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Abstract

:

Society’s interest in social impacts of products, services and organizational behaviors is rapidly growing. While life cycle assessments to evaluate environmental stressors have generally been well established in many industries, approaches to evaluate social impacts such as Social Life Cycle Assessment (S-LCA) lack methodological consistency and standardization. The aim of this paper is to identify past developments and methodological barriers of S-LCA and to summarize how the automotive industry contributed to the advancement or application of this method. Therefore, a qualitative content analysis of 111 studies published between 2015 and 2020 is used to gather information on past scientific and political milestones, methodological barriers impeding S-LCA and the participation of the automotive sector. The review shows that a broad range of sectors such as the automotive industry contributed to the testing and advancement of S-LCA in the past but that S-LCA remains a young and immature method. Large-scale application is impeded by major barriers such as the variety of impact categories and sub-categories, the lacking integration of the Sustainable Development Goals (SDGs), issues of linking LCA structures to social phenomena or the difficult tracking of social impact pathways. Further research on standardization possibilities, the connection to political social targets and the testing of methods is necessary to overcome current barriers and increase the applicability and interpretability results.
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1. Introduction


The United Nations Millennium Development Goals (MDG) formulated in the year of 2000 and followed by the Sustainable Development Goals (SDG) in 2015, marked the beginning of a global movement towards a more responsible world, where the three pillars of sustainability—economy, environment and society—are equally important [1,2]. Targets addressing all three dimensions are supposed to guide nations through a transformational process that reduces inequalities, poverty, air, water and soil pollution, while increasing the access to education, sanitation and infrastructure [3].



On an academic level, methods called Environmental Life Cycle Assessment (E-LCA), Life Cycle Costing (LCC) and Social Life Cycle Assessment (S-LCA) have been developed to display impacts caused by products or processes through a life cycle thinking perspective. This view implies that every phase of a product’s life cycle (e.g., raw material extraction, production, distribution, the use phase or the end of life) is related to environmental and social effects and that a holistic perspective is necessary to make well-informed decisions. Thus, tools such as E-LCA and S-LCA enable corporate decision-makers to adapt products or processes (e.g., manufacturing, distribution, design) in a way that reduces harms and contributes to sustainable development while preventing a shift of impacts from one life cycle phase to another [4,5].



In theory, combining these three methods in one assessment called Life Cycle Sustainability Assessments (LCSA) is supposed to draw a more realistic picture of harms, costs and benefits caused in all three dimensions by corporate behaviors, products and services along their life cycle [6,7]. In practice, the methodological development of all three approaches differs heavily. E-LCA was first introduced in 1997 to demonstrate environmental stressors and is standardized by the norms 14040/44 of the International Standardization Organization (ISO) [4,5]. It is regularly used by a vast range of companies and industries to reduce their individual contribution to global environmental issues such as climate change or the depletion of scarce resources [5]. Thereby, databases help companies to calculate comprehensible and comparable impact assessments used to define and communicate corporate targets. Car manufacturers, for instance, use E-LCA to measure greenhouse gas emissions released during the life cycle of vehicles and define reduction targets accordingly. As of now, E-LCA covers a broad range of environment-related impact categories, while the ISO 14040/44 norms have become the foundation for additional environmental standards and developments such as the ISO 14067 carbon footprint standard or the Product Environmental Footprint (PEF) guide.



In contrast to E-LCA, LCC is based on economic accounting and identifies costs generated during the life cycle of products including investments and operational costs occurring during the design, construction, production, distribution or the end-of-life management [8,9]. As of now, LCC has become a standardized and frequently used method, especially for the building sector [10,11].



S-LCA is the youngest and least mature method. Despite guiding documents such as the Guidelines for Social Life Cycle Assessment of Products developed by the United Nations Environment Programme (UNEP) and the Society of Environmental Toxicology and Chemistry (SETAC) (hereafter called Guidelines) [12], the UNEP/SETAC methodological sheets for sub-categories in S-LCA [13] or the Handbook for Product Social Impact Assessments (PSIA) [14], S-LCA studies differ greatly and are often criticized because inconsistencies and contradictions in methodological components impede the generation of transparent, reliable and comparable results [15,16]. Another issue is that the S-LCA method remains isolated from social sustainability targets such as the SDGs. As a result, S-LCA is often considered a challenging assessment with comparatively little application in many sectors such as the automotive industry.



The lack of applicability of S-LCA does not just impede the merger of all three methods into LCSA but it also leaves an entire dimension in the dark. The automotive sector in particular has enormous potential to improve social impacts, because its large and complex network creates employment and prosperity in societies around the world [17]. A structured and standardized S-LCA procedure would help decision-makers to understand and compare the social value of companies such as automotive producers, reveal the potential shift of stressors between dimensions and enable well-informed decisions that reduce the risk of unintentional social harms, while increasing the benefits caused by corporate activities and products. In order to reveal future research potential in general, and with a focus on the automotive industry, this paper has the objective to display the status quo of S-LCA based on three research questions: (1) How did S-LCA research develop over time? (2) How and to what extent has S-LCA been used by the automotive industry? (3) What barriers exist and need to be overcome in future research?



The difference between this paper and past publications is that most literature reviews allow a deep dive into a certain issue of S-LCA without presenting the big picture. For instance, Sureau et al. [18] distinguished between classification methods of social impact pathway approaches through the analysis of characterization models translating correlations or causality. Russo Garrido et al. [19] followed a similar path by exploring applied categorization and weighting methods. Others broadened the understanding of approaches used to create the product system and cut-off criteria for S-LCA [20] or discuss epistemological challenges linked to cut-off criteria, system boundaries or Areas of Protection (AoP) [21]. Review papers are also used to understand the applicability of S-LCA, such as that of Thorstensen and Forsberg [22], who searched for reasons why and how S-LCA could be helpful for responsible research and innovation, or Lucchetti et al. [23] who analyzed which sectors performed case studies in the past. From an automotive angle, the focal point of literature reviews was on the selection of appropriate impact indicators or the potential merger of the three methods into LCSA [24,25]. Only a few recently published review papers have had the goal to provide a general picture of S-LCA including barriers and future research potential. Di Cesare et al. [26], for instance, analyzed the state of the art and potential to incorporate positive impacts in S-LCA, while Huarachi et al. [27] summarized the historical evolution of S-LCA through the development of phases that S-LCA has gone through [26,27]. The present paper goes further and combines phases with political and scientific milestones in one timeline to visualize all influences that shaped S-LCA in the past. Another novelty is the assessment of how SDGs are currently integrated in S-LCA and the overview of to what extent the automotive industry participated in advancing this method. As a result, this review helps researchers and readers new to this subject to understand the status quo of S-LCA and future research potential at both the scientific and corporate levels. This study can also serve as a stimulus for other industries outside the automotive sector.



To answer the research questions, the review is structured as follows. The first section describes the data selection, acquisition and evaluation strategies applied to the literature portfolio. It is followed by a presentation of the main characteristics of the portfolio, which leads over to the display and discussion of findings. The first research question is answered by a summary of scientific and political milestones that shaped S-LCA methodologies in the past. The third question is responded to by a detailed analysis of how the automotive industry participated in the S-LCA’s advancement. Afterwards, main barriers and, thus, research needs are discussed, which includes also the analysis of how SDGs are connected to the S-LCA.




2. Data Acquisition and Evaluation


2.1. Data Acquisition


The systematic literature review was based on bibliographic databases and electronic libraries of major publishers such as Web of Knowledge [28], the German National Library [29], ScienceDirect [30], Springer Professional [31] and Wiley [32]. Since Khabsa and Giles [33] estimated that the search engine Google Scholar contains approximately 87% of all published academic documents written in English language, it was used as well. Before the actual literature review, four research questions as well as inclusion and exclusion criteria were defined to guide the structured search. In order to analyze the latest S-LCA literature, the reviewed time span was limited to the period from 2015 until November 2020 and focused on literature written in German or English. In addition, studies were included if they are publically available and address at least one of the following aspects: past developments of S-LCA, the connection between SDGs and S-LCA, the participation of the automotive industry, methodological barriers of S-LCA. In contrast, studies were excluded from the literature review if S-LCA was an acronym for other methods such as simplified life cycle analysis, screening life cycle analysis, static life cycle analysis, and streamlined life cycle analysis. Another exclusion factor was if the research was focusing on the environmental or economic dimension of sustainability or if the social dimension was assessed with other methods than S-LCA, such as social supply chain assessments. The following search strings and keyword combinations of different terminologies and abbreviations commonly used for Social Life Cycle Assessments were used and combined in the search fields and title: “Social LCA”, “S-LCA”, “SLCA”, “Social-Life-Cycle-Assessment”, “Social Life Cycle Assessment”, “social impact assessment”, “social life cycle impact assessment”, “SLCIA”, “S-LCIA”, “Socio-economic Life Cycle Assessment”, “Societal Life Cycle Assessment”, “Societal-Life-Cycle-Assessment”, “Social Footprint”, “Social Sustainability Assessment”.



