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Executive Summary

Sustainability is a hot topic which is becoming more important in numerous industries. With sustainability becoming an increasingly important target for many organizations, collecting, analyzing and communicating information about sustainability performance is crucial for helping them to better understand their current situation and for supporting internal management decisions for development over time. Sustainability performance assessment methods are key for enabling business decision-makers to understand their companies’ sustainability performance and translate sustainability intents into concrete action. When it comes to the Triple Bottom Line (TBL) of sustainability (Elkington, 1998) – which states that sustainability has economic, environmental and social dimensions – the social dimension is underdeveloped. Social sustainability typically concerns issues relating to the wellbeing of stakeholders such as employees, consumers, suppliers, local community members and society at large. The underdeveloped status of the dimension translates to a lack of integration and assessment of social sustainability in businesses. In general the language of social sustainability is difficult to translate into meaningful numbers, which many decision-makers have become accustomed to from economic and environmental assessments which are more well-established. An empirical tool is key to help businesses understand the social impacts of their operations and activities, which can inform them where to improve their social sustainability performance or how much they have improved over a period of time. The Social Life Cycle Assessment (S-LCA) tool was developed for the assessment of the social dimension of sustainability in a meaningful way for application in the business world.

In 2009, United Nations Environment Program (UNEP) and the Society for Environmental Toxicologists and Chemists (SETAC) developed S-LCA Guidelines and Methodological Sheets for assessing the social impacts of products and services across the life cycle to complement the Environmental Life Cycle Assessment (E-LCA) approach. The UNEP/SETAC S-LCA methodological framework has been considered the “landmark in the field” of social sustainability assessment because it provides a complete view of the value chain (Corona, Bozhilova‐Kisheva, Olsen, & San Miguel, 2017), an aspect where other social sustainability assessment tools are lacking. As opposed to E-LCA which is a well-established tool, S-LCA is at an early stage of research and is not commonly applied in literature or in practice. Even though more and more S-LCA publications have surfaced in recent years, the S-LCA methodology is still an emerging area of research and there is still no standardized methodology to operationalize it. This is because there various of limitations of the UNEP/SETAC S-LCA approach which derive from the intangible nature of social sustainability and the variation across regions, industries, organizations and products. Thus, it is urged to conduct more research in the field of S-LCA, and a main way to contribute to its further development are through case studies. This research is carried out partially to contribute in that respect.

The research object of this thesis is the ZERO BRINE project, which is a European Union funded public-private partnership that works on zero liquid discharge technology for water, salt and magnesium recovery from brine effluents. Pilot projects for ZERO BRINE are implemented in several locations in Europe, such as Spain, Poland, Turkey and the Netherlands. The official requirements as set out by the project owners are to evaluate the sustainability performance of the ZERO BRINE systems. Alongside financial and economic sustainability assessments it is also required to conduct a social sustainability assessment through means of a S-LCA. Thus, alongside contributing to the S-LCA methodology itself, this thesis also aims to assess the social sustainability of the ZERO BRINE project.

The scope of this thesis is the ZERO BRINE project in the Netherlands only. Within the system boundaries there are four main identified actors in the value chain, labelled Organization A, Organization D, Organization B and Organization C, all of which are part of the ZERO BRINE consortium. Organization A owns the demineralized water production plant (DWP) in the Botlek area of Rotterdam Port where the brine discharge technologies are implemented and the recoveries occur. Organizations C and D are of the same company but are separate plants with separate roles: the first is a supplier of high-purity salt for regeneration purposes at the DWP, and the second a consumer of the ultra-pure demineralized water which is produced at the DWP for use at its chlor-alkali plant. Finally, Organization D is a distributor of magnesium in the Netherlands and in the ZERO BRINE system is a consumer of the magnesium that gets recovered as a result of implementing the brine treatment technologies at the DWP. This value chain makes up the “ZERO BRINE system” (see the figure below), which is the focus of analysis of the case study in this thesis. 

[image: ]

The primary objective of this thesis is to assess the social sustainability performance of the organizations in the ZERO BRINE system in the Netherlands using the UNEP/SETAC S-LCA framework, so as to determine the social impacts associated with the project as well as to contribute to the further development of the S-LCA methodology. Thus, the main question which guides this research is: 

How can the UNEP/SETAC S-LCA methodology be applied to the ZERO BRINE project in the Netherlands to assess the social sustainability performances of the organizations in the value chain?

To answer this question, several research steps are carried out. First, an initial literature review is presented to increase the knowledge of the social dimension of sustainability and its applicability in business, since that is the underlying theme of the thesis. Sustainability assessment methods are highlighted as a key tool to enable business decision-makers to understand their companies’ sustainability performance and translate sustainability intents into concrete action. Connecting the concepts of social sustainability with sustainability assessment methods, S-LCA is introduced as a primary tool for assessing the social dimension of sustainability. In addition to this background information, an in-depth view into the methodological and application-specific characteristics of the UNEP/SETAC S-LCA framework is offered. This is to provide a basis for what each of the steps of the framework entail, both in theory and in practice. This serves as a starting point for developing the specific S-LCA methodology for the current study, as these insights contribute to the determination of the methodological choices to be made in the application. 

This thorough review is followed by the ZERO BRINE case study, in which a specific S-LCA methodology is developed and applied. The UNEP/SETAC Guidelines and Methodological Sheets are the primary references to enable this process. According to these Guidelines,  the S-LCA consists of four main phases (UNEP/SETAC, 2009): 1) Goal and scope definition, 2) life cycle inventory analysis, 3) life cycle impact assessment and 4) interpretation. Each of these phases (except the fourth phase which is an analysis and discussion of the results) are applied in a specific manner, together which make up the specific methodology.  

In the goal and scope definition, the specific goals of the case study are outlined, the functional unit and system boundaries are defined, and the approach is described. The goals of the case study are: to determine social impacts of the project on various stakeholders by assessing the social sustainability performances of the main organizations in the ZERO BRINE value chain, to identify social hotspots in the value chain and provide recommendations for the improvement of the negative hotspots. Rather than taking a process approach as is done in E-LCA, a company conduct-based approach is taken because it is perceived that social issues are strongly linked to the behavior and performance of the organizations. Thus, it is established that this study assesses the overall conduct or behavior of the companies towards selected stakeholder groups. In other words, it assesses the degree to which the organizations in the value chain behave in a socially sustainable manner towards their stakeholders. 
Another part of the goal and scope definition phase, and a main task in this research, is selecting stakeholder groups and social impact subcategories which are relevant and important for analysis. The S-LCA Guidelines outline a total of 31 social categories for five stakeholder groups: workers, consumers, local community, society and value chain actors. For this study, all stakeholder groups and 23 of those categories are adopted for further assessment based on their importance and relevance in the industry, which are understood as a result of a literature review and interviews with ZERO BRINE stakeholders. As far as the inventory indicators of each subcategory are concerned, these are present in the Methodological Sheets and are adapted according to the needs of the industry and the social life cycle inventory analysis (S-LCIA) method chosen. 
[bookmark: _GoBack]A Type I characterization model based on the Subcategory Assessment Method (SAM) by Ramirez et al. (2014) is adopted for the S-LCIA phase. The SAM is chosen a main reference because it works well in transforming qualitative data into quantitative data in a standardized manner through use of performance reference points called Basic Requirements (BRs). The site-specific indicators from the Methodological Sheets are a key input to this method. It is recognized by Hannouf & Asseffa (2018) that a main limitation of the Ramirez et al (2014) SAM method is inconsistent in that BRs for certain subcategories entail a company’s strategy, management system or policy which shows its commitment to sustainability, while other BRs entail actual performance characteristics. To elaborate, this means that some BRs are defined based on the organization’s internal effort to contribute in a certain social area while other BRs are defined based on actual evidence of bad or good behavior (how the organization actually performs rather than its attempts to perform well through organizational policies). Therefore, the S-LCIA method applied in this thesis is developed to account for this, detailing the BRs and indicators for each subcategory to make clear how the assessment is performed. 
The inventory data collection is driven by the site-specific indicators defined for the S-LCIA method. Data is collected through two main means: a desktop study and interviews with managers and stakeholders of the ZERO BRINE organizations. Questions are asked in a way which yield direct results to the indicators and facilitate use of the method. This means that the interview questions are developed to indicate 1) whether the BR is achieved or not and 2) whether there are indications of positive or negative performance in the value chain. The questions consist mostly of open-ended questions aimed at gathering enough data to be able to determine the most appropriate social impact score.
The last phase of S-LCA, interpretation, consists of the presentation and analysis of the case study results, including main findings and identification and remedies of the significant social issues. It is also comprised of a detailed discussion on the S-LCA methodology which was developed and applied specifically for the case study,  as well as an evaluation of the consistency and completeness of the study.
The results of the case study show the social sustainability performance of each organization of the ZERO BRINE system. After extensive data collection, assessment and interpretation, several conclusions are drawn. Firstly, the organizations fulfill the BRs for the majority of subcategories. Second, the overall sustainability performance of the system is at a good level. These aspects are attributed to the strict regulations present in the Netherlands as well as the regulations imposed on the chemical process industry. Especially most issues of social responsibility and sustainability have achieved high scores, which is likely due to national legislation regarding consumers and workers, and due to national targets, causing companies to focus heavily on improving their environmental footprints. The third conclusion is drawn based on a comparison of the organizations, wherein is shown that Organization D performed the worst overall. Comparing the pre- and post-ZERO BRINE system then, it is concluded that the post-system has slightly worse social sustainability performance due solely to the added involvement of Organization D. The author recognizes the limitation of this conclusion, however, being the scope selection. However it is argued that by limiting the scope of the research to an organization-specific analysis, an in-depth view of social sustainability performance in the value chain is gained which make this result still very relevant for the ZERO BRINE project and particularly for the organizations with a main stake in it. 
Furthermore, a hotspot analysis is performed to highlight the areas of negative social performance of the system overall as well as per organization. For the overall system, areas of negative social performance are consumer health and safety, end-of-life responsibility and local employment. For the analysis per organization, hotspots are determined based on areas of inadequate performance levels as per the S-LCIA method criteria.  Personalized recommendations are offered per organization on how those performances could be improved. In this way, the advice offered may be valuable for members of management of the organizations wishing to increase the social sustainability of the business. In particular, the ZERO BRINE system may show a more positive social sustainability outcome if the recommendations of this thesis are implemented strategically. 

An evaluation of the completeness and consistency of the study are the key components of the interpretation phase of the S-LCA. This evaluation is performed after a thorough critical discussion on the S-LCA method that was applied in the case study. Five aspects of the S-LCA application are critically discussed: the choice of scope, selection of social subcategories, selection of indicators, the S-LCIA methodology and the inventory data collection. For each of these, the reasons for the methodological choices are motivated with a critical eye on the actual application part, pointing out the limitations as well. The evaluation of the completeness of data considers if all data that is needed to be collected for the model is possible to collect and was collected. The main conclusions are that the study may have been more complete if more site-specific data had been gathered from various stakeholders. Completeness of the study is thereby not claimed even though enough data was gathered to identify all social sustainability performance levels and crucial hotspots. The point of checking the consistency of the study is to verify the appropriateness and alignment of the modeling choices in accordance with the goal and scope of the study. From this evaluation the conclusion is that all modelling and methodological decisions made (such as characterization model) led the author to achieve the goals of study within the defined scope, although opportunities for improvement were acknowledged as well.

[bookmark: _Toc9455933]At the end of this thesis recommendations are offered for further research in the field of S-LCA. For the ZERO BRINE project, further S-LCA studies may be conducted wherein an emphasis is placed on the stakeholders of the local community rather than focusing on the management viewpoint. Issues such as stakeholder acceptance could be a main area of interest. As far as the S-LCA is concerned, further refinement of the S-LCA framework is recommended, especially in the third phase which is the S-LCIA. It is also recommended to conduct research on how businesses may elevate the status of social sustainability to equal that of the economic and environmental dimension, in order to increase their sustainability performance overall. 

[bookmark: _Toc16598614]

[bookmark: _Toc17532762]Preface

With this thesis I will be concluding my Master of Science in Management of Technology at the Delft University of Technology (TU Delft). The last two years, but especially the last six months, have been quite intensive. It was a very challenging but also rewarding experience to write a thesis for the university that involved collaborating with multiple industry stakeholders. I feel privileged for all the insights I gained as a result of collaborating with so many experienced individuals. Coming from a chemical engineering background and being a person who is passionate about sustainability, this research was very much aligned with my interests, and it has even led me to want to continue working towards sustainability of in the chemical industry. Thus I am very grateful that this project has helped me to realize what I hope to do as a career after graduating while having made valuable industry connections along the way.

This research could not have been conducted without the support and generosity of certain people. I would like to first express my deepest appreciation to my great supervisory team for making this project possible and for providing guidance, advice and feedback throughout this research. I especially want to thank my daily supervisor George for always making himself available to answer my questions. I appreciated his extensive knowledge of the ZERO BRINE project along with his ongoing patience, generosity and motivation. I would also like to thank the industry stakeholders who spared the time to answer my questions, as their input was extremely valuable for the research. 

Also, this journey would not have been possible without the love and continuous encouragement of my family. I want to thank my mother, father and sister for always having faith in me and supporting my ambitions. More than anyone else, they have inspired me to set high goals for myself and to believe in my abilities in times of doubt. I also would like to extend my sincere thanks to my two best friends: Ahhyun and Karl. Throughout these last two years you have been there for me through countless ups and downs. I could not ask for better friends than you. Your love and support means everything to me, and I am so excited for the many more experiences we will share together. 

With this thesis, I would like to close my chapter at TU Delft and as a student. Looking back, I can honestly say that I have grown tremendously as a person in the past two years. While the decision to leave behind my loved ones in California was not an easy one, now I can say that I am so glad I took that leap because it has enriched my life tremendously both professionally and personally. I feel very proud of my accomplishments and very thankful for the memories I have made along the way.  I will cherish them forever. Although the road ahead is still uncertain, I am thrilled to find out what new adventures, experiences and challenges lie ahead. 


Elena J. De Santo
Delft, Netherlands, August 2019


























“What gets measured gets managed…”

- Peter Drucker, 1954
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1.1. Introduction

In the past few decades, sustainable development has become one of society’s most important challenges. The deleterious effects of growing global populations on the economy, ecology and human welfare can be seen today as levels of global warming, destructive resource extraction and loss of biodiversity have reached alarming extents. It is understood by many that current lifestyle cannot be maintained forever, and solutions have to be found that enable future generations to prosper in a sustainable manner (Ageron, Gunasekaran, & Spalanzani, 2012; Azapagic, 2004). As such, various organizations and institutions from local to international scales have integrated sustainability principles into their missions (Kates, Parris, & Leiserowitz, 2005). Examples include the sustainability efforts of the United Nations (UN) such as Agenda 21 (2000) and the Millennium Development Goals (2015).

Aside from the above forces, companies play a pivotal role in realizing the goals of sustainable development because their daily business decisions directly and indirectly affect people and the environment (Dreyer, 2009). Besides the fact that the public’s expectations to companies to include principles of sustainable development in their business has grown,  companies often also have a strong drive themselves to improve on sustainability because it is seen as a key competitive factor (Oehlmann, 2010). In response to the increasing external and internal expectations, many companies experience a need to measure, manage and improve the negative economic, ecological and social impacts caused by their organizational behavior (Denisi & Smith, 2014; Blass & Corbett, 2018). Sustainability performance assessment methods are a means for company decision-makers to meet such needs. According to Maas, Schaltegger, & Crutzen (2016), sustainability performance assessment is a process of collecting and analyzing information about sustainability impacts with the goal of informing business executives of the financial, environmental and social sustainability of their companies and supporting them in improving the negative impacts. 

As more and more organizations commit to sustainability, there is an increasing concern to incorporate social sustainability throughout their business operations (Ajmal, Khan, Hussain & Helo, 2018). Social sustainability entails issues such as equity and human rights of employees, customers, local community members, value chain actors and society. To account for social sustainability, many companies have formulated ethical guidelines in the form of codes of conduct, defining their corporate social responsibility. However, sustainability assessment methods for the social dimension lack the maturity of ones for the economic and environmental dimensions. Thus, companies may experience that it can be quite difficult to translate declarations of intent for social sustainability into concrete actions. Business decision-makers are faced with questions such as: How does it obtain a sufficient overview of its social impacts, not only on own premises, but in the entire value chain, to take action? Also, how should it prioritize its efforts and document its progress?

[bookmark: _Toc9455939]The Social Life Cycle Assessment (S-LCA) is a social sustainability assessment tool which may serve to answer to these questions. When applied in life cycle management, S-LCA works to set measures and goals for a company’s management of social sustainability in the product life cycle. While S-LCA holds a great deal of promise, there are obstacles and challenges which must be faced and dealt with in the development of S-LCA methods.  
[bookmark: _Toc16598620][bookmark: _Toc17532768]1.2. Research Problem

Sustainability is usually divided into three dimensions: social, environmental and economic. From the academic literature can be concluded that the social dimension is the least researched and still widely neglected in practice (Ashby, Leat, & Hudson‐Smith, 2012; Hutchins & Sutherland, 2008; Labuschagne, Brent, & van Erck, 2005; Seuring, 2013). The main reason for the neglect of the social dimension is the overwhelming positions of the economic and recently the environmental dimension. In literature, many definitions of sustainability only highlight the environmental and economic perspectives, which undermines the importance of social sustainability (McKenzie, 2004). In business, the economic dimension has been the focal point for many years (Seuring & Müller, 2008), aiming primarily at financial objectives and sustained profitability. After the dominance of the economic dimension, the environmental dimension gained strong influence as well while the social dimension lagged behind (Seuring, 2013). 

As the efforts to recognize the social dimension as a parallel and equally important dimension of sustainability are lacking, so is a consensus over the methods to assess social sustainability. In general, sustainability assessment methods are imperative as tools for businesses to measure the sustainability performance of their operations, which is crucial for helping them better understand their current situation and to supporting internal management decisions for development over time. As a consequence of the social dimension of sustainability being weak in theory, however, the assessment of the social dimension for implementation in practice is still in a developmental stage as well (Croes & Vermeulen, 2016; Fritz, Schoggl, & Baumgartner, 2017; Schöggl, Fritz, & Baumgartner, 2016). Even though more and more companies are trying to reach social sustainability by employing different approaches, a frequently mentioned challenge is that they lack a method that can advise them on their approach towards the assessment and improvement of social sustainability (Shahid, 2017). Compared to the economic and environmental dimensions, which have well-established methods of assessment such as life cycle costing and carbon footprint estimation, the social dimension of sustainability is of a more intangible nature which creates added complexities (Boström, 2012). There are various tools in the management field to facilitate in this process, such as Social Impact Assessment (SIA), Social Return on Investment (SROI) and S-LCA. However, issues with application for social sustainability assessment to remain a challenge.

Problem statement 1: There is a lack of consensus over how to assess social sustainability due to the underdeveloped social dimension of sustainability compared to the environmental and economic dimensions.  

S-LCA is regarded as an emerging quality tool for social sustainability assessment. The United Nations Environment Program (UNEP) and the Society of Environmental Toxicology and Chemistry (SETAC) “Guidelines for Social Life Cycle Assessment of Products” (2009; hereafter referred to as the “Guidelines”) and “Methodological Sheets for Subcategories in Social Life Cycle Assessment” (2013; hereafter referred to as the “Methodological Sheets”) offer a uniformed framework for assessing the social impacts along product life cycles. While these guidelines can be regarded as a good first step towards carrying out social sustainability assessments, there is still no standardized methodology to operationalize the S-LCA framework (Macombe, Leskinen, Feschet, & Antikainen, 2013; Wu, Yang, & Chen, 2014; Petti, Serreli, & Di Cesare, 2018).   This is because there various of limitations of the UNEP/SETAC S-LCA approach which derive from the intangible nature of social sustainability and the variation across regions, industries, organizations and products. Despite rapid progress and increasing publications by S-LCA practitioners in the last decade (various S-LCA approaches have been developed), the assessment of the social pillar of sustainability by means of S-LCA is still at an early stage (Kühnen & Hahn, 2017). That being said, further research is needed to improve the clarity and reliability of this methodology especially for application in practice and case studies are highly important for achieving this (UNEP/SETAC, 2009; Dong & Ng, 2015; Sala, Farioli, & Zamagni, 2013).

Problem statement 2: S-LCA is still in its infancy in terms of methodological harmonization and more case studies are needed to advance the research field.  

With regards to sector-related S-LCA research, studies mainly address the manufacturing and utilities industrial sectors. In the manufacturing sector, the chemical manufacturing is dominating the studies (Kühnen & Hahn, 2017). These studies focus on biomass-based fuels production and researchers often developed social indicator frameworks for their social sustainability assessments (Kühnen & Hahn, 2017; Kudoh et al., 2015; Ren, Manzardo, Mazzi, Zuliani, & Scipioni, 2015). So far, only two studies (Lehnmann et al, 2013; Opher, Shapira, & Friedler, 2018) used the S-LCA method to analyze the societal performance of water systems, but both case studies concerned drinking water systems. Lehman et al. (2013) performed their study on the hotspot analysis level for plants for water supply and fuel conversion. Opher et al. (2018) performed their analysis on the site-specific level for municipal services for reuse of domestic wastewater. Therefore, evaluating the process industry that treats water and produces feedstock for the chlor-alkali industry in the Netherlands is missing from S-LCA literature.

Problem statement 3: There exists a gap in S-LCA literature on application to the Dutch chemical process industry that treats water for use in the chlor-alkali industry in the Netherlands.


[bookmark: _Toc5396814][bookmark: _Toc9455940][bookmark: _Toc16598621][bookmark: _Toc17532769]1.2. Research Object: The ZERO BRINE Project in Rotterdam Port, Netherlands

The practical case of this research is the ZERO BRINE project, which is a project funded by the European Commission under the Horizon 2020 program that aims to demonstrate new, economically sound and industrially relevant solutions for recovering materials from the process industry wastewater brine. Brine effluents are generated from processes such as desalination and ion-exchange regeneration and contain some of the highest concentrations of salt and pollutant contents compared to other types of wastewater (Ariono, Purwasasmita, & Wenten, 2016). Due to these characteristics, brine effluents are recognized by UNEP as one of the most threatening forms of industrial wastewater to the aquatic environment (Tsakalides, Panousopoulou, Tsagkatakis, & Montestruque, 2018). The concept of ZERO BRINE is to close the loop of these problematic effluents and eliminate wastewater discharge, minimizing the impacts of industrial processing while recovering resources – including water, energy, minerals, magnesium and salts – that can be recycled in the same and other process industries (Xevgenos, Kutka, & Wabitsch, 2019).

To achieve the goals of the ZERO BRINE project, demonstration plants are developed in the Netherlands, Poland, Spain and Turkey. The scope of this thesis will be only on the Netherlands, where the idea is to re-design the supply chain of water and minerals in the multi-company site of the energy port and petrochemical cluster in the Botlek area of Rotterdam Port. A large-scale demonstration plant has been built in Botlek to test the technologies and operations that fulfill the purposes of the ZERO BRINE project goals. The demonstration plant treats the salt stream which comes from the ion-exchange generation and reverse osmosis units at Demineralized Water Plant (DWP) in Botlek, which is owned by Organization A. Organization A is part of the ZERO BRINE consortium and a main stakeholder, as it supplies high quality demineralized water to a large number of petrochemical companies in the area from the DWP. In the pilot plant, technologies have been developed to eliminate brine effluent (by remodifying the water treatment strain) from Organization A, thereby recovering clean water, salt and magnesium. 

Development of the new technologies that will treat the brine for reuse is a major part of the ZERO BRINE project. Besides the technical feasibility, one of the main endeavors for the project is evaluating on sustainability performance. It is within the project requirements that the performance on each of the three sustainability dimensions – economic (e.g. resource scarcity, return on investment, external costs), environmental (e.g. greenhouse gas emissions, land transformation, acidification) and social (e.g. health risks, acceptability, stakeholder involvement) – be assessed. This is to determine how sustainable the proposed processes are in order for Organization A and its suppliers and customers to decide whether to invest or not. The economic and environmental aspects are modelled with Life Cycle Costing (LCC) and Environmental Life Cycle Assessment (E-LCA) methods. For the social aspect, the requirements hold that the S-LCA approach is to be followed. However, as mentioned previously this work, the S-LCA methodology is not standardized and there are inherent limitations for its application. Therefore, while S-LCA methodological framework must be applied to this case, it is not a given how this should be done. 


[bookmark: _Toc9455941][bookmark: _Toc16598622][bookmark: _Toc17532770]1.3. Research Objectives and Questions

Based on the above, it becomes prominent for a research to be conducted to 1) address the research problems identified from literature and 2) to fulfill the S-LCA requirement of the ZERO BRINE project. This thesis aims to fulfill these purposes. As such, the overarching objective of this thesis is to develop and apply a specific S-LCA methodology based on the UNEP/SETAC framework to the case study of ZERO BRINE in Netherlands. Specifically, the aim is to assess the social sustainability performances of the organizations in the ZERO BRINE system – including Organization A’s facility which is implementing the brine treatment technology and its key value chain actors – using the UNEP/SETAC framework. Within the ZERO BRINE case study, the goal is three-fold: to determine social impacts of the project on various stakeholders, such workers, value chain actors, local community members and society, to identify social hotspots in the value chain and provide recommendations for the improvement of the negative hotspots. Thus, in addition to providing information about the social implications associated with the project, a meta-goal of this thesis is to improve the social sustainability associated with the implementation of the brine treatment technology. Through the case study, this thesis further aims to contribute to the development of the S-LCA methodology by applying it in a new way. 

In response to the above, the main research question guiding this research is: 

	
How can the UNEP/SETAC S-LCA methodology be applied to the ZERO BRINE system in the Netherlands to assess the social sustainability performances of the organizations in the value chain?




This research question will be answered by investigating the application of S-LCA, during which concrete measures to apply it to the case study will be developed. As such, it can be broken down into three corresponding sub-questions:

1. What are the methodological and application-specific characteristics of the UNEP/SETAC approach for S-LCA? 

Firstly, the methodological and application-specific characteristics associated with the UNEP/SETAC S-LCA framework should be clarified. This is to provide a basis for what each of the steps of the framework entail, both in theory and in practice. To do so, this study consolidates the characteristics that have been brought up separately in literature as well as the previous S-LCA studies that apply the UNEP/SETAC framework. This serves as a starting point to develop the specific S-LCA methodology for the current study, as these insights can contribute to the determination of the methodological choices that may be made for the case study.

2. What are the important social subcategories and indicators for the ZERO BRINE system, and how can they be utilized to assess the social sustainability performance? 

Various methodological choices are required for application of the UNEP/SETAC S-LCA framework in order to arrive at valid and reliable social sustainability performance results. This sub-question encompasses the most important choices hereof. That is, it is determined what social sustainability factors are relevant and important for analysis, how to measure those social factors (by means of indicators), and how an assessment model can be created to translate measurements for different social sustainability factors into comparable results. Herewith, this sub-question covers a crucial part of this research: the development and application of the new specific S-LCA methodology.

3. What are the social sustainability performances in the ZERO BRINE system along the value chain, and how can negative performances be improved?

This sub-question entails the primary outcome of the ZERO BRINE case study. Based on the developed S-LCA methodology, each organization in the ZERO BRINE system is assessed on their social sustainability performance. To answer the second part of the sub-questions, recommendations are offered to each organization on how they may improve on areas with less-than adequate social sustainability performances (i.e. negative social hotspots).  
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The contribution of this thesis is of interest to both science and society. This study can be a meaningful addition to academia as it contributes to S-LCA literature. For society, the relevance lies in the indirect societal effects that may occur from organizations implementing the S-LCA model to improve their social sustainability performance. This is especially the case for ZERO BRINE stakeholders which are provided with recommendations for improving their performance on various different stakeholders. The rationales of these arguments are elaborated upon in the following parts of this section.
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Scientifically, this research contributes to academic literature by filling the knowledge gaps identified in Section 1.2. Scientific research into social sustainability performance assessment is a relatively new field which is still at the developmental stage (Croes & Vermeulen, 2016; Fritz et al., 2017; Schöggl et al., 2016), as opposed to the more established economic and environmental dimensions. Scholars point to the need to investigate how social performance can become more tangible – through valid social metrics – to be able to contribute to better management of corporate social sustainability practices (Morioka & Carvalho, 2016). S-LCA in particular is a social sustainability assessment method which, although has been gaining momentum in recent literature, is still in its infancy in terms of methodological harmonization. To further improve the reliability of S-LCA, more case studies and methodologies are of paramount importance (UNEP/SETAC, 2009; Dong & Ng, 2015; Sala et al., 2013). The proposed research aims to make a scientific contribution in this regard by proposing a robust S-LCA methodology for application to the ZERO BRINE system in the Dutch chemical process industry. In particular, the application of a S-LCA methodology to this specific country and industry is new and is missing from S-LCA literature, which adds to the scientific relevance of this research. 
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The societal contribution of this research can be related to a meta-goal of this thesis project, which is to promote social sustainability and a more positive social impact of business operations on various stakeholders, including workers, consumers, community members, value chain actors and society at large. Since this thesis focuses on the case of the ZERO BRINE system in Rotterdam Port, the societal relevance relates mainly to the stakeholders of this system. Through the application of the S-LCA methodology issues of social importance are identified and recommendations made on how the social sustainability performance of the involved organizations may be improved. Therefore, various stakeholders of the system may become subject to those improvements if the organizations choose to implement the findings of this thesis into their activities accordingly (e.g. by adjusting their sustainability strategies or initiating new social projects). This is valid for other organizations who may apply the proposed S-LCA framework as well, specifically in the Dutch process industry. 

On a meso-level, this research provides an insight for prospective organizations that desire to improve the social sustainability of their business. As was previously stated, the S-LCA tool was developed to facilitate organizations in the identification, measurement and management of social dimension patterns (impacts) and aid their integration into operational and strategic decision-making. The S-LCA methodology developed in this thesis also contributes in this way because it facilitates business decision-makers in assessing the social sustainability performance of their respective organizations through practical yet scientifically robust indicators in alignment with a series of well-detailed steps which can be re-applied depending on the context and goals of the practitioners. The method can be applied by executives and business decision-makers firstly to inform them of the social implications of their activities, and then to use this information as input to assist them in determining which actions should be taken in an attempt to be socially sustainable.
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[bookmark: _Toc17532774]1.4.3. Relevance to MoT

The following three criteria were set by the TU Delft as criteria for a Management of Technology (MoT) thesis, and the topic of this thesis is aligned with these criteria in the following ways:
1.  “The work reports on a scientific study in a technological context”
This thesis uses the case of the ZERO BRINE project in Rotterdam Port, which involves advanced technological innovations for treating process industry brines through collaborations between companies, academics and governmental actors to reduce negative economic, environmental and social impacts caused by the wastewater. As such, the context of this thesis is technological because the types of organizations taken into consideration for the study are ones which are developing new technologies with the aim of promoting sustainability. The results of the case are intended to fulfill the ZERO BRINE project requirement of evaluating the system’s sustainability performance. What makes this study scientific is that it is comprised of the development and application of a specific S-LCA methodology. An extensive literature study will be conducted to elaborate on the state-of-the-art in order to determine the relevant and important criteria to be incorporated in the S-LCA methodology. The methodology will be applied through several research methods to achieve the research objectives. 
2.  “The work shows an understanding of technology as a corporate resource or is done from a corporate perspective”
The point-of-view in this thesis is that of the (sustainable) company. As was described earlier, sustainable development is key for the future well-being of human societies and ecosystems. Companies can play a crucial role in contributing to sustainability, and therefore it is imperative for them to anticipate and participate in sustainable innovations and business practices. To do so, companies require not merely technological expertise but also knowledge of assessing the social, environmental and economic impacts that their operations have on various stakeholders. This research will focus on the largely under-addressed social dimension of sustainability and apply the appropriate assessment criteria which can aid companies in assessing their social sustainability performance and locating areas for improvement. This understanding should enable companies to execute the right activities to increase their chances of successfully carrying out socially sustainable operations. 
3. "Students use scientific methods and techniques to analyze a problem as put forward in the MoT curriculum”
The broad curriculum of the study will be used throughout this research. Courses that are used for information and methods in this thesis are as follows:
	Course
	Related Concepts

	MOT1412 Technology Dynamics
	Design for values and responsible innovation

	MOT1442 Social and Scientific Value
	Corporate social responsibility

	MOT1435 Technology, Strategy & Entrepreneurship
	Organizational approaches supporting different types of innovations

	MOT2312 Research Methods
	Methodologies for conducting research

	MOT1451 Inter- and Intra-organizational Decision-making
	Networked decision-making




[bookmark: _Toc16598627][bookmark: _Toc17532775]1.5. Thesis Structure

The structure of this research follows the logical order from defining the research problem, reviewing relevant literature, conceptualizing the research model – the specific S-LCA methodology – based on the combination of theoretical and empirical evidence, applying the model, analyzing the findings, discussing the application of the model, drawing conclusions and calling for future research. The full structure of this thesis is visualized as presented in Figure 1, portraying the chapters and sub-sections in alignment with answering the sub-research questions.
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This introduction is followed by Chapter 2, which offers a theoretical background on sustainability – in particular the social dimension – and its relevance in business. Also in Chapter 2, sustainability assessment methods are highlighted as a key tool to enable business decision-makers to understand their companies’ sustainability performance and translate sustainability intents into concrete action. Connecting the concepts of social sustainability with sustainability assessment methods, S-LCA is introduced as a primary tool for assessing the social dimension of sustainability. Next, Chapter 3 outlines the four phases of the S-LCA framework per the UNEP/SETAC Guidelines, describing what each phase entails in theory and in practice. At the end of this Chapter, research sub-question one can be answered. This is followed by Chapter 4, which details the development and application of the specific S-LCA methodology for the ZERO BRINE case study, thereby providing an answer to sub-question 2. Next, Chapter 5 consists of the case study results and analysis. Within this chapter sub-question three is answered. Following this, Chapter 6 discusses about the application of the S-LCA methodology. A reflection and evaluation are offered about the specific S-LCA methodology that was applied for the case study, and in addition,  the utilization of the UNEP/SETAC framework is discussed as well. In Chapter 7, the final chapter, conclusions of the research are drawn by referring back to the main research question and sub-question. After answering these,  the researcher reflects on how the findings of this research contribute to academia and in practice, and finally this paper is concluded by proposing possible agendas for future research.
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In this chapter, the results of a review of existing academic literature are presented. The aim of this chapter is to provide a background for theory on sustainability – the social dimension in particular – and its relevance for business, as well as how social sustainability may be assessed and translated into more actionable measures with a focus placed on S-LCA. The structure of this chapter is as follows. The first section, Section 2.1, provides an explanation of the role of sustainable development in business and how companies can benefit from sustainability improvements. In Section 2.2, theory on sustainability is outlined. The social dimension of sustainability is defined and elaborated upon, and it is also explained what Corporate Social Responsibility (CSR) is. Next, Section 2.3 explains how assessment methods facilitate in sustainability measurement and why they are crucial for sustainability developments in business. Finally, Section 2.4  highlights S-LCA as a primary social sustainability assessment method. In this section, S-LCA is introduced and described. 
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The concept of sustainability has become deeply ingrained into businesses in recent years due to mounting pressures from stakeholders. Aside from external forces, companies also recognize internally that it may be beneficial in the long-term for them practice sustainable actions. This is indicated by an increasing number of companies who are actively working to integrate the sustainability principles in their actions, for example through marketing efforts and sustainability reporting (Rayman-Bacchus & Walsh, 2015). Studies show that from an internal business perspective, the integration of the sustainability principles into company policies and activities is of high importance because it can create a competitive advantage in the long-term (Gold, Hahn, & Seuring, 2013). It may be argued based on the reviewed literature that a business can achieve economic success by neglecting aspects of sustainability, however this will only be a win in the short-term (Dyllick & Hockerts, 2002). Even though short-term gains are extremely important for companies, companies should strategize for long-term sustainability as well in order to stay in business. Taking into consideration the works of Cramer & Aarsen (2002) and Mulder (2006), Oehlmann (2010) claims that returns from implementing sustainability principles into the business occurs in three main ways:

· Economic value creation through enhanced product performance and production costs as a result of operating innovatively with a view to the future. This adds to the company’s competitiveness which can create both short-term and long-term economic value. 
· Value creation in the long-term by aligning various parts of the company, which increases their effectiveness and flexibility.
· Value creation in the long-term by improving the company’s image and reputation, which is important to not only to the company itself but also to its external stakeholders and internal stakeholders. External stakeholders such as customers and in the community experience greater distinctiveness and trust of the sustainable company. The internal stakeholders, the companies’ own workers, experience increased motivation and productivity if they feel as if they are making a positive contribution to society through their work.

