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Abstract

:

Consumer products such as clothes and footwear sometimes contain chemical substances with properties that pose a risk to human health and the environment. These substances, restricted by law or company policy, are in focus for chemicals management processes by textile retailers. However, complex and non-transparent supply chains, and limited chemical knowledge, makes chemicals management challenging. Therefore, a function-based approach for life cycle management (LCM) of chemicals was developed, based on results of previous projects and evaluated using a two-step Delphi process. The resulting approach aims to help retailers identify and substitute hazardous substances in products, and consists of three parts: (i) a function-based chemicals management concept model for different levels of chemical information within the supply chain, (ii) tools for non-chemists which explain chemical information, and (iii) a continuous provision of knowledge to stakeholders (e.g., retailers) in a network. This approach is successfully implemented by over 100 retailers in the Nordic countries, providing the textile industry with practical and robust tools to manage and substitute hazardous chemicals in products and production processes. We conclude that the developed approach provides an explicit link, communication, and knowledge sharing between actors in the supply chain, which has proven important in chemicals LCM.
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1. Introduction


Life cycle management (LCM) is intended to provide an operational discipline to produce, deliver, support, and retire product offerings in a sustainable manner, by considering the environmental aspects along the entire product life cycle [1,2]. Thus, LCM implies expanding the scope of environmental management activities from internal operations to encompass the complete product life cycle from cradle to grave [3].



For the textile value chain, the most critical environmental impacts are related to the use and emissions of toxic chemicals, and also use of water and energy [4,5,6]. However, complex and non-transparent supply chains, and limited chemical knowledge, makes chemicals management challenging. This paper will argue that the current LCM tools and practices are not enough to support the textile industry in the management of chemicals throughout the supply chain in a satisfactory way. An LCM approach for chemicals management need to be able to support substitution of hazardous chemicals with safer options, as well as improved handling of chemicals in use, and mitigation of emissions of toxic chemicals.



1.1. Related Works


In her review of the LCM literature, Nilsson-Lindén found that descriptions of LCM practices in the industry are rare [7]. Instead, the focus is more often on developing different methods and tools rather than contributing with experiences of using such methods and tools in practice. In addition, Seuring and Müller found in their overview of descriptions of industry practice that in several cases, such experiences are described without aiming at theory development or testing [8]. The literature on chemicals and LCM generally includes considerations such as contribution to climate change or energy use of chemical industries and chemical products [9,10]. However, LCM practices for retailers to manage chemicals in products are previously not described in the academic literature, nor does the academic literature describe LCM in relation to toxicity impacts and compliance with chemicals regulations. In fact, the only explicit mentioning, from 2006, is by Gloria et al. [11] who stated that, at that time, life cycle assessment (LCA) methods for metal toxicity impacts could not support practical decision-making by policy makers or business in an LCM context.



This scarcity of LCM studies considering chemicals is unexpected, since in order to adequately assess chemical substitutions, it is necessary to focus on chemicals in products, their functions, and impacts from a product life cycle perspective, as opposed to only focus on chemicals in production processes [12]. Chemicals management in the Nordic textile industry is difficult due to the long and complex supply chains that are typical for this industry, which mainly consist of companies that trade textile goods from Central and East Asia [13,14]. Some years back, the production of textiles, as well as textile chemicals for the European market was mainly located in Europe. The information exchange between the chemical experts and the textile processing experts could then be conducted directly on site. Today, the chemical content of products is controlled by actors that retailers have little or no direct contact with. In addition, there are linguistic barriers and cultural differences that hinder and confuse the exchange of knowledge. The chemicals management practices that today dominate among textile retailers are certification schemes [15,16], restricted substances lists (RSL) [17,18], and chemicals management tools [19]. None of these approaches employ a life cycle perspective. Hence, an LCM perspective is needed where chemicals are studied as part of products, since they “travel” between actors in the product life cycle—this perspective is here referred to as “chemicals LCM”.



