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Figure S1: S-LCA literature review sources selection process 
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Table S1: Source list of articles reviewed







	S-LCA Phase
	S-LCA Attributes
	Attribute Specific Questions
	Possible Answer Formats

	Phase 1: Goal and Scope Definition+A20:E121
	1 . Goal 
 
 
 
 
 
 
 
 
 
 
 
	What is the goal/purpose of the study? (UNEP/ SETAC guideline)
	What is the Goal of the study from the below? Or set the goal (UNEP/SETAC Guidelines)
1. To support sustainable design of products;
2. To support Human Rights Due Diligence of organizations
3. To identify main social Hotspots of a product and/or organizations;
4. To quantify and qualify the potential social performance of products and/or related impacts, in order to support sustainable consumption;
5. To examine potential social improvement options along the life cycle;
6.To assess the most relevant stages in the social value chain in terms of social impacts/hotspots
7.To assess and compare, when possible, potential social performance and/or social impacts of product-systems;
8.To communicate the potential social performance and/or social impacts of the product to the public;
9.To understand if the product value chain contributes to the social development of its stakeholders

	
	
	What is the intended application of the study? (UNEP/ SETAC guideline)
	e.g.: Comparison of specific goods, services or Benchmarking of specific products against the product group´s average (ILCD Handbook 2010)

	
	
	What is the application timeframe of the study?
	e.g.: Monitoring of the total amount of cars operated in a given year in France. (ILCD Handbook 2010)

	
	
	what is the intended use of the study? (UNEP/ SETAC guideline)
	e.g.: To manage social risks thanks to the identification of social hotspots (UNEP/SETAC Guideline)

	
	
	who are the target audience? (UNEP/ SETAC guideline)
	Trade unions and workers’ representatives, consumers, governments, NGOs, individuals or organization carrying out the study (UNEP/SETAC Guidelines)

	
	
	What do we want to assess? (UNEP/ SETAC guideline)
	To assess, when possible, potential social performance and/or social impacts of product-systems (UNEP/SETAC Guidelines)


	
	
	what will be the potential improvement opportunities? (UNEP/ SETAC guideline)
	 To examine potential social improvement options along the life cycle (UNEP/SETAC Guideline)

	
	
	Reasons for carrying out the study? (Handbook for product social impact assessment)
	Support decision on governmental non-binding recommendations for socially preferred future handling of paper waste from commercial and governmental offices in Australia (ILCD Handbook)

	
	
	Software or database used? (Social LCA case study organic cotton)
	Which software and databases are used from the below?
1. PSILCA
2. SHDB

	
	
	To whom the results are disclosed? (Handbook for product social impact assessment)
	The target audience are governmental political decision makers and main stakeholders of the paper production and waste management sectors in Australia, as well as operators of offices in the private sectors and in government. (ILCD Handbook)

	
	
	Which stakeholders are affected? (UNEP/ SETAC guideline)
	Which Stakeholders are affected? (UNEP/SETAC Guidelines)
1.Workers
2.Local Community
3.Society
4.Consumers
5.Children
6. Value Chain Actors

	
	
	Does the study intend to support decision making? (UNEP/ SETAC guideline)
	Depending on the goal and scope, SLCA study could be used for product development and design, strategic planning, communication, marketing and so on where the it can be used as inputs to support decision making. (ILCD Handbook)

	
	2. Scope 
 
 
 
 
 
 
 
 
 
 
 
 
 
	Defining the object of the study, normally a product, a function (functional unit), or a service? (UNEP/ SETAC guideline)
	In the building sector, the functional unit is the amount of material (concrete and steel) needed for 1 m2 of floor area created for dwelling and working places for humans. (UNEP/SETAC Guidelines)

	
	
	Defining the quantity of materials needed to produce the product or output (reference flow) (UNEP/ SETAC guideline)
	 In the T-shirt example a company wants to do SLCA of a pack of white cotton T-shirts, the body of a person can be covered by T-shirts from different brands. If, however, Brand X T-shirt lasts one year and Brand Y T-shirt, two years; than the reference flows will be: 2 Brand X T-shirts or 1 Brand Y T-shirt respectively, to cover the period of 2 years. (UNEP/SETAC Guidelines)

	
	
	Defining what steps, activities, and organizations are needed to comply with the functional unit (the product system); (UNEP/ SETAC guideline)
	Refer page 47 of UNEP/SETAC Guidelines 

	
	
	Identifying which parts of the product system are part of the assessment (system boundaries) (UNEP/ SETAC guideline)
	Identify the system boundary. (UNEP/SETAC Guidelines)
1. Cradle to Grave
2.Cradle to Gate
3.Gate to Gate

	
	
	Choosing what variable(s) will determine the importance of different activities in the product system (activity variables); (UNEP/ SETAC guideline)
	Please refer pg. 74 UNEP/SETAC Guidelines)

	
	
	Which all impact sub categories are affected? (UNEP/SETAC Guidelines)  
	1.Human Rights
2.Working conditions
3.Health and Safety
4.Cultural Heritage
5.Consumers
6. Value Chain Actors

Refer page 23 of UNEP/SETAC Guidelines 2020

	
	
	Type of impact assessment method?
	Which impact assessment method is used? (UNEP/SETAC Guidelines)
1. Reference scale
2.Impact Pathway

	
	
	Data collection strategies (inventory indicators, data type and data collection);
	Data can be primary or secondary and can be obtained from databases of government. E.g. Indicator for Child labour can be taken as "Hours or percentage of child labour in the workforce"(UNEP/SETAC Guidelines)

	
	
	Data quality requirements (UNEP/ SETAC guideline)
	Check whether the data achieves the following:(ILCD Handbook 2010)
Technological representativeness
- Geographical representativeness
- Time-related representativeness
- Completeness
- Precision / uncertainty
- Methodological appropriateness and consistency

	
	
	Allocation procedures (UNEP/ SETAC guideline)
	The allocation criteria are identified in a two-step procedure, starting with and strongly building on the physical causality, as equally recommended in ISO 14044:2006.  To summarise this two-step procedure:
-As first criterion other “determining physical causal relationships” between each non-functional flow and the co-functions of the process are to be identified and applied. Part of this is to use the virtual subdivision approach to assign flows to the co-functions, as much as possible.
-Flows that cannot be allocated in this way are to be allocated using a second, general allocation criterion, which is the market value of the co-functions in the specific condition and at the point they leave the process (or enter it as e.g. in case of waste and end-of life treatment service.

	
	
	Assumptions and value choices (UNEP/ SETAC guideline)
	Assumptions may be related to data, value judgments, activity variable, calculation of the social performance and social impacts, aggregation, and weighting. (UNEP/SETAC Guidelines)

	
	
	Limitations (UNEP/ SETAC guideline)
	In study of SLCA of t-shirt, the study did not include the production of chemicals because of pragmatic limitations in data collection. (UNEP/SETAC Guidelines).

	
	
	Type of critical review (UNEP/ SETAC guideline)
	Select the type of critical review (ISO 14044,2018).
1. Critical review being carried by an internal or external expert.
2. Critical review being carried by interested parties
3. General criteria for selection of a peer review panel

	
	
	Communication strategies for the results (UNEP/ SETAC guideline)
	Select the type of communication strategy? (UNEP/SETAC Guidelines)
1. Internal Communication (Communicating to internal stakeholders such as: CEOs, workers, and shareholders)
2. Business to Business (B2B)
3. Business o Customer(B2C)

	
	2.1 Vehicle type
 
 
	what are the vehicle type considered in the study? (Pilot UNEP/SETAC)
	What are the vehicles type considered?
1. Battery electric vehicle
2.Hydrogen Fuel Cell
(A Review on Electric Vehicles: Technologies and Challenges)

	
	
	what are the technical specifications of the vehicle? (Pilot UNEP/SETAC)
	For e.g., Specific power
             Battery capacity
            Battery used
(A Review on Electric Vehicles: Technologies and Challenges)

	
	
	what are the fuels used in the vehicle? (Pilot UNEP/SETAC)
	What are the fuels used in the vehicle?
1.Battery
2.Hydrogen

	
	2.2 System Boundaries
 
 
 
 
 
	What is the Product system? (UNEP/ SETAC guideline)
	Please refer page 47 UNEP/SETAC Guidelines.

	
	
	what are the life cycle stages considered in the study? (UNEP/ SETAC guideline)
	E.g. In SLCA of automotive sector, life cycle stages can be Resource depletion, car production, dismantling. (A Practical Approach for Social Life Cycle Assessment in the Automotive Industry)

	
	
	In which perspective system boundaries are considered? (UNEP/ SETAC guideline)
	From which perspective is the system boundary considered? (UNEP/SETAC Guidelines)
1. The physical perspective based on the technological processes or economic flows that characterize the value chain
2. The effect perspective based on the interaction between companies, stakeholders, and the relations among stakeholders involved in the life cycle, as a result of the activities carried out.