Figure 2 shows the relationships between actions aiming towards sustainability and long-term corporate financial performance. Firstly, strategies on the corporate and business unit level strategy lead to sustainability actions. The sustainability actions then effect actual sustainability performance and stakeholder reactions, both of which affect corporate financial performance in the long-term. 
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[bookmark: _Ref7518596][bookmark: _Toc16598709][bookmark: _Toc17220653]Figure 2. Financial Performance Through Sustainability Drivers (Oehlmann, 2010).
The figure shows the benefits of embedding sustainability in companies. Based on the logic displayed in the figure, it becomes evident that it is key to have a solid strategy that is aligned with sustainability elements for achieving certain levels sustainability performance (Azapagic, 2004; Figge, Hahn, Schaltegger, & Wagner, 2002; Labuschagne, Brent, & van Erck, 2005 as cited in Dronkert & Damink, 2017), which in turn can lead to long-term corporate financial performance provided that sustainability performance is satisfactory.
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As sustainability is a key underlying concept of this thesis, the purpose of this section of the literature review is to outline relevant sustainability theory. First, sustainability is defined with a focus placed on the Triple Bottom Line (TBL) sustainability notion. Next, the social dimension of sustainability in particular is highlighted, wherein an effort is made to define it and describe its characteristics. Lastly, the business relevance for sustainability mentioned in the previous section is connected to social sustainability through the concept Corporate Social Responsibility (CSR).
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The sustainability concept has attracted much interest from researchers over the last few decades, particularly after the publication of the Brundtland Commission’s report “Our Common Future” in 1987 (Vachon & Mao, 2008). In this report, sustainable development is defined as “meeting the needs of the present without compromising the ability of future generations to meet their own needs” (World Commission on Environment and Development [WCED], 1987, p. 40). Even though some argue that this definition is too vague which makes it not applicable (Rennings & Wiggering, 1997) and could lead to “greenwashing” (Kates et al., 2005), nowadays it is widely accepted and highly cited by many scholars and institutions. Furthermore, it laid the foundation for various sustainability concepts to evolve.

One of the most important concepts related to sustainable development is the Triple Bottom Line (TBL) which was introduced by John Elkington in 1998. He described sustainability as the intersection of  1) environmental performance, 2) social performance and 3) economic performance (Elkington, 1998). The TBL approach suggests that there are activities, which if adopted by organizations, will not only positively affect the society and the environment but also cause the long-term economic success and competitive advantage of the enterprise (Carter & Rogers, 2008). Thereby, the TBL concept provides a three-dimensional concept of sustainability that acts as bedrock for sustainability developments. However, a few authors do not agree with the TBL concept and believe that sustainability has more than three dimensions. For example, Valentin & Spangenberg (2000) stated that there are four dimensions of sustainability: social, economic, environmental, and institutional. Also, Singh, Murty, Gupta, & Dikshit (2012) argued that there are five dimensions including economic, environment, society, organizational governance and technical aspects. Despite these deviations however, the three-dimensional concept of the TBL is widely accepted and quoted a great deal in terms of sustainability definitions in operations and management literature, to the point where practitioners of main sustainability assessment tools have developed a consensus on its utilization (UNEP/SETAC, 2009).

Theoretically, the TBL should be applicable as “a whole” in which the three dimensions are interconnected and balanced. As such, it is often represented as overlapping circles in a Venn diagram as shown in Figure 3. Taking into account all three pillars (area 4 of Figure 3) is considered the quintessential way to assess sustainability, and many authors have argued in favor of the equal treatment of the three dimensions in order to achieve what Sverdrup & Svensson (2005) called “Integrated Sustainability” (e.g. Ashby et al., 2012; Kleine & Hauff, 2009; Spangenberg & Omann, 2006). If the focus is placed on one or two dimensions only, rather than the “whole”, complete sustainability cannot be claimed and decisions will likely lack important information and considerations. 
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[bookmark: _Ref7441118][bookmark: _Toc16598710][bookmark: _Toc17220654]Figure 3. Dimensions of Sustainability (Adapted from Larsen, 2008).
A review by Seuring (2013) of the recent literature on the different dimensions of sustainability found that much effort has been devoted towards the economic dimension because it has been described as an integral part in all management related literature. Dillard, Dujon and King (2009, p. 85) citing a complete definition of economic sustainability presented by two economists Pierse and Barbier (2000) as “ensuring that future generations have at least the same potential economic opportunities to achieve welfare as the current generation.”  Many authors (e.g. Carter & Rogers, 2008; Labuschagne, Brent, & van Erck, 2005; Seuring & Müller, 2008) acknowledge economic sustainability as a progressing milestone for the achieving the other sustainability dimensions. They argue that a business cannot achieve the goals of social and environmental sustainability until it reaches some state of economic sustainability, and that economic sustainability is considered the most vital criterion to stay in business.  On the other hand, economic growth has generally occurred at the expense of natural resources and social justice (Hutchins & Sutherland, 2008) and hence there are strong critiques of this argument that economy comes first.

Pullman, Maloni, & Carter (2009) describe that since the last two decades pressure has increased on companies to achieve environmental sustainability. Therefore, a large amount of research has focused on environmental issues in the supply chain. It may be argued that the environmental dimension of sustainability is a quality dimension and quite visible in the business world as it can be measured and judged at different stages of a supply chain (Wognum, Bremmers, Trienekens, Vorst, & Bloemhof, 2011). Therefore, researchers have developed different tools to measure environmental sustainability, such as environmental life cycle assessment (E-LCA), equilibrium models, multicriteria decision-making and analytical hierarchy process (Seuring, 2013). Furthermore, the environmental dimension have been greatly emphasized by businesses and other organizations and as a result have become an important cultural segment of many organizations. As for the social dimension of sustainability, this will be elaborated on in detail in the following section of this paper given that social sustainability is a main focus of this thesis. 

As is alluded by the brief descriptions of each sustainability dimension, the three dimensions are interrelated and may influence each other in multiple ways. This can be in negative ways, where emphasis on one sustainability dimension can cause another to be neglected, but also in positive ways. For example, Pullman et al. (2009) describe that many researchers have established a positive affiliation between the environmental activities and the economic performance of the businesses. They explain that one of the measures is a waste reduction, which improves the environment on one hand and on the other hand reduces costs and hence improves economic performance. Similarly, Wognum et al. (2011) finds that the firms that adopt environmental sustainability practices significantly reduced waste and other pollutants and improved their economic efficiency by reducing overall costs. Also, it has been observed that the reduction of toxic sprays has a direct link to the welfare of the employees as it improves the environment as well as the social sustainability practices of a firm (Pullman et al., 2009). As such, these interdependencies can occur without intention. But if businesses actively commit to the TBL concept, sustainability developments in all three dimensions are facilitated. 
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In the first decade after the emergence of the notion of sustainable development in 1987, environmental and economic issues appeared to be the main focus of the debate on sustainability while social aspects played a minor role. It was not until 1993 that social sustainability was officially recognized by United Nations as a separate dimension and a fundamental aspect for the sustainability agenda (Omann & Spangenberg, 2002). Thereafter it gained significant recognition. 

Despite the momentum in the past few decades, in sustainability theory the social dimension is still considered the weakest due to unclear definitions and insufficient theoretical and analytical tools  (Boström, 2012; Dillard et al., 2009; Lehtonen, 2004).  As the authors Weingaertner & Moberg (2014) conclude, the social dimension is highly complex and analysis of it is very difficult compared to the other two dimensions. Empacher (2002) defined the social dimension of sustainability as having five attributes that make it complex: the social dimension is (1) bipolar – includes individual and collective levels; (2) normative – derived from social values and norms; (3) reflexive – changing social conditions through perception and interpretation; (4) active and reactive – capable of development; and (5) immaterial – difficult to grasp and analyze, in particular quantitatively. These attributes present challenges not only from a theoretical perspective – in respect to what defines it and how it connects the other two dimensions; but also a practical perspective – how it can be operationalized and translated into actions and decisions (Boström, 2012). Scholarly work to address these challenges are described in this section.

There is no agreement about a comprehensive definition of social sustainability to date, and this notion remains undertheorized to some extent (Åhman, 2013; Jaeger, Tàbara, & Jaeger, 2011; Littig & Griessler, 2005; Weingaertner & Moberg, 2014). Bebbington & Dillard (2009) argue that the missing of a clear social sustainability definition may have four reasons: 1) the dominant position of economic aims, 2) social sustainability has its roots in the environment sustainability so it is always discussed under the environmental dimension, 3) social sustainability is considered under the control of state or civil society and 4) social sustainability appears to be more challenging in specifications, understanding and communication than the environmental dimension of sustainability. Despite these possible obstructions, however, various authors have come out with their own definitions of social sustainability, each which shape the concept to some extent.

For example, McKenzie (2004, p. 12) defines social sustainability as “life-enhancing condition within communities, and a process to achieve that condition”  adding “social sustainability occurs when the formal and informal process, systems, structures and relationships actively support the capacity of the current and future generations to create healthy and livable communities” and “social sustainable communities are equitable, diverse, connected, democratic and provide a good quality of life.” Thus, social sustainability is interpreted as a condition and process, rather than a goal to be reached in the future.  This definition is accepted by various social sustainability researchers, such as Dillard et al. (2009) and Woodcraft (2012). The later half of the McKenzie (2004) definition may work as a starting point, as it includes majority of the key social sustainability themes matching with the current research. 

Jaeger, Tàbara, & Jaege (2011) argue that various authors in social sustainability literature do not define it with general and comprehensive definitions, but rather offer key components of it. Rasouli & Kumarasuriyar (2016) have composed a table containing some of these  key elements. An adapted version of this table is presented as Table 1. Although the list is not claimed to be exclusive, the work of key authors in the social sustainability definition field is highlighted which still makes it comprehensive. From the review of the literature it can be concluded that basic human needs and equity are main recurring themes and concepts. 




[bookmark: _Ref16016295][bookmark: _Toc17220695]Table 1. Key Themes of Social Sustainability (Adapted from Rasouli & Kumarasuriyar, 2016).
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With regard to the second challenge, the one from the practical perspective, the ways in which the social sustainability concept can be and has been operationalized and translated into actions and decisions are considered. Just like with the other dimensions, sustainability assessment methods play a primary role here (as will be explained and motivated in detail in Section 2.3). The social system is fundamentally different from the environmental and economic systems so creation and utilization of the same assessment types cannot be done. It may be explained in terms of well-developed sustainability assessment tools/methodologies, as LCA is a well-developed widely accepted tool to assess environmental impacts. However, to assess the social dimension, a consensus is missing over research methods and its wider integration into businesses (Shahid, 2017).

Even despite these challenges, the reasons for implementing social sustainability into the business even when organizations may earn enough profit to sustain their economy and respecting environmental sustainability are clear. Carter & Rogers (2008) explain that the benefits of improving the social dimension of sustainability include cost reduction, improvement in productivity and above all, the competitive advantages through improved reputation, uniqueness and innovation. 
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One concept that is closely related to social sustainability is Corporate Social Responsibility (CSR) (Ashby et al., 2012). CSR is perceived as a set of initiatives, actions, strategies and programs to achieve social sustainability (van Marrewijk, 2003; Wan-Jan, 2006).

The starting point of CSR was with Howard R. Bowen’s book “Social Responsibilities of the Businessmen” in 1953 (Carroll, 1999; Meehan, Meehan, & Richards, 2006), but the movement did not gain widespread attention until the beginning of the 21st century. Two major theories contributed to the development of the concept: the social contract theory and the stakeholder theory. Other notions, such as transparency, accountability, and corporate citizenship, also contributed to the modern CSR concept (UNEP/SETAC, 2009).  
	
Just as with the social sustainability concept, CSR has no single definition (Coelho, Mcclure, & Spry, 2003; Dahlsrud, 2008; Mcwilliams & Siegel, 2001; Whitehouse, 2006).  However, it is generally cited as: “Business decision making linked to ethical values, compliance with legal requirements and respect for people, communities and the environment” (Lindgreen & Swaen, 2005, p. 6). From the same point of view, Carroll (1979) states that companies have four different types of responsibilities: a company is expected to 1) be profitable, 2) obey the law,  3) engage in ethical behavior and 4) give back through philanthropy. In 1991 the author visualized these responsibilities using a pyramid (Figure 4) that shows their mutual relation (Carroll, 1991). 
[image: ]
[bookmark: _Ref6850885][bookmark: _Toc16598711][bookmark: _Toc17220655]Figure 4. Carrol's Pyramid of CSR (Carrol, 1979).
In their article, Steurer et al. (2005) describes how the concept of sustainable development relates to corporate sustainability and CSR. The authors say that for the business enterprise, sustainable development and corporate sustainability are both guiding models.  As guiding models, sustainable development is commonly perceived as addressing various life quality issues in the long-term from a more societal perspective, while corporate sustainability is a more corporate guiding model addressing the economic, social and environmental performance of companies in the short- and long-term. For both concepts, Steurer et al. (2005) used the same framework concerning sustainable development on the micro-economic level. As for the definition of CSR, the authors refer to an interpretation given by the European Commission (2002, p. 6): “A concept whereby companies integrate social and environmental concerns in their business operations and in their interaction with their stakeholders on a voluntary basis.” According to the Commission, CSR is about companies going beyond their minimum legal requirements in order to address societal needs. This can be found in the upper two blocks of Carroll's pyramid, ethical and philanthropic responsibilities (Figure 4). 

Steurer et al. (2005) determine three differences between sustainable development and corporate sustainability on one hand, and CSR on the other. The first difference is that CSR is a voluntary management approach where stakeholders and stakeholders' claims play an important role. Sustainable development and corporate sustainability are guiding models that are driven from society's interpretation, instead of being purely driven from the management of an organization. Second, the temporal scope of CSR does not reach as far as the scope of sustainable development and corporate sustainability. The CSR management approach is more about meeting the stakeholders' needs at the moment as means to preserve resources that are important for the company's performance in the near future, while sustainable development and corporate sustainability are about meeting the needs for the present stakeholders as well as the future stakeholders. The last difference comes from a historical point of view. For sustainable development and corporate sustainability, at first only environmental implications were taken into consideration and it was not until later that social and economic issues also became integrated. On the contrary, CSR started from a social point of view regarding issues like human rights and working conditions. Together with the uprising of the environmental movement, environmental issues increasingly became part of CSR. Because of the fact that CSR is a management approach, economic issues have always been part of the concept.

Because the concepts of sustainable development and corporate sustainability on the one hand, and CSR on the other, have evolved into very similar concepts, many consider corporate sustainability and CSR as synonyms (Steurer et al., 2005). But regarding the differences concerning the role of the stakeholders and the temporal scope, the authors described the three concepts as “closely connected, tripartite concepts, yet on different levels of specification with different conceptual nuances” (p. 275). The authors commented that sustainable development can be regarded as the societal concept, corporate sustainability as the corporate concept and CSR as the management approach. According to the European Commission (2002, p.1) CSR is a more or less voluntary “business contribution to sustainable development.” This contribution can increasingly be found at organizations in terms of actions, activities and sustainability reporting.

While the implementation of CSR activities may pose benefits to companies and their stakeholders, there are certain limitations which should be considered as well. One of the critiques is that the concept of CSR does not give an indication on how it can and should be implemented in practice (Birkin & Polesie, 2012). CSR is a complex notion to conceptualize and implement for companies (Wan-Jan, 2006) and there is still only limited knowledge on how companies go from the idea of CSR to measuring it and then implementing the notion into their activities (Luhmann & Theuvsen, 2016). Idowu & Vertigans (2017) claim that application and academic work surrounding the CSR concept are disconnected and that there are gaps in the literature that bridge these concepts together. Baumgartner & Ebner (2010) claim something similar, concluding that issues related to CSR are handled most often without a strategy for business implementation. They state that the way CSR is approached in academic literature and in practice is incomplete. Gong, Simpson, Koh, & Tan recognize this matter as well and say “metrics in theory and practice are unclear and lack applicable governance mechanisms” (2016, para 614). Thus, from these examples of scholarly works may be concluded that there is a gap between desired sustainability activities and implementation in business decision-making. It is likely that this implementation limitation will grow increasingly complex when taking into consideration the markets’ differences in terms of needs, culture and beliefs. 
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Despite a number of sustainability definitions, there is a common understanding that sustainability should be measurable (Özdemir, Härdtlein, Jenssen, Zech, & Eltrop, 2011 as cited by Siew, 2015). Sustainability performance assessment is a process of collecting, analyzing, and communicating information (via performance indicators) about sustainability impacts so as to support businesses in improving those impacts (Maas et al., 2016). Sustainability performance assessment tools make it possible for practitioners to measure progress on sustainability goals and activities and demonstrate results (Siew, 2015). In the sustainability context specifically, sound methodological approaches work to identify and assess current problems (social, economic and environmental issues), define future scenarios (human needs and ecological problems), and set policies, strategies and plans to bridge them and provide sustainable production and consumption patterns (Paragahawewa, Blackett, & Small, 2009; Sala et al., 2013; Iribarren, Martín-Gamboa, O’Mahony, & Dufour, 2016).  

Based on these explanations it can be argued that sustainability performance assessment methods are key to closing the gap between desired sustainability activities and implementation in business decision-making. While there exist some critical accounts on the applicability of sustainability performance assessment methods, such as that indicators tend to reduce the scope of sustainability and create path dependencies (Florman, Klingler-Vidra, & Facada, 2016), it is arguably better to have an assessment system that is incomplete and imperfect than one that does not exist or is disconnected from business objectives. Without a sustainability measurement system, it becomes practically impossible for practitioners to know how an organization is performing on certain sustainability criterion. In a world where sustainability is of growing importance, not measuring and keeping track sustainability performance could be detrimental to an organization’s prosperity and, perhaps even more importantly, to that of society.  Thus, while measuring sustainability may never be a perfect science, it is still considered desirable. 

After the development of the sustainability science discipline in the 1990s, there has been a surge in the  number of sustainability assessment methods developed (Molinos-Senante, Gómez, Garrido-Baserba, Caballero, & Sala-Garrido, 2014). For example, Singh et al. (2012) describes 41 different assessment methods of sustainability that included five methods of eco-sustainability, eight methods for composite industrial sustainability performance, two methods for product-based sustainability, seven methods for sustainable cities, nine methods for environmental policies that are based on national and regional levels, five methods to assess industrial environment, five methods that are based on social equity and quality of life and two methods for sustainable energy. Since so many have been developed, a limited number of methods are widely accepted to assess sustainability (Molinos-Senante et al., 2014). Moreover, a consensus has not been reached (and possibly never will be as “method diversity” may continue) regarding a specific procedure (Wu et al., 2014).

The development of tools to assess sustainability followed the attraction achieved by different dimensions throughout the development of sustainability paradigm. After the mass industrialization, economic assessment tools were developed and the environmental dimension evolved. It was not until the last few years that the environmental threats and other ecological changes came into limelight (Finnveden et al., 2009). To mitigate the ecological and environmental challenges, environmental aspects were integrated into the decision-making process of businesses, public administration and policy makers (Eckerberg & Nilsson, 2007 as cited by Finnveden et al., 2009). This integration provoked the urge of information on environmental aspects and for a number of systems to be developed for assessing environmental impacts (Finnveden & Moberg, 2005 as cited by Finnveden et al. 2009). In the case of environmental sustainability, the developed tools include LCA, multi-criteria decision-making and analytical hierarchy process (Seuring, 2013). Then, the deficiency in the results of environmental sustainability methodologies/tools led to the recognition of the existence and importance of social sustainability. Various social assessment tools and methodologies were developed such as social impact assessment (SIA), social return on investment (SROI), S-LCA and social auditing. Therefore, it may be concluded that the development of tools and methodologies to assess various dimensions of sustainability proceeded followed by the development of particular dimension.

More and more, companies are realizing the importance of developing sustainability in all dimensions of the TBL and implementing sustainability assessment procedures to do so. A recent trend is that companies are showing increased consideration for the impacts of businesses activities on the lives of people (Florman, Klingler-Vidra, & Facada, 2016), thereby wanting to become socially sustainable. Furthermore, as mentioned previously in this work, various stakeholders are demanding more disclosures on corporations’ social practices along with the environmental and economic practices (Siew,  2015). The demand for disclosure thus acts as a key motivator for the development of various corporate social sustainability measurement and reporting tools. In response, several organizations have designed tools for measuring the social sustainability performance of their business activities in an effort prove that they are making a positive social contribution.

Though several efforts have been conducted towards the modeling and measurement of the social dimension of sustainability, some social scientists are still trying to develop social sustainability assessment tools that will enable them to assess this dimension as accurately and precisely as the methodologies utilized by environmental scientists and economists in assessing their respective dimensions (Shahid, 2017).  However, it may be questioned if the environmental and economic assessment tools are already fully developed and if the social dimension can ever be assessed as accurately and precisely as the economic and environmental ones. The issues regarding social sustainability performance assessment mainly arise from the aforementioned complex and subjective nature of the social dimension. Most social values are qualitative in nature and must be translated to a quantitative/tick-box scoring system based on practitioners’ beliefs about how different social traits should be evaluated. There is continuing critical discussion about what value should be assigned to different indicators in a given assessment method for the valuable translation of qualitative (sometimes subjective) traits to an overall social impact. Thus, such scoring systems may lead to a reductionist approach, devising ambiguous transparency that possibly reduces the overall more holistic social impact (Florman et al., 2016). Despite these challenges, however, a growing amount of studies in the literature aim at tackling the challenges by proposing specific sustainability assessment methods. Many of such use the S-LCA framework by UNEP/SETAC to do so, which is explained in the next section. 
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S-LCA is one of the main tools available for social sustainability performance assessment. Given that S-LCA is the focus of this thesis, this section aims to offer background information on it for introductory purposes. S-LCA is defined as “a social impact assessment technique that aims to assess the social and socio-economic aspects of products and their potential positive and negative impacts along their life cycle, encompassing extraction and processing of raw materials; manufacturing; distribution; use; re-use; maintenance; recycling; and final disposal” (UNEP/SETAC, 2009, p. 100). S-LCA is considered a technique for decision support and, at this early stage of development, also a learning mechanism for assessing the social and socio-economic impacts of products and services. It can be also used to compare processes or stages for one product or compare two or several products. 


[bookmark: _Toc16598636][bookmark: _Toc17532784]2.4.1. History of S-LCA

S-LCA was initiated by the LCA community to complement the already developed tools, environmental LCA (E-LCA) and Life Cycle Costing (LCC). The LCA community was keen on developing S-LCA to complement E-LCA with the intention of integrating E-LCA and LCC to provide a powerful tool for sustainable decision-making. 

Early work incorporating social aspects in LCA emerged in the 1990s. First attempts include a 1993 workshop report by SETAC known as “A Conceptual Framework for Life Cycle Impact Assessment” (Ramirez & Petti, 2011), O’Brien, Doig, & Clift's (1996) social and environmental LCA named “SELCA” (P.K.S Ramirez & Petti, 2011), and “Life Cycle Working Time” tools (Wolf, Kupfer, Baitz, & Eyerer, 2001). Furthermore, in 2002, Casado Cañeque developed social company performance indicators for LCA (Dreyer, Hauschild, & Schierbeck, 2006). Other research includes the development of the tool PROSA by the Öko- Institut in 2006 (Grießhammer et al., 2007) and SEEbalance by BASF (Saling, Maisch, Silvani, & König, 2005).

In 2006, the UNEP and SETAC Life Cycle Initiative conducted a feasibility study on the development of a social impact assessment tool. The taskforce performing the study concluded that the LCA approach seems particularly appropriate to analyze products and their life cycle (Grießhammer et al., 2006). As such the study was an important steppingstone in the development of S-LCA. In 2009, UNEP and SETAC published the first and most important reference for S-LCA practitioners: the “Guidelines For Social Life Cycle Assessment of Products” (hereafter referred to as “the Guidelines”), which became the primary framework and reference for most S-LCA studies conducted after the publication. After the publication of the Guidelines, two more guidelines were published: UNEP and SETAC issued “The Methodological Sheets for Subcategories in Social Life Cycle Assessment” (hereafter referred to as “the Methodological Sheets”) to complement the Guidelines (UNEP/SETAC, 2013) and the Roundtable for Product Social Metrics issued “Handbook for Product Social Impact Assessment”, which is a simplified but more specific version of the Guidelines (Fontes et al., 2014). 


[bookmark: _Toc16598637][bookmark: _Toc17532785]2.4.2. Review of S-LCA

The S-LCA was developed by researchers to facilitate companies to be responsible in a social way (Dreyer et al., 2006). Since there are a few tools to assess social sustainability, S-LCA is regarded as the emerging quality tool to fill the potential gap (Paragahawewa, et al., 2009). Ramirez & Petti (2011) state that S-LCA helps decision makers through increasing knowledge and information of social conditions in a life cycle of a product. Other authors argue that it is a well-defined, recognized but emerging tool to assess the social sustainability of the entire supply chain of a product (Benoit Norris, Cavan, & Norris, 2012). According to the Guidelines, the S-LCA methodology has some advantages and limitations which should be accounted for prior to use: 

[bookmark: _Toc17220696]Table 2. Advantages of Limitations of S-LCA per the Guidelines (taken from UNEP/SETAC,2009).
	Advantages
	Limitations

	· It enables different stakeholders to make a choice between the products and its stage of development.
· It avoids shifting problems between stages of a life cycle or geographical areas.
· It helps to avoid amalgamation of different kinds of problems occurring during different phases of a product in its life cycle.
· It provides information on social and socio-economic aspects for activities such as decision-making, production and consumption performance improvement,  instigating dialogue and utility enhancement.
	· It does not have the goal to provide information as to whether or not a product should be produced. This is particularly true for new technologies that are new or not yet introduced to the market.
· It helps to update incremental changes but is unable to provide a breakthrough solution for sustainable living and consumption.
· A large amount of data is required and sometimes it becomes impossible to integrate the whole data.
· It is a time-consuming tool, as it is required to incorporate many stakeholders bearing different interests with regards to data collection, interpretation and integration.



Being a relatively new method, S-LCA still lacks standards and code of practice (Arcese, Lucchetti, & Massa, 2017) (as was introduced in the problem definition). Thus compared to E-LCA, applications of S-LCA can be limited by the absence of a standard, which provide more specific and well-defined requirements and characteristics to ensure consistency when applied to different products and services. Some authors do believe that the absence of a standardized methodology to conduct an S-LCA study is due to the immaturity of the methodology. However, others believe that it is because of the nature of social impacts that depend upon the behavior of the actors (De Luca, Iofrida, Strano, Falcone, & Gulisano, 2015). Sala, Vasta, Mancini, Dewulf, & Rosenbaum (2015) argue that in a social life cycle context, the appraisal of social impacts is very difficult as cultural elements are controversial due to different values. In addition, lifestyles may affect the way social issues are perceived and comprehended. Either way, due to the lack of a standard, the S-LCA tool is missing consensus on certain methodological aspects. While there is a consensus between scholars on the need for an impact assessment tool with a focus on social aspects of products and services, there is a disagreement on the feasibility and  the approaches to put the Guidelines into practice. For example, should the assessed social impacts be linked to products or the conduct of the company as a whole? How should the social indicators and impact categories be selected, classified and assessed? The next chapter of this thesis, Chapter 3, goes into much detail about the characteristics of S-LCA that cause for such disagreements and how they are handled by practitioners.
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Before diving into the details of the UNEP/SETAC S-LCA approach and what its steps are, an important deliberation to highlight in this thesis is how the S-LCA compares to other social sustainability assessment methods and why S-LCA (in particular the UNEP/SETAC approach) is perceived as the most useful tool for this particular research. 

Social sustainability assessment methods are similar in that their goals are to provide decision-makers with a means for evaluation (Singh et al., 2012). However, their approaches are different depending upon the requirement of the scope. Shahid (2017) performed a detailed comparison and critical analysis of three main social sustainability assessment methods – S-LCA, social return on investment (SROI) and social impact assessment (SIA) – based on the S-LCA Guidelines (UNEP/SETAC, 2009), A Guide to SROI (Nicholls, Lawlor, Neitzert, & Goodspeed, 2009) and the SIA Principles (Burdge et al., 1994). Table 3 depicts the various characteristics on which the methods are compared. 

[bookmark: _Ref7789202][bookmark: _Toc13377721][bookmark: _Toc17220697]Table 3. Comparison of Social Performance Assessment Methods (Shahid, 2017).
	Characteristics
	Assessment methods

	
	SIA
	SROI
	S-LCA

	1. Uses mixed methods
	✓
	✓
	✓

	2. Site-specific/project-based approach
	✓
	✓
	✓

	3. Bottom-up approach
	✓
	✓
	✓

	4. Decision support tool
	✓
	✓
	✓

	5. Data and labor intensive
	✓
	✓
	✓

	6. Support case studies
	✓
	✓
	✓

	7. Following the three-dimension concept of sustainability
	✓
	✓
	✓

	8. Fully developed methodology
	✓
	✓
	

	9. Standardized characterization model
	✓
	✓
	

	10. Applied evenly to all sizes of enterprises
	✓
	✓
	

	11. Roots in environmental assessment method
	✓
	
	✓

	12. Process is preferred over stakeholders’ preference
	✓
	
	✓

	13. Consensus on a single methodology
	
	✓
	

	14. Covers broad social topics
	
	✓
	✓

	15. Assessment at product level
	
	
	✓

	16. Purely social assessment method
	
	
	✓

	17. Avoids shifting problem between assessment stages
	
	
	✓

	18. Development of database
	
	
	✓

	19. Covers whole life cycle
	
	
	✓

	20. Flexible methodology for data assessment
	
	
	✓

	21. Top-down approach
	
	
	✓

	22. Scope of entire supply chain
	
	
	✓

	23. Potential of impact assessment of present and future
	
	
	✓

	24. Assesses impacts of various stakeholder groups, e.g. workers, consumers, local community, society and value chain actors
	
	
	✓



The table portrays the ways in which the S-LCA tool stands out compared to the others, and these aspects make it a particularly attractive choice for conducting a social sustainability assessment. The main difference between S-LCA and the other techniques to assess social sustainability, and the main reason for choosing this tool, is its range of scope. That is, the scope of S-LCA uniquely covers the whole life cycle of a product, or the whole supply chain. Several authors, such as  Jørgensen, Dreyer, & Wangel (2012) and Macombe et al. (2013) advocate for this viewpoint as well. While it may be applied as a cradle-to-grave, cradle-to-gate or gate-to-gate approach, the fact that it is developed to cover an entire product life cycle is its unique characteristic. It may be claimed that S-LCA is one of the best emerging tools that has the potential to assess the social sustainability of all ranges of products regardless of the structure of a supply chain.  Since a life cycle perspective is taken with the S-LCA method it also prevents the shifting of negative impacts from one life cycle stage to another, or from one social issues to another, which is considered a major advantage. 

As has been emphasized throughout the early parts of this thesis, S-LCA is still in a development stage despite it being S-LCA is a well-recognized methodology in the research community due to its roots in the well-established E-LCA. As such, S-LCA researchers are provided with an opportunity to innovate new assessment methods without following strict methodologies in an effort to contribute to its development. Its flexible methodology is therefore another reason for its utilization as it provides practitioners with options to adopt different data collection techniques and characterization models to meet their respective research requirements. Characterization, which is the process of translating raw data into comparable social impact results, may be done either according to the life cycle stages of a product that included midpoints and endpoints (Brent & Labuschagne, 2006; Paragahawewa et al., 2009) or according to the conduct of the company (Ciroth & Franze, 2011; Traverson et al., 2012 and Aparcana & Salhofer, 2013). These differences are described in more detail in Section 3.3 of this work. In this study, the later discussed characterization model is adopted where the conduct of the company is considered. 

Furthermore, it is concluded that S-LCA fits well with the selected industry and the ZERO BRINE project due to its product and site-specific assessment characteristics. Water produced through water treatment processes in the chemical process industry require the input of various materials to enable the chemical reactions that are required for achieving the desired process outputs. Thus, the life cycle perspective of the S-LCA tool is essential for capturing social sustainability performances related to these inflows and outflows. The site-specific application of S-LCA is particularly useful for the case as the research interests lie with the organization (Organization A) that is implementing the new brine treatment technology and the other organizations that supply materials to the process or consume materials for further use. Though S-LCA provides an opportunity for assessing the complete supply chain, rigid boundaries are to be selected for assessing social sustainability performance within the ZERO BRINE case study, as will be explained in detail in Section 4.2.2.2 of this work.

Now that is explained why S-LCA was chosen, perhaps another question to ask is why the UNEP/SETAC S-LCA approach is adhered to. Even though the UNEP/SETAC Guidelines and Methodological Sheets were published several years ago (in 2009 and 2013, respectively), it is still considered the current main reference framework and “landmark in the field” of S-LCA (Corona et al., 2017). As such, most S-LCA studies published since then use these documents as a reference. Furthermore, they are the foundation for frontrunner companies and other institutions, such as the Roundtable for Product Social Metrics and the PRé Sustainability to develop their own methodologies (João Fontes, Tarne, Traverso, & Bernstein, 2018). For this reason, even though other social life cycle assessment methodologies have been published (e.g. Social Impact Assessment Method by PRé Sustainability) still the UNEP/SETAC approach is very relevant and arguably superior for application. The current author regards this aspect highly, which is why the UNEP/SETAC Guidelines and Methodological Sheets are taken as a main reference point for this research. 


[bookmark: _Toc16598639][bookmark: _Toc17532787]2.5. Chapter Summary

In summary, this chapter has laid the theoretical foundations for this research through a literature review of key topics. A main takeaway from the first part of the literature review was that sustainability is of much importance in the business world as it is a key competitive factor which increases the added value of a company in a long-term perspective. Through this, since sustainability is a main underlying theme this thesis, the author established a basis for why the proposed research is relevant from a business perspective. The author zoomed in on the social dimension of sustainability by defining it in terms of key topics scattered throughout literature and elaborating on its theoretical and practical challenges. It was highlighted that these challenges, alongside delays for recognition, caused for the social dimension of sustainability to currently be the weakest compared to the environmental and economic dimensions. The author concluded the sustainability theory section by offering theory on CSR, which related the social sustainability concept to business implementation. Next, it was emphasized that sustainability assessment methods are key tools for bridging the gap between sustainability in theory and implementing sustainability actions in practice. The focus was laid on methods for social sustainability assessment, which led to an introduction on S-LCA. Compared to the other social sustainability assessment tools, a main point where the S-LCA methodology stood out is that it encompasses the life cycle of the product. This broader scope on the upstream and downstream of the value chain enables S-LCA practitioners to capture a more holistic view of social sustainability performance. Furthermore, while S-LCA has recently become a well-recognized methodology in the research community due to its E-LCA roots, it requires further development. These aspects made S-LCA a compelling choice for a new application of the methodology to the ZERO BRINE case study. 









[bookmark: _Toc16598640][bookmark: _Toc17532788]3 The UNEP/SETAC S-LCA Methodology

In this chapter, the methodological and application-specific characteristics of the UNEP/SETAC approach for S-LCA are detailed. This is done by outlining the steps of the S-LCA methodology per the UNEP/SETAC Guidelines, which is the primary framework and reference for the S-LCA methodology. The S-LCA methodology adheres to the same major steps of the E-LCA per the ISO 14040 and 14044 standards (ISO, 2006): (1) goal and scope definition, (2) life cycle inventory analysis, (3) life cycle impact assessment and (4) interpretation. Note that the arrows between steps indicate that the LCA is conducted in an iterative process. The sections in this chapter follow the structure of this methodology.
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[bookmark: _Toc16598712][bookmark: _Toc17220656]Figure 5. Steps in the LCA Framework According to ISO (ISO, 2006).