Chemicals LCM, and LCM in general, is closely related to the area of knowledge management. Management of knowledge and information, and the sharing of such knowledge, is vital for collaborating on the variety of multifaceted environmental issues that exists along the supply chain [7]. One of the aspects proven to be important when collaborating in supply chains is the need to understand each other across language barriers. For this purpose, focus turns to explicit knowledge and the need for well-functioning instructions, guides, and tools. However, a clear focus on tacit knowledge is also needed. Tacit knowledge, referring to knowledge considered difficult to articulate in an explicit form [20], also has to be prioritized. In that sense, tools and instructions need to be combined with continuous activities for knowledge sharing.




1.2. Background


Despite the lack of literature on chemicals LCM, such practice has been performed as part of a collaboration including Nordic textile and leather retailers. Although these retailers experience market competition, this collaboration has been considered a fruitful approach. One of the reasons for this is that most brands do not possess deep knowledge of chemicals and their use in the textile and leather supply chains, nor information regarding the rationale behind chemicals legislation. In 2005, the collaboration was formalized as an industry network, called the Swedish Chemicals Group at RISE [21], as a joint initiative by a number of Nordic retail companies and the Swedish research institute RISE (former Swerea), in order to develop a practical chemicals LCM approach for non-experts in chemistry (“non-chemists”). Note that despite the term “Swedish”, retailers from other Nordic countries participate as well.




1.3. Structure of the Paper


In this paper, we provide a detailed description of a chemicals LCM approach for the textile supply chain, developed within the network, together with the underlying function-based theory. Furthermore, we describe an evaluation of the approach made by the over 140 Nordic retailers today in the Swedish Chemicals Group. The scope of the LCM approach is chemicals management in the clothes, footwear, and home textiles sector, including textiles, leather, accessories, trims, and packaging materials. The purpose of the approach is to build capacity to meet legal and customer demands within the area of chemical compliance and substitution of hazardous substances for better alternatives (Method section). The proposed approach consists of a combination of tools, models, and educational elements, developed based on extensive experience and insights from working with textile value chains and textile brands (Results section). This is followed by a discussion on chemicals LCM related to other aspects of LCM (Discussion section) and ending with conclusions and recommendations (Conclusions section). By providing a detailed description of chemicals LCM in the textile industry, we hope to provide insight on how theory, in terms of an understanding of chemicals’ functions, can be activated into the daily work and practice in the industry.





2. Method


2.1. Development of the Approach


The development of the function-based chemicals LCM approach is based on insights from the Swedish Chemicals Agency project INKA [22]. The INKA project identified that the prevailing communication around the chemical content of products was not adequate to protect consumers and/or the environment from being exposed to hazardous substances. Textile consumer products such as clothes, footwear, and home textiles generally consist of several different materials and the textile materials, in turn, contain a wide range of chemical substances [23,24]. Product labelling schemes require laboratory testing and/or audits which makes it too expensive for many companies to apply on their whole product range. A systematic approach to identifying and managing chemicals, as well as substitution possibilities was required.



The information management systems in the chemical industry have been built up around the identity of the individual chemical substances, for example, the CAS numbers provided by the Chemical Abstracts Service (CAS), a division of the American Chemical Society [25], or the EC numbers from the European Chemicals Agency [26]. The chemical industry manages a huge number of chemicals; more than 140 million different chemical substances (with CAS numbers) are known as of today [25]. The practical applications for each substance are various and the chemicals manufacturers seldom have the full overview of all possible downstream applications that exist for their products. However, for “non-chemists”, the CAS number of a chemical substance will not always be meaningful information. Hence, the information systems based on the identity of a chemical substance do not always suit the downstream users in the textile supply chain. Moreover, the communication regarding chemical substances in the supply chain of chemical products is generally limited to hazardous substances for which safety data sheets (SDS) are required and substances regulated at the time. When chemical substances are turned into materials or products, information about the content of chemical substances and chemicals used in upstream processes is generally not communicated [27]. For suppliers of products, it is rather the function provided by the chemical, for example, water and soil repellency, UV stabilization and colour, which is discussed in the communication with the subcontractors. The chemical industry (generally chemistry experts) and the textile industry (generally non-chemists) simply do not use the same language when they communicate.