	
	
	Is cutoff applied? What is the justification? (UNEP/ SETAC guideline)
	Yes or No

	
	
	Which cut off criterions are used? (UNEP/ SETAC guideline)
	Which Cut off criterions are applied? (UNEP/SETAC Guidelines)
1. Social significance;
2. Identical elements;
3. Available resources

	
	
	Is there any limitation for data access? What are the limitations? (UNEP/ SETAC guideline)
	E.g.: Use of generic data instead of on-site data. (UNEP/SETAC Guidelines)

	
	2.3 Stakeholders
	Which approach are used for the selection of stakeholders?  (UNEP/ SETAC guideline)
	E.g. of an approach to the selection of stakeholders could use the following three criteria:
1. Impact: This criterion is also used in E-LCA and in a Human Rights Due Diligence process and consists
of gathering those affected by a certain production process;
2. Legitimacy: It consists of identifying the representatives of interests’ groups;
3. Completeness: It consists of including stakeholders with different social representations and attributes.
(UNEP/SETAC Guidelines)

	
	2.4 SLCIA Approach
 
 
	How are the social topic interest identified? (UNEP/ SETAC guideline)
	Interview/survey/ any other method?

	
	
	What are the prerequisites used for the S-LCA? (UNEP/ SETAC guideline)
	Please present the prerequisites for the respective S-LCIA method chosen? (UNEP/SETAC)
a) Reference scales used for assessment (if using RS S-LCIA);
b) Characterization model and type of impact pathway used for assessment (if using IP S-LCIA)

	
	
	Determine the weighting approach? (UNEP/ SETAC guideline)
	Select the weighting approach (UNEP/SETAC Guidelines).
1. Equal weighting
2.Most robust indicators prioritized
3.Expert or stakeholder values
4.Worse performance prioritized
(For more details, refer page 91 of UNEP/SETAC Guidelines)

	
	2.5 Impact categories& subcategories, indicators
	Which are the indicators used to assess the status of the impact categories and subcategories? (UNEP/ SETAC guideline)
	E.g. Hours or percentage of child labour in the workforce can be used as an indicator for the impact subcategory Child labour where "Worker" is the stakeholder. (UNEP/SETAC Guidelines)

	
	3. Geographical and temporal considerations
 
	what is the geographical coverage of the document?
	E.g. Study is based on a particular country.

	
	
	Is temporal aspect taken in to consideration?
	Yes or NO

	
	4. Regulations and guide lines followed
	Which are the regulations, standards, guidelines followed?
	E.g. UNEP/SETAC Guidelines

	Phase  2: Social Life Cycle Inventory
	









1. Foreground/ Background system














	Data about the social flows & indicators?
	E.g. Salary or number of accidents at workplace (UNEP Guidelines)

	
	
	How the system sub divided?
	How is the system sub divided? (UNEP)
1. Process based
2. Sector based
3. Hybrid

	
	
	what are the flow amounts for each process?
	E.g. 5kWh electricity to produce 1 kg of fertilizer (UNEP Guidelines)

	
	
	How the total amounts for the process and flows quantified?
	e.g. 2 worker-hours are needed for 1 kg of fertilizer, then 4 worker hours are needed when 2 kg of fertilizer is indirectly needed. (UNEP Guidelines)

	
	
	How to prioritize the data?
	What are the approaches to prioritize data collection? (UNEP)
1. Does the literature review of the studied system identify key social issues not to miss in the S-LCA?
2. Which are the most active or intensive activities/unit processes in the studied system, e.g. based on an activity variable?
3.  Identify the hotspots in the product’s life cycle.

	
	
	which approaches are used to collect activity variable data?
	Which approaches are used to collect activity variable data? (UNEP)
1. Through site-specific data collection;
2. Use of an S-LCA dedicated database (SHDB or PSILCA);
3. Through input-output or other databases.

	
	
	what are the data collected for impact assessment method?
	Refer pg. 66 UNEP

	
	
	what are the social inventory indicators corresponding to the study?
	For e.g., Working hours (UNEP)

	
	
	What are the generic and secondary data related to the study and which data bases are used?
	E.g., Data from national and international organisations. (UNEP)

	
	
	what are the data collection strategy
	e.g. Data from scientific articles (UNEP)

	
	
	how will refine the data collection strategy?
	E.g. 1. Processes that are important and significant, based on the activity variable (or measures of inputs to the unit process); (UNEP)
      2. Significant topics and processes based on the social hotspots;
      3. The unavailability of data
      4. Subsequent sensitivity analyses. 

	
	
	what are the challenges while considering the generic and secondary data?
	E.g., May lead to the exclusion of unit processes (UNEP)

	
	
	what are the allocation methods used?
	e.g. 1. Mass allocation
      2. Energy allocation

	
	
	how is allocation carried out?
	 

	
	
	what is the LCI modelling principle used in the study? (ILCD)
	what is the LCI modelling principle used in the study? (ILCD)
1.Attributional
2.Consequential

	
	2.Multifunctionality
	Does the process have multifunctionality, and how to solve the multifunctionality
	Refer pg. 74 of ILCD

	
	3. Data base and software
 
 
 
	what is the modelling software used?
	E.g. OpenLCA

	
	
	what is the database used?
	E.g. SHDB

	
	
	what are the challenges of used database?
	E.g. Gaps in SHDB for some industries (SLCA of automotive industries)

	
	
	which approach is used for SLCA in automobile industry (SLCA of automobile industry)
	Top down approach
Bottom up approach
(SLCA of automobile industry)

	Phase 3: Social Life Cycle Impact Assessment
	GENERAL
	what are the impacts evaluated?
	E.g.: Midpoint impact - Fair wage
      End point impact - Social equity
  (UNEP)

	
	 
	What is the aim to evaluate the impacts?
	E.g. to calculate the social risk or social performance of firm

	
	Characterization models
 
 
 
 
	REFERENCE SCALE Model
	Yes or no

	
	
	What are the steps considered in the impact assessment?
	Refer pg 81 UNEP

	
	
	which type of reference scales are used?
	Type of reference scale? (UNEP)
1. Generic ascending reference scale
2.Generic descending reference scale

	
	
	are reference scales scoring or non-scoring type?
	 Yes or no

	
	
	how the inventory data assess against the reference scales?
	e.g. the social risk associated with forced labour is +1 (UNEP)
(one level above compliance level)

	
	Normalization
	what are the sources of the normalization factors used?
	If normalisation carried out.

	
	Grouping
	which grouping approach was adopted? And what are the groups
	If grouping carried out.

	
	Weighting?
	what are the weighting method and factors are used?
	 

	
	 Other Aspects
 
 
 
 
 
 
 
	IMPACT PATHWAY Model
	Yes or no

	
	
	what are the social activities reflected by the means of Inventory indicators and social endpoint indicators?
	 e.g.: Human well being

	
	
	which type of impact pathway assessment is used?
	 e.g.: Preston pathway, Wilkinson pathway

	
	
	what are the inventory indicators, social midpoint indicators, social endpoint indicators?
	e.g.: Inventory Indicators - working hours
        Midpoint impact - Fair wage
        End point impact - Social equity (UNEP)
     

	
	
	how to categorize the social topic to mid or end point level
	 Cause effect chain relationship

	
	
	how the impact pathway developed?
	Refer page 95 UNEP

	
	
	what are the inventories builded to follow the defined pathway
	 

	
	
	which type of characterization model is used?
	 

	Phase
4: Interpretation
	1.Completeness check
 
 
	Are all the relevant issues defined in the goal and scope has been satisfactorily addressed or integrated in the impact assessment method?
	Yes or no

	
	
	any questions defined in the goal and scope are unsolved and why?
	Yes or no with reason

	
	
	was completeness check explicitly done/discussed?
	Refer page 110 UNEP

	
	2.Consistency check
	Are the methods applied in the inventory and impact assessment steps and data used consistently applied throughout the study and are in accordance with the goal and scope of the study?
	Yes or No

	
	3.Uncertinity, sensitivity and data quality check
 
 
 
 
 
 
	is there any kind of uncertainty analysis carried out? What are the challenges if there any?
	Yes or no with reason

	
	
	which type of uncertainty analysis carried out?
	which type of uncertainty analysis carried out? (UNEP)
1.Quantitatively
2.Qualitatively

	
	
	whether the uncertainty of scoring factors, impact subcategory, indicator aggregation in to stakeholders are determined?
	Yes or no

	
	
	whether the assumptions made are valid and relevant under different conditions?
	Yes or no

	
	
	Are the influences of choices and assumptions on the final results evaluated?
	Yes or no

	
	
	what are the key issues conducted in sensitivity analysis?
	E.g. Quality of LCI data may be vary (ILCD)