The first screening of databases resulted in 112 publications (excluding duplicates between search strings) and contained both scientific publications, e.g., peer-reviewed journal articles, dissertations or book chapters and gray literature such as conference papers dedicated to S-LCA. In order to construct the literature portfolio, an exclusion process helped to preclude literature that does not explicitly use or address S-LCA. Therefore, all abstracts were screened to exclude articles whose content was considered as not closely related to S-LCA, which resulted in 76 publications. As a last step, reading all remaining publications helped to exclude further literature that does not adhere to the inclusion of exclusion criteria. As a result, 73 out of 112 publications are in line with the inclusion criteria and constituted the preliminary portfolio. During the full-text reading, citations in the papers revealed another 52 potentially important articles for this study. Those publications were screened by abstract and full text as well and resulted in 34 additional articles added to the portfolio.



Since only five out of seventy-three publications are connected to the automotive industry, another search was conducted by using the same databases and keywords AND “automotive industry” in search fields and title to examine if other automotive S-LCAs have been published without appearing in the first search. The objective of this additional search was to detect as many S-LCAs with a connection to the automotive sector as possible, to be able to generate an overview of how this sector contributed to the advancement and usage of S-LCA in the past. As a result, five additional sources were detected. Since one of them is from 2013 and therefore out of the review scope, it influences only the automotive industry specific question. At the end of the screenings (by abstract and text), all four studies published between 2015 and 2020 were included in the final portfolio, which consists of 111 publications. Table 1 summarizes the review protocol, while Figure 1 displays the selection procedure. In addition, a nomenclature table explains all used abbreviations and is available as Table S1 in the supplementary material followed by a list of all analyzed publications from 2015–2020 (Table S2 of the supplementary material).




2.2. Data Evaluation


The data evaluation was based on two instruments. On the one hand, all basic parameters were elaborated in an MS Excel spreadsheet. Those include the author names, title, year and type of publication (e.g., journal article, conference paper, book chapter). It further includes the categorization of all publications into the following three groups, inspired by Tarne et al. [25]: (a) analytical studies, which denote publications that either develop a new method/framework or advance an existing one; (b) theoretical studies, which include literature reviews and papers discussing underlying theories or epistemological positions; and (c) empirical studies such as case studies. The classification (d) analytical + empirical is used for publications that propose new or advanced methods tested in the author’s own case studies. Other columns list whether or not the studies follow the UNEP/SETAC Guidelines and methodological sheets or how SDGs and positive impacts are integrated in the assessment.



In the context of S-LCA, social impacts are linked to stakeholder categories, meaning sub-groups of the society that are affected by organizations and products. For each stakeholder category, UNEP/SETAC and PSIA define impact categories, which are the social issues affecting the respective stakeholder, e.g., human rights influencing workers [34]. In S-LCA different socially significant matters are generally clustered within so-called impact categories such as human rights. Within these categories, sub-categories of more detailed matters such as forced labor or child labor are aggregated [34]. At the end, input for every sub-category is gathered through indicators and inventory data [34,35]. In order to detect which stakeholders and impact sub-categories have been assessed, a second spreadsheet compiles this information for all case studies.



On the other hand, a qualitative content analysis was used to detect milestones in S-LCA history, current methodological barriers, the connection between SDGs and S-LCA and the role of the automotive industry in S-LCA research. Therefore, qualitative data gathered from the portfolio were evaluated according to Kuckartz’s [36] computer-based qualitative content analysis using MaxQDA Software. A qualitative content analysis is an approach of systematic and rule guided qualitative analysis applicable to text documents, pictures or videos [37]. This method is advantageous when dealing with large amounts of data, because it narrows down the wealth of information to such an extent that only relevant data remain [36,37]; relevant is every piece of information that helps answer the research questions. In the context of this review, data are relevant if they provide information on: past development of S-LCA, the connection between SDGs and S-LCA, the participation of the automotive industry or methodological barriers. The content analysis follows five consecutive but interconnected steps, beginning with the textual work, which describes the first contact with the material [36]. This step comprises the development of the literature portfolio as outlined above. In a second step, content specific codes are defined with the purpose of gathering all information provided to a specific topic. These pre-defining (deductive) codes, such as stakeholder categories and impact categories proposed by UNEP/SETAC, rely on theoretical knowledge and help to gather information from all articles regarding a specific topic [37]. Once the deductive coding scheme is established, it is applied to the material by sorting all relevant passages into the codes. Working with qualitative data frequently requires a coding closely linked to the material, which is why the sorting process also induces inductive codes on information given in the material [37]. Examples are methodological barriers named and discussed in the literature. Coding all text passages has the effect that information is clustered according to its content and researchers are able to extract the essence and, thus, answer the research questions. The final codebook is used for a second examination of materials, to ensure that all relevant text passages are coded correctly. QDA software facilitates the coding process because it enables the structured procedure even if more than one researcher is involved and, thus, reduces researcher bias while yielding reproducible results. After the final coding process, the data are ready to be evaluated. This includes a descriptive presentation and final evaluation of contents as presented hereafter [36].





3. Results and Discussion


The literature review includes a total of 111 publications over a time span of five years from 2015 to 2020. More than half those 111 articles were published in the International Journal of Life Cycle Assessment (45%) and MDPI—Sustainability (10%). The remaining literature is divided between the Journal of Cleaner Production (6%), The Journal of Industrial Ecology (6%), MDPI—Resources (3%), the Journal of Clean Technologies and Environmental Policy (3%) and the Journal of Corporate Social Responsibility and Environmental Management (2%). Other journals and publishers have published 18 studies, which altogether account for 16%. Book chapters and dissertations account for 5% of the literature and gray literature for 4%.



When studying the number of papers published each year, Figure 2 indicates a rising interest in the field of S-LCA in the community of life cycle assessments. With 13 publications in 2015 (11%) and six publications (5%) in 2016, only a small community dedicated their work to S-LCA research during that time. Although this might seem to be little progress, Petti et al. [38] explained that publications in 2015 already exceeded the number of studies released in 2014 (six) [38,39]. This increase proceeded in 2017 with 16 publications (14%) and reached its peak in 2018 with 39 publications (35%). Although this trend collapsed to 17 publications (15%) in 2019 and 20 publications (18%) in 2020, a general increase is to be recognized.



3.1. Past Developments and Milestones of S-LCA Research


With the selected literature, it was possible to establish a timeline of phases and milestones that summarize all influences that have led to the current state of the art of S-LCA. Therefore, the general categorization of S-LCA history into four phases by Huarachi et al. [27] was further developed and complemented by scientific and political social milestones (Figure 3).



Generally, life cycle assessments were first introduced in the 1960s to display environmental stressors, followed by economic stressors in the early 1970s [40]. After that, it took nearly two more decades until the social dimension of sustainability made its first appearance in assessment methods. In fact, before the first scientific conceptualization of social impact assessments, the UN World Commission of Environment and Development (WCED) defined a sustainability target in 1987 that gave equal importance to all three dimensions of sustainability through the primary objective of global sustainable development. This sustainable development is defined as development “that meets the needs of the present without compromising the ability of future generations to meet their own needs” [41]. Shortly after, Fava [42] proposed the first social (welfare) impact category for E-LCA in the Conceptual Framework for Life Cycle Impact Assessment by SETAC, which caused broad discussion on the combination of social and environmental assessments [42,43]. Three years later in 1996, O’Brien et al. [44] presented the first approach that combined S-LCA and E-LCA in a new methodology called Social and Environmental Life Cycle Assessment (SELCA). SELCA was the first approach to consider work environment health impacts as social impacts related to the stakeholder category of workers [45].