This insight led the authors to develop a function-based chemicals management concept model for supply chain communication together with the Nordic textile retailers, which later became one of three parts of a chemicals LCM approach (see Section 3.1). The concept model builds on defining different categories of chemicals depending on the reason (the function) behind their presence in a certain material or product. Three main categories of chemicals may be distinguished: (1) Product function chemicals; (2) process function chemicals, and (3) background level contamination chemicals. These categories are described in Table 1, together with examples and suggestions for how to manage the chemicals. As a general rule, product function chemicals are present in high concentrations, since there is typically a threshold value under which the concentration is too low to provide any function [28]. Of course, many chemicals are multi-functional and can provide different functions to a material or a product. Process function chemicals are added to enable production processes. If they remain in the finished products after the process, they are considered impurities. The presence of process function chemicals and raw materials related chemicals is, in contrast to background level contamination chemicals, possible to predict and control by the process specification. Hence, this relates to the best available technology (BAT).



As will be described in Section 3.2, an important component of the approach is the ChemicAll database, which contains textile-relevant chemical substances that have been classified by authorities as hazardous and/or are questionable due to information from non-official sources such as non-governmental organizations (NGOs). This database constitutes the informational backbone of the approach. ChemicAll was created at the research institute RISE to simplify storage of and access to all the information gathered about chemicals in textiles. Based on a plethora of data sources, such as the scientific literature, regulatory background reports and information from the participating companies, a compilation of textile-relevant chemicals, their functional properties, and applicable materials has been made and is continuously improved and updated. The knowledge is stored in the database and refined into the different hands-on tools for practical application in the daily work performed by the retailers—see, e.g., Section 3.2.2 and Section 3.2.3.



The concept model and the hands-on tools provide together the common ground for the third component of the approach, the continuous knowledge provision supplied via the network called the Swedish Chemicals Group at RISE, where today over 100 retailers in the Nordic countries participate.




2.2. Evaluation of the Approach


As part of the development of the function-based chemicals LCM approach, a structured evaluation was conducted within the network, using a two-step Delphi process [29]. In the first step, a list of candidates for success factors was created from the authors’ own assumptions based on the feedback given during the years together with eight success factors described by Nilsson-Lindén [7]. Furthermore, within a larger email survey to the network members, they were asked to state the three most important reasons why the network was valuable to their organisation, which was considered a criterion for being a success factor. The email survey resulted in 48 different statements of “value”. There was a certain overlap between these statements and those originating from the authors and the literature. Therefore, the members’ statements were sorted into groups of statements that covered the same success factor. A set of 17 candidate success factors was finally extracted. In the second step, the 17 candidates were presented at a network meeting with ca 120 participants and a closed voting was performed in order to identify the “top” value statements. All participants could select maximum three different value statements to vote for. The value statements, their origin, and the voting results are shown in the Results section.





3. Results


The function-based chemicals LCM approach consists of three distinct parts (Figure 1):




	
Function-based chemicals management concept model (theory).



	
Chemicals LCM tools for non-chemists (tools).



	
Continuous knowledge provision (human resources).








These three parts are described below in Section 3.1, Section 3.2 and Section 3.3.



3.1. Function-Based Chemicals Management Concept Model


The concept model of the function-based chemicals LCM approach is based on the information available at different levels in a textile supply chain, see Figure 2. The supply chain actors (retailers, suppliers, sub-suppliers, and raw material suppliers) all have knowledge related to the chemicals content in the textile products, but on different levels.



The first level involves retailers, i.e., producers or importers of products, which is the level at which many legal requirements are set. Level two consists of suppliers (sewing factories/garment makers), which most often ensures the quality and technical properties of the products. These properties are sometimes specified by the retailers, but quite often the full specification is made by suppliers. The supplier will deliver a product that complies with all retailer demands but otherwise is as cost effective as possible. At the third level in the model the sub-suppliers (fabric maker/dye house) are found who decide which chemicals are to be applied to achieve the quality and technical properties (product function chemicals in Table 1). This information is seldom communicated downstream the supply chain due to business secrets. At this level, where application of chemicals to a material occurs, processes are often conducted at large-scale, where one batch of material is produced to fit several customers and the selection of process function chemicals is made. The fourth level represents the raw material supplier (chemicals manufacturer/fibre supplier) where the quality management of both chemicals and raw materials will ultimately determine the content of impurities later on in the end product.