	
	
	what kind of sensitivity analysis were done?
	Refer pg. 295 ILCD

	
	4.Materiality 
	whether the share of social performance or impacts assigned to the life cycle phases, process and stakeholders are determined?
	Yes or no

	
	5.Aggregation
	How the aggregation carried out displayed?
	E.g. Graphically

	
	6.Critical review/peer review
	how the critical review developed?
	How the critical review is developed? (UNEP)
1. Critical review being carried by an internal or external expert.
2. Critical review being carried by interested parties
3.General criteria for selection of a peer review pane

	
	8.comparisons
	what kind of comparisons were done?
	E.g. Comparisons between different products (ILCD)

	
	9.Reporting
 
	How was the study reported? Is there specific format?
	How were the reporting done? (ILCD)
1. Report for internal use
2.Third party report
3.Report on comparative studies to be disclosed to the public

	
	
	how were final results reported?
	Refer page 311 of ILCD for format

	
	10.Conclusions, limitations and recommendations?
 
 
	how were final conclusions reported?
	E.g. for the illustrative goal question: “which of the two selected cleaning solutions for X has the lower environmental impacts” as the starting point of a comparative study of cleaning X by machine vs. cleaning X by hand it might be concluded: significant differences exist, but only for some of the relevant scenarios of user behaviour for manual cleaning and the energy-efficiency of the cleaning machine. The main factors of manual cleaning are the used water temperature and amount (ILCD)

	
	
	What are the challenges/limitations discussed in the interpretation part?
	E.g. a limited completeness of elementary flows with relevance to relevant impact categories, or a limited time-representativeness (ILCD)

	
	
	what are the recommendations for the further improvement?
	E.g. To change a supplier towards a supplier with less impacting own production or supply-chain. (ILCD)

	
	4.Materiality 
	whether the share of social performance or impacts assigned to the life cycle phases, process and stakeholders are determined?
	Yes or no

	
	5.Aggregation
	How the aggregation carried out displayed?
	E.g. Graphically

	
	6.Critical review/peer review
	how the critical review developed?
	How the critical review is developed? (UNEP)
1. Critical review being carried by an internal or external expert.
2. Critical review being carried by interested parties
3.General criteria for selection of a peer review pane

	
	8.comparisons
	what kind of comparisons were done?
	E.g. Comparisons between different products (ILCD)

	
	9.Reporting
 
	How was the study reported? Is there specific format?
	How were the reporting done? (ILCD)
1. Report for internal use
2.Third party report
3.Report on comparative studies to be disclosed to the public

	
	
	how were final results reported?
	Refer page 311 of ILCD for format

	
	10.Conclusions, limitations and recommendations?
 
 
	how were final conclusions reported?
	E.g. for the illustrative goal question: “which of the two selected cleaning solutions for X has the lower environmental impacts” as the starting point of a comparative study of cleaning X by machine vs. cleaning X by hand it might be concluded: significant differences exist, but only for some of the relevant scenarios of user behaviour for manual cleaning and the energy-efficiency of the cleaning machine. The main factors of manual cleaning are the used water temperature and amount (ILCD)

	
	
	What are the challenges/limitations discussed in the interpretation part?
	E.g. a limited completeness of elementary flows with relevance to relevant impact categories, or a limited time-representativeness (ILCD)

	
	
	what are the recommendations for the further improvement?
	E.g. To change a supplier towards a supplier with less impacting own production or supply-chain. (ILCD)



[bookmark: _Hlk206574594]Table S2: Review Criteria/sub-question developed for the review of 4 phases of S-LCA

	Sl.no
	General questions
	Answer Format

	1
	How often are you involved in discussions on social issues related to products / production?
	Often, seldom, never + Free text


	2
	Have you been involved in discussions on social issues related to LCA?
	Yes, No + free text

	
3
	How do you identify and prioritize social issues to be addressed and what criteria do you use to determine their importance?
	free text

	


4
	Which methods and tools does your company use to tackle social issues related to products and production?
	· Social audits
· Sustainability reporting
· Social risk assessment
· Code of conduct for suppliers
· To some extent integrated part in LCA
· None
· I dont know
· Other (+ free text)

	
5
	How do you communicate the results of your social performance to stakeholders, and how do you ensure transparency and accountability in your reporting
	free text

	6
	Which department is responsible for social sustainability?
	free text

	7
	Data collection
	

	8
	What do you think are the main social impacts of automotive sector?
	list answers

	9
	Which social issues do you collect data for?
	Multiple choice: List the most relevant topics

	10
	Do you publish an annual sustainability report?
	Yes, No, I don’t know

	
11
	Do you collect data or question social sustainability issues of the companies you purchase material or other inputs
	Yes, To some extent, No, I don’t know

	
12
	Do you collect data or question social sustainability issues of the companies that handle your companies` waste streams or by-products?
	Yes, To some extent, No, I don’t know

	Part A [Questions applicable to the companies/other parties who are not familiar with SLCA]

	
1
	Are you familiar with Social Life Cycle Assessment(S-LCA)?
	Yes (If answer is Yes, Part A and Part B Questions can be asked)
No (If answer is No, only Part A can be asked)

	
2
	Do you believe a method like SLCA is relevant for your company?

	There is a clear need for implementing SLCA in our company.
Not sure if there is need to implement such a method
Others (please specify)

	
3
	Are you aware about the latest UNEP/ SETAC SLCA guidelines? 

	Yes, we are familiar with the guidelines
No, we don’t have knowledge in it
Partially knowledgable 

	            Part B [Questions applicable to companies who are conducting SLCA]


	
	Questions Based on Goal and Scope

	Answer Format

	
1
	What is the average timeframe of conducting SLCA in your company?
	Within 3 months
Between 3 months and 6 months
More than 6 months

	

2
	Which stakeholder group does your SLCA study prioritize?  

	Workers
Local community
Society
Consumers
Children
Value chain actors

	
3
	Based on which system boundary does the company conduct SLCA mainly? 

	Cradle to grave
Cradle to gate
Gate to gate

	
4
	How do you wish to disclose your SLCA results to the public?

	Complete disclosure
Partial disclosure
Not interested in disclosing to the public

	
	Questions based on Life Cycle Inventory

	Answer Format

	
1
	Which type of data is mainly used to perform SLCA by your company?

	· Primary or company specific
·  Secondary

	



2
	Which databases are used for conducting SLCA?

	· PSILCA
· SHDB
· Exiobase
· Fair wage database
· Global Trade Analysis Project (GTAP)
· EORA
· World Input Output Database (WIOD)
· International Labor Organization (ILO)
· World Bank
· Others (please specify)

	


3
	What are the challenges in data collection?

	· Lack of resources
· Inaccuracies in data
· Missing data
· Unwillingness to disclose data
· Data do not relate well to the concept being measured
· Problems with data Collection agency
· Others (please specify)

	

4
	Which of the following do you ensure for data quality? 

	· Reliability of source
· Completeness conformance
· Temporal conformance
· Geographical conformance
· Further technical conformance
· Others (please specify) 

	
	Questions based on Impact Assessment
	Answer Format

	
1
	Which among the given impact categories is given more focus?

	Human rights
working conditions
health & safety
cultural heritage 
consumers
value chain actors
Others (please specify)

	
2
	Which impact assessment method is used for conducting SLCA?

	Type 1 Reference Scale Assessment 
Type 2 Impact Pathway Assessment

	
3
	What are the methods used to select impact indicators or subcategories?

	Literature research
Stakeholder consultation
SLCA Guidelines
Other (please specify)

	
	Questions based on Interpretation

	Answer Format

	
1
	Which among the following analysis are done?

	Sensitivity analysis
Uncertainty analysis
Completeness check
All of the above

	
2
	How do you report your SLCA study?

	Report for internal use
Third party report
Report on comparative studies to be disclosed to the public.