3.1.1. First Steps towards S-LCA (1990–2009)


Following O’Brien et al. [44], most studies focused on building the theoretical concept to measure social impacts through the development of indicators, the definition of scopes, boundaries, stakeholder categories and first indexes [45]. However, it took another three years until first proposals of S-LCA frameworks aside from E-LCA have been made. The separation of methods was considered necessary, because the integration of social aspects into engineering methods such as E-LCA created various challenges such as the very small coverage of social aspects and the limitation to quantitative data only [10,43,46,47,48]. During the first decade of the new century, most scientific proposals to advance S-LCA were of a theoretical nature, while empirical experience gathered through case studies was rare. In parallel, UNEP and SETAC established the S-LCA taskforce with leading researchers in 2006, to develop a concept for S-LCA based on life cycle thinking (LCT) to harmonize existing research streams [49,50]. Their result is named “guidelines for social life cycle assessment of products” and was published in 2009, to give practical guidance on how to conduct S-LCA through key concepts and a structure similar to E-LCA [12,34]. Still, UNEP/SETAC did not propose a method for the actual Social Life Cycle Impact Assessment (S-LCIA) phase, which is why the testing of the Guidelines, the development of social databases and the development of impact assessment methods was recommended [34,51]. In addition, the first criticism regarding the use of E-LCA structures emerged in 2006 with the criticism about defining functional units (FU) for S-LCA [19]. Following E-LCA, FUs require quantitative data, while the assessment of social impacts requires qualitative data as well [19]. As a result, researchers define very different numerical or non-numeral FUs or even omit the FU definition entirely [52]. Additionally, organizational S-LCAs gained attention, because scientists agreed that most social impacts occur because of the general behavior of companies rather than physical flows in production processes [20,53]. Therefore, scientists including Dreyer et al. [46] or Jørgensen et al. [54] argued that the assessment should be performed through an organizational lens [55]. In addition, Dreyer et al. [46] introduced the S-LCA scope reduction through the companies’ sphere of influence [20]. This means that companies conducting an S-LCA should cut off processes and organizations that cannot be influenced by them [20,56]. Two years later in 2008, Jørgensen et al. [54] introduced another cut-off criterion based on expert judgement because they believed that stakeholders know best about the impacts affecting them [20]. For that reason, participatory approaches gained attractiveness and are proposed by various scientists, including Jørgensen et al. [54] and Kruse et al. [57]. Towards the new decade, New Earth launched its Social Hotspot Database (SHDB) in 2009, which was the first database containing information about supply chain human rights and working conditions [51]. From a political point of view, this phase was accompanied by the first internationally agreed upon sustainability targets, called the United Nations Millennium Development Goals (MDG), formulated in 2000. These goals contained measurable targets ranging from providing universal primary education to avoiding child and maternal mortality [1,58].




3.1.2. Uncertainty Years (2010–2013)


The period from 2010 to 2013 was described by Huarachi et al. [27] as the “uncertainty years” because case studies were sparse, even though the theoretical path was defined by the Guidelines. In these circumstances, calls for the testing of S-LCA emerged and concepts for existing methods have been clustered. For instance, Parent et al. [59] categorized existing S-LCIA methods according to the Guidelines’ content into type I and type II approaches [59,60]. Type II approaches have the purpose of measuring the (long-term) potential consequences by using cause–effect relations between indicators and so-called Areas of Protection (AoP), such as human well-being, cultural heritage or human capital [59]. In contrast, type I approaches do not consider causal relations, but assess inventory data through internationally accepted reference scale methods such as Performance Reference Points (PRP) [18,61]. On a political level, the ISO 26000 for social responsibility was released in 2010 to help companies to introduce social and environmental success criteria into organizational structures [62]. Although these years have led to a shift in perspectives from theory-based thinking towards the actual use of methods, it took until 2014 to put the UNEP/SETAC recommendation of empirical testing into practice.





[image: Sustainability 13 10286 g003 550] 





Figure 3. Timeline of S-LCA 1996-2020 (adapted from [1,21,27,40,63,64,65,66]). 
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3.1.3. The Development Years (2014–2019)


This period is characterized by the emergence of very diverse assessment methods, indicator proposals, inventory datasets, weighting options, impact category pathways or interpretation methods to satisfy the research recommendations made by the Guidelines [51]. Researchers now agree that empirical experience is indispensable for the further development of S-LCA, which triggered an exponential increase in publications and case studies [40,67]. Scientists concentrated on the testing of the Guidelines while adding and adapting certain areas, or even developed entirely new methodologies applied to their own case studies [67]. This was accompanied and influenced by the release of the UNEP/SETAC methodological sheets for subcategories in 2013 and the Handbook for Product Social Impact Assessments (PSIA) in 2014 [13,14]. PSIA was the result of a joint corporate effort by the Roundtable for Product Social Metrics, proposing a method from companies for companies, to assess social impacts of products from a life cycle perspective [24,68]. It included the first consideration of positive social impacts and was last updated in 2020 [24,69]. In parallel to the public accessibility of the SHDB in 2013, Greendelta released another database for Product Social Impact Life Cycle Assessments (PSILCA) in 2013, to assess social risks in raw material industries [51,70]. Tokede and Traverso [60] summarized that until today, PSILCA and SHDB have been the main sources for generic social data used across S-LCA assessment methods [60,71]. Apart from this, the development years also provoked discussions about individual assessments of the three dimensions. The debate caused the definition of Life Cycle Sustainability Assessments (LCSA) in 2013 in which all three dimensions are supposed to be harmonized, to prevent burden shifting and increase the applicability of impact assessments. In addition, a collaboration between the department Ganzheitliche Bilanzierung (GaBi) from the University of Stuttgart, Germany and Thinkstep AG resulted in a set of quantitative S-LCA methods called Life Cycle Working Environment (LCWE) in 2015 [72]. LCWE is a supplement for the GaBi E-LCA software developed by Thinkstep AG in 1991 and enables the assessment of social impacts such as health and safety on a process level through allocation variables such as added value or working time [53,73]. On a political level, the MDGs have been replaced by the SDGs in 2015 to shape the sustainable development agenda for a more prosperous, inclusive, and sustainable society by 2030 [2]. ISO released a norm for sustainable procurement (20400) in 2017 to help companies to integrate sustainability in procurement practices, while ISO norm 45001 provides a standard for occupational health and safety management systems to further protect the physical and mental health of employees [65,66]. In addition, AccountAbility released a first assurance standard to evaluate companies’ sustainability management, performances or corporate documents such as reports [74].




3.1.4. Search for Standardization (2020–ongoing)


With the new political orientation and an incredibly diverse, complex and partially opaque set of S-LCA methods, Chhipi-Shrestha et al. [75] warned that this diversity may be misleading when it comes to the interpretation or comparison of results, especially when used as a corporate decision-making tool. Calls for standardization unified and led to the new phase called “search for standardization” [27]. Since then, the overall goal has been to reach a methodological consensus and includes discussions on quantitative and qualitative data, positive and negative impact assessments, the integration of SDGs and rule guided interpretation and the differentiation between process-based and organizational-based S-LCA [27,76]. This is supported by the latest update of the PSIA Handbook and the revised version of the Guidelines 2020, which provide a new approach to standardize S-LCA by defining different types of positive impact and providing a first connection between S-LCA impact sub-categories and SDGs [27]. However, the scientific community has neither agreed upon a standardized methodology nor on a set of indicators yet. Therefore, the testing of the revised Guidelines might help to detect if current approaches are broadly applicable and to outline future standardization potentials.





3.2. S-LCA and the Automotive Industry


The automotive industry has enormous potential to improve both environmental and social impacts because of its large and complex network with manufacturers, material providers, technology developers, logisticians, and component and service suppliers [17]. Zanchi et al. [17] called the European automotive sector a cornerstone for Europe’s wealth and prosperity because of the workplaces it provides, its drive for knowledge and innovation and the provided access to flexibility and mobility. Employment figures of the European Automotive Manufacturer Association (ACEA) display that 14.6 million direct and indirect jobs were provided by the automotive sector in 2018, which have an enormous impact on the social situation in Europe as it accounts for 6.7% of the total EU employment [77]. Additionally, the interrelatedness between the automotive industry and sub-sectors such as fuel producers or infrastructure constructors has great influence on sustainable decision-making beyond organizational boundaries of car manufacturers [55].