[bookmark: _Toc16598641][bookmark: _Toc17532789]3.1. Goal and Scope Definition

In the first S-LCA step, the goal and scope of the study are presented. Firstly, it is needed to define the purpose of the study by describing the intended use and the goal that is being pursued. According to the UNEP/SETAC Guidelines, “the ultimate objective for conducting a S-LC is to promote improvement of social conditions of production chains and of the overall socio-economic performance of positive impacts of a product and associated function unit on all its key stakeholders” (UNEP/SETAC, 2009, p.50). This is the ultimate goal, however practitioners can carry out the study for a variety of different reasons. In the end, the study must meet the goal that was defined in this step. 

In addition to a goal definition, the scope must also be defined. The scope encompasses the depth and breadth of the study in alignment with the stated goal. To give a detailed account the Guidelines delineate various items for this part (UNEP/SETAC, 2009), including the product system to be studied, the functions (performance characteristics) of the product system, the functional unit, the system boundary, the stakeholder categories, the social impact (sub)categories and indicators. These key aspects which are considered in this phase are introduced here.  


[bookmark: _Toc17532790]3.1.1. Functional unit

The Guidelines suggest that defining a functional unit is fundamental because it provides the necessary basis for the product system modeling (UNEP/SETAC, 2009). In order to specify the functional unit, it is necessary to describe the properties and social utility of the product, to determine the relevant market segment and product alternatives and to determine the reference flow for each of the product systems.

Even though defining a functional unit is suggested by the Guidelines, applying it is not as straightforward in S-LCA as in E-LCA due to the nature of social aspects. From a review of the literature it becomes known that functional units are usually not clearly defined in S-LCA studies. A reason may have to do with difficulties of scaling inventory data on functional units (Wu et al., 2014). Inventory data must be quantitative in order to be scalable. However, data in S-LCA tends to be qualitative and/or semi-qualitative, which is due to the qualitative nature of social sustainability. 

Another issue related to the functional unit has to do with the fact that a difference of views exists on whether S-LCA should be a process-based approach or a company-based approach. In E-LCA, the product or service life is a grouping of all the processes involved in different stages of the life cycle, and the performance of a process is considered as the main driver behind a product’s environmental impact. E-LCA takes into account all relevant unit-level processes in the life cycle of a product and analyzes their exchanges with the environment (Dreyer et al., 2006). The functional unit is a core element of E-LCA as it is used to quantify the service delivered by the product (ISO, 2006). The S-LCA Guidelines, following the E-LCA framework, suggest the specification of the functional unit and flows for S-LCA (process approach). Hutchins, Robinson, & Dornfeld (2013) also emphasize that the esteem of the S-LCA methodology has been acquired from the E-LCA; therefore, in order to apply it, it should be a process-based approach with a functional unit. 

On the other hand, the Guidelines’ broad definition of social impacts suggest the assessment of the company’s behavior as a whole – not just the processes and the life cycle of one product or service – and introduce a company perspective. Various scholars, such as Spillemaeckers et al. (2004), Norris (2006) and Dreyer et al., (2006) argue that S-LCA is a company-based approach which is entirely grounded on the conduct of the company. The argument is that social impacts should have a much stronger link to the conduct of the companies performing the life cycle processes because S-LCA is targeting activities in the life cycle of a product that affect people. It is claimed that, since most impacts on people are independent of the physical conditions of an industrial process, except some direct health impacts on workers, a process approach is inappropriate for S-LCA (Spillemaeckers et al., 2004; Dreyer et al., 2006).  Authors such as Zamagni, Amerighi, & Buttol (2011) thereby claim that it is contradictory to include a functional unit approach and a company perspective in the same S-LCA because the company conduct is the focus of such studies. 


[bookmark: _Toc17532791]3.1.2. System Boundaries

Setting system boundaries entails defining what parts of a product system are and are not included for the assessment. While this may sound straightforward upon initial thought, it is still unclear what principles guide the design of system boundaries (Lagarde & Macombe, 2013). The Guidelines state that the system boundaries should be set in the same way as is done for an E-LCA; entailing a complete life cycle with all the processes involved. Some researchers support this suggestion because of the perceived benefits integrating S-LCA results with E-LCA and LCC so as to give a holistic and integrated sustainability view of a product (Kloepffer, 2008). On the other hand, authors such as  Dreyer et al. (2006) argue that system boundaries should only include the parts of a life cycle that directly influence the company performing the assessment. In other words, that means to include only the closest actors in a value chain. 


[bookmark: _Toc17532792]3.1.3. Subcategories

[bookmark: _Ref7016527]Subcategories are significant themes or attributes of social sustainability, and they compose the foundation of a S-LCA.  Dreyer et al. (2006) suggest developing S-LCA subcategories based on international agreements combined with local or country norms. In another viewpoint, Reitinger, Dumke, Barosevcic, & Hillerbrand (2011) consider the classification of impact categories from the perspectives of philosophy and settle on  seven dimensions of human flourishing. However, after the publication of the Guidelines, the majority of case studies have selected and assessed the subcategories proposed by the UNEP/SETAC approach. The Guidelines classify subcategories according to five stakeholder groups: workers, local community, society, consumers and value chain actors. Together considering international instruments such as conventions and treaties, CSR initiatives, model legal frameworks and social impact assessment literature, 31 “comprehensive” and “universal” social and socio-economic subcategories make up the final list in the Guidelines as shown in Table 4. 

[bookmark: _Ref15478652][bookmark: _Toc13377722][bookmark: _Toc17220698]Table 4. Suggested Stakeholder Categories and Subcategories (UNEP/SETAC, 2009).
	Stakeholder Categories
	
Subcategories


	Workers
	Freedom of association and collective bargaining
Child labor
Fair salary
Working hours
Forced labor
Equal opportunities/discrimination
Health and safety
Social benefits/social security health

	Consumers
	Health and safety
Feedback mechanism
Consumer privacy
Transparency
End of life responsibility

	Local community
	Access to material resources
Access to immaterial resources
Delocalization and migration
Cultural heritage
Safe and healthy living conditions
Respect of indigenous rights
Community engagement
Local employment
Secure living conditions

	Society
	Public commitments to sustainability i8ssues
Contribution to economic development
Prevention and mitigation of armed conflicts
Technology development
Corruption

	Value chain actors (not including consumers)
	Fair competition
Promoting social responsibility
Supplier relationships
Respect of intellectual property rights



Based on the needs of a case study, the list of subcategories under evaluation can be adjusted. The Guidelines point out that some of those instruments, initiatives and legal frameworks utilized to develop the 31 subcategories represent “floors rather than ceilings” (UNEP/SETAC, 2009, p. 48) and highlight the importance of additional subcategories that go beyond minimum compliance and adapting it to the context. Similarly, subcategories that are not relevant to a certain context may be omitted. For example, many human and worker rights may be granted in developed countries, which may not be the case in developing countries, and therefore the subcategory “child labor” may not be relevant to developed countries. When identifying and selecting subcategories, it is also important to avoid overlap between the categories since it can result in double counting (e.g. workers’ rights may be covered by human rights) (Grießhammer et al., 2006). Two subcategories mostly added in the studies that are not covered in the Guidelines are education and training and social responsibility management systems (Benoît Norris, 2014). Furthermore, subcategories related to the stakeholder group of workers are the ones mostly evaluated in the existing case studies (Wu et al. 2014).


[bookmark: _Toc17532793]3.1.4. Indicators

[bookmark: _Toc9455958][bookmark: _Toc9464544]Properly-selected and well-defined indicators are key for capturing and consolidating information for sustainability performance assessment (Schöggl et al., 2016), including S-LCA. However, determining which social indicators are relevant for meeting the goals of a S-LCA study presents a challenging task. There are currently no set of social indicators for S-LCA that are universally accepted (Zamani, 2016). A broad study conducted by Finkbeiner, Schau, Lehmann, & Traverso (2010) on social sustainability indicators dimension gave a total of 150 proposals for different objectives and indicators that address many different topics (e.g. politics, society, women rights and health). Finkbeiner et al. (2010) argue that determining a coherent and practical approach for social indicators for products and services is challenging due to the diversity and the variation in quality of the indicators. UNEP and SETAC published The Methodological Sheets in 2013 to provide examples of inventory indicators for the 31 subcategories proposed in the Guidelines. However, the list is still not comprehensive and does not reflect products and services from all industrial sectors.


[bookmark: _Toc16598642][bookmark: _Toc17532794]3.2. Life Cycle Inventory Analysis

Social life cycle inventory (S-LCI) analysis is the most time and resource consuming phase of a S-LCA study. The aim of the S-LCI step is to collect and analyze all the relevant data – which tends to be qualitative and semi-quantitative due to the subjective nature of social impacts – according to the selected social impact indicators defined in the goal and scope phase. Data is the driving force behind a S-LCA (Curran, 2012), and so collecting the necessary data in this phase is ultimately what enables the assessment of social aspects in the next phase. The inventory analysis step may be comprised of the following activities (UNEP/SETAC, 2009):

· Prioritization and screening of the data collection that is required and possibly of the data that will be obtained. 
· Collection of the main data – generic and/or site-specific data collection. 
· Validation of data to confirm its quality and offer evidence based on those requirements.

In S-LCA, there are two types of data collection methods: generic data collection and site-specific data collection. 


[bookmark: _Toc17532795]3.2.1. Generic Data Collection

Many researchers suggest generic data collection for screening purposes of S-LCA. Therefore, it can help practitioners to prioritize the data collection process along with the identification of social hotspots (Dreyer et al., 2006). Generic data collection provides a broader overview to the researcher regarding the sector, country or region in which a certain product chain exists. Thus, generic data collection types typically have to do with characteristics at those levels, such as laws or human rights issues that are present.  The stage can further employ different data phases, such as validation of data, refining of data and aggregation of data. Generic data can be collected through literature reviews or web searches. In addition, databases are also available for generic data collection (Benoît Norris, 2014; Jørgensen, 2013). The social hotspot database (SHDB) is one attempt in the direction of generic data collection to date. This SHDB includes country-specific data and 22 themes, including 100 indicators within five social impact categories that allow researchers to model supply chains based on the sector or country level (Benoît Norris, Norris & Aulisio, 2014). 


[bookmark: _Toc17532796]3.2.2. Site-specific Data Collection

Site-specific data gives detailed information about specific organizations in a product chain. This can include, for example, the policies, strategies and actions of the individual organizations in the system being analyzed, as well as actual performance characteristics such as on-site injury numbers. This type of data is essential because the generic data of a similar product may vary from site to site because the activities of each site are largely dependent on the conduct of the organizations. In other words, the location information is of utmost importance as it may vary at multiple locations for the same product (Dreyer et al., 2006). However, sometimes site-specific assessment is not valued as some companies have policies enveloped on the corporate level, which does not vary according to the location (Norris, 2012). Hence it is claimed that the social impact of the product does not relate to the nature of the process involved in a product but the conduct of the company carrying out the process (Dreyer et al., 2006).  Wu et al. (2014) states that in the site-specific studies a company-based approach is required and therefore a functional unit is not used. 


[bookmark: _Toc16598643][bookmark: _Toc17532797]3.3. Life Cycle Impact Assessment

In the third step of the S-LCA framework, the social life cycle impact assessment (S-LCIA), the purpose is to evaluate the significance of various potential social impacts using the data from the S-LCI.  The main process involved in S-LCIA is called characterization. The purpose of characterization is to aggregate the inventory results within the same impact category (Jørgensen, Bocq, Nazarkina, & Hauschild, 2008). ISO 14044 (2006) describes this phase as follows: “the calculation of indicator results (characterization) involves the conversion of life cycle impact results to standard units and the aggregation of the converted results within the same impact category. This translation uses characterization factors. The outcome of the calculation is a numerical indicator result” (UNEP/SETAC, 2009, p. 72). 

In E-LCA, there are well-developed impact assessment methods that translate the inventory data to common units within each impact category. In S-LCA, however, this is not the case. The Guidelines note that S-LCIA is an open field for future research that is still under development (UNEP/SETAC, 2009). While S-LCIA is the most covered topic in the existing S-LCA publications (Garrido, Parent, Beaulieu, & Revéret, 2018), it is still considered the most inconsistent phase of S-LCA (Petti, Serreli, et al., 2018; Wu et al., 2014). In the Guidelines no specific S-LCIA methods are recommended. Rather, two general types of S-LCIA methods are pointed out: 1) Type I S-LCIA methods which use Performance Reference Points (PRPs) and 2) Type II S-LCIA methods which attempt to seek the causal-effect relations between indicators and social impacts. As stated in the Guidelines, “Type I impact categories aggregate the results for the subcategories within a theme of interest to a stakeholder, e.g. human rights, through a scoring system. Type II impact categories model the results for the subcategories that have a causal relationship defined on the criteria, e.g. autonomy, through impact pathway” (UNEP/SETAC, 2009, p. 71). The difference is portrayed in Figure 6.

[image: ]
[bookmark: _Ref12562643][bookmark: _Toc16598713][bookmark: _Toc17220657]Figure 6. Comparison between S-LCIA Types I and II (Parent, Cucuzzella, & Revéret, 2010).
In recent years the number publications proposing and applying new S-LCIA methods has boomed. As such, some researchers have made it a point to conduct literature reviews and summarize those developments so as to make clear what the similarities and differences of the methods are in theory and application. Three works in particular are considered the most comprehensive and up-to-date of such review studies: Wu et al. (2014), Chhipi-Shrestha, Hewage, & Sadiq (2015) and Garrido et al., 2018. In these three articles, all the authors acknowledge the differences between two types of S-LCIA methods. Chhipi-Shrestha et al. (2015) and Wu et al. (2014) highlight that the main aspect that differentiates the two types is that Type I methods utilize scoring systems while Type II methods do not. On the other hand, Garrido et al. (2018) recognize the use of performance reference points in Type I methods and the types of data assessed as the most essential differentiating factors. They also elaborate on the matter that the goal of the inventories in Type I methods are to represent positive and negative social sustainability performances of related organizations. Such inventory data are characterized on one point along an impact pathway, whereas the characterization models in Type II methods resemble the E-LCA method in that inventory data are aggregated into midpoint and endpoint impact categories via causal relations. These two types of S-LCIA methods are further reviewed in detail below utilizing the three review studies, so as to make the difference explicit and also to make the application of each clear.


[bookmark: _Toc17532798]3.3.1. Type I S-LCIA Methods

In the Guidelines it is stated that Type I S-LCIA methods make use of what are called performance reference points (PRPs) for assessing data collected in the inventory stage (UNEP/SETAC, 2009). The definition of PRPs is as follows: “Internationally set thresholds or goals or objectives according to conventions and best practices” (UNEP/SETAC, 2009, p. 72). In other words, PRPs are used as thresholds to understand the magnitude and significance of the inventory data. These reference points enable the evaluation of the social effects that a specific activity or product has on a defined system. Thus, Type I S-LCIA methods assess the social sustainability performances of a product life cycle rather than potential social impacts. Macombe et al. (2013) highlight that Type I S-LCIA is “life cycle corporate social responsibility (CSR)”, given that it evaluates the social sustainability performances of organizations along a value chain as opposed to social impacts, which can only be determined if a thorough analysis of causality chains is conducted. Thus, Type I S-LCIA methods therefore qualify data that corresponds to positive or negative (or a variation between the two extremes) social sustainability performance.

Based on the works of the above authors works, an overview of the various Type I S-LCIA approaches are identified. A main trend across Type I S-LCIA method applications is that norms and best practices (on the international, national, or sectoral level) tend to be used as PRPs. For these kinds of assessments, binary four- to five-level scales are implemented to gauge the level of compliance with the PRPs and characterize the data. In some cases, however, PRPs are not clearly stated and it is not made explicit what criteria actually determines the scaling. Quantis, AGECO, & CARAIG (2012) and Ramirez, Petti, Brones, & Ugaya (2016) set good examples by explicitly stating the reference points for each social indicator as well as the assessment criteria for each level of the scales. Efforts on establishing scientifically-sound PRPs for characterization – focusing on the income and fair wage subcategories – have been observed as well (Croes & Vermeulen, 2016; Neugebauer, Emara, Hellerström, & Finkbeiner, 2017). Other researchers base their PRPs on what experts and/or stakeholders expect  (Aparcana & Salhofer, 2013; Foolmaun & Ramjeeawon, 2013; Manik, Leahy, & Halog, 2013). 

Another identified trend is that the majority of S-LCA studies applying Type I S-LCIA methods characterize social sustainability performances at the subcategory level by linking and aggregating the inventory indicators to subcategories as proposed in the S-LCA Guidelines. For example,  Aparcana & Salhofer (2013), Dreyer, Hauschild, & Schierbeck (2010),  Ekener-Petersen & Finnveden (2013),  Franze & Ciroth (2011) and Ramirez et al. (2016) do this. There are also other studies that aggregate social sustainability performances by impact category or by life cycle phase, such as Ciroth & Franze, (2011), Foolmaun & Ramjeeawon (2013), Manik et al. (2013) and Traverso, Bell, Saling, & Fontes, (2018). While weighting the subcategories is done sometimes and is an option, it is typically not conducted especially in studies where social sustainability performances are assessed at the levels of individual subcategories. In the studies where weighting is carried out, however, there tend to be four types of approaches for this: weighting equally, weighting based on the worse performance for a given subcategory, weighting based on judgments of a panel of experts or stakeholders and weighting based on an activity variable (e.g. worker-hours). Although not as common, weighting and aggregation based on multi-criteria decision analysis methods has been observed in Type I methods as well. 

Wu et al (2014) point out one question in particular that they point out as a potential limitation Type I S-LCIA methods. The question is: are the selected indicators a relevant and sound representation of the corresponding social subcategories and stakeholder groups? The indicators selected for a given study may not be precisely relevant or accurately representative of their corresponding subcategories/stakeholder categories because they are only proposed ways of measuring certain social aspects and are not exhaustive. One may not say with certainty that a given list of indicators fully represents a certain social subcategory because there several ways of measuring them depending on the goal and scope of the study. As such, this is an issue to be addressed when applying Type I S-LCIA methods. 


[bookmark: _Toc17532799]3.3.2. Type II S-LCIA Methods

As in E-LCA, impact pathways are the main mechanisms behind Type II S-LCIA methods. Usually this entails quantitative data being aggregated to midpoint and endpoint levels through causal-effect chain modeling. Surprisingly, most of the case studies applying Type II S-LCIA methods were published between 2006 and 2008, before the Guidelines were published. 

Based on the literature review, several main points can be noted about the development and application of Type II S-CLIA methods. One point is that many works explore a single impact pathways which focus on one social issue only (usually related to human health).  For example, Feschet et al. (2013) develop a pathway called Preston for modelling the relationship of income per capita with  life expectancy. Bocoum, Macombe, & Revéret (2015) extend the Preston pathway by proposing a new one that models the relationship of income inequality with health. Similarly, Hutchins & Sutherland (2008) and Norris (2006) also propose pathways relating income level with health status. All these scholars use linear and non-linear regression to identify the quantitative impact pathways. 

As opposed to exploring single impact pathways, other Type II S-LCIA studies use multiple midpoint and endpoint categories for modelling the causal relationships between indicators. The trend that is identified for these studies is that most to not use explicit pathways to model the linkages between indicators and corresponding categories but rather propose frameworks. For instance, Weidema (2006) proposes quality adjusted life years (QALY) for quantifying how life and longevity, health, autonomy, safety/security/and tranquility, equal opportunities and participation and influence can improve or reduce well-being. Another example is the work of Hunkeler (2006), in which labor hours are used as an activity variable to social needs with unit processes. Furthermore, Brent & Labuschagne (2006) suggest twenty-one midpoint categories and aggregates those into four end-point categories, namely internal human resources, external population, stakeholder participation and macro-social performance. 

As with Type I S-LCA, there are some limitations of Type II S-LCIA methods. A main limitation is that the cause-effect chains are very complex or hard to describe with enough accuracy to allow for quantitative modeling (Parent et al., 2010). The modeling of cause-and-effect chains in S-LCA presents a considerable degree of complexity since the S-LCIA models take into account a large number of variables (variables meaning impact categories in this context) and many relationships are established between them. To give an indication, causal chains may occur between social impacts (when one social impact causes another) but also between stakeholders (when a social impact of one stakeholder causes a social impact for another stakeholder). Also, causal chains to environmental or micro-economic impacts may occur as well which adds to the complexity. 

Not only are there usually a large number of interrelated variables involves, but the cause-effect models in social sciences are generally not well developed because those variables are hard to observe due to the intangible nature of social impacts. According to Brent & Labuschagne (2006), Neugebauer et al. (2014) and Reitinger et al. (2011), most of the impact pathways are based solely on theoretical structures representing relationships between variables. Furthermore, many pathways of impacts have not yet been identified, explored or even validated (Wu et al., 2015). 

Finally, while regression has been used successfully to facilitate the analysis and understanding of several variables and their relationships (as can be inferred from the works of Feschet et al. (2013) Hutchins & Sutherland (2008) and Norris (2006) for example), there are issues with this as well. Namely, the primary limitation of using regression arises when an impact pathway involves multiple-linked exogenous (independent) and endogenous (dependent) variables (i.e. impact categories). There is an issue because regression equations can mathematically not solve multiple exogenous/endogenous variables simultaneously (Wu et al., 2015). This issue can be seen in the work of Norris (2006), wherein one of the identified conceptual impact pathways consisted of several exogenous and endogenous and endogenous variables. However, later on only one of the exogenous variables and one endogenous variable were included in the linear regression model because of this issue. In lieu of linear regression, then, the statistical techniques of multivariate data analysis could help in understanding several variables and their relationships since they contemplate several methods aimed at the simultaneous analysis of multiple variables, which makes it possible to establish cause-effect links.


[bookmark: _Toc16598644][bookmark: _Toc17532800]3.4. Interpretation

The last phase of S-LCA concerns the discussion of the results based on the goal of the study (e.g. identification of significant social issues), the consistency and completeness (evaluation) of the study, and conclusions and recommendations. A reflection on the level of engagement with stakeholders is also important in a case-specific study. Here the researcher can be critical regarding the previous phases and all the decisions made until this phase. 


[bookmark: _Toc16598645][bookmark: _Toc17532801]3.5. Chapter Summary

In this chapter, a detailed description of the S-LCA methodology was provided. Each step of the S-LCA UNEP/SETAC framework was elaborated on in detail, consisting of two main aspects: 1) what each step entails in theory (according to the Guidelines) and 2) how the framework has been applied by practitioners. Thereby, this chapter answered the first sub-question of this thesis: What are the methodological and application-specific characteristics of the UNEP/SETAC approach for S-LCA? The main takeaway is that a consensus has been developed on the basic structure and flow of S-LCA. However, gaps are still present in the application and assessment phases. These gaps were identified as a result of the evaluation of application-specific characteristics, which proved crucial in identifying methodological uncertainties and inconsistencies. It was found that researchers wishing to apply the S-LCA tool are left with various uncertainties and choices, such as what social impact categories and indicators are relevant for the assessment, what kind of data to collect and how to characterize the data to arrive at meaningful results. In particular, the S-LCIA characterization phase was found to be the most inconsistent phase, with many types of applications and limitations being found in the literature. Despite these issues, however, the generic S-LCA steps provide a reference and starting point for the author to carry out the case study and achieve a main objective of this thesis which is to assess the social impacts associated with the ZERO BRINE system in the Netherlands. In the next chapter will be explained how the generic UNEP/SETAC framework will be applied to this case study. 


[bookmark: _Toc16598646][bookmark: _Toc17532802]4 S-LCA Methodology Development and Application to the ZERO BRINE Case Study

The aim of this chapter is two-fold: firstly, to give a background to the case study and secondly, to delineate the application of the specific S-LCA methodology (using the UNEP/SETAC framework and information from the previous chapter as a main reference) to the case study. First in Section 4.1, background information of the case study is offered. This information is especially based on the Grant Agreement and on the profiles of the different organizations present in the ZERO BRINE consortium. Section 4.2 consists of the first phase of the S-LCA framework, goal and scope definition, wherein the details of the S-LCA application are disclosed and justified. This includes, for example, the desired outcomes of the study, the companies in the value chain and their roles, and the stakeholder groups and social categories to be analyzed. Next, Section 4.3 covers the method for social life cycle impact assessment. While in the S-LCA methodology the life cycle inventory analysis phase comes before the life cycle impact assessment phase, in this chapter it makes sense to describe these phases in the opposite order. This is because prior to understanding how data will be collected, it should be first be understood what kind of data is necessary for collection (through indicators for each of the subcategories) and how to translate inventory data into social impact results. Once this laid out, then the methods for data collection are described in detail in Section 4.4. 


[bookmark: _Toc9455979][bookmark: _Toc16598647][bookmark: _Toc17532803]4.1. Case Study Background Information

The chemical process industry is the major source of brine production in Europe. Brine is a high-concentration solution of salt in water, and brine discharge is produced in chemical processes that require salt consumption such as production of chlorine and caustic soda, sodium carbonate and sodium chlorate, as well as for the treatment of water. Its disposal is problematic because it causes environmental pollution, which is why European regulations prohibit organizations from disposing industrial brine on surface water (US EPA, 2014). Furthermore, disposal is also problematic because of brine’s share in critical raw materials. Brine contains substances that the EU has identified as critical raw materials (European Commission, 2014) and are a priority in its Circular Economy Package (Bourguignon, 2016), such as magnesium. Therefore, processing industrial brine may result in decreasing environmental pollution and recovering scarce resources and clean water.

As was briefly introduced in Chapter 1 of this thesis, the ZERO BRINE project is a project funded by the European Commission under the Horizon 2020 program which aims at treating brine through circular economy solutions to recover valuable resources such as distilled water, sodium salts and other salts generated by the chemical process industry while reducing the environmental impact resulting from the release of the wastewater in the Botlek area of Rotterdam, the Netherlands. Organization A has a demineralized water plant (DWP) that produces ultra-pure demineralized water which is purchased by users in the process industry. With its capacity of 1,400 /hour, DWP Botlek is one of the biggest demineralized water plants in the Benelux area. Brine is a waste product of the demineralized water production process. This section further explains the DWP set-up and how the demonstration project of ZERO BRINE in Rotterdam is determined to treat the brines.


[bookmark: _Toc17532804][bookmark: _Toc9455980][bookmark: _Toc13377784][bookmark: _Toc13377973][bookmark: _Toc13378159][bookmark: _Toc13378245][bookmark: _Toc16598648]4.1.1. Set-up of the Demineralized Water Plant (DWP) 

The water source used in the DWP is surface water from the Brielse lake, which is pumped to the DWP and processed in order to produce ultra-pure demineralized water and brine. First, the lake water is treated with sand filtration and floatation processes. Second, it is processed with ion exchange softening and reverse osmosis. High-purity salt is required for the regeneration of the ion exchange resins. Lastly, the water is treated in a mixed bed polisher before being supplied to the water network. Both the ion exchange softener and reverse osmosis unit produce brine due to the resins regeneration of the ion exchange softener and extraction of salts. Thus, two brine streams are produced: 1) softening regenerated brine and 2) brine from the reverse osmosis product. The chemical compositions of each of the brine streams are portrayed in Table 5, and graphical representation of the process is provided in Figure 7. 

[bookmark: _Ref16623543][bookmark: _Toc13377723][bookmark: _Toc17220699]Table 5. Composition of Each Brine Stream Produced in the DWP (ZERO BRINE, 2017).
	1) Softened regenerated brine
	2) Reverse osmosis brine

	Materials
	Conc. (mg/L)
	Materials
	Conc. (mg/L)

	Sodium
	4,000
	Sodium
	1,000

	Magnesium
	1,000
	Bicarbonate
	1,067

	Calcium
	8,000
	Chloride
	600

	Chloride
	23,236
	Silica
	52

	
	
	Total organic carbon
	16.5

	
	
	Sulphate
	387
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[bookmark: _Ref11766178][bookmark: _Toc16598714][bookmark: _Toc17220658]Figure 7. DWP without the ZERO BRINE Pilot System.
Given that brine has traditionally been recognized as an invaluable by-product, the brine from the DWP is disposed of in the surrounding seawaters in Botlek. However, the idea behind the ZERO BRINE project is that actually some of the materials in the brine streams are valuable and can possibly be marketable products. Therefore, partners of the ZERO BRINE project have made it a case to employ innovative brine treatment technologies in a demonstration project at Organization A’ DWP to recover these materials. 


[bookmark: _Toc9455981][bookmark: _Toc13377785][bookmark: _Toc13377974][bookmark: _Toc13378160][bookmark: _Toc13378246][bookmark: _Toc16598649][bookmark: _Toc17532805]4.1.2. Brine Treatment

Since brine derives from two sources in the DWP, the ion exchange softening units and reverse osmosis units, brine treatment technologies are developed at a demonstration plant for each of these brine streams. The demonstration plant consists of two sites, each which process brine from one of the two brine sources in the DWP.

Site 1 set-up:  The main objective of this first brine treatment set-up (treating brine from ion exchange softeners) is to achieve Zero Liquid Discharge, to recover high purity magnesium compounds with potential commercial value, as well as to recover a sodium chloride (salt) solution that will be recycled for the purposes of ion exchange resin regeneration. The set-up comprises mainly of membrane crystallization, nanofiltration and evaporation processes. The total flow per regeneration is 80 m3, while the resins are regenerated every 18 hours, which results in an equivalent flow of 106 m3/day (per unit, total 8 units). The demo plant that will be developed will be able to treat 5.3 m3/day, thus accounting for 0,6% of the total brine volumes generated. This system comprises a large scale (industrial) demonstration. The membrane crystallizer has already been demonstrated at pilot scale, resulting in high purity of recovered products. 

Site 2 set-up: The second set-up is to treat the brine from reverse osmosis. The main objectives of this set-up are to achieve Zero Liquid Discharge, to produce sulphate salts (while dealing with organic contamination), as well as to recover a sodium chloride solution that can be recycled for the regeneration of the anionic ion exchange resins. The main processes in this set-up are ion exchange, nanofiltration, eutectic freeze crystallization, reverse osmosis and evaporation. The system will treat approximately 1 m3/h of the brine generated by the reverse osmosis unit. The existing reverse osmosis unit of the DWP runs continuously producing approximately 250 m3/h, which means that the demo plant will treat 0.4% of the total brine flow. 

A simplified overview of the process with the brine treatments is given in Figure 8. DWP With the ZERO BRINE Pilot System. The white boxes are the components of the original system and the grey boxes are the added brine treatment set-ups of the ZERO BRINE system which result in new flows of (by)products. The recovered sodium chloride from brine treatment system 1 will be reused internally in the DWP, recovered water will replace water pumped from Brielse lake, while the rest salts are expected to be sold externally and replace existing products in the market. Note how there is a bleed coming from the second brine system which consists of a variety of components that are unremovable. This bleed still needs to be discharged to the environment, however it does not contain as high of a concentration of harmful substances. 
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[bookmark: _Ref11773330][bookmark: _Ref9450269][bookmark: _Toc16598715][bookmark: _Toc17220659]Figure 8. DWP With the ZERO BRINE Pilot System.

[bookmark: _Toc16598650][bookmark: _Toc17532806]4.2. Goal and Scope Definition

Now that a background to the case study has been provided, the S-LCA framework is applied starting with the first phase: goal and scope definition. While the goal and scope of this research have been laid out in a broader sense throughout this work, in this section a much more detailed account is offered provided the context of the ZERO BRINE case study.  


[bookmark: _Toc9455972][bookmark: _Toc13377787][bookmark: _Toc13377976][bookmark: _Toc13378162][bookmark: _Toc13378248][bookmark: _Toc16598651][bookmark: _Toc17532807]4.2.1. Goal of the Study

Recall that the objectives of this research were mentioned at the beginning of this paper, the primary one being to apply the UNEP/SETAC S-LCA framework to the ZERO BRINE case to determine the social impacts associated with the project. However, in this goal definition step of the S-LCA, the specific goals for the case study are highlighted. This case study has the following goals:

1. Determine the social impacts of the project on various stakeholders by assessing the social sustainability performances of the main organizations in the ZERO BRINE value chain
2. Identify the social hotspots in the value chain
3. Provide recommendations for the potential improvement of negative hotspots


[bookmark: _Toc9455973][bookmark: _Toc13377788][bookmark: _Toc13377977][bookmark: _Toc13378163][bookmark: _Toc13378249][bookmark: _Toc16598652][bookmark: _Toc17532808]4.2.2. Scope of the Study

For this stage of the study, the functional unit, system boundaries and social impact (sub)categories are the main elements which are described for the case. The scope of this study covers upstream suppliers and downstream consumers of Organization A, the selection of which is based on these actors’ criticality to the business Organization A regarding the ZERO BRINE project. 


4.2.2.1. Functional Unit

Recalling from Section 3.1.1, the deliberation that is necessary when deciding the application of a functional unit in S-LCA is that a difference of views exists on whether it should be a process-based approach or a company-based approach. As the company perspective is an underlying requirement of this thesis, the latter approach which is based on the conduct of the company is taken in this S-LCA. In this approach the social sustainability performance depends upon the conduct or behavior of the organizations rather than a process involved in the life cycle of a product. Thus it will consist of a specific analysis assessing the most important and relevant organizations involved in the value chain of the product and their degrees of social responsibility towards its stakeholders. Knowing this, however, the question still remains about what to do with the functional unit. According to Zamagni et al. (2011), including a functional unit approach and a company perspective in the same S-LCA framework is contradictory because, in the company approach, social impacts related to a supply chain are more dependent on the management of the related organizations rather than the function(s) of the product. This thesis takes on this perspective as well. Therefore, a shared factor is not calculated but rather the overall conduct of the organizations towards selected stakeholder groups is examined.


4.2.2.2. System Boundary

System boundaries in S-LCA define which parts of a product’s life cycle should be taking into account (Quintana, Busset, Sablayrolles, Montrejaud-Vignoles, & Belaud, 2014). The S-LCA Guidelines describe system boundaries as the unit processes that are included in an S-LCA study (UNEP/SETAC, 2009). The setup of boundaries depends entirely upon the views of researchers (Paragahawewa, et al., 2009). According to Dreyer et al. (2006), the boundaries of a product system depend upon the influence of the companies over the supply chain of the product. 

For the system boundaries, a primary question to ask is whether to evaluate an entire supply chain or product life cycle, or a shortened one. Schmidt et al. (2004) argues that a boundary should cover the full life cycle of the product, as the impact can be present at any part of the life cycle of a product. Therefore, Schmidt et al. (2004) suggests that a truncated life cycle of the product is not an option to be carried out in an S-LCA study. On the other hand, Dreyer et al. (2006) disagrees with that argument and states that in a system boundary the focal organization and its closest value chain actors should be addressed. In this study the view of Dreyer et al. (2006) is taken and the boundaries include only the stakeholder groups and subcategories which are thought to be influenced or affected by the organizations in the closest value chain. Therefore a truncated supply chain is studied. 

Before diving into the details of the system boundaries for the ZERO BRINE case specifically, first a high-level overview showing the critical relationships of a water treatment process is offered in Figure 9. This is to provide the reader with a background of the life cycle stages and more importantly to show what part of this life cycle is focused on in this study. An important point to note is that, while the brine is the focus for the ZERO BRINE project, it is actually the demineralized water produced by Organization A that is taken as the main product of the system for which to conduct the S-LCA. This is because brine is a by-product and waste discharge of the water production process; brine is not intentionally produced and it is not the point of the process to produce it. The treatment of raw water into demineralized water for chemical process users is the main point, which is why this process is examined. 

From the water resource, such as a lake, water is abstracted and the raw water is treated to produce a desired water quality level (by separating/removing unwanted materials) so that the water product may be consumed by various process users. As the water is consumed by the process users, further wastewater is produced which must then be treated and can be disposed or recycled for reuse at different levels. Given the case study description, the area in grey (including raw water treatment, water distribution to process users, and water use by end-users) is the target for this study. The raw water treatment in particular is the main area of focus, as it represents Organization A’ DWP where demineralized water is produced for use in the process industry, and brine is the waste discharge generated from this process. The end-users represent the consumers in the value chain, which must be considered for a S-LCA study. What is implied in the “raw water treatment” box but not shown in the high-level overview, however, are that the raw water treatment process requires material inputs to enable the water treatment technologies to function. Organizations supplying such materials to the system are the value chain actors of suppliers, which are also critical for a S-LCA. 
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[bookmark: _Ref11752951][bookmark: _Toc16598716][bookmark: _Toc17220660]Figure 9. High-level Overview and System Boundaries of Water Treatment Process.

