polymers 

to enhance their environmental sustainability goals.   

 

6.4.  Further research and limitations  
 

The idea of this study initially incepted on more holistic grounds with an aim to  research five 

bio polymers to replace the use of fossil fuel based synthetic polyester which is otherwise 

considered indispensable for the apparel industry owing to its highly textile friendly qualities 

such as wrinkle free, durability, hydrophobic properties, easy to dry, stretching and shrinking and 

mildew and abrasion resistance, all of which come at the cost of polyester’s high nonrenewable 

energy consumption and an alarming carbon footprint. However, since the bio polymers field is 

still in its infancy and also because the researchers were constrained by time and resources to 

engage all five bio polymers in the scope of this study, therefore it was decided to pursue 

research for the two most popular bio polymers (PLA and PHB) with regards to slow fashion 

apparel industry. To facilitate this, the case company’s related personnel directed the researchers 

towards the suppliers of bio polymers that are already under consideration by the case company 

as potential future suppliers of raw materials. 

 

Another limitation that this study faces is that it has been conducted with just one slow fashion 

brand which makes it prone to generalizability of the results. It would behoove if more 

companies are engaged in future research and more emerging bio polymers are researched in 

order to ascertain the best ones for the apparel industry. Moreover, this study is done keeping the 

slow fashion industry in mind. Further research merits the complete risk analysis and supply 

chain mapping for fast fashion brands as well. Also, since complete life cycle assessments of bio 
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based polymers are not yet available, therefore, this exposes the comparative analysis of the 

biopolymers to be prone to further improvement.  In this context, future studies should 

encompass complete life cycle assessment of bio polymers, especially of PHB biopolymer 

produced using methane gas.  

 

Another factor which limits this study is of physical proximity of the researchers from the case 

company’s recommended suppliers. Both of the suppliers are located in the USA; hence the 

interviews were conducted using skype and contact page. There was sometimes congestion in the 

communication due to interruption in service and also  there was one respondent respectively 

from each bio supplier’s company, who would specialize in a specific area (for example bio 

polymer ) and not in the other desired area (for example supply chain),  therefore it would limit 

the depth of the answers that the authors were looking for.  

 

Lastly, since our tools to retrieve data were literature and interviews, each of which presented 

their own limitation. As of literature review, we collected a large quantity of data which could 

not be fully reviewed due to time constraints. Moreover, sometimes the data was five to ten years 

old which makes it prone to becoming outdated as new findings in bio polymers are coming at a 

very rapid pace.  Despite all these limitations, the comparative analysis along with supply chain 

mapping and risk identification of bio polymers for slow fashion industry has been 

accomplished. Its credibility can be ascertained further by future research in the light of complete 

life cycle assessment of bio polymers and risk analysis of adopting those bio polymers in the 

apparel industry.  
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Appendix 

 

Appendix A 

 

Interview with Case Company GANT 
 

Respondents  Mr. Wajahat Hussain , Mr. Ali Qamar  

Company  GANT  

Address Tullvaktsvägen 9, 115 56 Stockholm 

Department  Materials Development  

Dates of interview  3rd March 2019, 25th June 2019, 8 july , 2019  

Time  Approximately 1 hour per interview 

Mode of Interview In person  

 

 

 

 

Common Questions to Both Respondents  

 

 

● 1)  Hi, Could we please start with our introduction followed by yours’? 

 

● 2)   What is the most motivational/ Challenging aspect of working in this department of Gant? 

 

● 3) Thank you! Could we move ahead with more “Sustainability specific Questions” that we have 

shortlisted to assist our thesis? 

 

 

  Questions Regarding Supply Chain  

 

● What is the current supply chain followed by the materials currently used by Gant from the raw 

● material supplier to final user (polyester)? (If possible, include geographical areas of suppliers, 
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● warehouses and customers, person or department responsible for processing the order, waiting 

● times, information flows, etc.) 

● What is the number of polyester suppliers that Gant currently manages? 

● What is the current volume of polyester used by Gant and its estimated annual cost? 

● What system or method is used to communicate the needs of materials to suppliers? 

● What are the methods or systems used to control inventories (polyester)? 

● What is the estimated lead time between each of the supply chain processes? 

● What minimum quantities and lead-times do your suppliers need to work within?  

●  In relation to the above question, do these requirements need to be managed through a special 

lead-time development calendar? 

● Where are your upstream and downstream supply chain partners, located?  

●   For each part of the supply chain, does this product (raw material or polymer) fit within a drop-

in (existing process) or new process? (This question is important in regards to minimums, lead-

times, cost, and ease of engagement and development). 

●    If it is a drop-in technology, how does that change over time? 

 

 

Questions Regarding Risk Management 

 

● Is there a contingency plan carried out by Gant that can be used in case a provider does not meet 

the established demand? 

● How does Gant manage the risks that could occur within the supply chain? 

● What is the process for rejection of material and who is responsible for covering the expenses 

derived from it? 

● To what extent is Gant involved in the decisions of the materials used in its processes?  

● Does Gant make direct purchases of raw material with which its suppliers must work or only?  

Or does Gant send the required specifications to their suppliers, allowing them to select those 

raw materials that best suit the needs? 

● Is there a requirement that suppliers, customers and even Gant have to comply with for the 

handling and marketing of products containing polyester? (e.g. within the import, export, waste 

management, etc.) 

 

 Questions Regarding Materials Department 

 

● Is there any restriction regarding the qualities of the product that should be considered in order to 

be used in the process? (E.g. physical and chemical characteristics such as dimensions, weight, 

resistance, etc.) 