Still, Bansal [78] explained that in a business context, sustainability was not always linked to social and environmental aspects. Instead, sustainable business rather referred to a firm’s competitive and profitable economic performance. This perspective changed, and companies now search for ways to make products and materials more resource-efficient and environmentally friendly, using E-LCA as a decision supporting tool [17]. Car manufacturers, for instance, use E-LCA to measure and compare environmental impacts of vehicles over their life cycle as a basis for environmental target setting. Tarne et al. [25] called E-LCA a “well accepted and practiced [method] throughout the world’s top car manufacturers” [25], because the quantification of greenhouse gas emissions such as carbon dioxide (CO2e) released during the life cycle of vehicles is a focal aspect driving corporate decisions in this sector. Besides the rising interest in environmental aspects, social issues have also gained attention in the automotive industry, because stakeholders continuously ask for corporate social performances in the form of, e.g., ethical working conditions, compliance with human right standards or the engagement and support of communities near production sites. Currently, concepts such as corporate social responsibility (CSR) and corporate sustainability (CS) are used to include such aspects in corporate strategies disclosed in non-financial reports [79,80]. Therefore, efforts such as educational campaigns, donations or management systems preventing harassment or corruption are mostly described linguistically without the use of structured and comparable measurement approaches, as is the case for environmental issues. Therefore, Osorio-Tejeda et al. [55] warned that sustainability strategies implemented without an organized and multidisciplinary approach to evaluate environmental and social aspects could have negative impacts on sectors and sub-sectors. Mancini and Sala [76] further argued that engaging in S-LCA could enhance trust among societies and acceptability of sectors that produce and process raw materials, such as the automotive industry.



The findings from the literature review imply that the automotive industry understands the potential benefits of S-LCA, but also that the research in this field is very fragmented. During the last eight years from 2013 to 2020, only ten studies have been detected as automotive S-LCAs (see Table S3 of the Supplementary Material). Those studies cover mostly vehicle components, such as airbags [35] or catalysts [45], instead of entire vehicles and assess a restricted number of stakeholder categories and impact (sub-)categories. The analysis further highlights that services provided by this sector have never been assessed, despite their relevance when aiming for an accurate description of potential positive and negative social impacts of products and companies.



The active involvement of car manufacturers in the development and application of S-LCA in the past years is small. Ford, for instance, developed a Product Sustainability Index (PSI) for all their products by using E-LCA and LCC, while including only selected use-phase-related social aspects such as vehicle safety for passengers and pedestrians, safety of mobility concepts and noise management [81]. Karlewski [73] and the Daimler AG questioned Ford’s approach and name key research needs in order to make S-LCA applicable to the automotive industry. Therefore, Karlewski [73] developed an indicator set by integrating different stakeholder categories and highlighted that the specifications of sectors make it difficult to develop one universal set of indicators. At the Bayrische Motoren Werke AG (BMW), Traverso et al. [82] and Tarne et al. [25] discussed the use of LCSA, and Tarne discovered that the low maturity of S-LCA impedes the comparable assessment of this one dimension and therefore also the harmonization of tools for LCSA [25].



When analyzing the type and purpose of studies, the literature review shows that especially analytical+empirical (4) studies have been conducted recently. That means that authors of those studies developed and tested individual S-LCIA methods using Multi-Criteria Decision Analysis (MCDA), PRP or Social Risk Assessment (SRA) models [25]. Two other studies are of pure analytical nature to conceptualize the assessment phases or to define social indicators for the automotive industry [17,83]. Another two are literature reviews (theoretical) on the selection of indicators [24] and research needs when combining S-LCA with E-LCA and LCC [25]. One publication is a stand-alone case study that tested whether or not an airbag system would cause more lives to be lost during the product life cycle than it saves in traffic by using disability-adjusted life years (DALY) as the indicator for social impacts [35]. In addition, Karlewski [73] dedicated her dissertation to the development and testing of an indicator set for the automotive industry by using life cycle and Plan-Do-Check-Act (PDCA) indicators. Tarne et al. [25] further highlighted that the automotive industry clearly focused on E-LCA in the past. The relatively small number of publications discovered during the literature review supports this perception and insinuates that there is great research potential in the field of S-LCA in the automotive sector.



Besides a general contribution to the development of S-LCA methods, integrating the SDGs into automotive industry-specific S-LCA offers new research potential, because the SDGs have been ignored in all the above-mentioned studies. Additionally, the testing of the revised Guidelines (2020) would be valuable, because seven out of ten studies applied procedures recommended by the first UNEP/SETAC Guidelines for their assessment. Another interesting field is the consideration of positive impacts, which has only been part of three out of ten automotive industry-related studies discovered in this review, as well as the applicability of S-LCA to services.




3.3. Methodological Barriers in S-LCA


The procedural phases of S-LCA are based on the ISO 14040/44 framework on Life Cycle Analysis in Environmental Management and consist of four consecutive but interrelated steps: the goal and scope definition, inventory analysis, the impact assessment and interpretation [25]. In the content analysis, information on methodological barriers has been gathered within individual inductive, content-specific codes. Therefore, information of different publications regarding methodological barriers is listed in the codes, which accumulate the essence of each barrier. As a result, the following five barriers have been detected: (1) linking LCA structures to social phenomena, (2) unclear underlying theory and epistemological positions, (3) process vs. organizational S-LCA, (4) missing link between SDGs and S-LCA impact sub-categories, (5) defining and integrating positive impacts, (6) generic vs. site-specific data and the dependency on stakeholder participation, (7) tracking social impact pathways, (8) neglected stakeholder categories and the variety of impact sub-categories, (9) lacking comparability and transparency of S-LCA. The following section discusses these barriers and assigns them to the respective S-LCA phase.



3.3.1. Goal and Scope Definition: Linking LCA Structures to Social Phenomena


The Guidelines follow the ISO 14044 LCA structure and provide key questions to guide the goal and scope definition, such as: why is the S-LCA conducted? What is it used for? Who will use the results? What system boundaries are defined [12,34]? The literature review shows that most S-LCA researchers accept the general structure but do not necessarily act in line with it. The results confirms the perception of Zanchi et al. [17] and Dubois-Iorgulescu et al. [20], that these questions are often insufficiently answering because no or very little information is given regarding conceptual models, functional units (FU), system boundary choices or applied cut-off criteria. For instance, according to ISO 14044, one of the main purposes of the FU is to provide a reference to normalize input and output data, which is why a clear and quantifiable FU is necessary [84]. The FU is not to be confused with the reference flow, which is the measure of output required to fulfil the function expressed by the functional unit [4,5]. In E-LCA, the FU definition is a complex task, because products might have a number of functions which need to be considered. In S-LCA this becomes even more complex, because social impacts do not rely on quantifiable physical flows but on social flows and phenomena. The sometimes qualitative nature of such social phenomena makes it very difficult to connect social impacts (or impact indicators) to the FU or normalize data according to it. An example is the FU of an airplane defined by Barke et al. [85] as a “100 km traveled by a 70 kg passenger with 30 kg luggage and an aircraft load factor of 80% on a generic flight profile” [85]. Although all necessary FU definition criteria are met, the resulting social effects, such as the workers’ freedom of association, are hardly linked to the FU, and causal relationships are mostly unknown. As a result, FUs in S-LCA do not follow a systematic structure but differ greatly between numerical and non-numerical definitions and are even neglected entirely [19].



At the same time, cut-off approaches for foreground and background systems or stakeholder categories are used to limit the study to a feasible scope [21]. Foreground systems traditionally display processes within the company’s sphere of influence [86]. The background system consists of secondary processes that are not specific to the product system [86,87]. The Guidelines leave plenty of room for researchers to define individual cut-off criteria justifying the exclusion of processes or stakeholders, which often results in a great variety of approaches or missing explanations. Examples are the cut-off according to social significance, the cut-off because of empirical limitations such as missing data, the cut-off based on hot-spot or sensitivity analyses or the cut-off of identical elements or according to the companies’ sphere of influence, which implies that the S-LCA includes only processes or stakeholders that can be influenced by the company under assessment [55,61].



In addition, Zanchi et al. [17] criticize the fact that S-LCA practitioners rely heavily on the UNEP/SETAC Guidelines and their recommended procedures, without challenging key aspects creating barriers in S-LCA. A total of 87 out of 111 publications (78%) analyzed within this review used the UNEP/SETAC Guidelines as the primary source for S-LCA structures, which confirms the heavy reliance. The very limited critical reflection as well as the missing specifications and the variety of approaches impede and falsify S-LCA-related conclusions, especially when used as a corporate decision-making tool [21,88].