Within the above-mentioned scope,  Figure 10 shows the system boundary for the ZERO BRINE case study specifically, which concerns the social sustainability performance of organizations in the value chain of the ZERO BRINE system. Four organizations are chosen for analysis, each with different functions in the system: Organization A, Organization D, Organization B and Organization C. Organization A is the focal company as it owns the DWP and is directly involved in the operation of the demonstration units in which the technology for brine treatment is being implemented. In the figure can be seen that within the boundaries of Organization A lies the diagram from Figure 8 which is the DWP with the ZERO BRINE pilot system.  Organization B and C are plants of the same company but they have different roles in the system: 1) Organization B supplies high-purity salt to the  DWP and 2) Organization C consumes the ultra-pure demineralized water as a feedstock for chlor-alkali production purposes. Also, Organization D is a company selected for this research. Organization D is looking for synthetic magnesium hydroxide with a much higher purity than brucite which can be used for applications which cannot be served with brucite. In the ZERO BRINE project, Organization D is a consumer of the magnesium hydroxide that is produced during the brine treatment process which it will then distribute.  It is also involved in preparing a business plan for the magnesium hydroxide. Profiles for each are offered in Table 6 so as to give an overview of each organization. 
[image: ]
[bookmark: _Ref11852380][bookmark: _Toc16598717][bookmark: _Toc17220661]Figure 10. System Boundary for ZERO BRINE Case Study.
[bookmark: _Ref17190443][bookmark: _Toc17220700]Table 6. Plant Profiles.
	Organization
	Role in ZERO BRINE
	Product
	Production capacity (kiloton/yr)
	Number of employees

	A
	Owner of the DWP where the brine treatment technology of ZERO BRINE is being implemented
	Demin water
	12.6
	70

	B
	Supplier of high-purity salt to the DWP for regeneration purposes
	Salt
	3,000
	400

	C
	Consumer of the DWP’s ultra-pure demineralized water for 
	Chlorine
	600
	230


	
	
	Sodium hydroxide
	650
	

	D
	Consumer of the magnesium that is recovered as a result of the brine treatment technology
	Magnesium
	12
	5

	
	



An important aspect to consider with regards to the system boundary is that the company conduct approach is taken in this thesis. By “company conduct approach” is simply meant that the focus is laid on the organizations in a value chain and their social sustainability performance which is based on their behavior; as opposed to the processes in a product life cycle as is done in E-LCA (this difference was explained earlier).  Although the word “company” is in the name of the approach does not necessarily mean that entire companies have to be the level of analysis. Rather, the level of analysis is flexible as long as the behavior and conduct of the company entity is the focal point. 

Considering the above, this S-LCA lays the focus on the plant-level, which means that the plants that are directly responsible for their respective life cycle stage are included in the assessment. This decision is made considering that plants are managed independently within a company, having their own functions and operational targets. This distinction is especially pertinent for application to larger companies, which may have several plants in various locations. For instance, for this case study, one company is involved in the ZERO BRINE system in two different ways and involves two different plants: Organization B regards the salt production plant and Organization C regards the chlor-alkali plant in the Port of Rotterdam where chlorine and sodium hydroxide (caustic soda) are produced. As that company is a multi-national company serving various industries, it is considered problematic for research purposes to conduct a social sustainability analysis of the entire company for a country- and sector- specific case study such as the one of this thesis. While Organization A and Organization D are much smaller companies (in the case of Organization D the company is the plant), the same account can be made. Therefore, it is deemed appropriate for the purposes of this study to analyze the companies through the plants that are directly involved in the value chain of Organization A for the ZERO BRINE system.  

Based on the system boundaries this study employs a gate-to-gate approach, which is a partial LCA that assesses only one specific process in an entire production chain. The scope of a gate-to-gate approach is narrowed down to focus only on certain parts in a chain as opposed to assessing an entire chain or a much longer part of it. As such, the gate-to-gate LCA is different from a cradle-to-grave approach which is an assessment of an entire product life cycle all the way from resource extraction to the use and disposal by the consumer, or a cradle-to-gate approach which is assesses a partial product life from resource extraction to the factory gate (i.e. before it is transported to the consumer). In this gate-to-gate approach, three value-added processes are included: procurement, production and distribution. The procurement stage is about the assessment of suppliers’ social sustainability performance on various stakeholder groups. In the production stage it is determined what the social impacts derived from the focal organization’s (Organization A) operations and behavior towards its stakeholders are. Lastly, distribution is centered on the social sustainability performances of relating to the distribution of sale of products. In this case, the distribution stage refers to the distribution of magnesium to Organization D and demineralized water to Organization C. 

The DWP without the ZERO BRINE pilot system (Pre-ZERO BRINE) follows the steps of a generic product life cycle (as the one portrayed in Figure 9) where the product is the demineralized water, which gets extracted from the water source, transported to the DWP, produced in the DWP, distributed, and used by process industry actors. The main difference between the life cycle of the demineralized water and the life cycle of the brine is that the brine gets disposed after the production phase.  For the DWP with the ZERO BRINE pilot system (post-ZERO BRINE), however, complexities arise as far as the life cycle is concerned. Demineralized water is still a product of the system, but the brine no longer is due to the fact that it is being treated with the added technologies. Rather, alternative products are magnesium and salt, which are the recovered materials from the brine treatment process. Salt is recycled internally in the DWP, while magnesium is acquired and distributed by Organization D. Table 7 shows the main products of the pre- and post-ZERO BRINE system, along with the stakeholders involved in the various post-production phases to make these differences clear. 

[bookmark: _Ref11853133][bookmark: _Toc13377724][bookmark: _Toc17220701]Table 7. Comparison Between Products of the Pre- and Post-ZERO BRINE Systems.
	Pre-ZERO BRINE
	Post-ZERO BRINE

	Product
	Action
	Stakeholder
	Product
	Action
	Stakeholder

	Demineralized water
	Consumption
	Organization C
	Demineralized water
	Consumption
	Organization C

	Brine
	Disposal
	Organization A
	Magnesium
	Consumption
	Organization D

	
	
	
	Salt
	Recycle
	Organization A



Based on the above-mentioned differences, it becomes clear that Organization D is an additional stakeholder in the post-ZERO BRINE system. In the pre-ZERO BRINE system, magnesium is mined in another country and is distributed in the Netherlands exclusively by Organization D for various applications in industry. In the post-ZERO BRINE system, magnesium is recovered from the brine produced in the DWP. Thus, the necessity to import magnesium is reduced. Organization D is an additional stakeholder in the system as it is a consumer of the recovered magnesium produced as a result of the new brine treatment technologies (this magnesium recovery did not exist prior to ZERO BRINE)). Another difference is that the recovered salt from the post-ZERO BRINE system results in reducing the supply of high-purity salt from Organization B (in the pre-DWP Botlek stage) since it gets recycled in the DWP. Organization C is not an additional stakeholder in this regard as it already supplies high-purity salt in the pre-ZERO BRINE system, however the difference is the degree of its involvement. Although, this difference would likely not drastically influence the way it operates because of its large scale.


4.2.2.3. Stakeholder Groups and Social Impact Subcategories

The next step of the goal and scope definition phase of the S-LCA methodology is to define the stakeholder groups and social impact subcategories that will be analyzed in the S-LCA. As mentioned previously, the S-LCA Guidelines and Methodological Sheets are resourced to develop the S-LCA application for this study, and in these works all social impact subcategories are pre-defined and linked to certain stakeholder groups for a non-sector-specific study. For the current study, stakeholder groups and social impact subcategories are selected on the basis of their importance and relevance for assessing social sustainability for the ZERO BRINE case study. 


4.2.2.3.1. Stakeholder Selection

[bookmark: _Ref16674013][bookmark: _Toc13377725]Recalling that the UNEP/SETAC Guidelines propose five main stakeholder groups – workers, consumers, the local communities, society and value chain actors –  the question is whether to utilize those as is or to add or exclude groups based on the system boundaries and particularities of the sector and organizations being studied. The Guidelines promote the latter, recognizing that different contexts may involve different stakeholders (UNEP/SETAC, 2009). However, for this study, such adaptation of the basic stakeholder groups is not deemed necessary as it is believed that these stakeholders represent the system well. Therefore, the five stakeholder groups are adopted. Table 8 lists and describes each of the stakeholder groups. 
[bookmark: _Toc17220702]Table 8. Description of Stakeholder Groups.
	Stakeholders
	Description

	Workers
	Workers are the individuals that are employed by the organizations. The importance of this stakeholder group are recognized by various S-LCA studies (e.g. Dreyer et al., 2006; Aparcana & Salhofer, 2013; Foolmaun & Ramjeeawon, 2013; Hsu, Wang, & Hu, 2013; Traverso, Asdrubali, Francia, & Finkbeiner, 2012).

	Local communities
	The definition of “local community” in the literature is quite broad. However, in this study, members of the local community are considered to be the individuals or groups that are directly affected by the organizations’ activities. This includes neighbors, but also local and regional groups and surrounding populations of people. In the context of the ZERO BRINE project, examples of members of the local community are other companies in the Botlek area and the Rotterdam Port Authority. 

	Society
	This group has a broader definition than the local community and is extended to the regional or the country level. This means civil society as a whole, and also refers to provincial, national or international interest groups and government agencies. 

	Consumers
	Due to the nature of the products which are produced in the chemical process, the stakeholder of consumers in this study refers to the industry users (businesses).  The consumers of Organization A’ demineralized water are various actors in industry, who use it for further chemical processes. This is to varying extents also the case for the other main stakeholders of the ZERO BRINE system, which is why consumers are defined as the industry users for the entirety of this study.

	Value chain actors
	Suppliers are the main value chain actors considered in this study. 




4.2.2.3.2. Subcategory Selection

To comprehensively capture the social issues related to the ZERO BRINE system, and as allowed by the Guidelines, the list of subcategories is adjusted upon justification. The selection of relevant and important subcategories for further analysis is done based on two steps:

1. A desktop search about social sustainability aspects in the Netherlands (at the country-level), for the water sector (at the sectoral-level), for the company (Organization A) and for the value chain
2. Interviews with management of Organization A and its ZERO BRINE value chain actors 

By analyzing various sources such as websites of national organizations, newspaper articles, academic articles and company reports, a preliminary understanding is gained about certain aspects which should and should not be included for an assessment of social sustainability in the ZERO BRINE case study.  Then, findings from the desktop study are incorporated into the interviews. During the interviews, management participants are asked how important each of the subcategories are to their business. The purpose of the second step, the interviews, is to further filter out any non-relevant subcategories to arrive at a final list of stakeholder groups and subcategories which capture all relevant social aspects and all perspectives of the value chain. This list is the main input for the remainder of the S-LCA steps and therefore is critical for conducting the proposed assessment. 

     
      
[bookmark: _Ref17144507][bookmark: _Ref17209899][bookmark: _Ref17210474]Based on these two steps, certain subcategories are found to be irrelevant due to the social context of the Netherlands and the sector. These subcategories are: child labor, forced labor (slavery), respect for indigenous rights, secure living conditions, delocalization and migration, cultural heritage, corruption and prevention and mitigation of armed conflicts. Table 9 presents the final list of social impact subcategories chosen for the study. From the 31 subcategories outlined in the S-LCA Methodological Sheets, 23 subcategories are adopted for further analysis in the S-LCA. To ensure a common understanding for the readers of this paper, each subcategory is explicitly described in the table.  While the Methodological Sheets are taken as a baseline for these descriptions, not all of the descriptions follow the ones from the Methodological Sheets but rather they are developed to address the issues that are specific to the current case.  
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[bookmark: _Toc17220703]Table 9. List and Descriptions of Social Impact Subcategories Chosen for Assessment.
	Stakeholders
	Subcategories
	Descriptions

	Workers
	Freedom of association and collective bargaining
	The right of workers to join an organization of their own choice without any preconditions or authorization. There are various sections present in the International Labor Organization (ILO) that address this right, such as numbers 87, 98, 135 and 154. In addition, it is also targeted in the Global Social Compliance Program, the Global Reporting Initiative (GRI) and the UN Global Compact’s ten principles. Fulton (2015) concludes that the proportion of companies who are hostile to unions are higher in the chemical process industry compared to other industries in the Netherlands.

	
	Fair salary
	Wages being in compliance with established standards and meeting legal requirements. 

	
	Hours of work
	The hours of work must be in compliance with applicable laws and industry standards. Working hours are a major indicator of proper working conditions as too many hours per week can affect workers’ welfare.  

	
	Equal opportunities
	Businesses should recognize that everyone should be treated fairly and equally, no matter their sex, race, age or disability. For this subcategory the organizations are assessed on their compliance with equal opportunity policies as well as on the presence of any discrimination in the business. 

	
	Health and safety
	This subcategory assesses the organizations’ conduct towards occupational health and safety of its workforce. It entails the conditions in which the employees work, which should be safe and not compromise their physical or psychological health in any way. In general, interviewees perceive this subcategory as the most important.  Furthermore, health and safety is a suitable and applicable subcategory as around 95% of organizations in the Dutch chemical process industry with hazardous substances (CSR Netherlands, 2015). The main occupational risks in the chemical industries are exposure to such substances. While the Netherlands has strict laws on health and safety for its chemical industry, issues still exist.  According to inspections conducted by SZW, 40% of Dutch chemical  companies working with hazardous substances did not fully comply with the law and more than 50% of these companies deficiencies were identified relating to exposure to hazardous substances (Inspectie SZW, 2012). Research by Marieke Kluin of TU Delft indicates that about one-third of the chemical companies in the Rotterdam area act in a reckless manner concerning safety: very compliance driven and some even act only when inspectors show up on the doorstep (Kluin, 2011). Larger companies are usually able to prove that they control the risks for most of their substances. SMEs, on the other hand, have usually put in place measures to protect their employees, but do not have an inventory of substances, exposure limits or assessments of exposure (KPMG, 2014).

	
	Social benefits/social security
	Social benefits are types of employment compensations that are non-monetary, such as medical insurance, dental insurance, paid sick leave, education etc. The government sets minimal norms regarding the benefits a company should offer. However an employer can also offer additional conditions to its employees and their families.

	Consumers
	Health and safety
	This is about the health and safety of the customers in relation to the product or service they purchase. Health and safety of consumers is considered an important aspect in the chemical industry due to the heightened chance of exposure to hazardous substances as compared with other industries. 

	
	Feedback mechanism
	Feedback mechanisms encompass means by which organizations communicate with customers, and they reveal consumer satisfaction in relation to the product or service they customers purchase. Examples of feedback mechanisms include surveys, quality assurances, guarantees or warranties. 

	
	Privacy
	Consumer privacy is about “protecting the confidentiality of consumer data, limiting personal information gathered, restricting use of data to its original or agreed-upon purpose and protecting data from external theft and/or misuse” (UNEP/SETAC, 2013, p. 75).

	
	Transparency
	Refers to how transparent the organization is on its sustainability actions and performance by communicating it clearly and openly., e.g. through annual reports, websites, through certifications, labels, etc. In the last several years, transparency and openness in the Dutch chemical industry has increased. This can be witnessed in a growing amount of companies reporting on sustainability (e.g. according to GRI guidelines) and third parties being allowed to develop activities on site (CSR Netherlands, 2015).

	
	End-of-life responsibility
	In a product life cycle, end-of-life refers to product disposal, reuse or recycling. It is about organizations providing accurate, complete and clear information to consumers regarding appropriate end-of-life options. In the chemical industry this end-of-life phase is of high importance because properly managing it is crucial for mitigating adverse impacts on the environment and on society. For example, wrongly disposing of a certain chemical product as a result of improper labeling could cause unwanted emissions to be released into the environment. The Royal Association of the Dutch Chemical Industry (VNCI) released a report last year wherein the emissions that occur at the end-of-life of products made from materials produced by the Dutch chemical industry (and the prevention of those emission releases) was a main theme (VNCI, 2018), thus stressing its importance.

	Local communities
	Access to material resources
	Refers to an organization’s internal management systems aimed at being sustainable. This means, sustainably using natural resources and preventing pollution by recycling wastes from the chemical processes,, so as to enhance the quality of local resources for the community.

	
	Access to immaterial resources
	By “immaterial resources” are meant skills, knowledge and technology. Thus, this subcategory is about if and how organizations transfer these resources to members of the local community. Health care and lending programs are types of immaterial resources that the organization can promote.

	
	Safe and healthy living conditions
	The location where a company is operating can cause multiple impacts on the health and everyday life of the community members. Health and safe living conditions is of social relevance for the chemical process industry due to the hazardous nature of certain chemicals. For example, chemical installations and storage and transport of hazardous materials may poses risks for local communities if inadequate standards are applied. Further, intentional or unintentional releases of hazardous materials can lead to contamination of natural resources from waste disposal and pollution, and to contamination of the food chain or of water supplies. The consequences can be very serious for both humans and the environment (UNEP Finance Initiative, 2011). 

	
	Community engagement
	An organization engaging with a broad range of stakeholders that represent balanced community interests. Community engagement is about representatives (of all organizational levels) providing community members with a means and opportunity to voice their concerns. The organizations should take these inputs seriously and respond with strategic action plans to meet their needs, through a continuous process. 

	
	Local employment
	Organizations’ efforts in prioritizing and encouraging employment by members of the local community. This is important as companies can have a particularly strong effect on local community development when they hire local workers. Namely, employment improves the economic livelihood of the workforce and their families, and it also creates ripple effects of sustainable development across the community. It is believed that the local community should be given priority in employments to uplift their living standard.  

	Society
	Public commitment to sustainability issues
	As opposed to “access to material resources”, this subcategory is not about actual internal management systems to be sustainable but rather about the promises organization makes to their employees, customers, shareholders and citizens to be sustainable. The main way to show public commitment is by making sustainability promises openly and transparently on websites, corporate reports or other ways. This may involve being open about new sustainability projects but it can also take the form of sustainability performance improvement targets with defined dates for achievement and progress reporting.

	
	Contribution to the economic development
	Contributing to the economic development of the country where the organization is located. Some ways in which organizations can contribute to economic development is by generating revenue, creating jobs, making investments, providing training and education for employees and others, and conducting research.  

	
	Technology development
	Due to the nature of the processes in this industry, technologies are required and this includes innovation and research and development to improve current processes for efficiency but also for enhanced sustainability. 

	Value chain actors
	Fair competition
	An organization’s competitive activities should be conducted in a fair way and in compliance with legislations preventing anti-competitive behavior, anti-trust, or monopoly practices.

	
	Supplier relationships
	Supplier relationships are defined as “affiliations with organizations that supply another organization with goods and services” (UNEP/SETAC, 2013, p. 60). This subcategory seeks to assess how strong the relationships between suppliers and customers are. The relationships concern issues of mutual activities, cooperation, and agreements that regulate the exchanges.

	
	Respect of intellectual property rights
	Organizations must value the creators and other producers of intellectual goods and services through their actions. This subcategory is important because of the technologies that are involved in the chemical process industry which are quite specialized. 

	
	Promoting social responsibility
	Promoting social responsibility to suppliers through its own actions, for example by monitoring and auditing them on social responsibility performance as well as offering training and education for suppliers to improve on social responsibility.  




4.2.2.3.3. Classification

The process of assigning subcategories to different groups is called classification. Figure 11 depicts the hierarchy used in the S-LCA framework and shows the relationship between indicators, subcategories, stakeholder groups and impact categories. It shows that the indicators are grouped together to form subcategories and subcategories are further grouped into stakeholder groups and impact categories. 
[image: ]
[bookmark: _Ref7547263][bookmark: _Toc16598718][bookmark: _Toc17220662]Figure 11. Illustration of the Constituents Involved in Developing the S-LCA Framework.
The S-LCA Guidelines and Methodological Sheets have already conducted the classification of stakeholder groups and this classification is not disrupted in the current study. However, some alterations are made for the classification of subcategories into impact categories. The impact categories presented in the Guidelines are based on those proposed by Benoît, Parent, Kuenzi, & Revéret (2007): health and safety, human rights, working conditions, socio-economic repercussions, cultural heritage and governance. However, neither in the Guidelines nor in the presentation by Benoît et al. (2007) are these impact categories described and/or motivated, implying some flexibility in its application. This opens the door for the author of this work to perform the classification step in a manner which best suits the goals and scope for the ZERO BRINE case study. The 23 engaged subcategories are classified into three main impact categories: 1) human rights, 2) human health and 3) social responsibility, as shown in Figure 12.

i) Human Rights
According to the Office of the United Nations High Commissioner for Human Rights (OHCHR), the definition of human rights is “rights that every human being has by virtue of his or her human dignity” (OHCHR, 2016, p. 19). Besides the fact that this impact category is recommended in the Guidelines, the main reason for selecting it because it is considered essential for social sustainability. Recall from Section 2.2.2 of this work that one of the key themes of social sustainability, the main theoretical background for S-LCA, is basic human rights. Therefore, this impact category encompasses those subcategories that are directly linked to human rights, as it may be argued that human rights are positively correlated to human wellbeing. The impact category of “human rights” consist of four subcategories.

ii) Human Health
The World Health Organization (WHO) defines human health in its broader sense as “a state of complete physical, mental and social wellbeing and not merely the absence of disease or infirmity”  (2006, p.1). This impact category is also adopted from the Guidelines. However, most of all this category is included during the classification process because health and safety are regarded as being of primary importance in the chemical process industry by the interviewees. The health of workers especially, but also of customers and the local community members is placed at the top of the organizations’ priority lists, and for this reason it is emphasized for classification as well. 

iii) Social Responsibility
According to the S-LCA Guidelines, social responsibility is “the awareness of companies to improve and contribute to sustainable development” (UNEP/SETAC, 2009, p. 25). Social responsibility is the third impact category that consists of 14 subcategories. These subcategories are linked to different stakeholder groups: one from workers, three from consumers, four from the local community, three from society and three from value chain actors. Unlike the previous categories, this “social responsibility” is not regarded as a separate impact category in the Guidelines. However, it is added here because it is considered a logical and imperative third theme of the subcategories aside from human rights and human health. This impact category is flexible in nature and covers areas where organizations can contribute socially in more broad terms. 

[bookmark: _Ref7549445][bookmark: _Ref15894711][bookmark: _Toc16598719][image: ]
[bookmark: _Toc17220663]Figure 12. The Process of Classifying Subcategories into Impact Categories.

As can be inferred, only two of the six impact categories by Benoît et al. (2007) from the Guidelines are adopted (human rights and human health) and one new impact category (social responsibility) is added. The impact categories of “working conditions”, “socio-economic repercussions”, “cultural heritage” and “governance” are thereby omitted, and there are various reasons for this. Firstly, “working conditions” and “human rights” are merged into one category called “human rights”. This is done because it is believed that fair working conditions are a basic human right. As such, a lot of the subcategories in the stakeholder group of workers are classified into this impact category. Although it can be argued that  human health and can be classified as a basic human right as well, the “human health” impact category is not merged with “human rights” because of the importance of health and safety in the chemical process industry specifically. It can be argued that the chemical process industry calls for special attention to be paid to health and safety of workers and community members because the processes tend to involve hazardous substances and machinery, and therefore it is highlighted as a separate category. 

Secondly, “cultural heritage” is omitted because the subcategory related to this was removed in a previous step as a result of the desktop research and stakeholder discussions. Thus, there is no need for it in this subsequent step. Thirdly, “governance” entails the organizations’ rules, practices and processes to support social sustainability. However, because the organizations’ policies are considered for each subcategory in the impact assessment process (as is explained in detail in Section 4.3.2), this impact category is not incorporated. Lastly, “socio-economic repercussions” entails effects relating to or concerned with the interaction of social and economic factors. This category is left out because, besides the obvious “contribution to economic development” subcategory, it is unclear which subcategories to classify here as almost all could yield socio-economic repercussions. Therefore this category is combined with the new one called “social responsibility”. 


[bookmark: _Toc16598653][bookmark: _Toc17532809]4.3. Life Cycle Impact Assessment

While in the S-LCA methodology the inventory analysis phase comes before the impact assessment phase, in this chapter it makes sense to describe these phases in the opposite order. This is because prior to understanding how data will be collected, it should be first be understood what kind of data is necessary for collection (through indicators for each of the subcategories) and how to translate inventory data into social impact results. Once this laid out, then the methods for data collection can be described in detail in Section 4.4.

As has been emphasized throughout this paper, the S-LCA is a relatively new and emerging tool and the Guidelines are still open to any new progress towards the development of this methodology. The S-LCIA step is one of the segments where different authors have scattered views due to differences in understanding of possible social consequences of products and facilities. Due to the fact that the nature of this phase involves converting qualitative data into quantitative data to allow for comparison of different social aspects (social impacts of different subcategories) on a single scoring scale, it is also perceived as a complex and challenging task. The question is, for example, how can social sustainability performance for health and safety of the workers be compared to that for engagement with the community? While these are just examples, the same can be said for any of the subcategories. The phrase “comparing apples with oranges” is perhaps the best way to explain this concept. Since the subcategories address completely different social aspects, arriving to conclusions about which social impact is more positive or negative than another is not a straightforward undertaking. Arguably, this issue is precisely the reason why there is no standardized S-LCIA characterization method yet. This methodology gap provides an opportunity to the current researcher to apply a specific S-LCIA method which is deemed best suited for application for the context of study.


[bookmark: _Toc9455975][bookmark: _Toc13377789][bookmark: _Toc13377979][bookmark: _Toc13378165][bookmark: _Toc13378251][bookmark: _Toc16598654][bookmark: _Toc17532810]4.3.1. Considerations for Characterization

Recall from Section 3.3 that in the S-LCIA phase the collected inventory data is transformed into a common metric through a process called characterization (Jørgensen et al., 2008). The UNEP/SETAC Guidelines do not propose a specific method for this, however, it does bifurcate the characterization model into two types: Type I and Type II. In the Type I method, inventory data and the evaluation of results both focus on the same specific point along the impact pathway. This method is mostly applied to the company-based approach, where sustainability depends upon the conduct of the company rather than a process involved in the life cycle of a product. Type II methods assess the social impacts from activities by linking the inventory data with midpoint and endpoint subcategories via pathways. In this method, the characterization factor is an actual representation – often quantified if not always – of the causal link. Also, the inventory data is positioned further upstream on an impact pathway than the evaluation result (Wu et al., 2015). 

Upon a review of the literature it became known that there is no consensus about which type of characterization method is most ideal to apply to any given S-LCA study. Most of the S-LCA studies to-date apply a Type I method, which is most likely due to the reduced complexities compared to the Type II method as well as the fact that many S-LCA studies take a company conduct approach which the Type I method is suitable for. However, simply because this is the case is not enough to substantiate the implementation of this type of method for the current case study as well. Each method has its benefits and limitations which must be deliberated (see Sections 3.3.1 and 3.3.2 for details) in addition to other crucial aspects. For instance, the method should be aligned with the goal and scope of the study in that it enables the desired results to be achieved. Also, it would be highly beneficial if the chosen method would be the one which provides the most interesting insights about the social constructs being studied. Accuracy of results is also an element to consider. Even though a given method may theoretically provide very interesting results, in practice it may cause for less accurate results, which should ideally be avoided. Finally, as each method has its limitations, it should be taken into account how the limitations of the applied method will be accounted for and/or overcome. Note that it is recognized by the author that this list of aspects to consider is not exhaustive, however, it is arguably an acceptable starting point for deliberation on this matter. 

Based on the above-mentioned definition of the Type I method alone it can be argued that this type is well-suited to the predefined goal and scope for this S-LCA study. In this study the company conduct approach is taken (on the plant-level) in which the life cycle stages of a product are considered to be independent of the social conduct of the organization. This means that the social sustainability performances of the organizations along a given value chain are of interest, which is in line with most descriptions and applications of Type I methods. On the other hand, it can be argued that the Type II method can actually provide more interesting insights because it allows for understanding how certain social effects relate to one another. Because it involves the analysis of relationships between many social variables it could lead to the uncovering of certain social influences which may not had been expected before. This is in opposition to the more static social sustainability performance results obtainable from a Type I method, which tend to construe more easily observable current situations. Employing a Type II method might actually be the more compelling way to approach a problem from a social science perspective because it can theoretically enable the understanding of how mechanisms work and how trends might be in the future. 

For the third aspect to be considered, the accuracy, the main issue related to Type II method deployment is highly regarded. That is, the notion that social conduct of the organization cannot be assessed precisely with the predefined midpoint and endpoint model because the cause-effect chains are very complex and hard to describe with enough accuracy to allow for quantitative modeling. Due to the intrinsic nature of social mechanisms (see Section 2.2.2 for details), it may be more difficult to model a social system with a high degree of precision. While the Type I methods can lack accuracy as well if the appropriate measures are not taken to ensure it, for Type II methods this issue is more deeply ingrained because of the added intricacies caused by the bipolar, normative, reflective, reactive and immaterial nature of the social dimension of sustainability (Boström, 2012). This matter ties in to the last point as well, which is about considering how the limitations of each characterization method may be overcome. It is argued that the limitations for the Type I methods, which relate to the fact that the selected indicators may not be precisely relevant or accurately representative for their corresponding subcategories/stakeholder categories, can be overcome by defining a set of indicators that are as characteristic of the social constructs as possible. This is a relatively easy solution, as the Methodological Sheets and other S-LCA studies can be resourced to contribute towards this. Furthermore, a scoring system which accounts for a wide range of indicators can be adopted or developed that may enforce proper representation of a social construct. For Type II, the limitations could be overcome by developing a quantitative approach for identification of impact pathways using structural equational modelling, for example. Also, by determining theoretical impact pathways which represent causal links. 


[bookmark: _Toc17532811]4.3.2. Choice of Characterization Method: Type I or Type II?

Taking all those aspects into account, a Type I method is deemed most ideal for this S-LCA and therefore such a method is employed. The main reason for this is that a company conduct-based approach is taken in this study wherein the social sustainability performances of the organizations in a value chain are the focal point. Type I methods are usually applied to studies with the same study approach. Thus, the fact that the Type I method is in line with this study’s goal,  scope and overall assessment approach is a primary determining factor. Although it is also understood that employing a Type II method may yield more unusual, unexpected and socially insightful research outcomes due to the intricate nature of social constructs and their interrelations, it is argued that the outcomes of a Type I method, although different, may be just as insightful. Instead of arriving at results which would be telling of social mechanisms in a cause-effect kind of way as would be granted with Type II methods, for Type I methods people can learn about social impacts and social performance characteristics which are more fixed and exclusive. Such outcomes are still relevant and valuable in two main ways. One, for the field of S-LCA wherein is urged to make more scientific contributions for this. And two, for the organizations’ decision-makers themselves who can learn about the social performance of their operations in order to become more socially sustainable. As far as accuracy is concerned and overcoming the limitations in regards to this, the limitations for Type I methods are considered more easily overcomable through the use of the UNEP/SETAC Methodological Sheets which comprehensively cover a range of social aspects. By referring to definitions and implementation tactics which are more agreed-upon and understood it is assumed that it creates less space for accuracy issues. 


[bookmark: _Toc13377790][bookmark: _Toc13377980][bookmark: _Toc13378166][bookmark: _Toc13378252][bookmark: _Toc16598656][bookmark: _Toc17532812]4.3.3. The Specific Characterization Method for this Study

While the definition of Type I characterization provides some understanding of how such a model works in general terms, it provides little insight into how to apply it in practice. As such, there is no one single correct way to perform a Type I method for S-LCA. As a starting point, the work of Garrido et al., (2018) is referred to. As the result of a systematic literature review, Garrido et al. (2018) concludes that in general there are six types of Type I methods: 1) based on norms and best practices, 2) based on norms and socio-economic context, 3) based on stakeholders’ judgment of companies’ compliance to norms, 4) based on researchers’ and experts’ judgment of companies’ activities, 5) based on distribution of performances and 6) based on comparison between alternatives.  Without going into details about each one, a main takeaway is that approaches that include a concern for norms, geographical location and for stakeholders’ input seem to be best placed to provide richer results. It is argued that the methods that give a voice to affected stakeholders are likely the best for shedding light upon the subject at hand. However, these methods have several logistical challenges associated with this, such as longer time spans needed for data collection and difficulties reaching all relevant stakeholders (Garrido et al., 2018). These highlights are greatly valued for deciding how to approach the characterization step for this case study. 

This thesis proposes a characterization method based on the Subcategory Assessment Method (SAM) by Ramirez, Petti, Haberland, & Ugaya (2014). The SAM is a technique which uses PRPs, called Basic Requirements (BRs), to define a baseline to assess organizations’ social sustainability performance for each of the UNEP/SETAC subcategories. SAM assesses organizations at four levels: A (pro-active), B (meeting the BR), C (non-compliant with the BR, in negative context of operation) and D (non-compliant with the BR, in a positive context of operation). For above-compliance (level A) it is considered whether the organization practices a proactive behavior whereby it promotes social responsibility in the value chain. For below-compliance, the regional context in which the organization operates is taken into account to differentiate between two scenarios: the organization either does not meet the BR and is located in a regional context where the region’s overall performance for a certain subcategory is considered positive (i.e. good) or it is located in a region where the performance is considered negative (i.e. poor). The positive or negative contexts are defined by specific criteria which are usually based on national statistics. Examples of S-LCA studies which have utilized the SAM are Ferrante, Arzoumanidis, & Petti (2019), Lenzo, Traverso, Salomone, & Ioppolo (2017), Petti, Sanchez Ramirez, Traverso, & Ugaya (2018), Zortea, Maciel, & Passuello (2018) and Hannouf & Assefa (2018). To see examples of the scoring criteria for the SAM, see Appendix A.

There are two main reasons for choosing SAM as a main point of reference. Firstly, the method allows for the objective evaluation of the organizational behavior that is responsible for the processes involved in the life cycle of product. This is in line with the goals for this case study; it facilitates an assessment of actual social sustainability performance (given that the data collection procedure is carried out properly), which is the type of result that is of use in the business world. Secondly, it defines the BRs based on the indicators from the Methodological Sheets to provide clear guidance on what kind of information must be gathered in order to reach the desired S-LCA results for social sustainability performance. The method thereby enables the transformation of qualitative data into quantitative data and comparing different types of data in a relatively standardized and easily applicable manner. 

Despite those valued aspects, for application in this thesis the SAM is not applied exactly as is presented by Ramirez et al. (2014); rather, it is adapted slightly so as to improve it methodologically and also to better fit the context of the study. There are three main aspects from the SAM which are adjusted for the development of the S-LCIA model for this thesis. First of all, because for this study all the data is restricted to the same region, the levels of below-compliance in the SAM are discarded.  This is because in the SAM, if an organization does not meet the BR, the scores of below-compliance depend on the socio-economic context on the country or sector in which the organization is located. For the current study all organizations to be assessed are located in the Netherlands. Thus, the legislation, market requirements and culture is the same for all the organizations since they are located in the same region. If all organizations are in the same region, the differentiation of below-compliance per the SAM cannot be made and thus this aspect is eliminated in the proposed method for this study.
The second aspect for adaptation has to do with a methodological inconsistency in the SAM. Namely, in the SAM the commitment to the social subcategory in the company’s strategy, internal management system or policy is mixed with evidence of bad or good practices together in the BRs (Hannouf & Assefa, 2018). This means that in the SAM some BRs are defined based on organizations’ internal efforts to perform well in a certain social area while other BRs are defined based on actual performance of bad or good behavior (i.e. how the organization actually performs rather than its mere intentions to perform well). This issue can be seen from the example offered in Appendix A: the BR for health and safety is about having policies and guidelines, and the BR for local employment is about there being evidence of equal employment opportunities for local workers. This is inconsistent; although an organization can claim that it is performing well for a certain subcategory simply because it has a policy or management system in place to promote this, that does not necessarily mean that it has good social sustainability performance for that aspect. For instance, an organization can commit to producing zero hazardous waste by having management systems or policies in place to do so, but in reality it still may be producing hazardous waste. This shows the difference between commitment and actual performance. Another example is that an organization may have a policy in place against discrimination and to promote equal opportunities. Employing a certain number of females or people with a distance to the labor market, for instance, could be a criteria under such a policy that the organization must meet. However, in actuality the organization may not meet these quotas or evidence of discrimination may be found. In that case, even though the organization shows a commitment to this area of social sustainability, its actual performance level does not match up. Especially because managers may easily claim that an organization is actively working towards certain social sustainability issues in an effort to show good performance, it is imperative to find indications of how the organization actually matches up to its commitments. The author believes that the assessment would therefore be improved by differentiating between the levels of commitment by the organization versus the evidence of good or bad practice and making all the BRs consistent in making about organizations’ commitments rather than performance. 