	
3
	Which type of critical review is done?

	Critical review being carried out by an internal or external expert.
Critical review being carried out by interested parties.
General criteria for selection of a peer review panel

	4
	Do you have any recommendations for further improvement in SLCA?
	free text


Table S3: Survey & Interview Questions about social responsibility


	Impact category  
	Impact subcategory  

	1 Labour Rights & Decent Work
	1A Wage  

	
	1B Poverty  

	
	1D Child Labour  

	
	1E Forced Labour  

	
	1F Excessive Work Time  

	
	1G Freedom of Association  

	
	1H Migrant Labour  

	
	1I Social Benefits  

	
	1J Labour Laws/Conventions  

	
	1K Discrimination  

	
	1L Unemployment  

	2 Health & Safety  
	2A Occupational Toxicity & Hazards  

	
	2B Injuries & Fatalities  

	3 Human Rights  
	3A Indigenous Rights  

	
	3B Gender Equity  

	
	3C High Conflict Zones  

	
	3D Non-Communicable Diseases  

	
	3E Communicable Diseases  

	4 Governance  
	4A Legal System  

	
	4B Corruption  

	5 Community  
	5A Access to Drinking Water  

	
	5B Access to Sanitation  

	
	5C Children out of School  

	
	5D Access to Hospital Beds  

	
	5E Smallholder versus Commercial Farms  


[bookmark: _Hlk206574694][bookmark: _Hlk198302009]Table S4. Impact categories and impact subcategories in SHDB (Bennema et al., 2022)

	Stakeholder category
	Impact subcategory 

	Worker
	1. Child labour 

	
	2. Forced labour 

	
	3. Fair salary 

	
	4. Working time 

	
	5. Discrimination 

	
	6. Health and safety 

	
	7. Social benefits, legal issues 

	
	8. Worker`s rights 

	Local community
	1. Access to material resources 

	
	2. Respect of indigenous rights 

	
	3. Safe and healthy living conditions 

	
	4. Local employment 

	
	5. Migration 

	
	6. GHG footprints 

	
	7. Environmental footprints 

	
	8. Labor footprints 

	Value chain actors (not including consumers)
	1. Fair competition 

	
	2. Corruption 

	
	3. Promoting social responsibility 

	Society
	1. Contribution to economic development 

	
	2. Health and safety 

	
	3. Prevention and mitigation of conflicts 


[bookmark: _Hlk198301993]Table S5. Stakeholder categories and impact subcategories in PSILCA (Maister et al., 2020)

	Article
	Data source
	
	Article
	Data source

	A Practical Approach for Social Life Cycle Assessment in the Automotive Industry (Karlewski et al. 2019)
	Not clear
	
	Social impact improving model based on a novel social life cycle assessment for raw rubber production: A case of a Sri Lankan rubber estate(Dunuwila et al. 2022)
	Questionnaire response from ten experts in natural rubber sector to rate four stakeholder categories, 18 subcategories and around 40 inventory indicators in UNEP code of practice considering their importance to measure the social impacts of raw rubber production

	Towards social life cycle assessment of mobility services: systematic literature review and the way forward (Gompf et al., 2020)
	Not clear
	
	S-LCA: organic cotton sweater (Loubert, 2022)
	PSILCA

	Social aspects of water consumption: risk of access to unimproved drinking water and to unimproved sanitation facilities—an example from the automobile industry (Pastor et al. 2018)
	The blue water flows (input and output flows) are considered in form of volumetric freshwater consumption
	
	Towards social life cycle assessment: a quantitative product social impact assessment  (Traverso et al. 2018)
	Primary data collected for most of the production stages directly from supplier, secondary data obtained in the first implementation of the quantitative method of
 PSIA

	An integrated social life cycle assessment of freight transport systems and social organizational life cycle assessment of transport services: case studies in Columbia, Spain and Malaysia (Osorio-Tejada et al. 2020)
	Multilevel inventory analysis method to get data for companies in each stage in the supply chain
	
	Applying social life cycle assessment in the early stages of a project development — an example from the mining sector  (Muller et al. 2021)
	Background system is here modelled by using the PSILCA v2.0 data base, foreground system is modelled based on information principally collected on site

	A social life cycle assessment of vanadium redox flow and lithium-ion batteries for energy storage (Koese et al. 2023)
	For VRFB, the life cycle inventory provided by Weber et al. (2018). For the LIB was based on Sadhukhanand Christensen (2021).
Both were translated to economic sectors by using the best available match in the PSILCA database
	
	Life Cycle Sustainability Assessment of Sport Utility Vehicles: The Case for Qatar (Aboushsgrah et al., 2020).
	Not clear

	Development of a Social Life Cycle Assessment framework for manufacturing organizations (R Ben Ruben et al. 2018)
	Database of the firm and other generic data is collected by means of questionnaires, conducting interviews with workers and from corporate reports and websites
	
	Assessment of social sustainability hotspots in the supply chain of lithium-ion batteries(Thies et al. 2019)
	SHDB

	Step‑by‑step social life cycle assessment framework: a participatory approach for the identification and prioritization of impact subcategories applied to mobility scenarios (Bouillass et al. 2021)
	PSILCA v2 database
	
	Social life cycle assessment in Indian steel sector: a case study (Singh et al., 2018)
	Responses of individuals representing the stake
holder groups influenced and impacted by the companies in
volved in the activities associated with the life cycle of the
 product can form the aggregated inventory data

	Does the Production of an Airbag Injure more People than the Airbag Saves in Traffic? (Baumann et al. 2013)
	Mujiyanto and Priyojati 2010; Suyang and Jingjing 2010, Coleman and Kerkering
 2007, Starfelt and Wikdahl 2011; Wilson et al.1999
	
	Social life cycle assessment for material selection: a case study of building materials(Hosseinijou et al. 2014)
	Methodological sheets developed by UNEP initiative, Social Hotspots Database (SHDB), Material flow analys4s, stakeholder and expert’s interviews


Table S6. Database and data sources used in Reviewed Literatures

	Research article/review/case study
	Impact assessment method used or discussed

	A practical approach for social life cycle assessment in the automobile industry (Karlewski et al. 2019)
	PDCA

	Social aspects of water consumption: risk of access to unimproved drinking water and to unimproved sanitation facilities an example from the automobile industry (Pastor et al. 2018)
	RSA /Scoring type

	An integrated social life cycle assessment of freight transport systems and social organizational life cycle assessment of transport services: case studies in Columbia, Spain and Malaysia (Osorio-Tejada et al. 2020)
	Performance reference points (PRPs)/ RSA

	Social life cycle assessment of lithium iron phosphate battery production in China, Japan and south Korea based on external supply materials (Shi et al. 2023).
	Social hotspot index from SHDB

	A social life cycle assessment of vanadium redox flow and lithium-ion batteries for energy storage (Koese et al. 2023)
	PRPs

	Development of a social life cycle assessment framework for manufacturing organizations (R Ben Ruben et al. 2018) 
	PRPs and impact pathway

	Step by step social life cycle assessment framework: a participatory approach for the identification and prioritization of impact subcategories applied to mobility (Bouillass et al. 2021)
	RSA

	Does the production of an airbag injure more people than the airbag saves in traffic? (Opting for an empirically based approach to S-LCA) (Baumann et al. 2013)
	Empirical Methods (DALY)

	Assessment of social sustainability hotspots in the supply chain of lithium-ion batteries (Thies et al. 2019)
	RSA, PRPs

	Social life cycle assessment in Indian steel sector: a case study (Singh et al., 2018) 
	RSA, Scoring method

	Social life cycle assessment for material selection: a case study of building materials (Hosseinijou et al. 2014)
	Site-specific analysis/Analytic hierarchy process

	Social impact improving model based on a novel social life cycle assessment for raw rubber production: A case of Sri Lankan rubber estate (Dunuwila et al. 2022)
	RSA and impact pathway approach

	Applying social life cycle assessment in the early stages of a product development -an example from the mining sector (Muller et al. 2021)
	PSILCA Database/ RSA


Table S7. Reviewed studies and Impact assessment method

	Impact Categories
	Stakeholder Categories
	         Impact Subcategories

	Human rights,
Working Conditions and Health and Safety, Cultural Heritage,
Socio-economic repercussions, 
Governance  

	Workers


	Fair salary, Freedom of association, Child labour, Forced labour, Equal opportunities and discrimination, Working hours, Health and safety at work, social benefits/social security, 

	
	Value chain actors

	
Unfair competition, Suppliers' relationships

	
	Local community

	
Access to material resources, 
Access to intangible resources, 
Delocalization and migration, 
Respect for local traditions and cultural heritage, 
Respect for the rights of the indigenous community, 
Community involvement, Creation of local employment, 
Healthy and safe living conditions, 


	
	
Consumer (User)

	Confidentiality with customer information,
Feedback mechanism, Transparency in social and environmental issues

	
	
Society
	
Contribution to the national economy, 
Public commitment to sustainability issues, 
Corruption,                 
Technological development, Prevention and mitigation of armed conflicts
 