3.3.2. Goal and Scope Definition: Unclear Underlying Theory and Epistemological Positions


In the beginning of S-LCA, scientists assumed that social phenomena follow similar rules as natural science, with laws such as Newtonian physics or Darwinian biology [89,90]. Nevertheless, the scientific community quickly acknowledged that the rules of natural sciences become difficult and sometimes impossible to follow when analyzing human dimensions, social phenomena and subjective elements such as perceptions [89,90]. Karlewski [73] described social aspects as bipolar, because they differ on an individual and societal level, are influenced by cultures and historical structures and change faster compared to environmental systems [73]. Therefore, different social concepts and epistemological positions are applied in S-LCA to explain some of these phenomena and to offer stability for criteria, indicator sets and impact categories irrespective of cultural or geographical contexts [39,91]. In contrast, PSIA and the UNEP/SETAC guidelines follow a life cycle thinking (LCT) approach, which insinuates that all life cycle phases of products cause environmental or social impacts and that a holistic life cycle approach offers the most realistic display of actual and potential impacts and their potential shift from one life cycle phase to another. The literature review shows that a number of different theoretical approaches—besides life cycle thinking—have been used in the last five years and that their explanation is fragmented or even neglected. Corporate social responsibility (CSR), Business to Society (B2S), positive psychology, social exchange theory (SET), system thinking, organizational effectiveness theory, supply chain management, risk management, industrial ecology (IE), cultural theory, grounded theory, social justice theory, stakeholder theory and the Theory of Change (ToC) are examples of different underlying positions discovered in the literature review.



In future studies, the explicit use and explanation of theoretical models is essential to differentiate between applied concepts and to reproduce and comprehend procedures. Macombe et al. [92] go even further and caution against mixing methodological parts of different theories and perspectives, which can only be prevented if concepts are clearly explained. Sureau et al. [91] and Wulf et al. [49] agree and state that discussions about underlying social theories or epistemological positions have been overlooked in the past. Therefore, a detailed display and maybe even discussion of applied theories—especially those differing from the life cycle thinking approach currently applied in S-LCA—is necessary.




3.3.3. Goal and Scope Definition: Process vs. Organizational S-LCA


According to ISO 14044, an LCA links impacts to processes based on input and output flows connected to unit processes [4,5]. In S-LCA some impacts are not connected to processes but rather to general corporate behavior and attitudes. Scientists such as Zamagni et al. [93] argue that S-LCA should focus less on the classical process-based approaches and more on the organizations’ conduct, because the behavior of organizations has a greater effect on stakeholders than the technical processes or the function delivered by the given product. In contrast to E-LCA, the reduction in inputs in S-LCA does not necessary yield a reduction of impacts [20,93,94]. In theory, impact sub-categories proposed by UNEP/SETAC or PSIA can be divided into process-based impacts that can be allocated through activity variables such as working hours and those impacts connected to the organizational level, meaning an organization’s behaviors, positions or activities [93]. However, this differentiation has only been made by researchers performing S-LCA in the past, while the lack of standards had the effect that both process-based and organizational-based (SO-LCA) approaches are frequently used and sometimes combined. The discrepancy among researchers is underlined by unclear positions of guiding documents in the past. For example, developers of the PSIA handbook claim to assess impacts on the output level when they are in fact analyzing corporate policies [14]. Even though this misunderstanding was solved with the new handbook in 2020, it shows that the integration of organizational behaviors and attitudes is very important but not completed in S-LCA [14]. Although the revised UNEP/SETAC Guidelines acknowledge the differentiation between process and organizational assessments, they do not combine it. Instead, they state that the very first decision in S-LCA is to focus on either a product (S-LCA) or an organizational assessment (S-OLCA), which differ only in their scope [12]. At the same time, researchers question the if social ‘life cycle assessments’ are applied when analyzing only the organizational level, because it might ignore life cycle phases of products [95].




3.3.4. Goal and Scope Definition: Missing Link between SDGs and S-LCA Impact Sub-categories


The UN SDGs provide a vision for a sustainable society based on 17 goals, 169 targets and 230 indicators covering ecological, economic and social aspects [3]. They have been formulated to guide countries in their transformational process towards sustainability and are often considered a benchmark for the greatest global challenges such as air, water and soil pollution; climate change; poverty; hunger; inequalities; and unemployment [3]. In theory, breaking down these goals on a corporate level helps companies to measure their individual contribution to the transformation. In S-LCA, the inclusion of SDGs could make the broad application of S-LCA more interesting, because it offers a benchmark for individual performance interpretations. However, the literature review shows that SDGs are rarely connected to S-LCA and if so, in a perfunctory manner. Most of the analyzed papers (88 publications) neither referred to nor integrated Sustainable Development Goals at all (see left-hand side of Figure 4).



From those 23 publications that did refer to development goals, six publications (26%) rather mention the UN MDGs instead of the SDGs [8,26,96,97,98]. A total of 14 out of 23 publications (60%) explain the purpose and raison d’être of SDGs within abstracts, introductions or interpretations but do not involve them at all in the actual assessment scheme. Out of those, three are standalone case studies and six are of analytical+empirical nature, meaning that they adapted or developed their own method and consciously limited the involvement of SDGs to the interpretation and argumentation phase. Examples are the Subcategory Assessment Method (SAM) by Hannouf and Assefa [96] or proposals for impact assessments using PRP by Lobsiger-Kägi et al. [99] and Prasara et al. [100]. Another five studies are literature reviews to detect indicators used for S-LCA and to discuss methods and challenges in LCSAs or theoretical discussions on the shift towards a positive sustainability performance measurement perspective in industrial ecology [100].



Out of the 23 studies that refer to development goals, only 3 (13%) proposed the actual inclusion of SDGs in impact assessment methods. Those are rather new publications released from 2018 to 2020 and include two analytical+empirical and one theoretical study. Both analytical+empirical studies include SDGs in their indicator frameworks. Jarosch et al. [101], for instance, compared SDG sub-goals and RESPONSA indicators to identify and analyze gaps and needs in both frameworks. Herrera Almanza and Corona [102] combined the S-LCA methodology with the SDG framework at the indicator level, through a new classification of S-LCA indicators that indicates a positive or negative contribution of products or services to the SDGs. In contrast, the pure theoretical study by Mancini and Sala [76] compared different indicator sets used in the mining sector to display the contribution of the mining sector to the SDGs, and they conclude that the SDG scheme contains most of the social impacts detected in their literature review.



The fragmented integration of SDGs in S-LCA might be explained by the fact that social impacts often occur “at regional/local scale, while the SDGs have a global perspective” [76]. Wulf et al. [49] explained that the clear interpretation of how companies contribute to the SDGs is impeded because S-LCA assesses the corporate micro level, while SDGs are national macro-level goals. This discrepancy makes the inclusion of SDGs in S-LCA even more complex, and Herrera Almanza and Corona [102] criticized the “lack of guidance and support on how to introduce, implement, and assess the contribution [of product supply chains] to the SDGs”. The revised UNEP/SETAC Guidelines address this issue and visually allocate S-LCA impact sub-categories to 14 out of 17 SDGs, leaving aside environmental SDGs such as climate action, life below water and on land [12]. A confusing factor hereby is that the new Guidelines connect two seemingly new S-LCA sub-categories called “human health issues” and “capacity building” linked to the SDGs 3 and 11, respectively. These two impact sub-categories can neither be found in the revised set of stakeholders and impact sub-categories nor anywhere else in the Guideline [12].



Another obstacle is that the SDGs are only viewed from an SDG target perspective, leaving aside the entire SDG sub-target level. As a result, it seems to be an arbitrary decision for the researcher to define which SDG sub-target affects the respective S-LCA impact sub-category. In addition, the original order of SDGs along the 5 P’s (people, planet, prosperity, peace, partnership) had the effect that some goals cover sub-targets from different dimensions of sustainability [2,3]. For instance, SDG 7, “ensure access to affordable, reliable, sustainable and modern energy for all”, has five sub-targets of which four rather belong to the economic or environmental dimension, because they strive for higher shares of renewable energy and efficiency improvements [103]. In this example, only sub-target 7.1 is related to the social dimension as it seeks better access to renewable energy [103]. For that reason, a further differentiation of SDG sub-targets into the three dimensions of sustainability and the link between SDG sub-targets and S-LCA impact sub-categories would be especially valuable, as it would help us to understand how allocations were made by UNEP/SETAC.