Moreover, today’s development of circular materials makes textile and leather retailers seek to understand opportunities both to use secondary (recycled) raw materials, as well as design materials for recyclability. In the first case, there is a need to evaluate what chemistry has been used in the supply chain and what chemicals may be present due to the history of the secondary raw material. In the second case, information about chemical content is important from two aspects: (i) If there are chemicals present that may pose legal risks and (ii) if there are chemicals present that may negatively affect the recycling efficiency. Thus, circularity becomes an important part of the chemicals management program and ways to control compliance.




3.2. Chemicals LCM Tools for “Non-Chemists”


Below, the three major tools used for implementation of the chemicals LCM approach are described: The ChemicAll Database, the Chemicals Guidance, and the Checklist. In addition, there are several other tools developed, including a template for how to write legal contracts, as well as guidance documents for how to order laboratory testing and interpret laboratory test protocols. Such additional tools are of great importance since it is often difficult to communicate the requirements related to legal aspects when the receiver of the demand (for example, a supplier outside the EU) does not have to comply with the same legislation as the sender. In such cases, contracts, restriction lists, and a transparent dialogue are key.



The tools described below cover all components of clothes, footwear, and home textiles, including textile materials, leather, accessories in metal, plastics, rubber, etc. and finally also packaging materials.



3.2.1. The ChemicAll Database


ChemicAll is a database for textile/leather-relevant chemicals that have been classified by authorities as hazardous and/or are questionable due to information from other reliable but non-official sources such as non-governmental organizations (NGOs) and academic literature. The information about chemical substances in materials is searchable also if the substance identity (CAS RN, EC number, IUPAC name, etc.) is not known, but the quality and technical requirements are known, in other words the function, see Figure 3. In this way, ChemicAll is a chemicals database that requires minimal chemistry competence from the user. The user can choose different product characteristics, such as the different materials in a textile article, and receive a list of the unwanted chemicals that are commonly occurring in these specific materials. The user can also search the database for quality and technical properties, or choose to combine these two options, for example by searching for flame retardants in polyester fibres. Another alternative can be to combine a characteristic or property with legal information, and for example find out which plasticizers for polyvinylchloride (PVC) are restricted in different countries. The database also contains information about known substitutes, both in terms of different chemistry and different material choice, to facilitate substitution of the unwanted chemicals. Recommended substitutes are chemicals that are known to be less harmful while providing the desired function or property.



Currently, only members of the Swedish Chemicals Group have access to the database, as it is partly built up on confidential information from the member companies, and dependent on a membership funding mechanism to become updated and retain its value.




3.2.2. The Chemicals Guidance


“The Chemicals Guidance” is a document developed to facilitate importers of textile and leather goods to the EU to comply with the chemicals legislation in force. The Chemicals Guidance contains a digested set of textile/leather-relevant and regulated chemicals from the ChemicAll database, where the relevance for supply chain control has been identified using the function-based chemicals LCM approach. The distinguishing properties of the chemicals and the processes in which they are used are described in the Chemicals Guidance. The guidance document also stipulates test equipment commonly occurring, and the limits of quantification (LOQ) that are generally accepted. The guide also includes recommendations regarding chemicals or processes to be used instead of the unwanted chemicals.



The Chemicals Guidance replaces the traditional way of chemicals management in the textile supply chain, which is to send the supplier a long list of substances that should not occur in the product, an RSL, whereof the main part may be entirely irrelevant for textile products. The length of such lists makes the task of controlling all these substances impracticable and may lead to the supplier taking no action at all. The Chemicals Guidance instead supports communication in the supply chain around the most commonly occurring unwanted chemicals for each material and thereby simplifies decision-making for the supplier. It is used today by the whole spectrum of professions in the textile retail industry, from product developers, designers, purchasers to chemists.




3.2.3. The Checklist


The Checklist is a tool especially developed to simplify communication in the supply chain between customers and suppliers that have an established relationship. Many suppliers receive the entire Chemicals Guidance (described above) as specification for the chemical requirements for each product and each order. The Chemicals Guidance is relevant for textile and leather goods in general, however, for a specific product or product type, even further digestion can be made using the function-based chemicals LCM approach. The Checklist provides a simplified overview of the product requirement for a certain order, an extract is shown in Figure 4.