Table S8. Stakeholders, impact categories and subcategories
Section 2: Result of Literature Review
This section shows and analyzes the results of the review. This is based on four phases of S-LCA.
2.1 Goal and Scope Definition
2.1.1 Goal Definition
Goal definition must include intended use of the S-LCA study as mentioned in UNEP, 2020 guideline and IS0 14075,2024. In the reviewed articles the intended use of the S-LCA results is described as to compare different scenarios, create evaluation tools and to identify main social indicators. Other intended uses of S-LCA can also be to inform decisions-makers as well as trigger actions and collaborations among stakeholders to mitigate negative impact and reduce social risks throughout the life of a product or service. 
While defining the goal for a S-LCA study, the majority of the target audiences identified in the evaluated studies were manufacturers along the supply chain; additional target audiences included S-LCA practitioners (Pollok et al. 2021; Gompf et al. 2020; Thies et al. 2019; D’Eusanio et al. 2022; Wu et al. 2014b), researchers (Osorio-Tejada et al. 2020; Koese et al. 2023; Loubert; D’Eusanio et al. 2022; Matos et al. 2019) , and the general public. However, the S-LCA studies that aims at audiences like trade unions, workers’ representatives, governments, NGOs, local governing bodies, societal organizations, local communities were not identified. The opportunities listed in the reviewed articles are improvement of working conditions, human rights etc. (Shi et al., 2023), to reduce social risks in the production value chain (Baumann et al., 2013; Koese et al., 2023), to start collaborations between stakeholders to decrease negative social impacts (Thies et al., 2019), and to develop more sustainable mobility strategies (Gompf et al., 2020). Koese et al. (2023) and Gompf et al. (2020) describe the purpose of S-LCA as supporting decision-making processes, particularly for stakeholders involved in urban mobility planning, such as city planners. Table S9 below summarizes the stated purpose, target audience, and assessment goals reported across the reviewed automobile-based S-LCA studies.
	[bookmark: _Hlk182406769]Article
	Purpose of study
	Target Audience
	What to assess

	A Practical Approach for Social Life Cycle Assessment in the Automotive Industry (Karlewski et al. 2019)
	Development of a practical S-LCA approach including its application with case studies of two car components (inner part of the rear door, made of steel in the case of one component and aluminium in the other).
	Automotive Industry Professionals, Academics, Sustainability Advocates
	Assess company-specific data for gaining insight into which data is available at company/organizational level and which can be used for S-LCA.

	Social aspects of water consumption: risk of access to unimproved drinking water and to unimproved sanitation facilities—an example from the automobile industry(Pastor et al. 2018)
	Provide a methodology for assessing the social impacts related to water consumption in life cycle assessment (LCA)
	Original equipment manufacturer (OEM), Environmental Scientists
	Assesses the Social and Environmental Impacts of Water Consumption in the automobile industry, focusing on the production stage of a conventional vehicle instrument panel

	An integrated social life cycle assessment of freight transport systems and social organizational life cycle assessment of transport services: case studies in Columbia, Spain and Malaysia (Osorio-Tejada et al. 2020)
	Determining the social performance of the freight service offered by a company in a developing country such as Malaysia and in its supply chain
	Researchers
	Identifying critical issues in the supply chain, such as workers’ rights and human rights, with a case study in a freight company in Malaysia

	Social life cycle assessment of lithium iron phosphate battery production in China, Japan and South Korea based on external supply materials(Shi et al. 2023)
	Explore the social risk profile of LFP battery production by combining supply concentration data with S-LCA and referring to the Social Hotspots Database (SHDB)
	Battery producers
	Assess the social risks associated with the production of lithium iron phosphate (LFP) batteries in China, Japan, and South Korea, focusing on external supply materials

	A social life cycle assessment of vanadium redox flow and lithium-ion batteries for energy storage(Koese et al. 2023)
	Assessing the sustainability as well as the social risks for Battery energy storage systems 
	Researchers
	To assess the social risks related to two different stationary batteries for energy storage in vanadium redox flow batteries and lithium-ion batteries

	Development of a Social Life Cycle Assessment framework for manufacturing organizations(R Ben Ruben et al. 2018)
	Perform Social LCA for the brake automotive component
	Manufacturing Organization
	Comprehensively reviews all metrics from sustainability perspectives and provides a detailed assessment addressing all necessary dimensions used for performing S-LCA to improve their societal sustainability aspects. .

	Step‑by‑step social life cycle assessment framework: a participatory approach for the identification and prioritization of impact subcategories applied to mobility scenarios(Bouillass et al. 2021)
	Investigating potential social and socio-economic impacts should play a key role for the development of sustainable mobility alternatives.
	S-LCA practitioners and involved stakeholders
	Assess the social risks associated with electric vehicle transportation technologies in comparison with the conventional ones

	Does the Production of an Airbag Injure more People than the Airbag Saves in Traffic?( Baumann et al. 2013)
	Investigate whether the purpose of an Autoliv driver airbag system, which is to save lives and prevent severe injuries, is justified from a life cycle perspective.
	Policy Makers and Regulators
	To compare the injuries and lives lost during the product life cycle of the airbag system (excluding waste handling impacts) with the injuries prevented and lives saved during its use.

	Assessment of social sustainability hotspots in the supply chain of lithium-ion batteries(Thies et al. 2019)
	Identify the social hotspots in the supply chain of lithium-ion batteries used in electric vehicles.
	Sustainability practitioners
	Assessment of the social sustainability hotspots of lithium-ion batteries is carried out based on a spatially differentiated resource flow model of the supply chain.

	Social life cycle assessment in Indian steel sector: a case study (Singh et al., 2018)
	Identifying hotspots against social impact for an Indian steel company using a S-LCA approach.
	Stakeholders.
	Evaluate the social impacts as sociated with the production of steel product by MSSSPL over its life cycle using the UNEP/SETAC S-LCA guidelines

	Social life cycle assessment for material selection: a case study of building materials (Hosseinijou et al. 2014) (Note: this paper is included since it deals with also materials used in Automotive)
	Social impacts of materials along the full life cycle for potentially improving the circumstances of affected stakeholders.
	Experts, Companies
	Social and socioeconomic aspects that may directly affect a company's stakeholders positively or negatively during the life cycle of a product

	Social impact improving model based on a novel social life cycle assessment for raw rubber production: A case of a Sri Lankan rubber estate(Dunuwila et al. 2022)
	Improving the social performances of raw rubber production using a novel S-LCA method
	Rubber industries
	Evaluate the social profile of crepe rubber production in Sri Lanka.

	S-LCA: organic cotton sweater (Marie Loubert, Green delta)
	Assess the variability of those impacts depending on the production site or the behaviour of the user
	Researchers, Organic Cotton Producers, Manufacturers and Consumers
	Not mentioned

	Towards social life cycle assessment: a quantitative product social impact assessment(Traverso et al. 2018)
	Present the feasibility of the quantitative method presented in the Product Social Impact Assessment (PSIA) handbook
	Automobile supplier
	Assess the social impacts of a tire throughout its entire life cycle

	Life Cycle Sustainability Assessment of Sport Utility Vehicles: The Case for Qatar (Aboushsgrah et al., 2020)
	The macro-level environmental, social, and economic impacts and benefits of electric vehicles in Qatar.
	Researchers, Manufacturers
	Quantified 9 macro level indicators using Multi regional input-output (MRIO)-based life cycle sustain ability assessment (LCSA) framework and compared the vehicles accordingly


Table S9. Goal aspects from the reviewed articles based on automobile S-LCA
2.1.2 Scope definition
[bookmark: _Hlk200126551]Functional Unit (FU): According to the UNEP, 2020 guideline for S-LCA the FU defines quantitatively the object of a study. The FU in the studies examined for this research has included, for example, an instrument panel for a vehicle (Karlewski et al. 2019; Pastor et al. 2018), a battery, an airbag system (Baumann et al. 2013), 1 km of vehicle travel (Wu et al. 2014b), a unitary freight service between different cities (Osorio-Tejada et al. 2020), and mobility services in urban context (Bouillass et al. 2021).  FU allows for the comparison of different products or services based on social impacts. However, although the FU is reported in most cases, the results are often presented as aggregated scores rather than being expressed per FU. In the analyzed literatures, limited information was obtained in terms of reference flow. In conclusion it is advised to calculate impact assessment results always in accordance with the defined FU and related reference flow.
System Boundary: In Koese et al., (2023) although the system boundary is defined as cradle-to-use, the social impacts that can occur during end-of-life stage is discussed separately. Cradle-to-grave (Karlewski et al. 2019; Baumann et al. 2013; Loubert), cradle-to-gate (Dunuwila et al. 2022; Thies et al. 2019; Neugebauer et al. 2017; Jørgensen et al. 2012; D’Eusanio et al. 2022), cradle-to-use (Koese et al. 2023), or merely use stage (Osorio-Tejada et al. 2020) are all referred to as system boundaries in the evaluated publications. In conclusion, it is encouraged S-LCAs to always define system boundary as cradle to cradle or cradle to grave, since it is a life cycle thinking based assessment.
[bookmark: _Hlk200126564]Activity Variable: The concept “activity variable” is also an additional feature in S-LCA. In Social Hotspot Database (SHDB) and Product Social Impact Life Cycle Assessment (PSILCA)  databases, the activity variable is worker hours, therefore the reviewed studies that used SHDB or PSILCA (for example Shi et al., 2023; (Karlewski et al. 2019; Bouillass et al. 2021; Benoît et al. 2010; Thies et al., 2019) used worker hours as activity variable. The chosen variables will determine the importance of different activities in the product system. Another activity variable mentioned in UNEP,2020 is added value but this is not used widely. It is advised to look into the future development of activity variable to address it in S-LCA studies.
Table S10 below summarizes the scope aspects from reviewed studies such as FU, system boundary, stakeholder category, impact category, impact subcategory and impact indicator. More detailed analysis of stakeholder category, impact category, impact subcategory and impact indicator are provided in section 2.3. Other aspects under scope like Limitations and Assumptions are overlooked in most of the reviewed studies. But indicators being measured country-based and not sector-based in Koese et al., 2023, and the limited number of interviews that were used to collect data for qualitative indicators in Gompf et al., 2020 are listed as limitations. While certain aspects like data collection methods, allocation are often discussed in Inventory phase, even though it needs to be discussed in Scope definition according to UNEP, 2020 and ISO 14075, 2024.
	[bookmark: _Hlk199169027]Article
	Functional Unit
	System Boundary
	Stakeholder Category
	Impact Category
	Impact Subcategory
	Indicator 