3.3.5. Inventory Analysis: Defining and Integrating Positive Impacts


The Guidelines described S-LCA as a technique to assess real and potential, positive and negative social impacts [12,34]. Ekener et al. [104] and Di Cesare et al. [26] pointed out that S-LCA practitioners struggle to include positive impacts, because S-LCA follows economic and environmental assessment procedures, which traditionally focus on negative impacts only [26,104]. One fundamental issue in this regard is the missing definition of positive impacts. While some impacts are considered ideal when displaying best practices, others are ideal when organizational actions are compliant with laws [38]. For instance, according to PSIA, an ideal performance is when a working week does not exceed legal limits or 48 h and overtime is voluntary and compensated at premium rate [14]. Since overtime is regulated by laws, Osorio-Tejeda et al. [55] argue that this would expect the most positive performance to be compliance with laws. Consequently, the missing benchmark for positive impacts leaves room for interpretation and caused a very heterogeneous picture in the S-LCA literature [105]. Related debates discuss the subjectivity of considering something as positive and the question of whether or not positive impacts are an improvement compared to the previous situation [38]. The revised Guidelines (2020) tried to clear this debate by differentiating between three types of positive impacts: (type A) positive social performance going beyond business as usual—and thereby beyond compliance; (type B) positive social impact through the presence of a product or company; (type C) positive social impact through product utility [12,106]. They also offer a reference scale similar to the PSIA handbook, in which positive and negative impacts can be scaled according to a five-point performance scale ranging non-acceptable to ideal performance [12]. As this guidance is rather new, it is understandable that researchers in the past tested different ways to include positive impacts in S-LCA.



The literature review shows that 44 (40%) out of 111 publications focus on assessing negative impacts only (Figure 5, left). Yi Teah and Onuki [51], for instance, focus explicitly on assessing negative performances but acknowledge that certain impacts such as the promotion of recycling might have a positive impact on the local community (e.g., job creation) [12].



In contrast, 67 publications (60%) tested the inclusion of positive impacts in different ways (Figure 5, right). Out of those, 9% (six publications) cluster indicator-set into positive and negative ones and thereby define which impact (sub-)categories are considered to have a positive or negative overall impact [107,108,109]. Another 17% (12 publications) provide theoretical discussions about the importance, definition or assessment of positive impacts in, for example, literature reviews [104,110]. The majority—40% (27 publication)—believe that the differentiation between positive and negative impacts depends on the S-LCIA phase. They adapt or develop methods in a way that clearly separates positive and negative impacts, by using quantitative methods such as performance scales (e.g., −2 to +2), which sometimes include a graphical presentation as well [111,112,113,114]. The remaining 32% (22 publications) include the positive impact only on a qualitative level in the discussion or interpretation of results. This pure argumentative consideration of positive impacts could allow a more complex display of effects but might also be highly subjective [104].



In addition, assessments based on merely generic data generally struggle to include positive impacts, because databases such as the SHDB and PSILCA provide information on social risks and, thus, neglect all kinds of positive impacts [104]. Ekener et al. [104] concluded that positive impacts could be a “key strength” of S-LCA, but acknowledged that it currently is a “key weakness”, because it lacked well-developed methods in the past [104].




3.3.6. Inventory Analysis: Generic vs. Site-Specific Data and the Dependency on Stakeholder Participation


Similar to E-LCA, the data collection is one of the most complex tasks in S-LCA as well. Ideally, primary data are used to assess the processes of the foreground system, while background and social hotspot assessments rely on generic, statistical data [12,17]. Site-specific data are considered more valuable but also more difficult to collect [17]. Acquisition techniques to gather primary data often involve all kinds of stakeholders through interviews, focus group discussions or surveys [34]. One of the greatest debates in S-LCA research is the discussion about the appropriateness of site-specific assessments and the related mistrust in qualitative data. Although site visits provide a very detailed impression of processes, organizational attitudes and perceptions of different stakeholders, scientists such as Chhipi-Shrestha et al. [75] and Zheng et al. [56] question the practicability of field-based approaches, because they are often very time consuming and costly due to the exhaustive amount of data required for systems, processes and impact sub-categories. Sureau et al. [69] considered this the greatest limitation of a widespread application of S-LCAs and used as an example the fact that their S-LCA about Belgian alternative food distribution systems lasted nearly one and a half years and required funding, field co-researchers and the involvement of an extensive list of chain actors. Another example is the 538 face-to-face interviews performed by Prasara et al. [100] with workers in sugarcane farms, sugar factories, bagasse-based and molasses-based refineries in 2015 [100].



Qualitative data are considered very valuable when analyzing social matters, because they generate a clear picture of issue, perceptions, opinions, values and experiences from multiple perspectives [115]. Iofrida et al. [90] demonstrated that the lost working time per ton of product produced caused by work-related injuries neither displays long-lasting health consequences for workers, nor how a change in life cycles would affect social impacts [90,116]. Still, the use of qualitative data in S-LCA triggered a discussion over hard science versus soft science between natural and human disciplines [11]. Scientists are concerned that the subjective nature of qualitative data (e.g., level of satisfaction with a product or service) would reduce accuracy and comparability [11]. The underlying desire is to create similar calculable methods in S-LCA as in E-LCA, in which impact pathways are transparent and the impact assessment is free from value judgement and “human error” caused by participants or researchers [117,118]. In theory, the Guidelines recommend discussing any bias related to site-specific methods, which includes subjectivity, methodological bias of qualitative data, data acquisition techniques and methods to translation qualitative data into semi-quantitative one [118,119]. In practice, no commonly accepted approach exists, and scientists rarely describe the composition of questionnaires, systematic sampling techniques, interviews or even the number of stakeholders involved [17,120].



The dependence on stakeholder participation and their provision of reliable information is especially challenging when sensitive information is involved. Company representatives could provide unreliable information and tend (unintentionally) to green wash, or the access to sensitive data might be denied [22,61].



Besides that, cultural and local differences also need to be recognized in different phases of S-LCA, such as the selection of relevant impact categories, data acquisition and their interpretation. Data for social indicators highly depend on national, economic and cultural context, such as the perception of justice, equality or ethical issues that are considered appropriate in one society but not in another [104]. Additionally, the general risk assessment and analysis of background systems requires national and local data as reference or benchmark for indicators [88]. One common example in S-LCA is the perception of child labor. Child labor is defined by the ILO Convention (No. 138) as “work that harms the child’s well-being and hinders his or her education, development and future livelihood. The minimum age should not be less than the age for completing compulsory schooling and in general not less than 15 years” [121,122]. This definition aspires to prevent children from activities that interfere with school education or risk their physical, social, emotional and mental health [73]. Still, scientists such as Jørgensen et al. [123] argued that a certain amount of child labor supports a child’s development because it teaches a sense of discipline and responsibility. This example is part of the debate about internationally acceptable claims of human needs and dignity and the forcing of Western believes and values into other cultures [104]. However, S-LCA practitioners agree that indicators for social impacts of current S-LCA guiding documents can be interpreted differently depending on political, cultural and ethical perspectives [60,104].




3.3.7. Impact Assessment: Tracking Social Impact Pathways


Generally, S-LCA practitioners differentiate between two types of impact assessments methods (type I and type II) [34]. On the one hand, type I assessments measure the social performance of processes and organizations through context-dependent Performance Reference Points (PRP) such as targets, thresholds or objectives defined by local legislations, international standards or industry best practices [12]. These PRPs help to translate qualitative data gathered through site visits, interviews or surveys into measurable, semi-quantitative data [114]. Thereby sub-category indicator results are aggregated in impact category results (characterization) affecting different stakeholders. Although type I methods differ strongly, most of them can be clustered into the following categories: (1) checklist methods; (2) scoring methods; and (3) database methods (see Figure 6).



The literature review indicates that the most common type I method is to use scores that easily translate linguistic estimations into numerical values such as Likert scales. Those range from ‘strongly disagree’ (e.g., 1 point), ‘disagree’ (e.g., 2 points), ‘neutral’ (e.g., 3 points), ‘agree’ (e.g., 4 points) and ‘strongly agree’ (e.g., 5 points) to ‘very positive’, ‘positive’, ‘neutral/medium’, ‘negative’ and ‘very negative’ performance estimations [55,120]. Additionally, the translation into values from −2 to +2 is repeatedly used [24]. Still, Fan et al. [43] rightfully pointed out that scoring methods still lack a commonly accepted approach in S-LCA.