Lastly, the third aspect relates to the level of above-compliance of the SAM. In the SAM, the level of above-compliance is granted if, in addition to the BR being met, indications are found for the promotion of a given social subcategory to other supply chain actors. This means that, for example, in addition to having an internal management system in place for communicating health and safety issues to the local community, there are also active efforts to educate and encourage value chain actors do the same. Essentially, this is the same as the “promoting social responsibility” subcategory but then it is applied to each separate subcategory in the SAM. However, since “promoting social responsibility” is kept as its own subcategory in the S-LCA of this study, that level of above-compliance of the SAM is discarded. 

Taking those three aspects into account, the characterization method for this study works as follows, building largely upon the idea of Hannouf & Assefa (2018) to make a distinction between organizations’ commitment and actual performance. There are four levels which are laid out in Table 10. Just as with SAM, a BR is used as a threshold to differentiate the levels. Many of the BRs from Ramirez et al. (2014) are used, but some adjustments are made as well using the Methodological Sheet’s and the author’s own interpretation (see Table 11). All BRs are drafted in a way to ensure consistency in that all of them encompass an organization’s commitment to social sustainability aspects through policies, management practices or strategies. To achieve satisfactory performance for a subcategory, the organization being analyzed must at least meet the BR for that subcategory. In addition to the evaluation level having to do with meeting or not meeting the BR, all levels are evaluated based on indications for how the organization actually performs for each subcategory using site-specific indicators from the Methodological Sheets. Through this evaluation criteria, even if an organization does not meet the BR but still has indications for positive social performance, there is a way to classify this situation (as opposed to the method by Ramirez et al. (2014) which fails to do so). A “negative performance indicator” means that an indication is found for negative social sustainability performance for a given indicator, and vice versa for “positive performance indicator”. Figure 13 shows how the levels are differentiated. 

[bookmark: _Ref12701067][bookmark: _Toc13377727][bookmark: _Toc17220704]Table 10. Scale for the Assessment of Social Sustainability Performance (Adapted from Hannouf & Assefa, 2018).
	Level
	Score
	Description

	Very good performance
	1
	Meets the BR + no negative performance indicators

	Satisfactory performance
	2
	Meets the BR + one or two negative performance indicators

	Inadequate performance
	3
	Meets the BR + more than two negative performance indicators 
OR
Does not meet the BR + at least one positive performance indicator

	Bad performance
	4
	Does not meet the BR + only negative performance indicators



 [image: ]
[bookmark: _Ref12701188][bookmark: _Toc16598720][bookmark: _Toc17220664][bookmark: _Toc17220705][bookmark: _Ref15910503]Figure 13. Assessment Steps for Each Subcategory (Adapted from Hannouf & Assefa, 2018).

Table 11. Definition of the Basic Requirements.
	Stakeholder
	[image: page1image1012904336]Subcategories
	Basic Requirement

	Workers
[image: page1image1054427232][image: page1image1054105456][image: page1image1053850816][image: page1image1054370896]
	Freedom of association
	Presence of policy on freedom of association

	
	Equal opportunities/ discrimination
	Presence of formal policies on equal opportunities

	
	Health and safety
	Presence of formal policy concerning health and safety

	
	[image: page1image1054391552]Social security / social benefits
	Presence of social benefits as part of company’s policy

	
	[image: page2image1083832928]Fair salary
	The lowest salary is equal to or higher than the minimum wage in the sector/country where the organization is located

	
	[image: page2image1013767872]
Working hours
	Presence of policy that provides clear communication of working hours and overtime arrangements

	Consumers
	[image: page2image1012069376]Health and safety
	Presence of management measures to assess consumer health and safety

	
	Feedback mechanism
	Presence of customer’s feedback mechanism

	
	Transparency
	Commitment to transparency as part of the company’s strategy and policy

	
	End of life responsibility
	Presence of management systems that ensure clear information to consumers on end-of-life options

	
	[image: page2image1054558640]Consumer privacy
	Presence of internal management system to protect consumer privacy

	Local community
	Access to material resources
	Presence of a certified environment management system

	
	Access to immaterial resources
	Presence of internal management systems that promote the access to immaterial resources

	
	Safe and healthy living conditions
	Management effort to minimize use of hazardous substances

	
	Community engagement
	Presence of written policies or guidelines on community engagement at organization level

	
	[image: page3image1011444656]Local employment
	Presence of a policy of local hiring preferences

	Society
	[image: page3image1082066704]Public commitment to sustainability issues
	Managing sustainability issues as part of the company’s policy, strategy and goals

	
	Economic development
	Direct and indirect economic growth is part of the company’s strategy and policy

	
	[image: page3image1082037984]Technology development
	Using technology development to drive innovation is part of the company’s strategy

	Value chain actors
	[image: page4image1083854352]Fair competition
	Documented statement or procedures (policy, strategy, etc.) to prevent engaging in or being complicit in anticompetitive behavior

	
	Supplier relationships
	The organization has a code of conduct defined standards of ethical behavior expected from its suppliers

	
	Respects of intellectual properties
	The organization displays respect for intellectual property systems in its policy or strategy

	
	[image: page4image1083918080]Promoting social responsibility
	Presence of explicit code of conduct that protect human rights of workers among value chain actors

	Key
	BR proposed in Ramirez et al. (2014)

	
	BR proposed in the UNEP/SETAC Methodological Sheets (2013)

	
	New BR



The BRs are constructed by mainly by using indicators suggested in the Methodological Sheets (UNEP/SETAC, 2013). This point is important to emphasize since a main goal of this thesis is to apply the UNEP/SETAC S-LCA approach, and the Methodological Sheets cannot be neglected in this. The Methodological Sheets propose various different generic and site-specific indicators for each subcategory, and thus must be considered for determining what data to collect for each of the subcategories; this includes the BR but also additional indicators which serve as indications of actual performance. Since this study is of a site-specific nature, only the site-specific indicators from the Methodological Sheets are considered. Site-specific indicators include, for example, for the subcategory health and safety of the workers: presence of formal policy concerning health and safety, adequate general occupational safety measures are taken, preventative measures and emergency protocols exist regarding accidents and injuries, number/percentage of injuries or fatal accidents in the Organization Dy job, among others. A main challenge for the author, and likely any S-LCA practitioner, is deciding which of these indicators to use and how to use them for S-LCIA. 

Table 12 provides the list of indicators which are to be utilized for the characterization model for this study. Details on how the indicators from the Methodological Sheets were utilized for each subcategory can be found in Appendix B. In the table, a differentiation is made between indicators of positive performance (+) and indicators of negative performance (-), so show how certain data should be classified.


[bookmark: _Ref16948249][bookmark: _Toc17220706]Table 12. Indicators ((+)= positive social sustainability performance, (-) = negative social sustainability performance).
	Stakeholders
	Subcategories
	Indicators (based on UNEP/SETAC Methodological Sheets)
	(+)
	(-)

	Workers
	Freedom of association and collective bargaining
	Employment is not conditioned by any restrictions on the right to collective bargaining
	✓
	

	
	
	Workers are free to join unions of their choosing
	✓
	

	
	
	Employee/union representatives are invited to contribute to planning of larger changes in the company, which will affect the working conditions[image: page2image1888619872]
	✓
	

	
	
	There are indications that workers are members of unions
	✓
	

	
	Fair salary
	Presence of suspicious deduction on wages
	
	✓

	
	
	Regular and documented payments of workers
	✓
	

	
	Working hours
	Number of hours effectively worked by employees on average is less than 40 hours/week
	✓
	

	
	
	Respect of contractual agreements concerning overtime
	✓
	

	
	
	Overtime is requested regularly
	
	✓

	
	
	The organization provides flexibility
	✓
	

	
	Equal opportunities/
discrimination
	Announcement of open positions happening through national/regional newspapers, public job databases, on the internet, employment services or other publicly available media 
	✓
	

	
	
	Indications of discrimination at the organization through worker complaints
	
	✓

	
	
	Composition of governance bodies and breakdown of employees per category according to gender, age group, minority group, membership or other indicators of diversity are roughly equal
	✓
	

	
	Health and safety
	Preventative measures and emergency protocols exist regarding accidents & 
	✓
	

	
	
	Education, training, counseling, prevention and risk control programs are in place to assist workforce members, their families, or community members regarding serious diseases
	✓
	

	
	
	Indications of serious health and safety incidents in the last three years
	
	✓

	
	Social benefits/social security health
	More than two of the following social benefits are offered by the organization to its workers: Social Security benefits, Retirement, Disability, Dependents, Survivors benefits, Paid maternity and paternity leave (parental leave), Paid sick leave, Education and training, for all countries and additionally, Medical insurance, Dental insurance, Paramedical insurance, including preventive medicine, Medication insurance, Wage insurance
	✓
	

	
	
	Indications of violations of obligations to workers under labor or social security laws and employment regulations
	
	✓

	Consumers
	Health and safety
	Indications of consumer complaints regarding health and safety within the last three years
	
	✓

	
	
	Quality of labels (or other informative means) of health and safety requirements are considered satisfactory
	✓
	

	
	Feedback mechanism
	Presence of management measures to improve feedback mechanisms
	✓
	

	
	Consumer privacy
	Strength of interval management system to protect consumer privacy is regarded as high by organization stakeholders
	✓
	

	
	
	Presence of consumer complaints related to breach of privacy or loss of data within the last three years
	
	✓

	
	Transparency
	Publication of a sustainability report
	✓
	

	
	
	The information available in the sustainability report or other documents regarding the social and environmental performance of the organization is considered comprehensive and of high quality
	✓
	

	
	
	If applicable, company rating in sustainability indices (Dow Jones Sustainability Index, ESI, HSBC, Corporate Sustainability Index, etc.) is considered satisfactory
	✓
	

	
	End of life responsibility
	Indications of non-compliance with regulatory labelling or other information-providing requirements (e.g. product reports or booklets) for informing the customer about the end-of-life
	
	✓

	Local community
	Access to material resources
	Presence of examples that the organization actively implements its environmental management system
	✓
	

	
	Access to immaterial resources
	Presence of examples that the organization actively promotes and implements community education initiatives
	✓
	

	
	Safe and healthy living conditions
	Indications that the organization participates with local stakeholders in communicating the potential health and safety impacts of their operations on surrounding communities
	✓
	

	
	
	Indications that the safe and healthy living conditions of the community has been at risk caused by the organization’s activities
	
	✓

	
	Community engagement
	Diversity of community stakeholder groups that engage with the organization
	✓
	

	
	
	Involvement of community stakeholders in organizational decision-making processes
	✓
	

	
	
	Organizational support (volunteer-hours or financial) for community initiatives
	✓
	

	
	Local employment
	Percentage of workforce hired locally is greater than 50%
	✓
	

	
	
	Preference for locally based suppliers
	✓
	

	Society
	Public commitments to sustainability issues
	Presence of publicly available documents as promises or agreements on sustainability issues
	✓
	

	
	
	Implementation/signing of Principles or other codes of conduct (e.g. Sullivan Principles, Caux Round Table, UN principles, Global Compact etc.)
	✓
	

	
	
	There is no record of proven cases that the organization has violated its commitments to sustainability within the last three years.
	✓
	

	
	Contribution to economic development
	Indications of contribution of the product/service/organization to economic progress (e.g. revenue, gain, paid wages, R&D costs in relation to revenue, etc.)
	✓
	

	
	
	Indications of damage or blockage of economic development by the organization
	
	✓

	
	Technology development
	Investments in technology development/transfer
	✓
	

	
	
	Indications of inconsistencies regarding technology development commitments and actual performance
	
	✓

	Value chain actors (not including consumers)
	Fair competition
	Legal actions pending or completed during the reporting period regarding anti-competitive behavior and violations of anti-trust and monopoly legislation in which the reporting organization has been identified as a participant
	
	✓

	
	
	Membership in alliances that behave in an anti-competitive way
	
	✓

	
	Promoting social responsibility
	Evidence of audits by the organization with regard to social responsibility of value chain actors in the last year
	✓
	

	
	
	Membership in an initiative that promotes social responsibility along the value chain (e.g. consciousness-raising programs or counselling)
	✓
	

	
	Supplier relationships
	Absence of coercive communication with suppliers 
	✓
	

	
	Respect of intellectual property rights
	Record of proven cases that the organization has violated intellectual property rights within the last three years
	
	✓






[bookmark: _Toc16598657][bookmark: _Toc17532813]4.4. Life Cycle Inventory Data Collection 

Life cycle inventory involves the articulation and collection of data that is used for impact assessment, and this section gives a detailed account of this procedure for the current study.

As explained in Section 3.2, site-specific and/or generic data can be collected depending on the goal of the S-LCA study. Data used for this analysis is mainly site-specific data from the organizations in the value chain of the ZERO BRINE system. This S-LCI phase consists of two main steps for data collection, both which are guided by the subcategories selected during the goal and scope definition phase as well as the BRs and indicators from the S-LCIA method detailed in the section above. The two steps are as follows: 

1. A desktop search about social sustainability performance aspects for each organization in the ZERO BRINE system 
2. Interviews with management of each organization in the ZERO BRINE system

Initially, the specific information regarding the companies and their respective plants is collected through a desktop screening. This step involves searching about the companies via their websites and annual reports, as well as in through other publicly available information such as government documents and newspaper articles. The purpose of this step is two-fold. Firstly, to identify background information prior to conducting the interviews. In this way, the researcher can gauge what more data is necessary to be collected in order to get results for all subcategories.  As such, this step enables the researcher to be able to ask more detailed questions in the interview about certain aspects found from the company website or reports. For example, if a company website mentions about a certified environmental management system, then the researcher can ask about this in the interview to acquire more in-depth information about the subcategory “access to material resources”. Secondly, this step is used for gathering additional site-specific information. If a newspaper article is found detailing a health and safety hazard of a plant to its local community, for example, than this data may be utilized directly in the assessment model as site-specific data for the “local community safe and healthy living conditions”.

The second data collection step entails interviews, during which the most amount and detailed data regarding social sustainability performances is gathered. Considering that the ZERO BRINE is a case study involves very specific stakeholders, non-probability sampling is chosen as the most viable method to select the respondents. Non-probability sampling implies that respondents are not selected randomly. With this method, the respondents are confined to specific types of people who are in the best position to provide the desired information (Sekaran & Bougie, 2016). Especially in situations in which only a limited number of primary data sources are available, which is the case for this case study, the non-probability sampling method can be legitimized (Sekaran & Bougie, 2016).  As such, managers of each of the plants focused on for this study are selected for the interviews. Individuals in senior management positions are selected in particular due to their strategic position in the organization, as such individuals tend to know the most about how their respective organizations’ policies, initiatives and performance on different social aspects. In addition, workers were confronted as well so as to offer a different perspective. The candidates who meet the criteria (are managers at one of the organizations in the ZERO BRINE value chain) are reached out through the connection of her supervisor or herself though the website LinkedIn. Table 13 lists the persons interviewed for the inventory data collection phase of this S-LCA.
[bookmark: _Ref12952709][bookmark: _Ref12952679][bookmark: _Toc13377728][bookmark: _Toc17220707]Table 13. List of Interviewees.
	Organization
	Identity
	Stakeholder Type

	A
	a1
	Management

	A
	a2
	Worker

	B
	b1
	Management

	B
	b2
	Management

	C
	c1
	Management

	D
	d1
	Management

	D
	d2
	Worker



The semi-structured interview is selected to collect the data. According to Noor (2008), this method allows for an in-depth understanding of a certain situation. At the beginning of each interview, the interviewees are presented with the list of subcategories to  allow for a structured process wherein it is relatively easy follow along. Each subcategory is explained by the researcher before asking specific questions about them, so as to ensure that the interviewee has a correct understanding of what each subcategory entails for the current research. For the actual questions-asking part, the process is mostly standardized to ensure the consistency of the measurement (Thornhill, Saunders, & Lewis, 2009), however offers some flexibility to approach different respondents differently while covering the same core issues (Noor, 2008). In order to carry out the characterization model described in Section 4.3, it is important that the data that is collected is connected to the method. Thus, the interview questions are developed in a way to facilitate the use of the method, meaning that data should indicate 1) whether the BR is achieved or not and 2) whether there are indications of positive or negative performance in the value chain. The questions consist mostly of open-ended questions aimed at gathering enough data to be able to determine the most appropriate social impact score. See Appendix C for the interview protocol.

For the interviews, the type of questions asked and the structure of the questions were paid special attention to. This is because, as the nature of S-LCA is to assess the social sustainability performance, it has the potential for the questions to come off like the researcher is trying to expose negative performance. For example, the Methodological Sheets propose “violations of anti-trust and monopoly legislation” as an indicator for the “fair competition subcategory”. For the assessment method, indications that the organization has engaged in anti-competitive behavior and has not complied with anti-trust legislation is needed in order to determine how an organization scores for that subcategory. While asking an interview question such as “Has the company violated anti-trust legislation in the last 3 years?” would enable the researcher to gather such evidence in the most direct and easiest way, doing so is considered problematic. This is because, even if there anti-trust violations had occurred, the interviewees would likely not want to expose this information out of fear that it may damage the organization’s reputation or because it may feel like an attack. Such questions may give the impression that this study is an audit, which may make the managers feel less inclined to share information and could damage the study. Therefore, the author paid special attention in formulating the interview questions in the most objective and unbiased way possible.

Acquiring qualitative data through open-ended questions is perceived as the most suitable way to collect data for two main reasons. One, because it encourages interviewees to elaborate on their answers which in turn may give the researcher more comprehensive and advanced information for the assessment. And two, because the language of social sustainability is hard to translate into meaningful numbers, given most of the social values are qualitative in nature. While the Guidelines also recommend for the collection of semi-qualitative data, the researcher finds that restricting answers only “yes” or “no” is too limiting for capturing the “complete picture” of each social sustainability aspect being assessed. Also, the researcher believes that the risk of data issues may heightened by simply sending a survey with only semi-quantitative indicators/questions, as for example the participant could simply answer “yes” to every question because it seems like the right answer. 

It is important to note that, besides the members of management, other stakeholders connected to the organizations are approached with questions as well. By collecting data from various stakeholders, not just managers, data triangulation (Morse, 1991) can be achieved which increases the validity of the research (validity through methodological triangulation is also achieved by using more than one methods – literature, company websites and documents and interviews – in a single research study). This is important as it may be easy for a manager to claim satisfactory social sustainability performance on different aspects because he or she wants to give the impression of the organization which they represent. Especially if they perceive that the researcher’s study is like an audit, there is a possibility that the management members will be inclined to try to portray a positive social image of the company without being completely accurate. By gaining different perspectives on the same social issues the researcher can determine if there is any gap. If no gap is found then the author can conclude that the data is valid. If there is a gap, however, then the research would have to account for this by asking follow-up questions to find the cause of the discrepancy and to be able to reach a conclusion (score) for the organization’s social sustainability performance of the aspect in question. 


[bookmark: _Toc16598658][bookmark: _Toc17532814][bookmark: _Toc9455978]4.5. Chapter Summary

In summary, this chapter explained the application of the S-LCA framework to the ZERO BRINE case study. First, a description of the ZERO BRINE project was offered as background information. In this section it was highlighted how the implementation of the brine treatment technology at Organization A’ DWP would change the dynamics in the system. Next, all four phases of the S-LCA framework were detailed one-by-one, starting with the goal and scope definition. 

[bookmark: _Ref12122111][bookmark: _Toc13377729]The background information was a key input for this first S-LCA phase in explaining how the social sustainability of the ZERO BRINE project would be assessed. The three goals for the case study were outlined first: 1) to determine the social impacts of the project on various stakeholders by assessing the social sustainability performances of the main organizations in the ZERO BRINE value chain, 2) to identify the social hotspots in the value chain and 3) to provide recommendations for the potential improvement of negative hotspots. Thereby, the S-LCA framework was modelled in a way to so as to be able to achieve these goals in the outcome of the study. The scope definition consisted of several parts. It was first described that a company conduct approach is taken and as opposed to a process-approach. With this methodological decision the author attempted to make clear that it is the conduct of the organizations in a value chain that is of interest for the assessment. Then, the system boundaries were defined. Laying the level of analysis the plant-level rather than assessing entire companies, four plants were included in the system boundaries: Organization A, Organization B (supplier of salt to Organization A’ DWP), Organization C (consumer of demineralized water from the DWP) and Organization D (consumer of the recovered magnesium). Organization D was highlighted as the additional stakeholder in the ZERO BRINE system, as the brine treatment technology of allows for magnesium to be recovered which was not the case before implementation of the technology. As such, three main life cycle stages are considered for analysis: procurement, production and distribution. In each of these different stages, the four different organizations play specific roles and the goal is to assess the social sustainability performance of each of these (see Table 14). 23 social impact subcategories for five stakeholder groups (workers, consumers, local community, society and value chain actors) were selected based on their perceived relevance for analysis as a result of a desktop study and discussions with stakeholders, and all of these were analyzed for each organization in the value chain of the ZERO BRINE system. 

[bookmark: _Ref16706817][bookmark: _Toc17220708]Table 14. Overview of S-LCA System for Application to ZERO BRINE.
	Value chain stages
	Procurement
	Production
	Distribution

	Actors for each value chain stage
	Organization B
	Organization A
	Organization C
	Organization D

	Stakeholder groups for each value chain stage
	Workers
	Workers
	Workers
	Workers

	
	Consumers
	Consumers
	Consumers
	Consumers

	
	Local community
	Local community
	Local community
	Local community

	
	Society
	Society
	Society
	Society

	
	Value chain actors
	Value chain actors
	Value chain actors
	Value chain actors



Next, the S-LCIA phase was addressed. A specific Type I methodology for characterizing the inventory results was applied in this research. The author found the Subcategory Assessment Method (SAM) by Ramirez et al. (2014) to be a good way to characterize the data for this study because of its focus on social sustainability performance of organizations for the subcategories of the UNEP/SETAC Guidelines, which is in line with the goals of the study. However, highly considering the insights offered by Hannouf & Asseffa (2018) who argue that the BRs in the SAM are inconsistent, the SAM was adapted in this study according to the method propose by Hannouf & Asseffa (2018). All in all, there are three main ways in which the S-LCIA model for this S-LCA was differentiated from the SAM: 

1) In the SAM, some BRs are defined according to an organization’s commitment to the social subcategory in the policy, internal management system or strategy while others are defined based on evidence of actual good or bad social performance Hannouf & Asseffa (2018). In the current model, this inconsistency is eliminated by making all BRs about commitments to social sustainability and all the remaining indicators about actual performance. 
2) In the SAM, the levels of below-compliance (if the BR has not been met) are differentiated by an indicator based on regional context. However, since for the ZERO BRINE system the system boundaries are defined to be in the Netherlands only, there is only one regional context and thus such a differentiation is likely not suitable. Instead, the levels of below-compliance in the new model is based on the performance level: how many indicators (mostly pulled from the Methodological Sheets) yield positive and negative social sustainability performance.  
3) In the SAM, the level of above-compliance is granted if, in addition to the BR being met, indications are found for the promotion of a given social subcategory to other supply chain actors. This means that, for example, in addition to having an internal management system in place for communicating health and safety issues to the local community, there are also active efforts to educate and encourage value chain actors do the same. Essentially, this is the same as the “promoting social responsibility” subcategory but then it is applied to each separate subcategory. For consistency purposes, again, in the model applied for this thesis, the level of above-compliance is based only on the performance level per positive and negative indicators; not on whether social responsibility is promoted to value chain actors for each subcategory.  

In the S-LCIA technique for this thesis, a set of criteria and a scoring system were defined for converting qualitative inventory information into quantitative social inventory data. In this way, the S-LCIA method was developed to enable different subcategories to be compared with one another and determine the social sustainability performances of all organizations with a stake in the ZERO BRINE project. The methods for data collection were explained in detail in the next section; the S-LCI phase. Desktop research and interviews organizations were selected for the collection of the qualitative site-specific data per organization. 

By detailing each S-LCA step for application to the ZERO BRINE case study, this chapter answered sub-research question number two: What are the important social subcategories and indicators for the ZERO BRINE system, and how can they be utilized to assess the social sustainability performance? The social subcategories were detailed in Section 4.2.2.3.1 under the scope definition, whereas the indicators were presented in Section 4.3.3 under the S-LCIA phase. For the second part of the sub-question, it is answered in the S-LCIA chapter through explanation of the characterization method as this is the critical step in converting raw data into social sustainability results. 


[bookmark: _Toc16598659][bookmark: _Toc17532815]5 Case Study Results and Analysis

The results of the case study are presented and analyzed in this chapter of the thesis. In particular, the results from the third and fourth phase of the S-LCA –  the  S-LCI and S-LCIA – are highlighted, as the goal and scope definition was already presented in full detail in Chapter 4. As such, this chapter constitutes part of phase four of the S-LCA: interpretation. The first section, Section 5.1, presents the main results: the various social sustainability performance levels in the value chain of the ZERO BRINE system. In a sub-section, it is briefly described how those results were obtained based on the methodology detailed in the previous chapter. Important findings are highlighted in the second sub-section, such as how the organizations compare on their social sustainability performances and which subcategories had the overall best and worst performance levels in the system. Next, an analysis and discussion of the case study results is offered in Section 5.2. Lastly, in Section 5.3, it is defined what the social hotspots are for each organization and recommendations are offered for the improvement of negative hotspots.


[bookmark: _Toc16598660][bookmark: _Toc17532816]5.1. Results

A bar chart was created to show all the results for the social sustainability performance of each of the organizations for the key social impact subcategories and stakeholder groups. The chart is presented in Figure 14. Note that on X-axis of the chart, the numbers 1 - 4 correspond to the performance evaluation criteria which was established in Section 4.3.3 of this work (1 meaning very good performance, 2 meaning satisfactory performance, 3 meaning inadequate performance, and 4 meaning poor performance). Assessment scores were granted from the qualitative data obtained, corresponding to the BRs and indicators which were defined. The chart makes clear how each organization in the value chain scored for each subcategory. 
[image: ]
[bookmark: _Ref12959820][bookmark: _Toc16598721][bookmark: _Toc17220665]Figure 14. Social Sustainability Performances for Key Social Subcategories and Stakeholders.
Recall that for a score of at least “1” or “2” to be achieved, the organization must meet the BR for that subcategory. For a score of “3” the organization does not necessarily have to meet the BR as long there is evidence for positive indicators, but it can also mean that the BR was met but with negative indicators. Therefore, as Figure 14 does not indicate whether a BR has been met or not, a separate table was generated for this purpose to give a clear overview. In Table 15 below, the marks indicate that the BR has been met. 

[bookmark: _Ref13294258][bookmark: _Toc13377730][bookmark: _Toc17220709]Table 15. Results for Meeting of the Basic Requirements.
	Subcategory
	Organization A
	Organization B
	Organization C
	Organization D

	Freedom of association
	✓
	✓
	✓
	

	Fair salary
	✓
	✓
	✓
	✓

	Hours of work
	✓
	✓
	✓
	✓

	Equal opportunities
	✓
	✓
	✓
	

	Health and safety
	✓
	✓
	✓
	

	Social benefits/social security
	✓
	✓
	✓
	✓

	Health and safety (consumer)
	
	✓
	✓
	

	Feedback mechanism
	✓
	✓
	
	✓

	Privacy
	✓
	✓
	✓
	

	Transparency
	
	✓
	✓
	

	End of life responsibility
	
	
	
	

	Access to material resources
	✓
	✓
	✓
	

	Access to immaterial resources
	✓
	✓
	✓
	

	Safe and healthy living conditions
	✓
	✓
	✓
	

	Community engagement
	
	✓
	✓
	

	Local employment
	
	
	
	✓

	Public commitment to sustainability issues
	✓
	✓
	✓
	

	Contribution to the economic development
	✓
	✓
	✓
	✓

	Technology development
	✓
	✓
	✓
	

	Fair competition
	✓
	✓
	✓
	

	Supplier relationships
	
	✓
	✓
	

	Respect of intellectual property rights
	✓
	✓
	✓
	

	Promoting social responsibility
	
	✓
	✓
	




[bookmark: _Toc16598661][bookmark: _Toc17532817]5.1.1. How Were These Results Obtained?

For clarification purposes, an example is provided to explain how the research steps detailed in the previous chapter were followed and these final results were derived. The subcategory “healthy and safe living conditions” (local community stakeholder) for Organization B is referred to for the example. Firstly, through the desktop search the most recent annual report and website was consulted to acquire preliminary information about company-wide policies and practices. Keeping the BR for this subcategory in mind, which is the presence of management effort to minimize the use and emissions of hazardous substances, it was found that there is a presence of raw material management systems to minimize the use and emissions of hazardous substances. In the annual report it is claimed that the company manages hazardous substances through its priority substance program, which promotes the use of more sustainable and safer products. It is also claimed the corporation decreased hazardous waste per ton of production by 6%. This was a good starting point for approaching the interviews, so as to determine if these indications were met for the salt plant specifically as well. 

Before the interviews were conducted, however, further online searches were performed in an effort to uncover more indications for actual social sustainability performance. Negative performance indications were found relating mostly to the leakages in the pipelines from the organization. With one of the indicators for this subcategory being “evidence that the safe and healthy living conditions of the community has been at risk caused by the organization’s activities”, such facts qualified as negative performance for that indicator. 

[bookmark: OLE_LINK1]Questions were asked in an interview with a manager representing Organization B for each of the indicators for the subcategory. The first question was about the BR: “Is there a management effort at the plant to minimize use and emissions of hazardous substances? If so, can you please elaborate?” To this question, the response was: “Yes, use and emissions of hazardous substance is controlled. Substitution to less hazardous or elimination is frequently assessed. There are strict regulations in the Dutch chemical industry about the use and emission of hazardous substances which are monitored closely by regulators, and this is why a lot of effort is focused here” (respondent b1, personal communication, 5 July, 2019). Another question that was asked to gauge the performance level was “Does the organization contribute to the health of local communities in other ways? Such as through environmental risk management systems or participation with local organizations in communicating the potential health and safety impacts of their operations on surrounding communities?” The answer to this question was: Yes, there is environmental risk management system and contact with local authorities and organizations. Furthermore, we hold in-house days for members of the local community to come in and learn about what we do. Teaching them about health and safety is a part of this” (respondent b1, personal communication, 5 July, 2019).  Finally, a question was asked regarding the final indicator for this subcategory: “Do you know of any instances where the safe and healthy living conditions was at risk caused by the organization’s activities?” The answer was: I think our product does not really affect the local community from a safety and health perspective because salt is not a hazardous product. Maybe through noise the operations disturb the local community but I do not think that is a major safety or health issue” (respondent b1, personal communication, 5 July, 2019). 

Based on the above-mentioned collected data, the author was able to assign a score for the subcategory. Indeed, the interview confirmed that the BR was met in that the company-wide efforts to reduce use and emissions of hazardous substances were translated into action at the plant through its own management systems. The second indicator, about contributing to the healthy and safe living conditions of the community in other ways, showed positive performance as a result of the interview. The example of the in-house day was further confirmed through internet sources. As far as the last indicator is concerned, an indication for negative performance was allocated given the findings from the desktop study. Combining all these aspects, Organization B was awarded with a score of “2” for this subcategory because, a) the BR was met and b) one indicator showed negative performance. 

Due to the extensive amount of qualitative inventory data required to obtain results for all subcategories for each organization, detailed explanations for each data point such as the one offered for the example above are left out of the main body of this paper. 


[bookmark: _Toc16598662][bookmark: _Toc17532818]5.1.2. Significant Findings

All in all, the above assessment results indicate in which value chain phases (per organization) and subcategories the BRs have been met or not as well where positive and negative social sustainability performance was found. Of all the evaluations, 55.4% received a score of “1” for very good performance, 16.3% received a score of “2” for satisfactory performance, 23.2% received a score of “3” for inadequate performance, and 5.1% received a score of “4” for poor performance. Furthermore, the percentage of assessed subcategories that achieved the BR for each of the organizations were as follows: Organization B 91.3%, Organization A 69.5%, Organization C 86.9% and Organization D 26.1%. From these results can be concluded that the organizations fulfilled the BRs for the majority of subcategories, and that overall the performance was positive for the most part. Room for improvement does remain, however, as will be elaborated on in Section 4.3.

In addition to these figures, a comparison of social sustainability performance per organization is deemed relevant as the organizational-conduct approach relying on site-specific analysis is taken for this thesis. Calculating differences in sustainability performance per organization in the value chain is done by calculating medians as  measures of central tendency and semi-interquartile ranges as measures of dispersion (how spread out the data points are). These are utilized because the evaluation scale is an ordinal one. For ordinal scales, the order of the values is what is important and significant, but the differences between each one is not exactly known. While it is known that a score of “1” is better social sustainability performance-wise than a score of “2” due to the defined criteria for each, it is not known for certain how much better it is (Sekaran & Bougie, 2016). The same can be said for the other scores. The differences between the scores cannot be quantified as the scale is based on a qualitative methodology developed on the basis of the author’s own judgment of information. It is for this reason that it would be incorrect to use measures of mean and standard deviation as they rely on numerically equal distances such as in interval and ratio scales, are incorrect for usage. The medians and interquartile ranges were calculated using Microsoft Excel. The function for median for a given array is: "=MEDIAN([array])". The interquartile range was calculated using the following equation: “=QUARTILE([array],3)–QUARTILE([array,1])”. The results are shown in Table 16.  As the “1” score represents the best social sustainability performance and “4” represents the worst, this means that that lower scores show better social sustainability performance overall, and that higher average scores show worse social sustainability performance. Since Organization D has the highest median of “3” compared to the other organizations which are equally set at “1”, it can be concluded that Organization D performed at the poorest level.

[bookmark: _Ref16168666][bookmark: _Toc17220710]Table 16. Social Sustainability Performance Scores per Organization: Medians and Interquartile Ranges.
	Organization
	Median
	Quartile 1
	Quartile 3
	Interquartile range

	A
	1
	1
	2
	1

	B
	1
	1
	1.5
	0.5

	C
	1
	1
	2
	1

	D
	3
	2.5
	4
	1.5



Further notable results are of the social sustainability performance of the system as a whole regarding the individual subcategories. Figure 15 shows the median social sustainability performance of each subcategory, as well as the average median value of the entire system (the orange line).  The average median value is calculated by adding up all the median values for the subcategories and dividing it by the number of subcategories which is 23. Based on this chart, it becomes evident where social hotspots exist.

For a process approach, social hotspots are defined as “unit processes located in a regions where a situation occurs that may be considered a problem, a risk or an opportunity, in relation to a social theme of interest” (UNEP/SETAC, 2009, p. 60). The SHDB is frequently used to find such hotspots at a generic data collection level. Although that definition offers a decent understanding of what social hotspots are, it deviates a bit for S-LCA types where the organizations’ conduct is the focal point and the type of data collected is limited to site-specific. What defines social hotspots is not set in stone; rather it is a quite flexible term and what defines it depends on what the practitioner wishes to highlight. The definition for social hotspots referred to for this thesis is “areas of particularly positive or negative social sustainability performance.” With regards to the system as a whole, social hotspots are considered as areas of social sustainability where the performance is either better (positive hotspots) or worse (negative hotspots) than the average social sustainability performance. In alignment with this definition, hotspots are determined by identifying where above- and below-average scores occur. Particularly, negative hotspots are focused on so that it may be realized where improvements are necessary. Thus, the subcategories where the scores exceed the average scores are of interest.


[bookmark: _Ref12980157][bookmark: _Toc16598722][bookmark: _Toc17220666]Figure 15. Medians per Subcategory.
Figure 15 shows that end-of-life responsibility, local employment and promoting social responsibility are the subcategories with the highest median values (equal to a score of “3”), which translates to poorest social sustainability performance.  Equal opportunities,  worker health and safety, consumer health and safety, transparency and safe and healthy living conditions of the community score equally for a social sustainability performance at a slightly better level than the aforementioned worst performing subcategories, but still negative. 

In interesting point to acknowledge is that, while the above-mentioned subcategories portray a negative performance, none of them exceed a score of 3. As was mentioned earlier in this chapter, and can now be seen from the average, which is equal to 1.59 as well, the average social sustainability performance of the system is at least at a satisfactory performance.  In this regard, even the more negatively performing social subcategories still perform rather well. Only end-of-life responsibility, local employment and promoting social responsibility are at an inadequate level on average. 