A practical example of usability is when a textile trader has no knowledge of which chemicals are important to consider in a jacket. The trader does, however, have good knowledge of the various materials in a jacket. Based on the particular material qualities and the jacket design, it is possible to extract a list of relevant hazardous chemicals for that particular jacket. For example, the type of fibre decides the type of dyestuff, and thereby the non-relevant dyestuff for the specific product can be excluded from the risk list. The Checklist is also commonly used internally in companies to communicate the selection of products for which random samples will be sent to laboratory testing. Note that the Checklist is limited to high-risk chemicals and does not substitute the Chemicals Guidance.





3.3. Continuous Knowledge Provision via Networking


The networking and knowledge sharing between researchers and companies in the Swedish Chemicals Group is the third key component of the function-based chemicals LCM approach. In addition to the chemicals LCM tools, the network offers a discussion platform that provides monitoring and updated information via both seminars and individual support. The network is international and includes, apart from the retailer members, other factors such as chemicals manufacturers, authorities, labelling, and voluntary schemes and is led by a group of researchers and chemicals experts. Since the start of the network in 2005, the collaborative approach has led to a recognized capacity building of competence in the area of hazardous substances in textiles [27,30,31,32,33]. The continuous knowledge provision via networking is vital for the approach to keep its relevance. The legislation on, and recommendations for, content of chemicals in textile products are consistently changing. Background documents to legislations such as REACH [34], the Biocidal Products Regulation (BPR) [35], and the POP regulation [36] and their amendments are per se a source of knowledge about the possible content of hazardous chemicals in textile products. Involvement of the experts in the Swedish Chemicals Group in the execution of research commissions for authorities has led to the fact that insights concerning industrial relevance in combination with expert knowledge could be created and continue to be used within the network [23,30,37,38]. Moreover, parallel work in research projects such as POPFREE [39], ENFIRO [40] and Mistra Future Fashion [40,41], and SUPFES [42] is an important source for knowledge provision. The database ChemicAll has been used as a curated knowledge reservoir, with an information structure aimed at simplifying access to the information for “non-chemists”.



The network enables the researchers to understand the industrial reality and provide continuous improvement of the services from the network, and from the company’s side, meetings enable access to the chemicals’ knowledge base. The spoken language does also have importance and therefore it has been a deliberate choice to keep the conversation in the group in Swedish as far as possible and translate the information given from international expertise into Swedish. The importance of the spoken language is equally important in the supply chain, therefore the central tools such as the Chemicals Guidance is also available in Chinese, Vietnamese, Turkish, and Bengali, on request by the member companies.



The possibility for “non-chemists” to communicate chemical information is regarded as one of the key merits of the developed approach by the authors. The personnel in the textile industry have responsibilities and competences that range from product developers, designers, purchasers to chemists. In the open and vivid discussion climate in the network format, they all contribute to making the information clear and understandable.




3.4. Results from the Evaluation of the Approach


As part of the continuous improvement of the function-based chemicals LCM approach, a structured evaluation of the value of the approach was performed (see method for details about the method used). The results show that the value statements that received the highest ranking by the network members relate to support regarding highly practical issues, such as keeping up to date with regulations and other developments, as well as receiving support regarding advanced issues in chemicals management (Figure 5). The responsible person for chemicals management in a company usually only works part-time with this task and divides her or his time between other tasks, such as quality management and/or social compliance. Considering the limited time spent, it is difficult to ensure fulfilment of legal and customer demands, let alone taking proactive steps in this field. Being supported by a well-established approach provides the opportunity to being both compliant and able to take proactive action.