	A Practical Approach for Social Life Cycle Assessment in the Automotive Industry (Karlewski et al. 2019)
	Inner part of the rear door of a B-Class made of steel or aluminium, which is installed in a car with 160,000 km of mileage at the given fuel reduction factor.
	Cradle to grave
	Local Communities, Value Chain Actors, Consumers
	Not mentioned
	Public Commitment to (Social) Sustainability, Economic Development, Behavior in Competition
	PDCA indicators

	Social aspects of water consumption: risk of access to unimproved drinking water and to unimproved sanitation facilities-an example from the automobile industry (Pastor et al. 2018)
	Production of an instrument panel for the midsize vehicle BMW 3 series 320d for an automobile life span of 200.000 km.
	Cradle to gate
	 Local community
	Not mentioned
	Access to material resources and safe and healthy living conditions
	Risk of access to unimproved drinking water (RADW),
Risk of access to unimproved sanitation facilities (RASA)

	An integrated social life cycle assessment of freight transport systems (Osorio-Tejada et al. 2020)
	Unitary freight service in a Nissan diesel truck from Kuala Lumpur to its main customer in the city of Kulim, 387 km north of the company’s facilities, using diesel refuelled at the Petron South City service station
	Cradle to grave
	Workers, Local community, Society, Value Chain actors
	 Governance, Socio-economic repercussions, Heritage and communities, Workers’ rights, Human rights
	26 impact subcategories recommended by the UNEP/SETAC guidelines (UNEP/SETAC 2013)
	Generic indicators with quality checks done using UNEP 2009 and specific indicators like reports developed by companies or by third parties

	Social life cycle assessment of lithium iron phosphate battery production in China, Japan and South Korea based on external supply materials (Shi et al. 2023)
	An LFP battery that can release a totalof1000 kWh of electric energy throughout 2000 charging and discharging cycles in the whole use phase to support EVs.
	cradle-to-gate
	Workers, consumers, and local communities
	Labour Rights & Decent Work”, “Health & Safety”, “Human Rights”, “Governance” and “Community”
	Subcategories based on SHDB
	Indicators defined in ng OECD Handbook on Constructing Composite Indicators recommendations

	A social life cycle assessment of vanadium redox flow and lithium-ion batteries for energy storage (Koese et al. 2023)
	1 kWh of electricity provided over the service life of the battery system
	Cradle-to-use
	Workers, local community, society, 
	Not mentioned
	  Subcategories based on PSILCA
	Subcategories based on PSILCA

	Development of a Social Life Cycle Assessment framework for manufacturing organizations (R Ben Ruben et al. 2018)
	Not clear
	Cradle to grave 
	Workers, Local community and Society
	Working Conditions, Health and Safety, Socio-economic repercussions
	   Fair Salary, Working hours, Local Employment, Product Safety, Orientation, Secured Operating Conditions, Technology Development, Contribution to economic development, Operational commitments to sustainable issues
	Minimum wage in geographical area, Wage level of the worker, Periodical Increments and bonuses, Adherence to the prescribed norms of working hours, Occurrence of Overtime, Discrimination in working hours upon regular and contractual workers

	Step‑by‑step social life cycle assessment framework: a participatory approach for the identification and prioritization of impact subcategories applied to mobility scenarios (Bouillass et al. 2021)
	The transport of passengers in France for a midsized vehicle. Considered 1 USD output of the product system for the input process modelling
	Cradle to grave 
	Workers, Local Community, Value Chain Actors, Users, Society
	Impact categories from  UNEP, 2020
	Subcategories from UNEP, 2020
	Social inventory indicators from UNEP, 2020

	Does the Production of an Airbag Injure more People than the Airbag Saves in Traffic? (Baumann et al. 2013)
	One Autoliv driver airbag system, including the airbag and the ECU
	Cradle to grave
	Workers, Local Community, Value Chain Actors, Consumers, Society
	Not mentioned
	Not mentioned 
	DALY indicators

	Assessment of social sustainability hotspots in the supply chain of lithium-ion batteries (Thies et al. 2019)
	Battery pack with a capacity of 52.9 kWh and a mass of 314.3 kg
	cradle-to-gate
	Not mentioned
	24 impact categories of SHDB
	SHDB impact subcategory
	SHDB indicators

	Social life cycle assessment in Indian steel sector: a case study (Singh et al., 2018)
	 Not clear
	 Raw materials extracted and their transport.
	Worker, community, customers, society, value chain actors
	Not mentioned
	supplier relationships, health and safety, discrimination, respect of indigenous rights, education, community engagement, cultural and sports, employment, forced labour, child la bour, safe living conditions, fair competition, remuneration, transparency, economic development contribution, healthcare, access to resources, consumer health and safe ty, feedback and corruption.
	Indicators using the UNEP/SETAC

	Social life cycle assessment for material selection: a case study of building materials (Hosseinijou et al. 2014)
	1 m2 of floor area
	cradle-to-gate
	Workers, local communities, society, consumers, and value chain actors
	Human rights Working conditions Health and safety Cultural heritage Socio-economic repercussions Governance
	Subcategories based on UNEP/SETAC
	Indicators using the UNEP/SETAC

	Social impact improving model based on a novel social life cycle assessment for raw rubber production: A case of a Sri Lankan rubber estate (Dunuwila et al. 2022)
	Processing 1 tonne of crepe rubber in Sri Lanka at estate level’.
	 cradle-to-gate
	Workers, local community, society; and value chain actors
	Human rights, working conditions, development of the country, socio-economic repercussions, and governance 
	Freedom of association and collective bargaining, Fair salary, Hours of work, Forced labor, Discrimination, Health and safety, social benefits/social security, Community Engagement, Local employment, Access to Immaterial resources, Access to material resources, Safe and Healthy Living Conditions, Corruption, Contribution to economic Development, Technology Development, Suppliers’ development, Fair Competition, Supplier Relationships
	40 corresponding indicators in UNEP/SETAC

	S-LCA: organic cotton sweater (Loubert, 2022)
	1 organic cotton 2XL hooded sweater, with a weight of 750g, used for 1 year
	cradle-to-grave
	Workers and Society, Local community and Value chain actors
	Not mentioned
	Subcategories according to PSILCA
	Corresponding indicators in PSILCA

	Towards social life cycle assessment: a quantitative product social impact assessment (Traverso et al. 2018)
	Single tire with an average service life of a six-year period around 50,000 km (Goodyear 2016), mounted onto a 3 Series BMW vehicle
	cradle-to-gate
	Workers and local community
	Not mentioned
	Health and safety, working hours, Wages and social benefits, Child labour, Forced labour, Discrimination, Freedom of association and collective bargaining, Employment relationship, Training and education, Work life balance, Job satisfaction
	Indicators proposed from Product Social Impact Assessment (PSIA)

	
Life Cycle Sustainability Assessment of Sport Utility Vehicles: The Case for Qatar (Aboushsgrah et al., 2020)

	 1 km of vehicle travel of Sport utility vehicle (SUV) 
	Not mentioned
	Not mentioned
	Not mentioned
	Employment, Human Health
	Not clear