[bookmark: _Toc17532819]5.2. Analysis of the Case Study Results

While the purpose of the previous sections was to inform the reader of the important results from the case study in a descriptive manner, this section serves to discuss the results in detail and offer a reflection on the findings.  The implications of the findings for the ZERO BRINE project are also highlighted, as this was a main reason for conducting the case study. 


[bookmark: _Toc16598663][bookmark: _Toc17532820]5.2.1. Pre- and Post-ZERO BRINE Comparison

An important aspect of this research is the differentiation between the social sustainability performance of the pre-ZERO BRINE system versus the post-ZERO BRINE system. Recall that the primary difference between the systems from an organization involvement perspective is that Organization D is an additional actor, consuming the recovered magnesium from the treated brine. For the rest, the other actors are the same in the pre- and post-systems and, theoretically, the main differences experienced by them are changes in quantities of supply or consumption of materials. While essentially the salt recovered from the brine treatment would reduce the supply of salt from Organization B (in the pre-DWP Botlek stage), the quantities of the recovered salt are considered minor compared to the production capacity of Organization B. Thus the recoveries of salt does not result in changes in the production/consumption patterns and social sustainability performance in the pre-DWP Botlek stage. The same can be said about the demineralized water in the post-DWP Botlek stage. 

Since Organization D is an additional actor in the ZERO BRINE system, its social sustainability performance is of high importance even though it plays a much smaller role in the system compared to the other organizations. The results show that Organization D has worse social sustainability performance on average compared to the other organizations in the system. This means that, even though it is only slight, the social sustainability performance of the ZERO BRINE system can be considered slightly worse compared to the pre-ZERO BRINE system from an organization conduct perspective solely due to the added involvement of Organization D. 

The author recognizes the limitation of the above conclusion, however. The main limitation regarding this conclusion is that the reduced import of magnesium that would theoretically result from the added consumption of magnesium recovered from the brine was not taken into account. Such a study involving country-level data has already been performed through the use of generic social indicators (rather than site-specific). However, the author argues that by limiting the scope of the research to an organizational conduct-specific analysis within one country, an in-depth view of social sustainability performance in the value chain is gained which make this result still very relevant for the ZERO BRINE project. In that regard, the S-LCA results can be highly beneficial for Organization D to improve its social sustainability performance in ways which managers may have not considered before. If the recommendations offered by the author (to be presented in the next section of this work) are seriously considered and strategically implemented by managers of the Organization D (as well as the other organizations on aspects where social performance could be improved), the overall social sustainability performance of the ZERO BRINE system will be improved as well.  


[bookmark: _Toc16598664][bookmark: _Toc17532821]5.2.2. Comparison of the Organizations

When comparing the performance of the four different organizations, it is also noteworthy to reflect on the difference between the characteristics (such as type of operations and sizes) of the organizations themselves because such factors likely have a large influence on the presence and strength of systems in place for social sustainability. For example, the company that represents Organizations C and D has existed for a much longer time and its facilities and operations are on a much larger scale than, for example, Organization D which is only recently established and has just five employees. It has large legal departments to regulate all areas of performance, which must be reported for public access since it is a public company which has an obligation for transparency. It is understandable that that company, then, might perform better on various social aspects as it has much more experience in handling with certain issues and is also much more controlled and regulated. The same can be said for Organization A. In this regard, the study outcomes do no not deviate from expectations. 

Despite the fact that Organization D exhibited a worse performance, overall the system displayed a satisfactory level of social sustainability performance. This may be attributed to the strict regulations present in the Netherlands in general and as well as the regulations imposed on the chemical process industry in particular. The chemical process industry can be considered to be “under a microscope” regarding issues such as health and safety of the workers, local community members and consumers, and thus there are extra laws around these aspects that organizations must abide by. Most issues of social responsibility and sustainability have achieved high scores, which is likely due to national legislation regarding consumers and workers, and due to national targets, causing companies to focus heavily on improving their environmental footprints.


[bookmark: _Toc16598665][bookmark: _Toc17532822]5.2.3. Hotspot Analysis

Regarding the results per subcategory (showing the hotspots of the system), a primary result was that end-of-life responsibility performance was at an inadequate level. It is generally understood that end-of-life responsibility is of much importance in the chemical process sector as certain materials may be hazardous and cause damage to the environment when consumed and/or disposed of. This is also the main reason why this subcategory was perceived to be important to the organizations, and why it was included in the assessment in the first place. Yet, the performance levels were not in line with the perceived importance. Upon analysis, it was recognized that the lack of performance of this area may be due to two aspects: the nature of the products and the type of consumer. Three out of four of the organizations either produce or distribute products which are non-hazardous, and also the type of consumer in focus is the industry which uses the products as base products for further production processes. For example, a manager at Organization A said: “It is difficult to take end-of-life responsibility for the water because our client is the industry and they use it for different purposes for further production processes” (respondent, personal communication, 20 June, 2019). Also, a manager from Organization C stated: “Everything is very well described in documents for customers to understand everything about the product, from chemical details to health and safety aspects to application and use. However, since our products are used to drive production processes elsewhere in the chemical industry the end-of-life for the customer is much harder to take responsibility for. For example if the customer’s chemical processes which use our chloride or caustic emits hazardous by-products then that is quite hard for us to control. We cannot make it mandatory and we cannot dictate it. But we explain that we are proud of their sustainability index rating and we hope they follow” (respondent c1, personal communication, 25 June, 2019). Based on these insights, it may be argued that it is difficult for the organizations to manage it or that they do not know how to manage it given that their product is an indirect link to the end-of-life.  However, for social sustainability performance purposes organizations should still take more concrete measures in this regard (individual measures to be found in the next section of this work) as there is still an environmental and social impact associated with the use of the products that must be accounted for. 

The second subcategory that was identified as a hotspot of the system was local employment.  Each organization except Organization D had a score of “3” for this subcategory due to the lack of policies present for hiring locally. This subcategory was included in the analysis because it was identified as important to hire locally from an economic standpoint. However, performance-wise three of the organizations failed to meet the BR, a main reason being that  the organizations are located in areas of the Netherlands that many people may would not want to move to from afar, causing the workforce to be mostly local already. For example, a manager from Organization B stated: “For the plant since it is up north it is so out of the way people and they really have to think carefully about moving there from elsewhere. Since it is far for most people they tend to not want to move and then you end up with mostly local people. So although it is mostly locals there is no special policy for this” (respondent b1, personal communication, July 5, 2019). Likewise, a manager from the Rotterdam chlor-alkali plant stated: “There is no policy for this. It is difficult for the Rotterdam location to get people from outside because it is considered not such attractive city because it is very industrial. What we see is the local people apply and there is very high competition. Mostly the blue-collar workers come locally while the white-collar workers come from elsewhere and do not live very close by normally” (respondent c1, personal communication, 25 June, 2019). Another point that was brought up was that the chemical industry requires highly specialized workers and therefore their skills are more important than their location (respondent a1, personal communication, 20 June, 2019). Judging strictly from a social sustainability performance standpoint and given that local employment was included in the analysis because it was deemed relevant, policies for local employment should be enforced in order to meet the BR and score better on the model.  

The third subcategory that was identified as a hotspot of the system was promoting social responsibility. Recall that this subcategory has to do with whether organizations promote the protection of human rights to their value chain actors. This subcategory stands out from the rest because it entails managers actively making an effort to communicate and collaborate with value chain actors to ensure that social responsibility is attained in all parts of the organizations’ operations. While the company of Organizations B and C does tend to take account for this by having an explicit code of conduct regarding human rights of workers that suppliers must abide by if they want to do business with them (and there are even audits performed to check this), this is not a commonality across the other ZERO BRINE actors. An Organization A manager stated: “We do not have a direct official program for promoting social responsibility to value chain actors but we do not do business with unethical companies… We do not conduct audits on value chain actors on their social responsibility” (respondent a1, personal communication, 20 June, 2019). Similarly, representative from Organization D stated “No… we do not keep a check on suppliers for social responsibility” (respondent d2, personal communication, 21 June, 2019). Based on these outcomes it can be inferred that organizations are likely more focused on social sustainability from an internal perspective. This is understandable as organizations may have more control over their own activities than those of others. Furthermore, it may require additional effort and expenses to shift responsibility onto value chain actors as well. While the importance of not doing business with unethical companies is recognized, for Organization A and Organization D this recognition is not translated to action by means of policies or proactive behavior. 


[bookmark: _Toc16598666][bookmark: _Toc17532823]5.3. Social Hotspots and Recommendations for Improvement

While the hotspot identification approach executed above (wherein the average social sustainability performance of the entire system was taken into account) yielded noteworthy results, this method is decided against when it comes to offering recommendations for improvement of negative hotspots for each of the individual organizations. This is for two main reasons. Firstly, because there is the possibility that not all the individual areas of inadequate (score of 3) or poor (score of 4) social sustainability performance would be highlighted. For example, “access to immaterial resources” would inevitably score above the average social sustainability performance score and not be identified as a hotspot because all organizations except Organization D received a good score for it. Organization D, on the other hand, received the lowest possible rating (score of 4) for the subcategory. Even though it would not be identified as hotspot, recommendations for the subcategory would be useful for Organization D. Similar points can be made for almost all the other subcategories as well except fair salary, hours of work, social benefits, contribution to economic development and respect of intellectual property rights. The author aimed to avoid this limitation. Secondly, the author aims to highlight the social sustainability performance per organization on an individual basis. The organizations involved are of drastically different sizes and operate for different functions. The difference between the company of Organizations B and C with Organization D, for example, is substantial. While the precondition was established in the goal and scope definition that all organizations in the value chain are weighted equally (which is why an activity variable was not calculated), for the purpose of hotspot assessment the analyses were done separate. This way, it is made clear to each organization how their social sustainability performance may be improved in a specific manner relevant to their individual situations. 

In this section, the hotspots are discussed individually along with their remedy suggestions. Hotspots are taken as social areas where the performance rating was unsatisfactory (score of 3) or poor (score of 4). Analyses are performed on an organizational basis, meaning that the performances are described in detail for each organization where it is deemed necessary (where social hotspots exist). The recommendations are based largely on the performance BRs and other indicators which were defined earlier from the Methodological Sheets, which constitute important parts of the impact assessment method which was developed for this study. Furthermore, while some recommendations may be more generic, special attention was paid to making them as specific as possible per the organizational context. The recommendations are offered with the assumptions that if the organizations’ managers implement the recommendations proposed by the author, the organizations will score better on the evaluation criteria (according to the S-LCA model developed) and in turn achieve an improved performance of social sustainability. 


[bookmark: _Toc13377796][bookmark: _Toc13377988][bookmark: _Toc13378260][bookmark: _Toc16598668][bookmark: _Toc17532824]5.3.1. Organization A

The identified social hotspots are:

· Hotspot 1: Consumer health and safety
· Hotspot 2: End-of-life responsibility
· Hotspot 3: Community engagement
· Hotspot 4: Local employment
· Hotspot 5: Promoting social responsibility

1) Recommendations for consumer health and safety 
To improve this subcategory, it is recommended for Organization A to consider the health and safety risks involved in the handling of its products by the consumer and, more specifically, to create specific management measurers for its assessment. By making it a point to hold regular discussions with consumers or conducting customer surveys regarding this matter the organization may learn of certain health or safety aspects which were not considered before and based on these results Organization A may implement assessment measures accordingly.  

2) Recommendations for end-of-life responsibility
Steps may be taken by the management of Organization A to improve its social sustainability performance with regards to the end-of-life responsibility. As was stated in the above section, end-of-life responsibility for the demineralized water which is used for further production processes is not a straightforward task; different from end-products which are consumed by people. Organization A is indirectly already taking some steps in this direction, however, through its new program Water Without Waste which is forcing managers to think about the environmental and social impacts of the water chain. However, to perform better in this area especially with regard to the scoring system for the proposed S-LCA methodology, the main recommendation is to develop a written compliance for the end-of-life responsibility for the purpose of educating the consumers. Organization A may take a more active role by having discussions with its industrial customers about how the water is used at those other facilities. By doing this, management systems can be developed to ensure environmentally friendly disposal or recycling of the end products for which the water is used. 

3) Recommendations for community engagement
To improve this subcategory, the management may develop a policy on the community engagement. While now efforts are being made to visit local schools, the policy should incorporate other activities as well to reach out to a more diverse group of people. For policy creation and implementation, the management may appoint specific persons look after the matters relating to the local community. The goals should be to bridge the gap between the organization and the community. 

4) Recommendations for local employment
The main recommendation for increasing the social performance for local employment is to increase the strength of policies on local hiring preferences. This could mean, for example, prioritizing hiring locally and increasing the presence of local supply networks.

5) Recommendations for promoting social responsibility
To improve in this subcategory, the organizations may take a few steps. The main recommendation is to develop an explicit policy or code of conduct to promote social responsibility to suppliers. Such a code of conduct will force managers to think about how to promote social responsibility in the value chain and likely also cause them to develop plans or programs to carry out effective actions. Another recommendation is to introduce a social auditing system to the suppliers that may be conducted once a year to check their compliance with established social responsibility protocols and standards. Thirdly, the management may develop close contact with the first tier suppliers to learn about the social responsibility of their stakeholders, so as to understand if and how any improvements can be made. Lastly, it is recommended to introduce a grading system of the suppliers based on their compliance of social responsibility that should direct the relationship among supplier and customer. Such a grading system may also incentivize the suppliers to perform better socially.

[bookmark: _Toc13377795][bookmark: _Toc13377987][bookmark: _Toc13378259][bookmark: _Toc16598667][bookmark: _Toc17532825]5.3.2. Organization B

The identified social hotspots are:

· Hotspot 1: Consumer health and safety
· Hotspot 2: End-of-life responsibility
· Hotspot 3: Local employment

1) Recommendations for consumer health and safety
Since the product (salt) is non-hazardous and the consumer is the industry, there are no measures for assessing consumer health and safety. As health and safety is generally very important in the organization, this should be translated to the industry users as well. To improve this subcategory, it is recommended for the salt managers to consider the health and safety risks involved in the handling of its products by the industry consumer and, more specifically, to create specific management measurers for its assessment. By making it a point to hold regular discussions with consumers or conducting customer surveys regarding the topic of health and safety specifically, the organization may learn of certain health or safety aspects which were not considered before. 


2) Recommendations for end-of-life responsibility
For end-of-life responsibility, the main advice is for the organization to take a more active role by having discussions with consumers and other value chain actors about how the end-of-life can be defined and what the options are. For salt, a very relevant area where end-of-life responsibility comes in is the brine waste that is produced from the chemical processes that use the high-purity salt as an input. Investigating into how to manage it to ensure environmentally friendly disposal or recycling of the brine by-products would be highly beneficial as it could result in new ways to improve waste treatment. 

3) Recommendations for local employment
Since the mining of salt is fixed to a specific area, recommendations for local employment are limited. The supplier networks, for example, are already local. And most employees are local because the location is quite far away for most people to want to move to. Thus, the main recommendation to increase the social sustainability performance with regards to the S-LCA model created for this study is to increase the strength of policies for local hiring preferences. This could include, for example, giving priorities to family members of employees who have a history with the company and who are located in the area. 


[bookmark: _Toc13377797][bookmark: _Toc13377989][bookmark: _Toc13378261][bookmark: _Toc16598669][bookmark: _Toc17532826]5.3.3. Organization C

The identified hotspots are: 

· Hotspot 1: End-of-life responsibility
· Hotspot 2: Local employment

1) Recommendations for end-of-life responsibility
Firstly, it is imperative to first recognize that end-of-life responsibility is indeed a responsibility even though the products are base chemicals. Once this is recognized, further actions should be taken. Similar to previous recommendations, the advice is for the organization to take a more active role by having discussions with consumers and other value chain actors about how to define the end-of-life for the products, as well how to manage it to ensure environmentally friendly disposal or recycling of the end- or by-products. Examples of measures to improve end-of-life responsibility include environmental audits and planning with customers to reduce emissions or wastes, working with consumers to develop end-use products with greatly reduced toxicity and providing a mechanism to reuse or recycle a product at the end of its useful life. 



2) Recommendations for local employment
The main recommendation for increasing the social performance for local employment is similar to what was recommended for Organization A above, which was to increase the strength of policies on local hiring preferences. This could mean, for example, prioritizing hiring locally and increasing the presence of local supply networks.


[bookmark: _Toc13377798][bookmark: _Toc13377990][bookmark: _Toc13378262][bookmark: _Toc16598670][bookmark: _Toc17532827]5.3.4. Organization D

The identified social hotspots for Organization D are:

· Hotspot 1: Freedom of association and collective bargaining
· Hotspot 2: Equal opportunities
· Hotspot 3: Worker health and safety
· Hotspot 4: Consumer health and safety
· Hotspot 5: Consumer privacy
· Hotspot 6: Transparency
· Hotspot 7: End-of-life responsibility
· Hotspot 8: Material resources
· Hotspot 9: Immaterial resources
· Hotspot 10: Safe and healthy living conditions
· Hotspot 11: Community engagement
· Hotspot 12: Public commitments to sustainability issues
· Hotspot 13: Technology development
· Hotspot 14: Fair competition
· Hotspot 15: Promoting social responsibility

1) Recommendation for freedom of association and collective bargaining 
Given that there is a lack of an official policy on freedom of association and it is not promoted in the company, it is recommended to incorporate such a policy. Workers should be aware of their rights to join unions and negotiate on labor agreements, and these rights should be clear and transparent in the form of a company policy. Furthermore, the policy should allow workers to join unions of their choosing. 

2) Recommendations for equal opportunities
A boost in social sustainability performance for equal opportunities would occur if Organization D implements a management system, policy or actions to prevent discrimination and promote equal opportunities for workers. While it is claimed that equal opportunities are provided to workers, it is difficult ensure or promote concrete measures for it without an official policy or management system. 

3) Recommendations for worker health and safety
To improve this sub-category, a formal health and safety policy must be implemented in the organization. Even though the organization is a distributor rather than a producer, there is still a laboratory on-site where health and safety may be an issue. Health and safety preventative measures and procedures should be clearly documented and made clear in the organization, for example through mandatory safety training.  

4) Recommendations for consumer health and safety
To improve this subcategory, it is recommended for Organization D to consider the health and safety risks involved in the handling of its products by the consumer and, more specifically, to create specific management measurers for its assessment. By making it a point to hold regular discussions with consumers or conducting customer surveys regarding this matter the organization may learn of certain health or safety aspects which were not considered before and based on these results Organization D may implement assessment measures accordingly.  

5) Recommendations for consumer privacy
While the privacy of the consumer is claimed to be important to the organization, there is a discrepancy with the actual performance on this matter as no privacy policy is available in the organization, thus preventing the BR to be met. The significant recommendation is to incorporate a strict privacy policy which is in accordance with the law. While technically the privacy law may be followed at the organization, a policy would be essential to ensure that the law is being met and that appropriate measures are being taken. 

6) Recommendations for transparency
Even though it is not a producer and only a distributor, the organization arguably still bears the responsibility of being transparent about social and environmental sustainability in its supply chain where applicable. The main recommendation is to conduct sustainability assessments of its activities and publish the results through a report or via the website. If the organization wishes not to post such information publicly however, another recommendation is to prepare documents about sustainability performance and give the customers this information  upon first doing business with them. 

7) Recommendations for end-of-life responsibility
To improve the end-of-life responsibility, the Organization D managers my take a few step. First, the management may develop a written compliance for the end-of-life responsibility where consumers are educated about the products. Second, the packaging may declare clearly the product’s end-of-life responsibility. This point is especially relevant for Organization D as their products take a solid form and are provided in containers (as opposed to Organization A’s water and Organization C’s chlorine products which are transported through pipes).  Third, the packaging may clearly inform consumers about the product’s environmental friendliness. Fourth, the management may educate the consumer on how to dispose of the product in an environmentally friendly manner.

8) Recommendations for access to material resources
As there is no policy or management systems available for ensuring sustainable use of natural resources, prevention of pollution and recycling of wastes, it is recommended to implement such measures for the meeting of the BR. Managers should take careful consideration to understand their environmental impact, and collaboration with various community stakeholders and experts might be an important first step in this direction. Once the sustainability impacts are better understood, then according to these findings the management can draw up organizational plans for monitoring and/or improving the impacts.

9) Recommendations for access to immaterial resources
The main recommendation for improvement in this subcategory is to plan initiatives that share skills and knowledge with the community for the purpose of benefiting the community (rather than promotional purposes). The organization would designate a person or persons specifically for the planning of these tasks, which would involve reaching out to several members of the community such as schools and teaching about the industry and the product. Another idea is to host in-house days where locals are invited to come and learn about what is being done at the facility. 

10) Recommendations for safe and healthy living conditions
Hazardous substances may be emitted from the facility through disposal of chemical products and transportation of the products to the consumers. Therefore, the organization must take on a responsibility for the health and safety of its local community. An initial step would first be to put effort in understanding the use and emission of hazardous substances and the extent to which the local community is affected by it. The organization may appoint or hire special persons for this task. Once the effects are understood, efforts can be made to communicate these risks to the local community. For example, through website blog posts, newspaper articles and holding open house days. 

11) Recommendations for community engagement
Same as the recommendations offered to Organization A. 

12) Recommendations for public commitments to sustainability issues
To improve this subcategory, the organization may take a few steps. For example, the management may embrace a policy on sustainability. Also, the management may equip itself with the tools to assess sustainability. Lastly, the management in collaboration with the local authority may receive support from the local authority to promote sustainability in its business. 

13) Recommendations for technology development
As Organization D is only a distributor, there is no research and development being to drive innovations. However, since there is a laboratory on-site where the product gets tested and treated, there may be opportunities for technology developments. To improve this subcategory, the management may allocate funds for technology development. Also, the management may think about how to develop a research and development section on site or start working in some partnerships with local institutes/industry. 

14) Recommendations for fair competition
To improve this sub-category, a policy must be developed within the organization for fair competition practices. Similar to some other issues, such as equal opportunities and consumer privacy, it may be perceived by the organization that laws are followed but without a clear and transparent policy on the matter, it is not a guarantee. A policy on the matter is critical for ensuring and promoting that the policy gets adhered to across the organization. Thus, this is the main way for the social sustainability performance to be improved for this subcategory.

15) Recommendations for promoting social responsibility
Same as the recommendations offered to Organization A. 


[bookmark: _Toc16598671][bookmark: _Toc17532828]5.4. Chapter Summary

In this chapter, the third sub-research question was answered, which was: What are the social sustainability performances in the ZERO BRINE system along the value chain, and how can negative performances be improved? The main contributions of this chapter were the presentation and analysis of the results of the ZERO BRINE case study. The main results were comprised of the social sustainability performance of each organization in the value chain at the subcategory level – which were assessed based on the applied S-LCA framework – and several conclusions were drawn. Firstly, it was found that the organizations fulfilled the BR for the majority of the subcategories, and that the majority (approximately half) of the subcategories received a score of “1” for very good social sustainability performance. Thus, it was concluded that in general the social sustainability performance was satisfactory, which was attributed to the strict regulations of the Netherlands and of the chemical process industry. Secondly, it was recognized that of the four organizations analyzed for the study, Organization D showed the most negative social sustainability performance. This finding was very telling because a main difference between the pre- and post- ZERO BRINE systems is the fact that Organization D is an additional stakeholder in the post-system as a consumer of the recovered magnesium from the new brine treatment technology. Thus, due to this aspect alone, the post-ZERO BRINE system shows a slightly worse social sustainability performance from a company conduct perspective. The author recognized the limitations of this conclusion, however. Namely, the reduced import of magnesium that would theoretically result from the added consumption of magnesium recovered from the brine was not taken into account. Such a study has already been performed by another scholar through the use of generic social indicators. Rather, by limiting the scope of the research to a company specific analysis, an in-depth view of social sustainability performance in the value chain could be gained which make this result still very relevant for the ZERO BRINE project and particularly for the organizations with a main stake in it. Next, a hotspot analysis was performed which assessed areas (subcategories) of negative social performance which could be improved. Recommendations were offered for how the social sustainability performance may be improved per organization. In this way, the advice offered could be valuable for members of management of the organizations wishing to increase the social sustainability of the business. In particular, the ZERO BRINE system may show a positive social sustainability outcome if the recommendations of this thesis are implemented strategically. 


[bookmark: _Toc16598672][bookmark: _Toc17532829]6 Discussion

The aim of this chapter is to discuss the application of the specific S-LCA methodology to the case study with attention to the use UNEP/SETAC approach. Firstly, in Section 6.1, a critical discussion is presented about the S-LCA methodology which was developed and applied to the ZERO BRINE case study as detailed in Chapter 4, highlighting five points in particular: the choice of scope, selection of social impact subcategories, selection of indicators, the S-LCIA method and the inventory data collection. Next in Section 6.2, an evaluation of the study is carried out as per the requirements of the S-LCA Guidelines for the fourth phase (called the interpretation phase), including remarks about the completeness and consistency of the study. This evaluation is performed using the discussion from Section 6.1 as a key input. 


[bookmark: _Toc16598673][bookmark: _Toc17532830]6.1. Critical Discussion of the Applied S-LCA Methodology 

This section discusses the application of specific S-LCA framework to the case in detail. It is divided into five sub-sections: 1) the scope and plant-level perspective, 2) the selected social impact subcategories, 3) the selected indicators, 4) the S-LCIA method and 5) the inventory data collection.  


[bookmark: _Toc17532831]6.1.1. Choice of Scope: The Plant-Level Perspective

Several crucial decisions were made in the goal and scope definition phase which laid the foundation for how the rest of the S-LCA phases would be carried out. One of these crucial decisions was to focus on plants instead of whole companies. This implied that the social sustainability performance of each individual plant which had a direct involvement in the ZERO BRINE system either as a supplier, producer or industrial consumer was assessed; not the companies (in broader terms) which own the plants. For example, instead of assessing the social sustainability performance of the entire corporation, the scope was narrowed down to only assess one of its salt plants and also its chlor-alkali plant. The decision to focus on the plant-level was influenced by the drastically different sizes of the companies involved as well as by the fact that one company had two different roles in the value chain. Upon execution of the S-LCA steps (the inventory data collection phase in particular), however, it was found that this decision was less straightforward to apply than was initially perceived. A certain issue was discovered about this aspect which deserves some discussion and critical reflection in this section. 

The main issue that arose from laying the focus on the plant-level was that there was uncertainty about which indications of social sustainability performance to include or exclude in the assessment. By narrowing the scope in this way there was the implication that social sustainability characteristics of the ZERO BRINE companies elsewhere (i.e., plants in different countries and with different functions and activities than the ones being analyzed for ZERO BRINE) were to be neglected. While it can be argued that the scope should be defined very specifically especially for such a case study so that it is clear what is being studied, making the scope too narrow may also cause potentially relevant and important information to be left out. The potential consequences of this could be that the  completeness and validity of the research results may be negatively affected. 

Thus, the following question was encountered during the data collection phase of the S-LCA: should social performance characteristics that are not directly related to the ZERO BRINE plant also be used in the model? For example, assume that indications of negative performance for community engagement were found about a company in a newspaper for a plant in Brazil; should this then be included for the impact assessment in ZERO BRINE study? Technically, the answer is no because that particular plant has no influence on the ZERO BRINE system. On the other hand, it can be argued that adhering strictly to the plant-level perspective does not give the “complete picture” of social sustainability performance as the authority at the corporate-level has a significant influence over the plant-level activities. Simply because indications of negative social performance may not be present in a ZERO BRINE-related plant does not mean that they are not present in other parts of the organization. So, would it be fair then to conclude that a ZERO BRINE organization deserves an excellent score for a given social subcategory if its performance in other settings is actually quite negative? This up to interpretation and is a topic for discussion. 

This issue about what to include and exclude for inventory data (only plant-level or also company-level) was encountered a few times during application of the S-LCA methodology. For example, during the investigation into one of the ZERO BRINE plants, it was discovered that the organization’s activities and operations had recently caused a health and safety problem for the local community. However, although it was the same organization, this problem was caused by a different plant which serves an entirely different function than the plant which had a stake in ZERO BRINE system. As such, the author was left with the choice to either include or exclude this for the case study. Another example was that, in the annual report for one of the organizations, there were statistics which stated that there were several employee complaints about discrimination and/or unequal opportunities. Since the annual report covered the performance of the company as a whole and did not break it down per plant or function, it was impossible to tell from the report if these issues were also present at the plant being analyzed for ZERO BRINE. As with the previously mentioned example, also a critical deliberation was necessary here on how to handle this data for incorporation into the assessment model. 

Given the scope definition it was decided to follow it strictly and incorporate only the plant-level information for the inventory data analysis and impact assessment. Thus, information from outside the direct ZERO BRINE system was not directly utilized, even despite the awareness that doing so may have yielded results which do not encompass the “complete picture” of social sustainability performance of the system. For the first example mentioned in the previous paragraph this meant that the indicator showing negative social performance about health and safety of the local community was not included in the assessment. For the second example it was realized that including the information from the annual report into the assessment method would technically negate the plant-level perspective, and was therefore also not directly included besides the fact that it was utilized as a stepping stone for gathering the plant-level data through interviews.

The decision to adhere strictly to a plant-level analysis was motivated largely by the perceived issues resulting from including non-ZERO BRINE-specific information in the model. The first issue related to the fact that one company has two roles in the ZERO BRINE system. If the analysis was focused on the company-level then technically the results for the supplier side and consumer side would be the same because it is the same company. Thereby, making it more difficult to distinguish between the social sustainability performance on the supplier side and the consumer side. Having the same results on each side of the value chain may in turn take away from the life cycle perspective which is a cruciality for S-LCA. On the other hand, actually making the differentiation between the two plants on the smaller scale opens the door to more different and interesting results on each side of the value chain, especially for the plants themselves. As was explained in Section 4.2.2.2, each plant has its own management systems and targets despite being part of the same company. While there will be similarities (e.g. policies, as they are usually promoted and enforced company-wide), social sustainability performance will likely not be exactly the same (and this was shown in the results of this thesis) as each plant operates differently. By taking that plant perspective the results of this research were more tailored to the specific situations of the plants which made the recommendations also more useful for them. If recommendations were made to the whole company then there is a heightened chance that nothing will be done with it the recommendations because they may be considered too abstract for implementation. In addition the recommendations would be far too extensive to account for all the different parts of the company. 

Another aspect that motivated the decision was the difference in sizes, functionalities and maturities of the involved organizations. Performing a social sustainability assessment on a large organization could make it difficult to draw a line on what should and what should not be included in an assessment because there are many possibilities. For example, should only a certain part of the company be considered? And if so, should all the company’s plants in the world be considered or only in Europe, The Netherlands, etc.? There would be many different elements to consider which, as a result, may lead to a more inconsistent study. This is especially the case considering the difference between the sizes of the companies in this study are quite drastic and having different analysis scales for each organization may cause discrepancies throughout the study. 

Despite these reasons, however, it is important to emphasize that even though company-level information was not included directly in the assessment did not mean that it was entirely neglected either. Actually, the author opted to use such information as a starting point for determining if and how certain social issues were relevant at the plant-level as well. Researching about the company as a whole before diving deep into the site-specific data collection at plant-level (through interviews) was essential because of the fact that companies have policies that are enforced company-wide across its facilities. For example, the company of Organization B and Organization C has a code of conduct of ethical behavior which its employees and suppliers must abide by. This was expected not to deviate plant-by-plant. Knowledge about the policies were therefore used as a primary input for the interviews to gain an even deeper understanding of how the policies were enforced at the plant and if there were any deviations. In this way, the plant-level perspective was adhered to while also considering the entire company to some extent. To account for this in the thesis itself, information found in the desktop study about the entire company (as opposed to one of its plants) was included in the database but with a mark to indicate that it is non-plant-specific data. Although it was included in the database for reference, if that data could not be matched for the plant then it was excluded from the scoring procedure and final results of this study. This way, the reader may still identify it but it is not in the official scoring system.

Besides the motivation for the application plant-level analysis, a discussion on the limitations of the approach is also deemed necessary. The main limitation was that it was more difficult to find indications of negative social performance than of positive social performance due to the reliance on interviews as the main source for site-specific data. While the desktop study proved useful to uncover site-specific data in some cases, the interviews were the main source of data. During the interviews a lot was left up to the interpretation, generosity and trust of the interviewees to share certain information with the researcher. However, as will be discussed in more detail in Section 6.1.5, it was found that due to the audit-like nature of such a social sustainability performance assessment it was much more difficult to retrieve information about negative than positive social performance because of the interviewees’ tendencies to not want to  paint their respective organizations in a negative light. If broader company information found through the desktop search would be incorporated then there would likely be more negative indicators because such information cannot be concealed and is presented in an objective manner. If no indications for negative performance could be found for a given indicator, especially for both plants of the same company then it may give the impression that performance is good overall while actually this may not be the case. This is problematic for the research validity. In the best effort to overcome this limitation, however, at least two persons were interviewed per plant. 


[bookmark: _Toc13377994][bookmark: _Toc13378266][bookmark: _Toc16598674][bookmark: _Toc17532832]6.1.2. Selection of Social Impact Subcategories

Selection of the social impact subcategories was another main step in the goal and scope definition phase which largely determined how the remainder of the S-LCA phases were carried out. Recall that the subcategories were determined based on a desktop study as well through the cooperation of ZERO BRINE stakeholders. While the desktop study about the social characteristics of the Netherlands, the chemical process industry, Organization A and its value chain was a main input, attention was also paid to the responses from the interviewees regarding how important and relevant each of the 31 original S-LCA subcategories were to the context of their business. The interviews for this initial portion of the research were conducted at the same time as the interviews for the inventory data collection due to the availability of the interviewees and to make the process more efficient. Many interesting insights were found which confirmed (for the most part) results from the literature review. As was expected, certain social issues were not relevant in the Netherlands due to the fact that it is a highly developed country, such as forced labor and mitigation of armed conflicts. Results would be different for an analysis taking place in Africa, for example. Although the results of this part allowed the researcher to decide on 23 subcategories to be assessed for the S-LCA case study, the limitations of these results were also recognized.  

The main issue was that managers were rather easy to arrive at conclusions that certain social aspects were important for their business. For example, an interviewee from Organization D stated “Equal opportunities is very important” (respondent d1, personal communication, 21 June, 2019), even though Organization D did not meet the BR for this subcategory. The same was true for Organization D for other subcategories as well, such as “consumer privacy” and “commitment to sustainability issues”. Another example is for the subcategory “child labor” for Organization C. A manager thereof stated, “It is very important to us that we do not facilitate in this and we also have no track record here” (respondent c1, personal communication, 25 June, 2019). This response showed that the subcategory was important in terms of avoiding it. Reflecting on this, it was considered quite logical for a company representative to give such an answer so as to show ethical behavior. However, whether child labor was indeed relevant for adding it in the assessment was not a given from such an answer. Outcomes such as these – where the respondents claimed that many subcategories were very important for their organizations but then their performance did not match up or the subcategory was deemed relevant only in terms of avoiding negative performance – was perceived as a main issue for the subcategory selection process. However, this outcome can be understood as, after all, the 31 subcategories from the Guidelines were selected based on a thorough and comprehensive research of international social criteria deemed to be universally relevant. Thus, it was expected that most if not all of the UNEP/SETAC subcategories would be important to the organizations, especially considering that most organizations try to avoid any bad reputation regarding such social aspects. As such, the author had to be critical in deciding which subcategories were the really the most applicable and interesting for the study.

Perhaps the process would have been improved if several rounds of focus groups with the ZERO BRINE stakeholders – and maybe also with S-LCA, SIA, CSR experts, and/or other experts in the industry or on a national level – was conducted. Such a process may have enabled for a common agreement to be reached on what subcategories to include in the study; including subcategories from the Guidelines but perhaps also new and unexpected ones not from the Guidelines. However, organizing this was a challenging tasks due to the busy schedules of the participants who were all unable to meet at the same times. Furthermore, since the data collection for the inventory analysis was a more major endeavor and focus of this study, more effort was focused there rather than on this sub-step of the goal and scope definition.