The third most appreciated value was that the member companies can build internal competence and daily work routines. Making chemicals information understandable for the people in the textile retail business will increase their competence in procurement and product development. The ability to put sound requirements on chemical content and check-up procedures will make the procurer less vulnerable to unknowingly receiving low-quality goods. Competence in interpreting laboratory test protocols correctly will increase the confidence that the promised properties have been delivered. The procurer will not have to solely rely on the supplier’s recommendations but can question facts about, for example, the possibilities of substituting a substance. Sometimes it is possible to substitute the desired property of a chemical substance with physical or mechanical means, for example, by choosing a completely different material. A supplier of the old solution might not suggest such an option as it would mean that the company moves to a competitor, and instead such discussions must be taken on the product design level. Thus, the function-based chemicals LCM approach offers the textile company a way to work actively with continuous capacity building concerning improvement of the chemical performance of their products.





4. Discussion


The Swedish Chemicals Group and its tools have been described as good examples of chemicals LCM by external parties. The ChemicAll database was ranked top 10 in an overview of tools for chemicals management and substitution of hazardous chemicals by the OECD [43]. ChemicAll was also highlighted in a UNEP study on management of chemicals in products as “a practical example of a tool designed to help designers and purchasers make informed decisions and carry on an informed dialogue with their suppliers on the subject of chemicals present in their final products” [32]. The UNEP report further pointed to ChemicAll’s outstanding property: That information about chemicals in textile materials is searchable also if the substance identity is not known, but the quality and technical requirements are known, realized by the function-based chemicals LCM approach. Furthermore, the network as such has been mentioned as a good example in practice by several authors [27,31,33].



Another important aspect is that databases and tools must be continuously updated to reflect current knowledge and regulation. For practical reasons, this requires continuous financing of some sort. Providing information and tools for free is in theory ethically commendable. However, in a context where both the legislation and knowledge are rapidly increasing, information and tools will soon become outdated and funding for updates is generally difficult to find. In the described approach, the financing is shared between the industry partners in the form of membership fees, and the research institute, in the form of research projects and commissions, which has proven to be a feasible financial model for continuous maintenance and development.



The function-based chemicals LCM approach contains several components that are recommended in the LCM literature. Nilsson-Lindén et al. [44] found, when examining LCM literature, several factors that were often deemed essential for organizations to work successfully with LCM. These critical success factors were listed as:




	
Top management support,



	
communication and interaction,



	
integration across functions,



	
part of everyday practice,



	
alignment with business strategy,



	
knowledge of LCM,



	
holistic environmental approach, and



	
collaboration of product chain actors.








In particular, factors 2, 4, and 8 are easily identified as components of the function-based chemicals LCM approach. It is more difficult to find direct evidence of the occurrence of elements of the other success factors, which can be considered room for future improvements.



The function-based chemicals LCM approach is also sector-based, focusing on the textile and leather value chains, which was identified as a success factor for uptake of LCM by small and medium-sized enterprises (SMEs) by Seidel-Sterzik et al. [45]. However, the disadvantages of a sector-based approach to LCM, as opposed to individual organisations implementing LCM, include the loss of first-mover advantage and time-consuming cooperation processes. In case of the above-described approach, one of the major advantages is building capacity for following the chemicals legislation and customer requirements, thus the target group is not so sensitive to the loss of first-mover advantage.



A striking difference between the function-based approach for chemicals LCM and the LCM models that Seidel-Sterzik et al. investigated is that the latter are all documents, without any link to support in the daily business, such as network activities or similar [2,46,47].



Uptake and acceptance of sustainability practices has been identified before as a key factor for success [48]. The fact that tools and knowledge are developed and used within a network building a long-term relationship is likely to support uptake and use of the approach, which in turn supports continuous improvement of tools and assurance that the information is relevant and updated. The long-term relationships between researchers and companies offer the possibility for deepened understanding, from the researcher’s side, of industrial practices, and, from the company’s side, of chemicals information. The value of such “coaching” is also one of the cornerstones for implementation of lean production management in companies, a comparable knowledge management philosophy [49,50]. Moreover, Börjeson et al. [33] stated that networking in general is found to be a success factor and explicitly mentioned the Swedish Chemicals Group.



Compared with the general descriptions of LCM systems in McLaren and McLaren [3], the function-based approach for chemicals LCM has a limited scope. However, for SMEs, a clear and limited scope can be seen as an advantage. According to McLaren and McLaren [3], implementing an LCM programme involves consideration of organisational aspects, selection of internal LCM project areas, and external communication. With the function-based chemicals LCM approach, new members have access to examples on how existing member companies have organized the work and results can be used directly to provide answers to customers’ requirements.