Table S10. Scopes of the review and research articles based on general and automobile S-LCA
2.2 Inventory Analysis
2.2.1 Data collection strategies and Data quality requirements
Primary data can be collected from the study site or secondary data can be collected from databases (Traverso et al. 2018; Wu et al. 2014b; Pollok et al. 2021) and these can be used together in an S-LCA study. In most of the reviewed studies, secondary social data is mostly used in complementary with certain material related primary data. However, data quality is not mentioned in most of the studies (Gompf et al. 2020; Karlewski et al. 2019) or only mentioned briefly related to the data quality of the database used (Pollok et al. 2021; Koese et al. 2023; Bouillass et al. 2021; Thies et al. 2019). Only Koese et al. (2023) referred to data prioritizing in the assessed studies. S-LCI data is collected mainly in all studies based on chosen social inventory indicators specific to impact subcategories.
Data can be collected using the three approaches (UNEP, 2020) they are through site-specific data collection, use of an S-LCA dedicated database (SHDB or PSILCA), through other input-output or other databases. These approaches can be combined or used alone where needed. As mentioned in UNEP, 2021 suggested data sources for the inventory indicators are interviews with management and human resources, audits or sustainability reports, websites, interviews with workers and unions, governmental agencies and NGOs.
In their 2020 study, Gompf et al. employed a multifaceted approach to assess the social impact of mobility services within Berlin. This involved the strategic utilization of publicly available data sources including public transportation data and population density information. Gompf et al., (2022) also listed the interview questions used to collect data to assess the Freedom of Association subcategory. Additionally, the researchers leveraged company sustainability reports, codes of conduct, and the SHDB database. To complement these resources and gather in-depth insights, targeted interviews were conducted, focusing on data relevant to the pre-selected social impact indicators. On the other hand, some of the studies (e. g., Koese et al., 2023, Muller et al. 2021) are based on input/outputs of the studies processes and conversion of this data into economic sectors using S-LCA databases.
The challenges during data collection are mentioned as data availability and data quality in most of the studies. This availability issue leads to exclusion of some stakeholders as in Koese et al., (2023). The Life Cycle Initiative's 2022 Pilot Projects on Guidelines for Social Life Cycle Assessment of Products and Organizations, by Traverso et al., provides examples of primary data collection methods. It is advised to collect primary social data, activity variable data, process data and material data as far as possible.
2.2.2 Multifunctionality and allocation
Multifunctionality of the systems and allocation method to be used to handle division of the social impacts into different functions are not mentioned in any of the articles reviewed. Like LCA, S-LCA can be conducted with an attributional (Neugebauer et al. 2017) or consequential (Jørgensen et al. 2012; Wu et al. 2014b) approach. Only one of the studies (Pastor et al., 2018) mentions that their study is conducted using a consequential approach and the rest of the studies are conducted with an attributional approach. 
2.2.3 Database and Data Source
S-LCA Dedicated databases mostly used on the market are SHDB (Pollok et al. 2021; Thies et al. 2019; Hosseinijou et al. 2014; Benoît et al. 2010) and PSILCA (Muller et al. 2021; Bouillass et al. 2021; Pollok et al. 2021) database. The SHDB and PSILCA databases provide access to large amounts of social data on the country-specific sector level, which enables practitioners to assess social risks associated with certain sectors and product systems. The two main functions of these databases are to complete a study or provide screening of social risks prior to an in-depth study, i. e., identify hotspots that will be studied further. SHDB (Bennema et al., 2022) and PSILCA (Maister et al., 2020) databases are based on three main building blocks: An Input-Output model, a Worker-Hours model, and on social aspects. However, it’s important to be aware of the differences. The Input-Output models underlying both social LCA databases differ: SHDB is based on the GTAP Input-Output model (Bennema et al., 2022), but PSILCA is based on EORA/MIRO Input-Output model (Maister et al., 2020). Both databases have applied different methodologies for calculating the worker-hour model. The main social data sources used to create social risk tables are shared among the databases, however, methodologies used to assign risk levels may differ. 
The databases can be used with different software, however in all reviewed studies (Shi et al. 2023; Baumann et al. 2013; Muller et al. 2021) that use databases, Open LCA was chosen as the software. A significant limitation associated with utilizing databases for S-LCA studies is the inherent variation or diversity in the characteristics, structure, or sources of data. Divergent data collection and reporting methodologies employed across countries and sectors can lead to inconsistencies. This, in turn, presents a challenge in ensuring the comparability of social impact assessments between distinct regions or industries. Furthermore, the scope of social indicators covered within country-specific databases might not be sufficiently comprehensive to conduct a holistic S-LCA. Consequently, social impact assessment may not fully capture the breadth of social implications associated with a product's life cycle. It is important to understand that these two S-LCA databases can only be used for risk assessment since the data in these databases are either at sectorial or country level and not at process level. Therefore, there is a pressing need of process level database to carry out S-LCA. Table S6 in supplementary material summarizes the data sources that are used in the reviewed studies.
2.3 Social Life Cycle Impact Assessment (S-LCIA) or Social Life Cycle Performance Assessment(S-LCPA)
2.3.1 Impact assessment method
[bookmark: _Hlk200127940][bookmark: _Hlk200127950]Impact assessment method should be defined in goal and scope phase, but to understand better it is mentioned here. There are two methods of impact assessment: the Reference Scale Assessment(RSA) for  Social Life Cycle Performance Assessment S-LCPA (ISO 14075 2024; Pollok et al. 2021; Gompf et al. 2020; Pastor et al. 2018; Osorio-Tejada et al. 2020; Bouillass et al. 2021; Traverso et al. 2018; Koese et al. 2023; Thies et al. 2019) and Impact Pathway for S-LCIA (Pollok et al. 2021; Gompf et al. 2020; R Ben Ruben et al. 2018; Neugebauer et al. 2017; Matos et al. 2019). Out of the articles reviewed, it was found that most of the studies (Pastor et al. 2018, Osorio-Tejada et al. 2020, R Ben Ruben et al. 2018) exclusively focused on or utilized the RSA. In contrast,  study from  Dunuwila et al. 2022 discussed the Impact Pathway method , Karlewski et al. 2019 adopted the PDCA (Plan Do-Check-Act) method, Shi et al. 2023, employed a database method and Baumann et al. 2013 utilized an empirical method, indicating the use of empirical data and observations to assess social impacts directly. These findings highlight the diversity and range of impact assessment methods utilized in S-LCA research. The predominance of the RSA indicates its popularity and ease in evaluating social impacts. However, it is noteworthy that a significant portion of the reviewed articles recognized the value of combining different methods to enhance the comprehensiveness of impact assessments. Additionally, the identified gaps and potential areas for further research can guide future investigations to refine and expand the toolkit of impact assessment methods in S-LCA, especially to develop impact pathway for all impact subcategories. Table S7 of supplementary sheet summarizes the impact assessment method considered in the reviewed articles.
The scientific studies referred for this study (Aboushsgrah et al., 2020; Baumann et al., 2013; Bouillass et al. 2021; Dunuwila et al., 2022; Hosseinijou et al., 2014; Karlewski et al. 2019; Koese et al., 2023; Loubert., 2022; Osorio-Tejada et al., 2020; Pastor et al. 2018; R Ben Ruben et al., 2018; Shi et al. 2023; Singh et al., 2018; Thies et al. 2019; Traverso et al. 2018) have adequate information about the considered stakeholders, subcategories, and impact categories. From these 15 studies, the stakeholders, impact categories, and impact subcategories are arranged in Table S8 of the supplementary sheet.  
2.3.2 Impact assessment results 
Definition of affected stakeholder categories is an important S-LCA step and are the core of the assessment. Social databases like SHDB and PSILCA do not include all impact subcategories and stakeholder categories that are listed in UNEP, 2020. The impact subcategories and stakeholder categories in SHDB and PSILCA are given in Table S4 and Table S5 of supplementary material respectively. As a result, even though all the subcategories available in the database are covered in the study, only some of the impact subcategories from the Guideline (UNEP,2020) are evaluated if the S-LCA study is based on a database. In SHDB, unlike the Guideline and PSILCA, the impact subcategories are categorized under impact categories and not under stakeholder categories. Examples of Indicators is provided in the study by Gompf et al., 2022.
Based on the review of 15 case studies (Aboushsgrah et al., 2020; Baumann et al., 2013; Bouillass et al. 2021; Dunuwila et al., 2022; Hosseinijou et al., 2014; Karlewski et al. 2019; Koese et al., 2023; Loubert., 2022; Osorio-Tejada et al., 2020; Pastor et al. 2018; R Ben Ruben et al., 2018; Shi et al. 2023; Singh et al., 2018; Thies et al. 2019; Traverso et al. 2018) as given in Table S10, it is evident that the 'Local Community' stakeholder category is significantly affected by the assessed systems or products as shown in Figure S2.
Figure S2 below represents a radar chart representing the stakeholder categories in a S-LCA. The stakeholder categories depicted are workers, local community, value chain actors, consumers and society. Each category is represented as an axis of the triangular radar chart, with values ranging from 0 to 15. Local Community has the highest value, being identified as an affected stakeholder category in 13 out of the 15 studies reviewed, suggesting that social impacts related to local community were highlighted in most of the studies. The ‘Worker’ stakeholder category was identified to have affected in 11 out of the 15 studies reviewed, revealing a slightly lower studies assessing it as compared to workers, indicating moderate social impact and Society was found evaluated in 9 out of the 15 studies, meaning the broader societal impact is comparatively less emphasized in this context. The other stakeholder categories that were found being assessed in the reviewed studies were ‘Value chain actors’ which was found in 8 studies and the stakeholder category ‘consumers’ was seen the least assessed one, observed in 6 out of the 15 studies reviewed. Whereas Children as stakeholder category is not assessed in any of the studies reviewed.