● Is there any restriction about the characteristics that a material must have in order to be used in 

the process and the current machinery? 
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Appendix B 

 

Interviews with Bio Polymer Suppliers  

 

PHB  Supplier 2 

 

Company  Mango Materials  

Address REDWOOD CITY, CA, 94065-1220 

Department  Production  

Time  Approximately 1 hour  

Mode of Interview Skype  

 

Respondent   Allison Pieja  

 

 

PLA Supplier 1  

  

Company  Nature Works  

Address 15305 Minnetonka Boulevard 

Minnetonka, MN 55345 

USA 

Department  Biopolymers  

Time  Approximately 1 hour  

Mode of Interview Website contact page  

Respondent    Support team  
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Questions from Bio Polymer suppliers 

  

● What are the benefits of the bio-based product to consumers and are there any performance 

features? (For example, some biosynthetic or different performance features that can be used in 

marketing to the consumer, e.g. a softer hand feel, stronger, different moisture uptake etc.). 

 

● Have you carried out Life Cycle Assessment (LCA) and can you demonstrate a reduction in 

carbon foot printing from this product vs. its petroleum alternatives? 

 

● What are the environmental benefits or eco-profile of this product compared to alternatives? 

 

● What is your tested and recommended end-of-life process for this product (e.g. landfill, 

incineration, industrial composting, recycling)? 

 

● Can this product be recycled within the existing recycling infrastructure? 

 

● If it can be recycled, what recycling methods are used? (For example, waste-to-energy and 

chemical recycling are very different recycling options). 

● Does the raw material or polymer in biosynthetic fiber currently hold or is pending any 

certification for bio content (e.g. USDA Bio preferred)? If so, is it able to carry any relevant 

marketing? 

● Can you reliably exclude (guarantee) that the bio- source you use does not compete with a 

food source? How do you guarantee this (e.g. Content Claim Standard (CCS) or another 

traceability standard)? 

● Why do you think it does not compete with food production? 

● With regards to the initial raw material, is it grown using GMO seeds or are GMO materials 

required? 

● What other impacts are there on land use and farming systems? 

● Are there any farm/land improvement programs in place (e.g. integrated pest management 

(IPM)? 

 

● What are the known technical issues of the raw material or polymer? (e.g. impact on quality, or 

garment making, etc.). 

 

●    Are there any technical opportunities or limitations for this new material or polymer? 

 (Areas to take into consideration could include color achievability, the addition of post-

production heat applications and consumer care) 

 

 
 

 

 


	Abstract
	1. Introduction
	1.1. Background
	1.2. Purpose and research questions
	1.3.  Scope of thesis
	1.4.  Outline of thesis
	2. Literature review
	2.1.  Supply chain management
	2.1.1.  Background and definitions
	2.1.2.  Supply chain risk classification
	2.1.3.  Supply chain risk analysis
	2.2.  Supply chain mapping
	2.3. Sustainability
	2.3.1.  Corporate Sustainability
	2.4. Sustainability in apparel industry
	2.4.1.  Apparel industry
	2.4.2.  Sustainability concerns in apparel industry
	2.4.3.  Slow fashion apparel industry
	2.5. Synthetic polyester
	2.5.1.  Evolution / Production
	2.5.1.1.  Abiotic Resource depletion
	2.5.1.2.  Ozone layer depletion
	Those processes which need fossil fuels as raw material normally have a higher ozone layer depletion impact. It is because of the Halon emissions which take place when crude oil is being produced. (Shen et al., 2010).

	2.5.2.  Environment effect due to land filling
	2.5.3.  Recyclability
	2.5.4.  NREU
	2.5.5.  Biodegradability
	2.5.6.  Water requirements
	2.5.7.  Life cycle impact assessment
	2.6.  Bio-based polymers
	2.6.1.  PHB (Poly hydroxy butyrate)
	2.6.1.1.  Production
	2.6.1.2.  Raw material impact on environment
	2.6.1.3.  Application
	2.6.1.4.  Textile related properties
	2.6.1.5.  Commercial perspective
	2.6.1.6.  Biodegradability
	2.6.1.7.  Energy usage
	2.6.1.8.  Global warming potential (GWP) (CO2)
	2.6.1.9.  Life cycle assessment
	2.6.2.  PLA (Poly Lactic Acid)
	3. Methods
	3.1.  Philosophy for research
	3.2. Time horizon for research
	3.3. Scientific approach
	3.4.  Research method
	3.5.  Case study
	3.6.  Literature review
	3.7.  Data collection
	3.7.1.  Secondary Data Collection
	3.7.2.  Primary data collection
	3.8.  Data Analysis
	3.9.  Quality of research
	3.9.1.  Construct Validity
	3.9.2.  Internal Validity
	3.9.3.  External Validity
	3.9.4.  Reliability
	4. Results / Findings
	4.1.  Case company
	4.2.  Sustainability potential of bio polymers
	4.3.  Risk identification and supply chain mapping of bio polymers
	5. Discussion
	5.1.  Answering question # 1
	5.1.1.  Carbon emissions & GHGS
	5.1.2.   Raw material stressing the food resource
	5.1.3.  Land usage for raw material and industry
	5.1.4.  Biodegradability
	5.1.5.  Water consumption
	5.1.6.  Energy consumption
	5.2.  Answering Question # 2
	6. Conclusions, contributions and implications
	6.1.  Main findings
	6.2.  Academic contributions
	6.3.  Practical implications
	6.4.  Further research and limitations
	References
	Appendix