[bookmark: _Toc13377995][bookmark: _Toc13378267][bookmark: _Toc16598675][bookmark: _Toc17532833]6.1.3. Selection of Indicators

Indicator selection has been a difficult step in the social sustainability assessment methodology development; not just for S-LCA but for other methodologies as well. This is likely because the indicator selection phase is highly subjective in nature; it requires choices regarding values, which can inherently not be scientifically defined. For scientific research ideally the description of procedural steps for indicator selection should be explicit and elaborate. This is what the author has attempted to do by making clear (using the Methodological Sheets as a main reference points for reasons explained previously) which indicators were adopted, disregarded and created based on the S-LCIA characterization method requirements and data availability. While the Methodological Sheets offered many indicators to be used for a site-specific S-LCA such as this one, the author recognized that the indicators listed therein were not exhaustive and that it was necessary for alterations to be made while making the choices thereof explicit.

A main critique of the way in which the indicators were selected is similar to the above-mentioned critique for subcategory selection. Namely, more rigorous scientific research methods could have been applied (e.g. Delphi method with social sustainability assessment experts, experts in the Dutch chemical process industry and ZERO BRINE plant stakeholders) to arrive at a final list of indicators. The utilized method for indicator selection relied heavily on the Methodological Sheets and data availability with no stakeholder input, which likely heightened the possibility that the chosen indicators were not representative of all aspects of social sustainability performance for given subcategories. Through a technique such as the Delphi method it may have been possible for more and unexpected indicators to be incorporated into the S-LCIA model. In turn, this may have slightly altered the research results as it may have led to finding more indications of positive and negative performance. 

Despite this possibility for improved results, it is highlighted that indicator selection was not the main focus of this thesis. Rather, all of the S-LCA phases were considered, and indicator selection represented only one part of one phase (S-LCIA) of the methodology. Also, since data collection itself also presented some challenges (as will be described in Section 6.1.5), and due to the highly subjective nature of indicator selection, shortcomings in this regard were nearly unavoidable. 


[bookmark: _Toc13377996][bookmark: _Toc13378268][bookmark: _Toc16598676][bookmark: _Toc17532834]6.1.4. Social Life Cycle Impact Assessment Method 

The S-LCIA characterization method that was applied succeeded in providing a social sustainability profile which highlighted the social hotspot areas that needed improvements along the value chain. While the goals for the S-LCA (see Section 4.2.1) were achieved, several aspects about the S-LCIA method were discovered as topics of discussion. 

The first discussion topic relates to the usage of indicators (taken mainly from the Methodological Sheets) in the S-LCIA model. Although the scoring system made the differentiation between an organization’s commitments to social sustainability versus its actual performance by using and clarifying between different types of indicators, the criteria for the latter aspect were difficult to compare per subcategory. For example, for the score “2” meaning a “satisfactory performance” level, the evaluation requirement was that the BR must be met in addition to one or two negative indicators being present. And for the score “3” meaning an “inadequate performance” level, the evaluation requirement was that the BR must be met in addition to more than two negative indicators being present. In reality, this distinction was difficult to make because the subcategories had different numbers of indicators. Some subcategories (e.g. “freedom of association and collective bargaining”) had three performance indicators, whereas others (e.g. “supplier relationships”) had only one. In this way the evaluation differed per subcategory; what may have made one subcategory be classified as satisfactory performance (score of “2”)  was not the same as what may have made another subcategory be classified as the same. 

In relation to the above discussion topic, another aspect to reflect upon is the difference between the subcategories’ indicators themselves. Namely, the model calls for indicators of different subcategories to be equivalent on some level. Is it valid to say, for example, that one indicator for “commitment to sustainability” is equivalent to one indicator for “consumer privacy”, so as to use them in them in the same manner in the same scoring system? This is questionable because the indicators measure different social aspects. This issue in particular is difficult to overcome (arguably in all S-LCAs) due to the complex and subjective nature of social sustainability. The whole point of S-LCIA methods are to provide a means to compare different social aspects, and this will likely never be a perfect science. Recognizing this, the author considered these differences in social values for the indicators to be negligible; so as to develop a more or less standardized methodology for converting qualitative data into quantitative data to enable different social sustainability performances to be compared. 

The second aspect deserving some discussion regarding the S-LCIA method has to do with weighting of the subcategories. Namely, each subcategory was weighted the same although, in reality, they may have different weights based on the judgment of importance of social issues by various stakeholders and/or experts. For instance, if stakeholders found workers health and safety to be much more important than transparency (which they would indicate by means of a ranking system), then this could be incorporated into the method through the appropriate mathematical models. Although during the subcategory selection phase of this S-LCA it was discovered which subcategories were more important than others, this was done only for the purpose of including/excluding them from the analysis and not for weighting them in the S-LCIA model. There would likely have been a significant alteration of the results if such a weighted method and more advanced scoring system had been applied. However, since all data and characterization steps have been documented, this problem is only in relation to the S-LCIA and interpretation phases and did not affect the accuracy of the data.

The third discussion point is about the lack of incorporation of sector- or country-level data. In other words, generic data at the sector or country level was neglected and only site-specific data was used. Recall that in the original SAM proposed by Ramirez et al. (2014), levels of under-compliance with the BRs were differentiated based on whether an organization was located in a “good context” or a “bad context”, given specific evaluation criteria for each subcategory. In this way, the SAM incorporated a level of analysis beyond merely the level of the organization. However, the primary reason why this was altered for the current study was because all organizations in the system operate in the same country and industry; the background processes of each organization were be the same, leading to no differentiation to be made for levels of under-compliance in this way. This point was argued accordingly in the S-LCIA development section (Section 4.3.3). Yet, it is important to consider the possibility that lack of inclusion of such background information may have caused for important characteristics and data about the Netherlands or the Dutch chemical process industry to be left out of the assessment. For instance, it may have been interesting to develop the method in a way so as to enable an evaluation at the sector and/or country level (perhaps using the SHDB or PSCILCA database) in comparison with the performances of the organizations themselves. This would have added an extra dimension to the S-LCIA which in turn may have led to additional findings. 


[bookmark: _Toc13377997][bookmark: _Toc13378269][bookmark: _Toc16598677][bookmark: _Toc17532835]6.1.5. Inventory Data Collection

The data collection process for the inventory analysis constituted a significant portion of this research. Several discussion points can be made about the data collection process that was performed. 

Firstly, the number of participants was too small. During the management viewpoint data collection, only one or two participants from each facility participated. This was because the information sought was about set organizational policies and management systems, which were expected not to deviate from one manager to another. However, it was later realized that one or two participants was not enough in the case of large facilities. The main reason being that one manager may give more honest information (if at all) about negative performance than another. Therefore, in any future research, the number of management viewpoints should be more than one depending upon the size of the facility, and group research would be ideal. It may be valuable to recommend that in short supply chains one representative of the management viewpoint is enough. However, in the case of medium or large supply chains three to five members are recommended. 

A similar discussion can be presented for the number of participants of the stakeholder viewpoints (workers, local community members, society members, consumers and value chain actors). Data was not gathered from all the stakeholder groups. One could claim that, ideally, several members from each stakeholder group should be approached for such a study so that a difference in each viewpoint (between the stakeholders and the managers) can be gauged. While having only the management perspective may provide a preliminary idea to know if the conduct of an organization is socially sustainable, incorporating also the stakeholder perspective may facilitate a more complete picture of social sustainability performance. This is because they have unique perspectives, mostly from outside of the organization, which could add additional insights. For instance, while a manager may say that the organization always respects intellectual property rights, an interview with a supplier could lead to elaborations on how that organization does so or it could prove the manager otherwise. Such insights are valuable in terms of research validity and therefore it is arguably better to apply both viewpoints for a more complete result. However, doing so presents some challenges. For example, the boundaries of stakeholder groups of society and local community are close enough in the case of short supply chains that it is difficult to define which individuals belong to the community stakeholder group and which belong to the society stakeholder group. The SAM which was implemented for S-LCIA somewhat accounts for this by making the BRs for the society group based on publicly available information. However, this is still an aspect to be reflected upon as, theoretically, the UNEP/SETAC S-LCA framework differentiates these two stakeholder groups. Also, with regards to local community and society members, collecting data from the participants of society could be quite challenging due to their diversity (probably many samples would be required), knowledge about a particular facility and interest in the subject. For the value chain actors stakeholder group, the data to be collected would be dependent on the manager providing the contact details. This could lead to bias of referring suppliers who, for instance, are known to have excellent relationships with the organization. Furthermore, either managers may decline to provide contact details for privacy reasons or the suppliers may show reluctance to provide details of their buyers. 

In relation to the above paragraph, due to the time and access constraints, the author was unable to find many participants from each stakeholder group who were willing and available to participate in the study. In a future study gathering various stakeholder viewpoints would be preferred. Ideally, the number of participants should be increased, perhaps based on the size of the business or length of the supply chain. It can be argued that in each stakeholder group, the number of representatives should mirror the size of the facility. In the case of a small facility, a smaller number of representatives may be sufficient but for medium or large facilities a larger number of representatives may be required. 

Besides the number of management and stakeholder viewpoint representatives being too small, another issue which was recognized regarding collecting site-specific data via interviews relates to the audit-like nature of such a study. While a great amount of time, effort and attention was spent by the researcher to make the interview questions as objective as possible so as to eliminate any bias and prevent issues (such as the interviewee not wanting to answer the question/participate in the research), the inherent nature of the S-LCA – being an assessment of social sustainability performance –  made it difficult to eliminate this issue. Indeed, one interviewer made a remark at the end of the interview about how he felt as if the researcher was performing an investigation on his affiliated organization. This was hard to prevent. Even prior to the interviews it was challenging to convince certain individuals to participate in the study in the first place for this reason, and therefore the wording used when approaching them was done very carefully. 

Also due to the nature of social issues, it was discovered that participants had a tendency to want to convince the researcher of good behavior. For example, it was easy for managers to claim that of course the organization finds discrimination important, is against discrimination and tries their best to prevent it. Aside from the fact that the organization actually does implement a strict anti-discrimination policy, it is also possible that such answers are given because the respondents are aware that the issue of discrimination is a sensitive topic in today’s world and that any evidence of discrimination would cause serious damage to the organization. It is understandable that a manager will claim that certain social issues are very important to the organization or that they do not condone any socially negative behavior. However, such claims are still up to interpretation which is why the researcher tried to gather the most fact-based and objective evidence as possible. This is the reason that a thorough desktop study was conducted prior to the interviews as well.  

[bookmark: _Toc16598678]Another issue had to do with the fact that the qualifications of the author caused for limited access to certain site-specific data. Unlike an auditing organization, for example, which typically has special permissions to perform deep investigations into an organization’s internal documents, for an outsider such internal documents cannot be accessed. There is also a strict privacy law which prevents potentially sensitive data such employees’ personal information, salaries or complaint reports to be retrieved. Thus, the interviews were actually the main and most important means for data collection. As a consequence of the interviews being the most heavily relied on for site-specific data gathering there was quite a high degree of trust involved. Perhaps there was a serious health or safety incident at the facility in the last three years but if the interviewees did not disclose this and if no information could be found about it through other sources, then no negative indicator would be marked for the workers’ health and safety subcategory although in reality it should have. In order to combat this issue and increase the validity of the data the author attempted to gather information from multiple sources. However, even with the triangulation of data validity of the data could be guaranteed as no deep investigation into the organization’s documents could be performed. 


[bookmark: _Toc17532836]6.2. Evaluation of the Study

This section evaluates and draws conclusions about the 1) completeness and 2) consistency of the study, with the critical discussions from the previous section utilized as a main input to motivate the explanations. Evaluations on the completeness and consistency of the study are included because the Guidelines maintain that such evaluations are an essential part of the interpretation (fourth) phase of the S-LCA framework.


[bookmark: _Toc13377999][bookmark: _Toc13378271][bookmark: _Toc16598679][bookmark: _Toc17532837]6.2.1. Completeness

An evaluation of the completeness of data considers if all data that is needed to be collected is possible to collect and has been collected. This is primarily applicable to the main data collection step in the third S-LCA phase: S-LCI. In addition, since data was collected in order to determine the final list subcategories in the goal and scope definition phase this step is considered in the completeness evaluation as well. 

Regarding the lists of subcategories, completeness cannot be claimed as a restricted amount of literature and data was utilized. Mainly sources on Dutch statistics and documents from the Netherlands Corporate Social Responsibility organization (i.e. MVO Nederland), the VNCI and websites/reports from the ZERO BRINE organizations were engaged for the desktop study. Asking the ZERO BRINE stakeholders directly about the relevance of each of the Guidelines’ subcategories to their business and industry was the other input.  In approaching this step it was considered that there exist many S-LCA-related studies that apply a case-specific set of subcategories (as opposed to adopting all 31 subcategories from the Guidelines). For this study, the author opted to do the same chose not to place a main focus of the S-LCA on the subcategory selection due to time constraints of the project and, more importantly, to allow more time for the inventory analysis and S-LCIA phases. These phases consisted of gathering a sufficient amount of data for determining the social sustainability performances, which was the desired end result of the study and therefore of significant importance. As discussed in Section 6.1.5 above, data collection for the subcategories may have been regarded as more complete if additional stakeholders were confronted for the subcategory selection and if a series of group interviews or discussions were carried out. 

The completeness for the S-LCI phase is gauged from the main data collection step. Recall that the site-specific data was collected by means of a desktop study and interviews (similar to what was done for the subcategory selection), in order to find indications of social sustainability performance for each organization for each chosen subcategory. In Section 6.1.5, a detailed reflection was offered on the way in which the main data collection step was carried out, and some of these points are relevant for the discussion on completeness as well. A main aspect to reflect upon is whether and why it is or is not valid to draw conclusions from only the limited amount of data that was collected. Firstly, only publicly available reports were consulted due to access restrictions on organizations’ internal records. In most cases this caused for only annual reports (if available), company websites, news articles and other student theses to be utilized for data gathering. Secondly, only one or two representatives (managers and workers) per organization were interviewed to assign data to the indicators. The completeness of the study would have been increased if more organization representatives and stakeholders were interviewed. 

Another aspect to consider is whether the interviewees had sufficient knowledge to accurately inform the researcher about the various social aspects. While the management interviewees were chosen based on their roles in the organization, not each manager had the same role in their perspective organizations and also differed on aspects such as experience in the organization/industry and knowledge on organizational policies and activities. This caused for uncertainties about completeness. For example, a main source of data for Organization A was an interview with a  process and technology manager. While that person had many years of experience in the organization as well as a high position, these aspects alone likely did substantiate the claim that all the information he provided was correct and/or exhaustive for each subcategory. The author therefore recognizes the limitations of drawing certain conclusions based on this. Once again, the recommendation for improving the completeness of the study comes down to collecting more data, either through interviews or surveys, from not only managers but also other stakeholders (e.g. workers or community members) in relation to each plant. However, due to the tight system boundaries which limited the amount of people who could be approached for the study, time constraints of the project and the availability of possible interviewees this was more challenging. 

Even though collecting more data from additional stakeholders may have contributed positively to the completeness of the study, social sustainability performance indications were found to substantiate a score for each subcategory. With the means available and within the goal and scope of the study it is believed that all crucial hotspots have been identified. Thus, the completeness may still be considered satisfactory to some degree even despite the above-mentioned issues and even though a rather simple impact assessment technique was used. 


[bookmark: _Toc13378000][bookmark: _Toc13378272][bookmark: _Toc16598680][bookmark: _Toc17532838]6.2.2. Consistency

The point of checking the consistency of the study is to verify the appropriateness and alignment of the modeling choices in accordance with the goal and scope of the study. Recall that the main goal of this study was to determine the social sustainability performance of organizations with a main stake in the ZERO BRINE project on various stakeholders. Many modeling and methodological choices were made throughout the development and application of the specific S-LCA methodology to achieve this goal. For the purpose of the consistency evaluation, however, only the few most significant choices are chosen for a completeness evaluation: 1) the choice to conduct the analysis at the plant-level rather than company-level, 2) the selection of subcategories and 3) the choice of S-LCIA method including the choice of indicators to match that method. 

For the first point, a reflection was offered in Section 6.1.1 about the decision to focus on the plant-level rather than the company-level. When it comes to the consistency with the goal and scope, it is argued that this decision was fairly consistent because of the specificity of the ZERO BRINE system. Only a very few organizations have a direct involvement with the project in the Netherlands, each with peculiar roles. However, as was argued in Section 6.1.1 as well, omitting company-level data from the direct assessment for ZERO BRINE may have caused for important information to be left out and the goal to therefore not be fully represented. It is up to interpretation whether “organizations with a main stake in the ZERO BRINE project” means only the specific parts of the organizations that are directly involved or the entire companies. To make the study consistent throughout, the author opted to utilize only the site-specific data for the assessment, while taking advantage of company-wide information to guide the site-specific data collection process. This internal consistency was arguably transferred to the consistency with the goal and scope definition as well, as essentially both plant-level and company-level information were taken into account to facilitate the most accurate procedure for reaching the intended goal of the S-LCA. 

The second point is about the subcategories. Much effort was spent to ensure that the selected subcategories represented the system of study well, and therefore also the goal and scope of the study. Many S-LCA studies simply adopt all the subcategories proposed in the Guidelines. This is technically still a valid way of carrying out a S-LCA especially if the researcher aims to use the UNEP/SETAC approach; recalling that those subcategories proposed in the Guidelines were determined to be universally relevant as a result of an encompassing research involving many social sustainability experts. However, it was of the author’s opinion that doing so would actually decrease the consistency with the goal and scope for the ZERO BRINE case study because some social issues from the Guidelines were simply not relevant in the Netherlands and especially not for the Dutch chemical process industry (e.g. corruption). Since in this study the main social issues relevant to the context have were identified and utilized the author believes that the model was consistent. A main limitation about this, which was discussed in Section 6.1.2, was that more rigorous research methods were not carried out for this step. If focus groups had been carried out, for example,  then perhaps the list of subcategories may have been more specific and therefore also more consistent with the study’s goal and scope. 

In the S-LCIA phase, the choice of characterization method was difficult as it is one of the most inconsistent areas of S-LCA. The Guidelines bifurcate the characterization step into Type I and Type II methods without much direction. From a literature review on the topic (see Section 3.3) was concluded that even though various different methods exist in literature, it is not a straightforward task to decide which whether a Type I or Type II method is best applicable for the purposes of a particular case study and also how to apply either method. As such, the S-LCIA method developed and applied in the current case study was motivated to the best of the author’s ability. It is believed that the scoring system successfully converted the qualitative data into quantitative data and provided a clear visual of where positive and negative performances were present in the ZERO BRINE value chain; which was the desired end result. Thus, it may be claimed that the S-LCIA method was consistent to a satisfactory level with the goal and scope definition. Aside from reaching this conclusion, however, the author acknowledges that the S-LCIA method may have been developed in other ways so as to be consistent with the goal and scope as well. For example in Section 6.1.4 was discussed how a refined method may be more inclusive of stakeholders’ judgments. Such critical accounts prevent the author from claiming perfect consistency, although it is arguably at a satisfactory level because the S-LCIA facilitated for the study goals to be reached within the confined scope.  


[bookmark: _Toc16598684][bookmark: _Toc17532839]6.3. Chapter Summary

In summary, this chapter has offered a critical discussion on the application of the S-LCA framework to the case study. This discussion was necessary given that one of the goals of this research was to apply the UNEP/SETAC framework to the case study so as to contribute to the further development of the methodology (as is urged by S-LCA researchers; see Section 1.2). First, five aspects of the S-LCA application were critically discussed: the choice of scope, selection of social subcategories, selection of indicators, the S-LCIA methodology and the inventory data collection. These aspects were selected for discussion because they comprised the main methodological choices that were made in the framework application.  For each of these, the reasons for the methodological choices were motivated with a critical eye on the actual application part; pointing out the limitations as well. 

The second part of the chapter was a completeness and consistency evaluation, as noted in the Guidelines as a main component of the fourth phase of the S-LCA: interpretation.  The evaluation of the completeness of data considered if all data that was needed to be collected for the model was possible to collect and was collected. This was applied to the main data collection step in S-LCI phase. In addition, since data was collected in order to determine the final list subcategories in the goal and scope definition phase this step was incorporated in the completeness evaluation as well. For both of these, the main conclusions were that the study may have been more complete if more site-specific data had been gathered from various stakeholders. Completeness of the study was thereby not claimed even though enough data had been gathered to identify all social sustainability performance levels and crucial hotspots. 

[bookmark: _Toc9455991]The point of checking the consistency of the study was to verify the appropriateness and alignment of the modeling choices in accordance with the goal and scope of the study. Many modeling and methodological choices were made throughout the development and application of the specific S-LCA methodology to achieve this goal. For the purpose of the consistency evaluation, however, only the few most significant choices were chosen for a completeness evaluation: 1) the choice to conduct the analysis at the plant-level rather than company-level, 2) the selection of subcategories and 3) the choice of S-LCIA method including the choice of indicators to match that method. From these the overarching conclusion was that all modelling and methodological decisions made (such as characterization model) led the author to achieve the goals of study within the defined scope, although opportunities for improvement were acknowledged as well.



[bookmark: _Toc16598685][bookmark: _Toc17532840]7 Conclusions and Recommendations

In this final Chapter the results of this research and the general conclusions are discussed. In Section 7.1, all sub-research questions are answered individually, therewith giving a mutually excluded and exhausted answer to the main research question in Section 7.2. Additionally, the scientific and managerial relevance of this study is repeated and elaborated on in Section 7.3. In Section 7.4 conclusions about the reliability and validity of the study are made. This is followed by propositions for future research possibilities in Section 7.5. 


[bookmark: _Toc16598686][bookmark: _Toc17532841][bookmark: _Toc9455992]7.1. Answers to Sub-Questions

1. What are the methodological and application-specific characteristics of the UNEP/SETAC approach for S-LCA? 

In Chapter 3, the steps of the S-LCA methodology per the UNEP/SETAC code of practice were outlined to answer this sub-question. For each step – 1) goal and scope definition, 2) life cycle inventory analysis, 3) life cycle impact assessment and 4) interpretation – descriptions were offered about what each of those steps entail theoretically and in application. For the theory aspect, the UNEP/SETAC Guidelines were the main reference point in explaining the different goals and elements of each part of the methodology. For the application-specific characteristics, literature was confronted which describe those characteristics and different examples of application were discussed. Based on these tasks, the main takeaway was that a consensus has been reached on the basic structure and flow of S-LCA. However, in the application phases gaps are still present which cause for researchers wishing to apply the S-LCA tool to be left with various choices and uncertainties. For example, different social impact categories and indicators may be used for assessment. Also, it is unclear what kind of data to collect and how to characterize the data to arrive at meaningful results for a given goal and scope definition. 

2. What are the important social subcategories and indicators for the ZERO BRINE system and how can they be used to assess the social sustainability performance? 

Answering this question involved the main development of the S-LCA framework for application to the ZERO BRINE project. This was performed in Chapter 4. It included: the goal and scope definition, the social life cycle impact assessment methodology and the methodology for inventory data collection. By addressing these three phases of the S-LCA and detailing each step carefully, the author made clear how the social sustainability performance of the ZERO BRINE system was assessed. 

In the goal and scope definition, the system boundaries were defined, and the S-LCA approach was described. Rather than taking a process approach as is done in E-LCA, a company-based approach was taken because it was perceived that social issues are strongly linked to the behavior and performance of the companies. Instead of making the level of analysis be the entire companies, it was chosen to focus only on the plants with a direct stake in the ZERO BRINE project. However, despite this minor change the overall approach remained the same. Thus, it was established that this study assesses the overall conduct of the plants (referred to as organizations throughout the thesis) towards selected stakeholder groups. Another part of the goal and scope definition phase, and a main task in this research, was selecting stakeholder groups and social impact categories which were relevant and important for analysis. The S-LCA guidelines outline a total of 31 social categories for five stakeholder groups: workers, consumers, local community, society and value chain actors. For this study, all stakeholder groups and 23 of those categories were adopted for further assessment based on a literature review and interviews with ZERO BRINE stakeholders. 

A Type I characterization method based on the Subcategory Assessment Method by Ramirez et al. (2014) was adopted for the S-LCIA phase. The SAM was chosen a main reference because it works well in transforming qualitative data into quantitative data in a standardized manner through use of performance reference points called Basic Requirements (BRs). The site-specific indicators from the Methodological Sheets were a key input to this method. The author recognized that a main limitation of the Ramirez et al (2014) SAM is that it the commitment to the social subcategory in the company’s policy or internal management system is mixed with the evidence of good or bad behavior together in the BRs. Therefore, the author  improved the methodology to account for this, detailing the BRs and indicators for each subcategory based on the Methodological Sheets. 

The inventory data collection was driven by the site-specific indicators defined for the S-LCIA method. Data was collected through two main means: a desktop study and interviews with managers and stakeholders of the ZERO BRINE organizations. Questions were asked which would yield direct results to the indicators. Furthermore, it was explained how data from these two sources were translated into the results. 

3. What are the social sustainability performances in the ZERO BRINE system along the value chain, and how can negative performances be improved?

This sub-question was answered in Chapter 5, where the significant results of the case study were presented and analyzed. The main answer to this sub-question was portrayed in Figure 14, showing the social sustainability scores of each organization on each subcategory. Several conclusions were drawn. Firstly, the organizations fulfilled the BRs for the majority of subcategories. Second, the overall sustainability performance of the system was at a good level in that of all the evaluations, 55.4% received a score of “1” for very good performance, 16.3% received a score of “2” for satisfactory performance, 23.2% received a score of “3” for inadequate performance, and 5.1% received a score of “4” for poor performance. These outcomes were attributed to the strict regulations present in the Netherlands as well as the regulations imposed on the chemical process industry. Especially most subcategories relating to social responsibility and sustainability achieved high scores, which is likely due to national legislation regarding consumers and workers, and due to national targets, causing organizations to focus heavily on improving their environmental footprints. 

The third conclusion was drawn based on a comparison of the organizations, wherein was shown that Organization D had the overall worst performance. Comparing the pre- and post-ZERO BRINE system then, it was concluded that the post-system had slightly worse social sustainability performance due solely to the added involvement of Organization D. The author recognized the limitation of this conclusion, however, being the scope selection. However it was argued that by limiting the scope of the research to an organization-specific analysis, an in-depth view of social sustainability performance in the value chain could be gained which make this result still very relevant for the ZERO BRINE project and particularly for the organizations with a main stake in it. 

Fourthly, an analysis was performed which compared the performance per subcategory, assuming an equal contribution of each organization. Hotspots were identified based on which subcategories had the highest medians overall, and those came out to be: end-of-life responsibility, local employment and promoting social responsibility. Each of these were included in the assessment because of their perceived importance by ZERO BRINE stakeholders (established in the goal and scope definition), however the actual performance level did not match up. Because these subcategories presented issues for most of the organizations extra attention was paid to analyzing them. End-of-life responsibility was considered a complicated manner by the organizations because their consumers are the chemical industry who use the base products to drive various production processes. Most of the organizations invest efforts to reduce the use and emissions of hazardous waste internally but translating this to end-of-life responsibility presented an issue. Local employment was also a hotspot because of the perceived unattractive locations of the plants and because special skill are often required in the industry which is more of a priority. Lastly, promoting social responsibility was a hotspot because of the special attention paid to internal operations rather than those of supply chain actors. 

To answer the other half of the sub-question, about how negative social sustainability performances could be improved, a hotspot analysis was performed. Recommendations were offered per organization for social areas in which they received a score of “3” for inadequate performance or “4” for poor performance. In this way, the advice offered could be valuable for members of management of the organizations wishing to increase the social sustainability of the business. In particular, the ZERO BRINE system may show a positive social sustainability outcome if the recommendations of this thesis are implemented strategically by the organizations. 


[bookmark: _Toc16598687][bookmark: _Toc17532842]7.2. Answer to the Main Research Question

The overarching question of this thesis was:

How can the UNEP/SETAC S-LCA methodology be applied to the ZERO BRINE system in the Netherlands to assess the social sustainability performances of the organizations in the value chain?

This research question was answered by combining the results from the previous sub-questions. In summary, this research has shown how a unique S-LCA methodology based on the UNEP/SETAC framework was applied to the ZERO BRINE case study. Since S-LCA is a relatively new field of research, with many different approaches present in the literature and room for further development, a lot was left up to the interpretation of the researcher on how to conduct such a study. Several parts of the framework, including the list of stakeholder groups, social impact (sub)categories, indicators, data collection techniques and S-LCIA method were developed for application specifically for the ZERO BRINE case study.  Chapter 4 describes this application in great detail. By applying the generic S-LCA framework in this specific and new way, the main goal of the research – to determine the social sustainability performances of the ZERO BRINE organizations – was achieved. As a result of answering this main research question, valuable insights were noted and reflected upon which may prove useful not only to ZERO BRINE stakeholders, S-LCA practitioners and business decision-makers. 


[bookmark: _Toc16598688][bookmark: _Toc17532843]7.3. Research Contributions

This research had clear social and scientific goals, which were introduced in Section 1.4. Now that the entire research has been presented, a more detailed account can be given on the different ways in which this research contributes on scientific level as well as the managerial implications of the research. 


[bookmark: _Toc16598689][bookmark: _Toc17532844]7.3.1. Scientific Contribution

This study provides a substantial contribution to academia in several aspects. Firstly, this research contributes to academic literature by filling the knowledge gaps identified in Section 1.2. Scientific research into S-LCA is currently at an early and developmental stage due to the underdeveloped and intangible nature of social dimension of sustainability and the variation across regions, industries, organizations and products. Accordingly, the general scientific field of S-LCA remains fragmented and lacks empirical experience (Arcese et al., 2017; Corona et al., 2017). Academia calls for more case studies and methodologies to improve the knowledge and reliability in this approach specifically in terms of its application in practice (UNEP/SETAC, 2009; Dong & Ng, 2015; Sala et al., 2013). That is precisely what this research aims to do. The presented research makes a scientific contribution in this regard by proposing a robust new S-LCA methodology applied to the ZERO BRINE system in the Dutch process industry. Thus, this research contributes to academia by contributing to the development of the S-LCA methodology through the case study. Besides the methodology itself, its application to this specific country and industry is new, which adds to the scientific relevance of this research as well.

Secondly, this research contributes scientifically through the application of a unique Type I social life cycle impact assessment (S-LCIA) method. As was described in the literature review (see Section 3.3 for details), no specific S-LCIA methods are recommended in the Guidelines. The S-LCIA phase of S-LCA is inconsistent across literature and there are various ways in which past scholars have approached it. In this S-LCA study a new method was developed to meet the specific goals and scope of the study but also to contribute further to academic literature on S-LCIA methods. The Type I S-LCIA method developed in this thesis (for the rationale for the selection of a Type I method, see Section 4.3.1) was based on the Subcategory Assessment Method by Ramirez et al. (2014) due to the fact that it allows for assessing social sustainability performance in an objective way by evaluating the organizational behavior according to UNEP and SETAC subcategories and indicators. It utilizes norms and best practices which is a well-understood and frequently used frame of reference for many S-LCA studies and also offers an easy-to-use model for classifying data. Yet, some of the downfalls of this method are that it does not do a good job of differentiating between an organization’s efforts to perform well and its actual performance levels, and it also does not work well for systems which do not include multiple geographical contexts. These downfalls were compensated for in an improved created in this thesis by carefully classifying performance reference points called Basic Requirements according to organizational policies or management systems and incorporating indicators based on the site-specific ones from Methodological Sheets to gauge the actual social performance. Despite some limitations, the approach proposed in this thesis has succeeded in providing a social product profile which highlights the social hotspots areas that need high level and some level of improvements along the life cycle. As such it may be referenced by scholars who wish to apply it in a future S-LCA. It could also serve as a stepping stone towards a standardized S-LCIA approach, as standardization is a frequently mentioned research need in the field as well. 
 
Thirdly, this study consolidated S-LCA methodological issues which have been separately discussed in previous literature and also which were found as a result of the S-LCA application in this work.  This study demonstrated that there are several deployment challenges associated with S-LCA. For example, challenges related to data collection include that a large amount of data is required which tends to make it time-consuming and difficult to integrate all the data necessary for a holistic assessment, especially in a high-quality and accurate way. Another challenge is that a lot is left up to the interpretation of the practitioner, making room for inconsistencies throughout the study and limitations for future applications. While some of these issues were recognized in previous S-LCA works, this thesis also added extra insights in this area which derive from the fact that the S-LCA was applied in a new way. Such challenges cannot be adequately addressed by the current body of knowledge. Therefore, this research encourages both technical and non-technical scholars to translate these challenges into a research problem by providing ample research materials for future research.

Fourthly, a contribution of this paper is filling the gap between academia and practice by taking the perspective of the organization and developing the S-LCA to be used as a tool for business practitioners. A main reason for applying the S-LCA was to facilitate companies in the identification, measurement and management of social sustainability performance characteristics and aid their integration into operational and strategic decision-making. Therefore, this research aimed at including managerial needs into academic research. Inasmuch as the practitioners want to obtain pragmatic knowledge concerning social sustainability performance, this study employs S-LCA as it can produce actionable insights. In this way, this research bridged the gap between practice and academia by ensuring the knowledge produced within academia meets the  practitioners’ needs.


[bookmark: _Toc16598690][bookmark: _Toc17532845]7.3.1. Reflection on Managerial Relevance

Besides the scientific contribution, this research also has managerial implications. This research provides practical insights for decision-makers and managers of the companies that are interested in integrating social sustainability for their business. 

Firstly, a main managerial implication is that the S-LCA method applied in this thesis may be utilized as a tool for decision-making in business. As was explained in the beginning of the paper, organizational performance is a central idea in management and strategy research. With sustainability becoming an increasingly important target for many organizations, collecting, analyzing and communicating information about sustainability performance is crucial for helping organizations to better understand their current situation and to supporting internal management decisions for development over time. The use of sustainability assessment methods can serve various decision-making functions, for example, benchmarking performance, tracking progress over time, assessing alternative processes to manufacture a given product  (Maas et al., 2016; Morioka & Carvalho, 2016), monitoring supply chain performance (Fritz et al., 2017; Hassini, Surti, & Searcy, 2012), and assessing product-related impacts on the wellbeing of stakeholders (Benoît Norris, 2014; Musaazi et al., 2015; Wilhelm, Hutchins, Mars, & Benoît Norris, 2015). The S-LCA method applied in this thesis contributes in this way because it successfully enables the assessment of social sustainability performance through practical yet scientifically robust indicators in alignment with a series of well-detailed steps which can be re-applied depending on the context (for a reflection on future use of the S-LCA method see the next section of this work). The method can be applied by executives and business decision-makers firstly to inform them of the social implications of their activities, and then to use this information as input to assist them in determining which actions should or should not be taken in an attempt to be socially sustainable. 

Secondly, and in relation to the above-mentioned point, another managerial implication is the series of insights gained as a result of carrying out the assessment on where and how social sustainability may be improved. The case study of this research contributes by offering specific and personalized recommendations to the organizations involved in the ZERO BRINE system. From a broader perspective, the recommendations offered in this work may be referred to by other organizations as well because the indicators are the main reference point on which the recommendations are based. All the indicators utilized in the S-LCA method are outlined and made clear in this thesis, and based on the indicators managers may gain an overview of what it takes to perform well on certain social aspects. If, for example, the organization does not have any management systems for communicating the health and safety of its operations on the local community, then implementing such systems would be a main way to increase the social performance on stakeholders of the local community. Testing and validating the long-term usefulness of these indicators in business practice is another implication for research, which could also trigger a more intensive engagement of research with business practice. Despite this, however, the outcome of the S-LCA results may provide a key input to business executives and decision-makers to draft recommendations on how to improve and serve as a starting point to make concrete plans on how to make those changes a reality within the organization. In this way, they can commence operations in a more socially sustainable way. 

Thirdly, an elaboration on the social impacts of each organization is another societal contribution. With regard to the ZERO BRINE case study specifically, the results of the S-LCA are of social relevance. Various stakeholders of the system may become subject to the improvements imposed by the organizations if they choose to implement the findings of this thesis into their activities accordingly (e.g. by adjusting their sustainability strategies or initiating new social projects). This is valid for other organizations who may apply the proposed S-LCA methodology as well, specifically in the Dutch process industry.