5. Conclusions


This paper provides a detailed example of implementation of a function-based chemicals LCM approach by Nordic textile and leather retailers from theory to practice. As such, it adds to the body of research on LCM practices and provides a description of chemicals LCM, which is otherwise largely lacking in the scientific literature. The most important part of the implementation of the LCM practices is to establish the missing link between the chemical industry and the textile industry with the help of function-based tools, platforms for knowledge sharing, and help overcome language barriers. The concept model of the function-based chemicals LCM approach (Figure 2) offers an explicit link between, on the one hand, the quality and technical properties of a product that are specified by the retailers, and on the other hand, the chemicals used in the supply chain, and therefore enables retailers to control the latter.



The function-based chemicals LCM approach was developed to be a practical and robust tool, for daily use by “non-chemists” in textile retail companies and is based on scientific information, as well as continuous improvement of the communication around chemicals in the textile supply chain. The advantages are improved quality of the goods, less laboratory testing for regulatory compliance, and reduction of both economic and legal risks. Based on the experience from working with the implementation of these LCM practices in the Nordic textile industry, we provide the following recommendations for successful chemicals LCM:




	
Continuity. Databases and tools must be continuously updated to reflect current knowledge and regulation.



	
Funding. For practical reasons, continuous knowledge provision via networking requires continuous financing of some sort. In this approach, the financing is shared between the industry, in the form of membership fees, and the research institute, in the form of research projects and commissions.



	
Knowledge at the appropriate detail level. Some factors understand and require deep and detailed knowledge related to chemicals and their impacts. Other factors may only require and be able to grasp basic knowledge due to time restraint or educational background. The three different LCM tools developed (the ChemicAll database, the Chemicals Guidance, and the Checklist) allow for such an adaption to different knowledge needs.



	
Coaching. The long-term relationships between researchers and companies offers the possibility for deepened understanding of the industrial reality and continuous improvement of the services provided by the network from the researcher’s side, and from the company’s side, of the chemical information.








Although these recommendations are provided based on the LCM work conducted for the Nordic textile industry, we hypothesize that they may hold some generality and relevance also to other regions, as well as other industries and product groups.
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Figure 1. The function-based chemicals life cycle management (LCM) approach consists of three parts: Theory, tools, and human resources. 
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Figure 2. The concept model of the function-based chemicals LCM approach. 
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Figure 3. Inputs (query) and outputs of the ChemicAll database. 
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Figure 4. Extraction of the Checklist (cut-out from a three-page long document) for simplified communication of high-risk chemicals in specific product or product types, version October 2019. 
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Figure 5. Results of the second step of the member-based evaluation of the function-based chemicals LCM approach. 1 Additions based on [7]. 2 Additions based on own observations. 
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Table 1. Categorization of chemicals occurring in textile and leather products using the function-based chemicals management concept model.
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	Category
	Description
	Examples
	Management Possibilities





	Product function chemicals
	Provide a desired property to the end product (colour, soft hand, reduced odour, etc.). The chemicals are produced by humans or nature and intentionally added to the product. They are often detected in high concentrations in the end product.
	Dyestuffs/pigments, water repellent agents, softeners, plasticizers, flame retardants, biocides.
	Specify the desired chemistry to reach the desired technical properties of the end product to the supplier.



	Process function chemicals
	Provide a desired property to the process (processability, increased yield etc.) or are raw materials. The chemicals are produced by humans or nature and intentionally added to the process. They are seldom detected in high concentrations in the end product.
	Catalysts, cross-linking agents, solvents, lubricants, release agents, foaming agents, monomers.
	Secure good operating practices. For chemicals that are not possible to separate from the end product: Specify the desired chemistry to the supplier.



	Background level contamination chemicals
	Chemicals that occur through unintended production by humans or nature. They enter products and processes as impurities. They are seldom detected in high concentrations in the end product.
	Heavy metals, persistent organic pollutants.
	Secure good operating practices and use of high-quality input chemicals and non-contaminated resources.
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