Checklist methods use ticks and dashes to declare, for example, the presence of an impact [75]. This method cannot display the magnitude of impacts, which is why it is preferably used to narrow down the list of potentially relevant sub-categories and indicators to those that are most relevant for a specific stakeholder category (according to that stakeholder category) or to define the importance of one impact category over another [43,124].



In contrast to the checklist and scoring methods, database methods do not involve participatory approaches but rather use databases such as SHDB or PSILCA and social risk levels (low, medium, high or very high risk) of countries, sectors or stakeholders [43,124]. These generic methods are criticized for their lack of specificity and lacking inclusion of positive impacts.



In contrast, type II approaches use econometric models to portray causal relations that explain consequences of changes in the life cycle of a product (or service) by linking impacts with Areas of Protection (AoP) such as human well-being, human capital or cultural heritage (with or without the midpoint aggregation) [34,125]. This procedure is closely linked to E-LCA, in which the endpoint level presents environmental damages (e.g., climate change) caused to AoPs such as ecosystem quality [87]. Type II methods are mainly of quantitative, experimental or statistical nature and try to predict consequences based on quantifiable cause-effects or regression-based directional relationships between the product/organization and the resulting potential/actual social impacts [43,90].



Authors searching for new causal links (empirical relationship pathways) often follow the Preston pathway, which proposes that an increasing economic activity (income) leads to better human health in terms of life expectancy, while decreasing income reduces life expectancy [72,126,127]. Another approach is the Wilkinson pathway, which describes the relationship between income inequality and health [72,127]. Wilkinson argued that the unequal distribution of income is harmful to health and that “more equality favors better health within a population” [72,127]. The greatest challenge of these methods is that such pathways often require quantitative data, which is rarely available because causal relations of social and socio-economic impacts are often not known or not simple enough to allow quantitative cause–effect modeling [90,99,128]. This is also due to the uncertainty of behavioral impacts, which is a natural component of human interactions [21,129]. Similar challenges face authors that try to answer social phenomena by using commonly known pathways through Environmental Life Cycle Inventory (E-LCI) data, because very few social impacts can be assessed with a pure quantitative and generic method [43].



Although a theoretical categorization of methods is possible, the differentiation of applied methods is often challenging because scientists use the same procedural terminology (e.g., classification, characterization or aggregation) irrespective of the type of method. In addition, no common standard exists for how either of the methods is to be performed or named. As a result, very different methodological procedures and unclear terminology are used and are rarely described in detail, causing confusion among researchers. For instance, type II impact modelling methods are described by other practitioners as “multiple qualitatively constructed pathways with expert knowledge” and “single and quantitative pathways” [130]; E-LCI database method and empirical method [75] or type II/impact pathways and type III/economic modelling [131].



In addition to the great diversity of methods, the characterization is also challenging, as no commonly accepted characterization models exist to aggregate sub-category results into impact categories [129]. The confusion is enforced by the fact that the Guidelines also do not provide a structure for comprehensive characterization models for type I or type II methods, and research especially in the field of type II assessments is underrepresented [18,43].




3.3.8. Impact Assessment: Neglected Stakeholder Categories and the Variety of Impact Sub-Categories


PSIA and the Guidelines’ methodological sheets suggest lists of stakeholders and related impact sub-categories which in many cases overlap [13,14]. The reason for the similarity is that the Roundtable for Product Social Metrics used the first version of the Guidelines as inspiration to develop their own, more business-oriented method [14]. Thereby, both guiding documents agree that a divergent classification of stakeholders or impacts is possible if explained appropriately and in line with the goal and scope definition of the study [13,34]. This allows the customization of assessments according to the purpose, industry or case, which according to the literature review has widely been carried out in the past five years. When comparing the 67 studies that explain the selection of applied stakeholder categories and impact sub-categories, it is visible that the applied sets are highly individual and mostly adjusted according to the case under study. The use of stakeholder categories, for example, is very uneven, as some categories are often assessed while others are commonly excluded (Figure 7). For instance, 58 out of 67 studies analyzed the impact on workers (87%), while only 24 (36%) examined consumers and 23 (34%) value chain actors. From those 24 studies evaluating the impact on consumers, only six consider all sub-categories recommended by the Guidelines [70,129,132]. In addition, as all analyzed studies were published before the revised UNEP/SETAC Guideline 2020, it is no surprise that none of them assessed the impact on children in particular.



When analyzing studies at the sub-category level, Figure 8 shows that all categories recommended by the methodological sheets have been used in different studies at some point, but that the usage is very unequal. It is important to point out that UNEP/SETAC has not yet published a revised version of the methodological sheets. Therefore, new sub-categories recommended by the Guideline 2020 lack definition and have not been assessed in Figure 8. Analyzing how often the impact sub-categories have been assessed within the last five years shows that on the one hand, some sub-categories are frequently assessed such as health and safety (workers), local employment (local community), fair salary (workers) and equal opportunities/discrimination (workers). On the other hand, sub-categories such as respect for intellectual property rights (value chain actors), prevention and mitigation of conflicts (society) or privacy (consumer) are often excluded. This analysis underlines the finding that the value chain actors and consumers are generally less investigated. In addition, some authors base their assessment on very few sub-categories or even one single sub-category, such as Naghshineh et al. [113] did with privacy; Jasiński et al. [83] with vehicle user and pedestrian safety; Mirdar Harijani et al. [133] and Zheng et al. [56] with health and safety. One reason to exlude certain stakeholders or impact sub-categories is the lack of inventory indicators or data [134]. Dong and Ng [107] showed that in their S-LCA only 13 out of 30 sub-categories could be assessed due to the low data accessibility [107].



The individualization possibilities offered by the methodological sheets and the Guidelines also resulted in a broad range of other sub-categories found in the literature review. The given sub-categories for all stakeholder categories provided by the methodological sheets seem to be insufficient because 56% (38 out of 67 studies) frequently added other sub-categories according to their needs. In the assessment of workers, for instance, authors added sub-categories such as decent physical and psychological working conditions (22 publications), education (15 publications), stability of work contracts (6 publications), job satisfaction (4 publications) or human rights (3 publications) as visualized in Figure 9. For the local community, authors integrated new sub-categories related to socialization and the prevention of local conflicts (6 publications), territory and space occupancy (6 publications), other polluting factors such as light and noise pollution (5 publications), reputation and trust into companies (5 publications), competence building (4 publications), social responsibility and human rights (3 publications) or transparency on social/environmental issues (2 publications).



It needs to be acknowledged that authors frequently rename and add new stakeholder categories, impact categories or sub-categories to match with available indicators. Examples are Prasara et al. [100] and Yi Teah and Onuki [51], who included farmers/farm owners as a new stakeholder category, or Opher et al. [114], who changed the stakeholder category society to the public. Therefore, impact sub-categories are not always clustered according to stakeholder categories. For instance, Zanchi et al. [17] considered certain stakeholder categories such as society and people on the same level as impact categories such as ethical responsibility, workforce-related aspects and even use sub-categories that are not assigned to any impact category [17]. Other authors deviated entirely from the sub-categories recommended by the methodological sheets. Dunmade et al. [108], for example, clustered impacts according to different wellbeing groups (physical, emotional, intellectual, social, spiritual, environmental and occupational/vocational wellbeing) related to workers and the local community [108]. Kim et al. [135] and Mancini and Sala [76] differentiated between positive and negative impacts and clustered the sub-categories accordingly [76,135]. As a result, the number of different terminologies and approaches create an opaque jungle of impact categories, sub-categories and indicators, in which it sometimes seems as if entire levels (e.g., impact category level) are ignored or adapted according to individual needs. Therefore, very few scientists provide detailed explanations on the selection of impact (sub-) categories, the exclusion of stakeholder categories or the involvement of stakeholders.



The first Guideline admitted that more experience is needed to determine one, or several, sets of generally accepted impact categories and expanded the set in the revised version of 2020 [12]. A new stakeholder category for children and various sub-categories such as employment relationship, sexual harassment, smallholders including farmers, wealth distribution, ethical treatment of animals, poverty alleviation, education provided in the local community, health issues for children as consumers and children concerns regarding marketing practices are supposed to broaden the scope of assessments [58].