Fourthly, this research contributes to improving the understanding of the current uncertainties associated with the S-LCA methodology which practitioners should be aware of prior to application for new purposes. While this thesis contributes on scientific level regarding this (as was elaborated in the previous sub-section of this work), it is argued that this is of managerial relevance as well as the decision-makers from business are the ones which this research was intended for. In foreseeing potential issues that companies may face during implementation of such a S-LCA methodology, the decision-makers can plan ahead to eliminate or minimize the methodological characteristics causing challenges. Furthermore, by understanding which methodological uncertainties are closely related to a certain problem for the research outcome, the practitioners can strive to foster or have key mechanisms in place to overcome those problems.

The foregoing discussions show that the content of this paper can be of great help for organizations wanting to become more socially sustainable because measuring and assessing social sustainability performance of the business’ operations serves as an essential initial step towards this goal.



[bookmark: _Toc16598691][bookmark: _Toc17532846]7.4. Conclusions on Reliability and Validity

Final remarks on the reliability and validity of the research are made in this section. Reliability is about the extent to which results are consistent over time. Also, if the results of a study can be reproduced under a similar methodology than reliability can be claimed. On the other hand, validity refers to whether the research truly measures what it is intended to measure. In other words, it is about the “appropriateness” of the tools, processes and data (Joppe, 2000). Validity can be further divided into internal validity and external validity, where the former is about how the experimental design is structured and encompasses all of the steps of the research method(s),  and the latter  refers to generalizability of results and how well data and theories from one setting can apply to another (Sekaran & Bougie, 2016).
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The case study followed a very specific methodology throughout. For data collection, the same interview protocol was carried out for each interview in a consistent manner. Also, all the indicators used in the S-LCIA model were specified and the data thereof were well-documented in a database with the collected data material and references. Both of these aspects leave good prerequires for similar results to be achieved. However, it is recognized that it may be inevitable to perform a perfectly objective study in such a social sustainability assessment and that the results will likely always reflect the practitioner’s background and values to some extent. To account for this the most as possible, the author made it a point to define everything and clarify all the theoretical positions and biases, which strengthened the reliability as well.
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Internal validity was strengthened mainly through triangulation of data and methodologies. Since S-LCA is a relatively new research area that represents various different views, effort was put into finding several sources of evidence so as to acquire accurate data and information. In the case study, triangulation of data was required because of the polarization of opinions; it was recognized that social sustainability tends to be subjective in nature and therefore acquiring data from multiple stakeholders was deemed imperative. Thus, besides the managers, a few other stakeholders connected to the organizations – workers – were questioned for data collection as well which increased the internal validity of the research. Although the author recognizes that a main limitation of this research was the number of interviewees (see Section 6.1.5 for the discussion on this), still various different sources of data were confronted. Methodological triangulation was achieved by using more than one methodology – literature, company websites and documents and interviews, newspapers and lawsuit cases – in a single research study, which enhanced the internal validity as well.
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The external validity is an especially important topic to mention with regards to the specific S-LCA methodology that was applied. As S-LCA practitioners call for further development of the methodology – and this thesis aimed to contribute in this way – discussing about the potential future use of the developed methodology is essential. 

The S-LCA methodology of this thesis was developed and applied specifically for application in the ZERO BRINE project, with all the organizations within the system boundaries being a part of the Dutch chemical process industry. Alterations were made from the UNEP/SETAC-proposed social impact categories and indicators based on their perceived importance and relevance to the Dutch process industry and the ZERO BRINE project in particular. As such, the methodology may be used for application for other organizations in this context as well. It may be used by executives and business decision makers in this industry for assessing the relations between their activities and the social impacts in a way which is meaningful for them, as they will likely want to assess those same issues. Thereby, the methodology can serve as an important decision support for such organizations to potentially improve the social impacts in their value chains.  However, modification will likely be required. For example, a few subcategories may need to be excluded or included depending upon the sector, region and expected results. Furthermore, additional inventory indicators may be required in a different supply chains. This is especially true for applications outside of the Dutch chemical process industry. The methodology may still serve as a useful tool as well mainly because of the S-LCIA method in the third phase of the framework, however the subcategories and indicators will likely need modification. 


[bookmark: _Toc16598695][bookmark: _Toc17532850]7.5. Recommendations for Future Research

This final section of the thesis offers recommendations for future research.  Future research may be preceded in three areas:

1. Further research for ZERO BRINE (Section 7.3.1)
2. Further refinement of the S-LCA framework; in general and the specific methodology from this thesis (Section 7.3.2)
3. Elevating the status of social sustainability in business (Section 7.3.3)
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Given that ZERO BRINE was the main object of this research, recommendations for further research about it are deemed appropriate. Various project research requirements are already laid out in the Grant Agreement, including economic and environmental sustainability performance evaluations. The author chose to exclude these elements for recommendations for future research and rather focus only on the social sustainability and S-LCA aspect, as it is in line with the current research topic. 

As previously stated, an important contribution was the deep analysis into the social sustainability performance of the organizations involved in the system to assess the social effects on various stakeholders. Since S-LCA is a decision-making tool, if managers at the organizations seriously consider the results of this research and implement the hotspot recommendations accordingly, this could have positive societal effects. However, alterations to the S-LCA application may be made as there are various different ways in which a S-LCA may be conducted. For example, a deeper investigation may be done on stakeholder acceptability. This would involve turning away from a company conduct-based approach such as what has been employed in this research and making it more stakeholder-centric. Rather than using the companies’ perspective as the main input on which to carry out the entire methodology, a new S-LCA could place a larger emphasis on the various members of the community and broader society (citizens and organizations) to better understand their perspectives on the implementation of the new technology and what social areas they value more highly than others. Indeed, an area where the current research was lacking (as explained in the discussion chapter) is the stakeholders’ point-of-view especially for the outside community members, and for this reason it is recommended. 

Another recommendation for a social sustainability performance assessment for ZERO BRINE is to use a more causality-based approach as would be possible by employing a Type II S-LCIA method. In Section 4.3.1, a reflection was offered stating that a Type II method would likely facilitate interesting results to be acquired about interdependencies between social impacts and how certain social mechanisms might be in the future. There may, for example, be particular influences present on some social aspects which were not expected before. Thus, it is recommended to conduct a Type II S-LCA; these kinds of results would prove very useful from a social science perspective and especially for the ZERO BRINE project for which the goal is to understand what kinds of social impacts results from the technology implementation.
 

[bookmark: _Toc13378285][bookmark: _Toc16598697][bookmark: _Toc17532852]7.5.2. Further Development of the S-LCA Framework

As has been said throughout this thesis, more research is needed on S-LCA in order to improve its sovereignty in the field of social sustainability performance assessment. The version of S-LCA methodology created and applied for this thesis may be taken as a starting point, however there are still various possibilities for research.

One recommendation is to develop S-LCA guidelines that separate the intended goal and scope for a given S-LCA study by the type of methodology that should be carried out. The UNEP/SETAC Guidelines offer some goals practitioners may have for conducting a S-LCA, but they do not offer a direct link between what kind of methodology is best to be utilized depending on the goal and/or scope. This aspect was actually one of the main reasons why the author perceived the S-LCA as challenging task initially; the Guidelines are very vague in this and many case studies exist that apply the approach in various different ways. The author believes that the methodology application procedure would be greatly improved if there existed a set of guidelines to suggest to practitioners how a S-LCA should be carried out for given goals and scopes to be able to arrive at the most complete, consistent, valid and reliable research results. For example, if a practitioner aimed to perform a S-LCA with the goal of comparing two product systems, he or she could refer to such guidelines to easily be able to tell how to approach such an assessment (and similar points can be made for other S-LCA goals). Furthermore, each type of methodology could be detailed with information such as benefits, limitations and examples (which should be accessible and fairly available to other researchers to remove ambiguity) to further aid the practitioner in determining the right type of methodology to apply. Realizing this recommendation would be a step towards standardization as well. 

Another area of future research for S-LCA has to do with the standardization of the methodology. In a future methodology, additional subcategories and stakeholder groups may be included so as to allow for the analysis of more social factors. As highlighted in this paper, however, the adjustment of stakeholder groups and subcategories will depend upon the requirements of the value chain, industry, product or organization. There have been some attempts to harmonize the methodology and the indicators at the practical level. For example, the Social Life Cycle Metrics for Chemical Products is a guideline by the chemical sector to assess and report on the social impacts of chemical products within the full value chain by taking a life cycle approach (World Business Council for Sustainable Development [WBCSD], 2016). This showcases an attempt to refine the general S-LCA methodology by UNEP and SETAC for use in a specific industry. However, it is still a hard task to generalize the S-LCA methodology due to the diverse nature of products’ supply chains and complex nature of social factors. Nevertheless, some recommendations may still be made in this regard.  For example, a universal set of indicators may be developed, or at least a standard methodology for developing indicators. These indicators should be made in alignment with standardized scoring systems or other characterization methods for the assessment of the results in a S-LCA to promote more objective and uniform S-LCAs.

Future research possibilities also lie in relation to the specific S-LCA methodology that has been applied in this thesis. Other scholars may build upon this methodology to create one for case study applications with similar study goals and scopes, and develop it in a way that reduces the issues that were reflected upon in the discussion chapter. For example, an improved methodology may include generic data from the SHDB so as to compare the background processes (on the country or industry level) with the foreground processes (on the plant or company level). Such a model may be beneficial for systems that all take place in the same country or involve value chain actors located in differing countries. Another recommendation for enhancing the methodology is incorporate stakeholder’ judgments on importance of subcategories in the impact assessment phase. This would involve creating a mathematical model wherein the subcategories are ranked so that it may be seen what social sustainability performances are considered worse than others. 


[bookmark: _Toc9455999][bookmark: _Toc13378286][bookmark: _Toc16598698][bookmark: _Toc17532853]7.5.3. Improving the Status of the Social Dimension of Sustainability

Since social sustainability and its implementation is business is a main theme of this thesis, it is considered what research can be done in the future in this regard; aside from S-LCA. Today, social sustainability should be recognized as a young and developing dimension of sustainability which is an applied field with a result-oriented nature. Now, businesses should understand that it is not only a marketing tool but a matter of compliance and that it is of utmost importance to improve human wellbeing and dignity. In future studies, it should be investigated how social sustainability can create its own influence to inspire businesses. More research is required to understand how social sustainability can be recognized as equivalent to the other two dimensions of sustainability. Also, further research could focus on how the businesses community is influenced by a need to assess social sustainability similar to its counter dimensions.
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	Subcategory
	Basic requirement is fulfilled
	Basic Requirements not fulfilled

	
	Level B
	Level C
	Level D

	Health and Safety
	The organization has a policy/guidelines or program related to health and safety, in compliance with ILO Conventions No.115 and No. 161
	Occupational accidents of the organization (rates of injuries and occupational injuries - , in compliance with ILO Conventions No.115 and No. 161 (ILOLEX 2012).) are lower than the occupational accidents of the country/sector (rates of injuries and occupational fatal injuries) where the organization is located.
	Occupational accidents of the organization (rates of injuries and occupational fatal injuries) are equal to or higher than the Occupational accidents of the country/sector (rates of injuries and occupational fatal injuries) where the organization is located.

	Local employment
	There is evidence of equal employment opportunities for local workers (UNEP/SETAC 2009).
	The organization is located in a country with an employment to population ratio (KILM 2012) lower than 50.
	The organization is located in a country with an employment to population ratio (KILM 2012) equal or higher than 50.
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	Legend:
Bold = basic requirement
Green = Indicator from the Methodological Sheets which is kept as is for analysis
Red = Indicator is removed for analysis (either because no evidence could be found it because it got combined with another one)
Blue = New indicator
Strikethrough: Subcategory is not analyzed in this study



	Stakeholder Categories
	Subcategories
	Indicators based on UNEP/SETAC Methodological Sheets

	Workers
	Freedom of association and collective bargaining
	· Presence of policy on freedom of association 
· Employment is not conditioned by any restrictions on the right to collective bargaining 
· Presence of unions within the organization is adequately supported 
· Check the availability of collective bargaining agreement and meeting minutes 
· Workers are free to join unions of their choosing
· Employee/union representatives are invited to contribute to planning of larger changes in the company, which will affect the working conditions[image: page2image1888619872]
· GRI LA5 Minimum notice period(s) regarding significant operational changes, including whether it is specified in collective agreements 
· Workers have access to a neutral, binding and independent dispute resolution procedure
· There are indications that workers are members of unions

	
	Child labor
	· Absence of working children under the legal age of 15 years old
· Children are not performing work during the night
· Records on all workers stating names and ages or dates of birth are kept on file
· Working children younger than 15 and under the local compulsory age are attending school

	
	Fair salary
	· Lowest paid worker, compared to the minimum wage
· The lowest paid workers are considering their wages meets their needs
· Presence of suspicious deduction on wages
· Regular and documented payments of workers

	
	Working hours
	· Presence of policy that provides clear communication of working hours and overtime arrangements 
· Number of hours effectively worked by employees on average is less than 40 hours/week
· Number of holidays effectively used by employees
· Respect of contractual agreements concerning overtime
· Overtime is requested regularly
· Clear communication of working hours and overtime arrangements
· The organization provides flexibility


	
	Forced labor
	· Workers voluntarily agree upon employment terms
· Birth certificate, passport, identity card, work permit or other original documents belonging to the worker are not retained or kept for safety reasons by the organization neither upon hiring nor during employment
· Workers are free to terminate their employment within the prevailing limits
· Workers are not bonded by debts exceeding legal limits to the employer

	
	Equal opportunities/
discrimination
	· Presence of formal policies on equal opportunities
· Announcement of open positions happening through national/regional newspapers, public job databases, on the internet, employment services or other publicly available media 
· GRI HR4 Total numbers of incidents of discrimination and actions taken
· Indications of discrimination at the organization through worker complaints
· GRI LA 13 Composition of governance bodies and breakdown of employees per category according to gender, age group, minority group, membership or other indicators of diversity are roughly equal
· GRI LA 14 Ratio of basic salary of men to women by employee category

	
	Health and safety
	· Number/percentage of injuries or fatal accidents in the Organization Dy job quantification inside the company
· Hours of injuries per level of employees
· Presence of formal policy concerning health and safety
· Preventative measures and emergency protocols exist regarding accidents & injuries
· Preventative measures and emergency protocols exist regarding pesticide & chemical exposure
· Appropriate protective gear required in all applicable situations
· Number of (serious/non-serious) occupational safety and health administration violations reported within the past 3 years and status of violations
· GRI LA8 Education, training, counseling, prevention and risk control programs in place to assist workforce members, their families, or community members regarding serious diseases
· Evidence of serious health and safety incidents in the last three years

	
	Social benefits/social security health
	· Presence of social benefits as part of company’s policy 
· List and provide short description of social benefits provided to the workers
· More than two of the following social benefits are offered by the organization to its workers: Social Security benefits, Retirement, Disability, Dependents, Survivors benefits, Paid maternity and paternity leave (parental leave), Paid sick leave, Education and training, for all countries and additionally, Medical insurance, Dental insurance, Paramedical insurance, including preventive medicine, Medication insurance, Wage insurance
· Indications of violations of obligations to workers under labor or social security laws and employment regulations
· Percentage of permanent workers receiving paid time off

	Consumers
	Health and safety
	· Number of consumer complaints
· Presence of consumer complaints regarding health and safety within the last three years
· Presence of management measures to assess consumer health and safety
· Quality of labels of health and safety requirements
· Indications of health or safety incidents of the consumer within the last three years

	
	Feedback mechanism
	· Presence of a mechanism for customers to provide feedback
· Management measures to improve feedback mechanisms
· GRI PR5 Practices related to customer satisfaction, including results of surveys measuring customer satisfaction

	
	Consumer privacy
	· Presence of interval management system to protect consumer privacy
· Strength of interval management system to protect consumer privacy is regarded as high by organization stakeholders
· Number of consumer complaints related to breach of privacy or loss of data within the last year
· Presence of consumer complaints related to breach of privacy or loss of data within the last three years

	
	Transparency
	· Commitment to transparency as part of the company’s strategy and policy 
· Non-compliance with regulations regarding transparency
· Customer complaints regarding transparency
· Publication of a sustainability report
· The information available in the sustainability report or other documents regarding the social and environmental performance of the organization is considered comprehensive and of high quality
· Communication of the results of social and environmental life cycle impact assessment
· Certification/label the organization obtained for the product/site
· Company rating in sustainability indices (Dow Jones Sustainability Index, ESI, HSBC, Corporate Sustainability Index, etc.) is considered satisfactory

	
	End of life responsibility
	· Presence of internal management systems ensure that clear information is provided to consumers on end-of-life options
· Indications of non-compliance with regulatory labelling or other information-providing requirements (e.g. product reports or booklets) for informing the customer about the end-of-life

	Local community
	Access to material resources
	· Has the organization developed project-related infrastructure with mutual community access and benefits?
· Strength of organizational risk assessment with regard to potential for material resource conflict
· Presence of an environmental management system that ensures the sustainable use of natural resources, the prevention of pollution and the recycling of wastes
· Presence of examples that the organization actively implements its environmental management system

	
	Access to immaterial resources
	· Annual arrests connected to protests or organization actions
· Do policies relate to intellectual property respect moral and economic rights of the community?
· Presence/strength of community education initiatives
· There are internal management systems that promotes access to immaterial resources (1) community services, such as health care, education and lending programs; and/or 2) sharing information and knowledge and transferring technology and skills to the community)
· Presence of examples that the organization actively promotes and implements community education initiatives

	
	Delocalization and migration
	· Number of individuals who resettle (voluntary and involuntary) that can be attributed to the organization
· Strength of organizational policies related to resettlement (e.g. due to diligence and procedural safeguards)
· Strength of organizational procedures for integrating migrant workers into the community

	
	Cultural heritage
	· Strength of policies in place to protect cultural heritage
· Presence/strength of organizational program to include cultural heritage expression in product design/production
· Is relevant organizational information available to community members in their spoken language(s)?

	
	Safe and healthy living conditions
	· Management oversight of structural integrity
· Organization efforts to strengthen community health (e.g. through shared community access to organization health resources)
· Management effort to minimize use and emissions of hazardous substances
· Indications that the organization participates with local stakeholders in communicating the potential health and safety impacts of their operations on surrounding communities
· Indications that the safe and healthy living conditions of the community has been at risk caused by the organization’s activities

	
	Respect of indigenous rights
	· Strength of policies in place to protect the rights of indigenous community members
· Annual meetings held with indigenous community members
· Response to charges of discrimination against indigenous community members

	
	Community engagement
	· Presence of written policies on community engagement at organizational level
· Diversity of community stakeholder groups that engage with the organization
· Involvement of community stakeholders in organizational decision-making processes
· Number and quality of meetings with community stakeholders
· Organizational support (volunteer-hours or financial) for community initiatives

	
	Local employment
	· Percentage of workforce hired locally is less than 50%
· Strength of policies on local hiring preferences
· Presence of a policy of local hiring preferences
· Percentage of spending on locally-based suppliers
· Preference for locally based suppliers

	
	Secure living conditions
	· Management policies related to private security personnel
· Number of legal complaints per year against the organization with regard to security concerns
· Number of casualties and injuries per year ascribed to the organization

	Society
	Public commitments to sustainability issues
	· Managing sustainability issues as part of the company’s policy, strategy and goals 
· Presence of publicly available documents as promises or agreements on sustainability issues
· Complaints issued related to the nonfulfillment of promises or agreements by the organization or by the local community or other stakeholders at OECD contact points or GRI
· Presence of mechanisms to follow-up the realization of promises
· The organization has pledged to comply with the Global Compact principles and has engaged itself to present yearly Communication on Progress
· Implementation/signing of Principles or other codes of conduct (e.g. Sullivan Principles, Caux Round Table, UN principles, Global Compact etc.)
· There is no record of proven cases that the organization has violated its commitments to sustainability within the last three years.

	
	Contribution to economic development
	· Indications of contribution of the product/service/organization to economic progress (e.g. revenue, gain, paid wages, R&D costs in relation to revenue, etc.)
· Direct and indirect economic growth is part of the company’s strategy and policy
· Indications of damage or blockage of economic development by the organization

	
	Prevention and mitigation of armed conflicts
	· Organization’s role in the development of conflicts
· Disputed products

	
	Technology development
	· Involvement in technology transfer program or projects
· Partnerships in research and development
· Investments in technology development/transfer
· Using technology development to drive innovation is part of the company’s strategy
· Evidence of inconsistencies regarding technology development commitments and actual performance

	
	Corruption
	· Formalized commitment of the organization to prevent corruption, referring to recognized standards
· The organization carries out an anti-corruption program
· The organization installs or cooperates with internal and external controls to prevent corruption
· Written documents on active involvement of the organization in corruption and bribery; convictions related to corruption and bribery
· Financial damages

	Value chain actors (not including consumers)
	Fair competition
	· Legal actions pending or completed during the reporting period regarding anti-competitive behavior and violations of anti-trust and monopoly legislation in which the reporting organization has been identified as a participant
· Membership in alliances that behave in an anti-competitive way
· Documented statement or procedures (policy, strategy, etc.) to prevent engaging in or being complicit in anti-competitive behavior
· Employee awareness of the importance of compliance with competitive legislation and fair competition

	
	Promoting social responsibility
	· Presence of explicit code of conduct that protect human rights of workers among value chain actors
· Percentage of suppliers the enterprise has audited with regard to social responsibility in the last year
· Indications of audits by the organization with regard to social responsibility of value chain actors in the last year
· Membership in an initiative that promotes social responsibility along the value chain (e.g. consciousness-raising programs or counselling)
· Integration of ethical, social, environmental and regarding gender equality criterions in purchasing policy, distribution policy and contract signatures
· Support to suppliers in terms of consciousness-raising and counselling concerning the social responsibility issues

	
	Supplier relationships
	· The organization has a code of conduct defined standards of ethical behavior expected from its suppliers 
· Absence of coercive communication with suppliers
· Sufficient lead time
· Reasonable volume fluctuations
· Payments on time to suppliers 

	
	Respect of intellectual property rights
	· Use of local intellectual property
· The organization displays respect for intellectual property systems in its policy or strategy
· Record of proven cases that the organization has violated intellectual property rights within the last three years


[bookmark: _Toc16598706][bookmark: _Toc17532858]Appendix C. Interview Protocol

1. Introduction 

First of all, I would like to thank you for your participation in this study. As I explained in my e-mail, the main objective of my research is to perform a Social Life Cycle Assessment (S-LCA) for the ZERO BRINE project in Rotterdam Port. The purpose of S-LCA is to determine the social impacts of products along their life cycle. Social impacts include the direct and indirect effects of business operations on different aspects such as social equity, community development, human rights, labor rights, health, safety, education, security and cultural diversity throughout the value chain. You have been chosen for participation in this study as your company is part of the value chain for the ZERO BRINE system, and you have a position in the company to provide a managerial perspective about certain social issues. 

The objective of this session is two-fold:

1. To learn about what social indicators are important and relevant from your perspective as a main stakeholder of the ZERO BRINE project, so that I may know what social indicators to focus on for the S-LCA. 
2. To learn about how your company performs on the selected social criteria. 

The results will be written up and presented as part of my final master thesis. Furthermore, the report will be handed in as a deliverable for the ZERO BRINE project.  As a result of this discussion and the future findings of my research, you may gain an insight into the social sustainability performance of your company and know better how to assess it. Furthermore, I aim to be able to offer your company with relevant information which can lead to improving its social performance.  Thus, the final results of the research can be useful to your business and all your stakeholders.

To analyze your answer in an accurate manner, I would like to record this interview. Would you accept this? After the interview, the interview transcripts will be sent to you via email to confirm the content of the questions and your responses. 


2. Interview

1. Stakeholder: Workers
1.1. Freedom of association and collective bargaining
1.1.1. To what extent do you think freedom of association and collective bargaining is important to your organization?
1.1.2. Is there a special policy regarding freedom of association? If so, please elaborate.
1.1.3. Would you say that the presence of unions within the organization is adequately supported?
1.1.4. Are workers free to join unions of their own choosing or can they only choose specific ones?
1.1.5. Do any workers in your Organization Delong to a union?
1.1.6. Do employee/union representatives contribute to decision-making processes in the organization?
1.2. Child labor
1.2.1. To what extent do you think child labor is important to your organization?
1.2.2. Is there a special policy about child labor? If so, please elaborate. 
1.2.3. Has there been any presence of child labor in the organization?
1.3. Fair salary
1.3.1. To what extent is fair salary important to your organization?
1.3.2. What is the lowest monthly salary of a full-time employee?
1.3.3. Has there been any changes in wages recently?
1.3.4. How are payments of workers handled?
1.4. Working hours
1.4.1. To what extent is working hours important to your organization?
1.4.2. Is there a presence of a policy that provides clear communication of working hours and overtime arrangements? If so, please elaborate. 
1.4.3. How long is the currently agreed average working week for the full-time employees? 
1.4.4. What is the policy on working over-time?
1.4.5. Do you feel that the over-time policy is always respected?
1.4.6. Would you say that overtime requested is regularly?
1.4.7. Does the organization provide flexibility regarding working hours? If so, please elaborate.
1.5. Forced labor
1.5.1. To what extent to do you think forced labor is important to your organization?
1.5.2. Does the organization have an official policy on forced labor? If so, please elaborate
1.5.3. Has there been any presence of forced labor in the organization?
1.6. Equal opportunities/discrimination
1.6.1. To what extent do you think equal opportunities is important to your organization?
1.6.2. Does the organization have a management system, policy or actions to prevent discrimination and promotes equal opportunities for workers? If so, please elaborate. 
1.6.3. Has there been/is there any presence of unequal opportunities at the organization? 
1.6.4. Can you give some explanation about the composition and breakdown of employees according to gender, age group, minority group, etc., at the organization?
1.7. Health and safety
1.7.1. To what extent do you think health and safety of the workers is important to your organization?
1.7.2. Does the organization have a policy/guidelines or program related to health and safety of employees? If so, please elaborate
1.7.3. Are there any preventative measures and emergency protocols regarding accidents and injuries? If so, please elaborate. 
1.7.4. Do you know what is the average of injuries or fatal accidents in the organization in the past 3 years?
1.8. Social benefits/social security health
1.8.1. To what extend do you think social benefits for the workers is important to your organization?
1.8.2. Are social benefits part of the organization’s policy?
1.8.3. What social benefits does the organization offer its employees (e.g. Social Security benefits, Retirement, Disability, Dependents, Survivors benefits, Paid maternity and paternity leave (parental leave), Paid sick leave, Education and training, for all countries and additionally, Medical insurance, Dental insurance, Paramedical insurance, including preventive medicine, Medication insurance, Wage insurance)
1.8.4. Do you know if there have ever been any issues regarding social benefits for employees?

2. Stakeholder: Consumers
2.1. Health and safety
2.1.1. To what extent do you think consumer health and safety is important to your organization?
2.1.2. Does the organization have a procedure regarding consumer product health and safety standards? If so, please elaborate. 
2.1.3. Are there any complaints regarding health or safety that has been received by a consumer that you can elaborate on?
2.2. Feedback mechanism
2.2.1. To what extent do you think having a feedback mechanism is important to your organization?
2.2.2. Does the organization have a customer feedback mechanism and practices related to customer satisfaction? If so, please elaborate. 
2.2.3. Are there active measures to improve the feedback mechanism or has it stayed the same?
2.3. Consumer privacy
2.3.1. To what extent do you think consumer privacy is important to your organization
2.3.2. Does your organization have a privacy policy through which it protects the consumer’s right to privacy? If so, please elaborate
2.3.3. How strong would you say the privacy system is?
2.3.4. Do you know of any instances in which privacy was an issue within the last three years? (e.g. customer complaints, breach of privacy)
2.4. Transparency
2.4.1. To what extent do you think transparency about social sustainability is important to your organization?
2.4.2. Is a commitment to transparency part of the organization’s strategy or policy? If so, please elaborate. 
2.4.3. Does the organization have a report that communicates its sustainability?
2.4.4. If yes to the previous answer: How would you rate the quality and comprehensiveness of the information available in the sustainability report?
2.4.5. Is the organization rated on any sustainability indices? And if so, what are the ratings?
2.5. End of life responsibility
2.5.1. To what extend to you think end-of-life responsibility is important to your organization?
2.5.2. Are there internal management systems that provide clear information to consumers on end-of-life options (such as product responsibility performance indicators, take back policy, design for disassembly, design for recycling)?
2.5.3. Are there any labelling regulations the organization must abide by?
2.5.4. If yes to the previous question: do you feel the organization abides by those regulations?

3. Stakeholder: Local Community
3.1. Access to material resources
3.1.1. To what extent do you think access to material resources is important to your organization? 
3.1.2. Is there an internal management system that ensures the sustainable use of natural resources, the prevention of pollution and the recycling of wastes? If so, please elaborate
3.2. Access to immaterial resources
3.2.1. To what extent do you think access to immaterial resources is important to your organization? 
3.2.2. Does the organization have internal management systems that promote community services (e.g. health care, education, lending programs, etc.), and/or shares information and knowledge and transfers technology and skills to the community? If so, please elaborate.
3.3. Delocalization and migration
3.3.1. To what extent do you think delocalization and migration is important to your organization? 
3.3.2. Is there a policy about delocalization and migration? If so, please elaborate.
3.4. Cultural heritage
3.4.1. To what extent do you think cultural heritage is important to your organization? 
3.4.2. Is there a policy for protecting cultural heritage?
3.4.3. Does the organization contribute to the preservation of cultural heritage through contributions with cultural and artistic organizations, network or internal programs?
3.4.4. Are there other ways in which you believe the organization contributes to cultural heritage?
3.5. Safe and healthy living conditions
3.5.1. To what extent do you think safe and healthy living conditions of the community is important to your organization? 
3.5.2. Is there a management effort to minimize use of hazardous substances? If so, please elaborate
3.5.3. Does the organization contribute to the health of local communities in other ways? (e.g. through environmental risk management systems, participation with local organizations in communicating the potential health and safety impacts of their operations on surrounding communities, etc.)
3.5.4. Are there any examples of negative impacts that the operations of the organization have had on the safe and healthy living conditions of the community in the last three years?
3.6. Respect of indigenous rights
3.6.1. To what extent do you think respect of indigenous rights is important to your organization? 
3.6.2. Does the organization have an indigenous rights policy or a commitment to adopt free prior informed consultation in their operations when its operations involve indigenous lands?  
3.6.3. Does the organization hold meetings with indigenous community members?
3.6.4. Has there ever been an instance of discrimination against indigenous community members? If so, how was it handled by the organization
3.7. Community engagement
3.7.1. To what extent do you think community engagement is important to your organization?
3.7.2. Are there any written policies on community engagement at the organizational level? If so, please elaborate.
3.7.3. Does the company involve community stakeholders in decision-making processes?
3.7.4. If yes to the above question, which community stakeholder groups engage with the organization?
3.7.5. Does the organization offer support (volunteer-hours or financial) for community initiatives? 
3.8. Local employment
3.8.1. To what extent do you think local employment is important to your organization?
3.8.2. Is it part of the company’s policy to hire locally?
3.8.3. Approximately what percentage of workers do you think are local?
3.9. Secure living conditions
3.9.1. To what extent do you think secure living conditions is important to your organization?
3.9.2. Are there any policies related to private security personnel?
3.9.3. Have there been any security concerns in the past three years?

4. Stakeholder: Society
4.1. Public commitments to sustainability issues
4.1.1. To what extent do you think public commitment to sustainability issues is important to your organization? 
4.1.2. Would you say that managing sustainability issues is part of the organization’s policy, strategy and goals?
4.1.3. Can you give examples of how your organization shows a public commitment to sustainability?
4.1.4. Does the organization implement principles or other codes of conduct such as UN principles or the Global Compact?
4.1.5. Have there been any instances in the past three years where the organization would not follow through with a sustainability commitment?
4.2. Contribution to economic development
4.2.1. To what extent do you think contribution to economic development is important to your organization? 
4.2.2. Does your organization contribute to the economy, and if so, how?
4.2.3. Have there been any instance of damage or blocking of economic development?
4.3. Prevention and mitigation of armed conflicts
4.3.1. To what extent do you think prevention and mitigation of armed conflicts is important to your organization? 
4.3.2. Is it part of the organization’s policy to prevent and mitigate armed conflicts?
4.3.3. Are there any examples of how your organization has prevented/mitigated armed conflicts?
4.4. Technology development
4.4.1. To what extend do you think technology development is important to your organization?
4.4.2. Does the organization participate in research and development for efficient and environmentally sound technologies as part of its strategy?
4.4.3. Approximately how much is invested in technology development/transfer?
4.4.4. Do you know of any instances when the organization did not live up to its technology development commitments?
4.5. Corruption
4.5.1. To what extend to you think corruption is important to your organization?
4.5.2. Is there a formalized commitment of the organization to prevent corruption (referring to recognized standards)?
4.5.3. Has the company implemented measures to prevent corruption? 

5. Stakeholder: Value Chain Actors
5.1. Fair competition
5.1.1. To what extend to you think fair competition is important to your organization?
5.1.2. Does the organization have a policy about competing fairly and in compliance with anti-trust legislation or monopoly practices?
5.1.3. Have there been any issues related to anti-trust and monopoly legislation in recent years?
5.2. Promoting social responsibility
5.2.1. To what extend to you think promoting social responsibility is important to your organization?
5.2.2. Is there an explicit code of conduct that protect human rights of workers among suppliers or other value chain actors?
5.2.3. Does the organization perform audits with regards to social responsibility of value chain actors?
5.2.4. Does the organization participate in any initiatives that promotes social responsibility in the value chain (e.g. consciousness-raising programs or counselling)?
5.3. Supplier relationships
5.3.1. To what extend to you think supplier relationships is important to your organization?
5.3.2. Does the company have a policy regarding choosing a supplier? If so, please elaborate.
5.3.3. Does the company have a code of conduct with defined standards of ethical behavior expected from its suppliers?
5.3.4. If you answered “yes” to the above question, how is this code of conduct communicated to the suppliers?
5.3.5. What kind of issues has there been with regards to communication with suppliers (if there has)?
5.4. Respect of intellectual property rights
5.4.1. To what extend to you think respect of intellectual property rights is important to your organization?
5.4.2. Does the company have a policy regarding intellectual property rights?
5.4.3. Can you give examples of how the organization displays respect for intellectual property systems in its policy or strategy?
5.4.4. [bookmark: _Ref13042746][bookmark: _Toc16598707]Has the organization violated intellectual property rights in the last three years?
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Key theme(s) of social sustainability

Key themes are equitable incomes, social homogeneity, and access to goods,
services and employment. He considers the basic values of equity and democracy

Sachs (1999) | as fundamental requirements for a valid definition of this concept. He also
emphasizes the attribution of all human rights by all people, such as social,
cultural, civic, economic and political.

McKenzie Identifies socially sustainable communities as having five characteristics: equity,
(2004) diversity, quality of life, interconnectedness democracy government.
Considers the distribution of income and assets as basic human needs at the macro

Spangenberg level, while education, training, income, social contacts, communication and

(2004) L ; > e X >
participation, social security are classified at the micro level.
Gﬁelgéizl-g(‘;LOOS) Social quality is called a key social sustainability theme.

Colantonio &

Suggests two substantial components: 1) basic needs which focus on physical
aspects of society and human life, such as health, housing, and food, as well as 2)
equity, which refers to social disparities and contains a broad range of concepts,

Lane (2008) such as equal access to key services and education (McKenzie, 2004) and inter-
and intra-generational redistribution of wealth (Partridge, 2005).
Cuthill (2010) Suggests that social capital, social infrastructure, social ju_stice and eq}n'.ty, and
eventually engaged governance are the key concepts of social sustainability.
1:2 ?ll(l;f::z Coigs “development social_ sustainability” as being about meeting basic needs
Dixon (2011) and inter- and intra-generational equity.
Establishes a four-principle division of social sustainability, namely: equity,
Murphy (2012) participation, socialpcohesrzon, and public awareness. Y vy
Woodcraft Social and cultural life, social amenities, systems for citizen engagement space
(2012) for people and places to evolve are considered key themes.
Recognizes equity as the key concept of social sustainability and categorizes
Ahman (2013) | different applications for equity, namely: education, quality of life, social capital,
social cohesion, integration and diversity, sense of place.
Weingaertner & | Recognizes social sustainability as being comprised of the following
Moberg, (2014) | components: human capital, social capital, and well-being.
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