3.3.9. Life Cycle Interpretation: Lacking Comparability and Transparency of S-LCA


The literature review shows that each S-LCA phase is adapted according to individual cases and that choices and procedures are often not explained in detail. The resulting diversity of approaches and the lacking standard for all S-LCA phases can be seen as the greatest barrier for using or sharing S-LCA results, because the unambiguous interpretation and clear comparison of processes, companies and even social impacts is barely possible. Understanding the differences in S-LCA procedures and interpreting the results requires highly specialized knowledge about the procedures, the sector and the case under study. Additionally, the general comparison of social performances is challenging, as Karlewski et al. [68] exemplify with questions such as: how to evaluate a company that has a high turnover and does not assign importance to diversity, in comparison to a company with little turnover but a high proportion of disabled workers? What is a good or bad performance in this case and why? [19,68]. Neither the Guidelines [12,34] nor PSIA [14] provide any guidance in this regard.



Additionally, the very different data sources and types make it difficult to share, reuse or compare results, because site-specific data often include qualitative or confidential information, while generic macro-level data or risk classifications are considered insufficient to support meaningful and robust decision-making [136]. As a result, comparing two seemingly similar studies might cause unreliable results and mislead corporate decision-making [16]. For all these reasons, Wulf et al. [129] asked for a process that allows easier interpretation and communication of results. Russo Garrido et al. [19] believed that the debate of individual vs. universal S-LCA assessment models is at the center of this issue and acknowledged that tensions emerge when developing a “universal and replicable method” [19].



Another rarely discussed matter is the interconnection between social, economic and environmental conditions affecting one another. For instance, rising education levels and fair remuneration systems in developing countries might provide financial stability to families in a way that prevents children from working. Instead, these children could attend school and, thus, obtain an educational standard that qualifies them for jobs with a living wage (income that is high enough to maintain a normal standard of living [12]). This in turn would allow the next generation to obtain a high educational standard as well, because they would not have to work to support their families’ financial survival. This example shows how education, remuneration, child labor and forced labor are closely intertwined and influence each other. Environmental conditions affect all these factors as well. Health issues and the availability of jobs in areas affected by pollution, water contamination or waste accumulation as well as destructive natural phenomena affect not just the physical and mental ability of people to work or learn, but also affect their feeling of belonging, safety and security. In addition, technological progress such as increased recyclability of materials might provide new jobs, teach the local community about sustainability and, thus, might spread new knowledge. Although S-LCA can only provide a snapshot of how companies and their products affect such social chains, it can help to outline more potential for companies to reduce negative impacts while increasing positive ones. Ideally, S-LCA would be able to adapt to changing conditions through the conversion of impact sub-categories and frequent updates of performance references such as international standards. S-LCA therefore needs to remain flexible to a degree that allows the adaptation to such conditional changes while demonstrating how organizations influence conditions such as technological advancement, education levels and the environment.



In sum, S-LCA is full of uncertainties and lacks transparency because of the number and variety of approaches affecting the selection of impact categories, indicators, stakeholder categories, characterization, normalization and interpretation of data. Although a standardization would guide S-LCA towards becoming an more easily applicable tool, the previously discussed barriers such as the difficulty to develop a universal set of indicators that covers social aspects in all social, economic and political contexts impedes such standardization.






4. Conclusions


The aim of this literature review was to provide a big picture of past developments and the current situation of S-LCA. Elaborating on the historical phases, milestones and Advances of S-LCA set the scene for a detailed analysis of methodological barriers and inconsistencies. It shows that even 25 years after the first appearance of social impact assessments, S-LCA is still a young and immature method, especially when compared to E-LCA. ISO norms standardize the procedure of E-LCA and databases such as GaBi and ecoinvent help to calculate comprehensible and comparable impact assessments [53,137]. In S-LCA, such structures are still missing because the complicated testing and verification of social impact pathways and the facets of social issues that connect to many different disciplines and theories make it even more complicated to define one universal standard. In fact, scientists even struggle to agree on methodological elements such as impact categories and keep adjusting methods according to particular purposes. As a consequence, S-LCA results are often uncertain and lack transparency and reproducibility.



A major challenge is the interpretation of S-LCA results when it comes to internationally agreed social targets such as the SDGs. The literature review shows not only that SDGs are insufficiently included in S-LCA, but also that the definition of SDG targets impedes such inclusion. As a result, S-LCA is far from being a standardized and easily applicable tool and requires large amounts of in-depth knowledge and time.



In recent years, more and more industries such as the automotive industry have engaged in the testing and development of S-LCA. As one of the most influential sectors in Europe, the automotive industry could benefit from the display of social impacts of products and services. S-LCA and the transparent portrayal of methodological procedures, decisions and results offers a competitive advantage and could drive the transition towards a sustainable company or sector.



Future research on the integration of SDGs at the indicator level of S-LCA could offer a benchmark for individual performance interpretations and corporate contributions to the achievement of SDGs. Additional research on the combination and display of positive and negative impacts is needed to move away from the sheer risk assessment and to make S-LCA a tool that guides companies towards positive social contributions through their businesses. Therefore, the comprehensible display of methodological choices and decisions and the application of S-LCA in case studies is needed to make S-LCA applicable to all sectors—including service providers—and to test inventory assessment methods. In this way, it would be possible to evaluate whether or not a standardization on a sector level through, e.g., sector-specific sets of impact sub-categories, is possible. In addition, advancing databases is essential to promote the applicability and usage of S-LCA in a more consistent and transparent way. Only if the clear calculation and interpretation of S-LCA is possible will a combination with other in LCSA (E-LCA, S-LCA and LCC) be possible. In particular, the S-LCA methodology has to be developed further to reach the current extension and status of alignment which E-LCA has already reached. Once the individual methods have been developed, the results for the individual impact categories need to be aggregated. Similar to weighting approaches (which are an optional part within the impact assessment of E-LCAs), methods can be further developed for S-LCA as well as LCSA to enable a communication of results to non-sustainability-experts by single- or multi-score values.
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Figure 1. Data collection and screening process. 
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Figure 2. Number and type of publication per year between 2015 (2014) and 2020 [38,39]. 
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Figure 4. Number of studies including Sustainable Development Goals (left) and types of inclusion (right). 
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Figure 5. Number of studies including positive impacts (left) and type of inclusions (right). 
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Figure 6. Cluster of type I and type II S-LCIA methods (adapted from [75]). 
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Figure 7. Share of studies addressing stakeholder categories of Guidelines 2020 [12]. 
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Figure 8. Number of studies addressing UNEP/SETAC impact sub-categories (inspired by [16]). 
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Figure 9. Frequency of new impact sub-categories per stakeholder category (inspired by [15]). 
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Table 1. Review protocol (inspired by [25]).
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Review questions

	
(1) How did S-LCA research develop over the last 20 years?




	
(2) To what extent are UN SDGs an integral part of S-LCA research?




	
(3) How and to what extent has S-LCA been used by the automotive industry?




	
(4) What barriers exist and need to be overcome in future research?




	
Literature search

	
Keywords:

Social LCA, S-LCA, SLCA, Social-Life-Cycle-Assessment, Social Life Cycle Assessment, social impact assessment, social life cycle impact assessment, SLCIA, S-LCIA, Socio-economic life cycle assessment, Societal Life Cycle Assessment, Societal-Life-Cycle-Assessment, Social Footprint, Social Sustainability Assessment




	
Databases:

Web of Knowledge, German National Library, Science Direct, Springer Professional, Wiley, Google Scholar




	
Inclusion criteria

	

	
Publications written in English or German



	
Published between 2015 and November 2020



	
Publications that are publicly available



	
Focus of the publication on at least one of the following aspects:




	○

	
Past developments of S-LCA




	○

	
Connection between SDGs and S-LCA




	○

	
The participation of the automotive industry




	○

	
Methodological barriers of S-LCA















	
Exclusion criteria

	

	
Studies that use the acronym S-LCA for other meanings than Social Life Cycle Assessments e.g., simplified life cycle analysis, screening life cycle analysis, static life cycle analysis, streamlined life cycle analysis



	
Publications focusing on the environmental or economic dimension of sustainability



	
Publications defining, assessing social sustainability through other methods e.g., supply chain management









	
Evaluation methods

	
MS Excel and MaxQDA
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