Figure S2: Evaluation on Stakeholder category
An examination of the impact subcategories reported in the 15 reviewed studies identified their association with key stakeholder categories: Workers, Local Community, Society, Consumers, and Value Chain Actors as presented in Table S8 of the supplementary material. These subcategories were analyzed to determine their relative significance, based on how frequently they appeared across the reviewed literatures. The number of studies that have observed the subcategories under each stakeholder category is listed in Table S11 below. The subcategories observed from the reviewed studies are matched to the subcategories addressed in UNEP (2020), for the purpose of comparison of the subcategories identified from the reviewed studies.
 Figure S3 given below is a radar chart that represents a pictorial comparison of the data based on Table S11 comprehending the relative significance of each subcategory based on their frequency of occurrence in reviewed studies. It is clear from Figure S3 that most discussed impact subcategory in the life cycle of Automobile sector is Working hours, Fair Salary, Forced Labor and Equal opportunities and discrimination which also has negative impacts.
	Stakeholder Categories
	Impact Subcategories
	Count

	Workers
	Freedom of association and collective bargaining
	9

	
	Working hours
	10

	
	Health and safety
	9

	
	Child labour
	9

	
	Fair salary
	10

	
	Social benefits, and social security
	7

	
	Forced labour
	10

	
	Equal opportunities and discrimination
	10

	Local community
	Cultural Heritage
	4

	
	Access to immaterial resources
	4

	
	Access to material resources
	7

	
	Safe and healthy living conditions
	8

	
	Local employment
	7

	
	Delocalization and migration
	7

	
	Respect of indigenous rights
	8

	
	Community engagement
	5

	Society
	Contribution to economic development
	9


	
	Corruption
	9

	
	Public Commitment to sustainability issues
	
4


	
	Technological development
	5

	
	Prevention and mitigation of armed conflicts
	6

	Consumers
	Consumer Privacy
	3

	
	Feedback mechanism
	4

	
	Transparency
	4

	Value Chain Actors
	Fair competition
	7

	
	Suppliers' relationships
	5



Table S11: Assessment of occurrence of impact subcategories from literatures

Figure S3: Evaluation on impact categories
From the observation of case studies (Ben Ruben et al., 2018; Dunuwila et al., 2022; Hosseinijou et al., 2014; Koese et al., 2023; Osorio-Tejada et al., 2020; Singh et al., 2018; Bouillass et al., 2021), ‘Local community' is the stakeholder category with very low risk and in three studies the 'Society’ follows the 'Local community' category demonstrating positive impacts. The main impact subcategories that yield positive results in these cases include a contribution to the creation of local employment, contribution to economic development, technological development, and supplier relationships. 
2.4 Interpretation
Interpretation is the final phase of the S-LCA, and this is the phase in which all other S-LCA results are discussed and analyzed. This review and discussion in this phase provide sufficient information for developing the conclusion, recommendations, and decision-making by the goal and scope definition (UNEP, 2020). Based on UNEP (UNEP, 2020) Guideline, the interpretation phase consists of mainly five steps namely, “Completeness check, Consistency check”, “Uncertainty, Sensitivity and data quality check”, “Materiality assessment”, “Aggregation”, “Conclusion, limitations, and recommendations”. The UNEP guideline also provides a comprehensive checklist for carrying out these steps. From the review articles and case studies, explanations about these five steps are not available.
Hosseinijou et al. (2014) states that interpretation involved identifying significant issues and key concerns, pinpointing where these concerns are most significant in the product's life cycle. Pastor et al. (2018) focused on identifying main findings, critical aspects, and limitations, along with completeness and consistency analysis, conclusions, recommendations, and optionally, stakeholder participation. Osorio-Tejada et al. (2020) utilized sensitivity analysis on impact categories and stakeholders to observe the effect on final results. Thies et al. (2019) identified social sustainability hotspots within the lithium-ion battery supply chain, noting significant risks in raw material production but also highlighting risks in other stages. Traverso et al. (2018) employed a "distance-to-target" method, comparing results to ideal or worst-case scenarios. Muller et al. (2021) classified hotspots into categories like "Local preoccupations within the community" and "Conditions prevailing in the country." Finally, Bouillass et al. (2021) defined and prioritized user-related impact subcategories for mobility scenarios using a participatory approach. Some papers (Gompf et al., 2020; Karlewski et al., 2019; Aboushsgrah et al., 2020) did not provide clear information on their interpretation phase.
Section 3: Interview & Survey Results
The survey results detailed in Table S12 below displays the knowledge, significance, principles, and potential of S-LCA at OEMs. All surveyed OEMs (100%) agree on the relevance and significance of the S-LCA within the automobile industry. Nonetheless, the priority assigned to social issues may also be greater, as high priority assigned in 16.7% of OEMs to social issues but only 33.3% of the OEMs routinely discuss S-LCA. In fact, the majority of OEMs (50.5%) said they intended to do S-LCA in the next years. However, they highlighted the importance of S-LCA training to further build their knowledge and understanding of the assessment approach. It further indicates that, due to an insufficient grounding and knowledge of S-LCA methods and guidelines, including UNEP's own guidelines, their efforts at conducting S-LCA are limited at present. In summary, the results suggest that while overall the OEMs seem to recognize both the relevance and importance of S-LCA in the automotive industry, indeed, and will application and adoption of S-LCA practices are at a medium level due to lack of knowledge, training, and appropriate methods. The survey revealed limited integration of social responsibility considerations throughout the supply chain. Companies primarily engage with suppliers on sustainability issues to a moderate degree. Regarding future S-LCA implementation, three companies expressed uncertainty, while two indicated a strong commitment.
An analysis of the six responses from the S-LCA interview conducted, with the questions in Table S3 of supplementary material, revealed that one participant demonstrated familiarity with the UNEP 2020 guidelines and had previous experience using them. Two companies acknowledged the value of S-LCA and expressed a need for training and data accessibility to implement it effectively. Additionally, one company emphasized the importance of establishing a dedicated team for such studies. The most prevalent methods employed in industry to address social concerns were "social risk assessment" (reported by all six companies) and the implementation of a supplier code of conduct (also utilized by all six). Additionally, five companies leverage reporting mechanisms, and two conduct audits to monitor social performance. The data collection practices across the companies indicated a focus on a broad range of social issues, with the exception of "corruption," which only one company reported collecting data for. Notably, none of the participants provided responses concerning the inventory, impact assessment, or interpretation phases of S-LCA, suggesting a lack of familiarity with these phases but, all six participants confirmed the annual publication of sustainability reports. This limited engagement with S-LCA highlights the need for further industry education and standardized methodologies. Addressing data scarcity and supply chain complexity remains crucial for wider S-LCA adoption in industries.
	Details Collected from survey
	Responses

	Number of organizations participated in survey
	
14


	Main functions of organizations participated in the survey
	
ZEV production, material and component production, Battery production


	Percentage of organizations giving high importance to social issues
	
16.7%


	Percentage of organization conducting discussions on S-LCA
	
33.3%


	Methods and tools used to tackle social issues
	
Code of conduct for suppliers, social risk assessment, sustainability reporting


	Main Social issues data collected
	
Works right, freedom of association, human right in supply chains, health and safety


	Sustainability reporting
	
6 organizations


	Percentage of organizations have social awareness about material purchase /supply chain
	
34%


	Social awareness about waste handling
	
34%


	S-LCA in upcoming years in the organizations
	
50%


	Knowledge about S-LCA methods
	
33.3%


	Knowledge about UNEP/SETAC Guidelines
	
33%


	Organizations already used S-LCA
	
33%


	Need for SLCA in companies
	
100%


	Most important requirements to start using S-LCA
	
Training, Access to social data


	Methodology follows to perform S-LCA
	
Handbook for product social impact assessment, UNEP Guideline


	Motivation to perform S-LCA
	
To identify the social risks and hotspots


	Questions unattended
	8


[bookmark: _Toc190734303]Table S12: Survey results of S-LCA in Automobile companies (OEMs)
Section 4: Practical recommendations for automotive S-LCA practitioners to address the gaps and needs identified

	Goal and scope aspects
	Gaps and needs identified
	Practical recommendations

	Goal definition
	Unclear purposes and target audiences; ambiguous scope; insufficient stakeholder involvement
	Clearly state the practical use of results (e.g., informing supply chain management or improving worker conditions). Explicitly identify the intended automotive stakeholders (e.g., OEMs, suppliers, policymakers) to ensure clear communication and application of results.

	Functional unit
	Limited integration of social utility; inconsistent selection not reflecting automotive-specific contexts
	Define functional units practically, e.g., "vehicle kilometers traveled over vehicle lifetime (150,000 km)" or "battery capacity delivered (kWh)." Clearly link the chosen unit to relevant social utility aspects (e.g., safety, passenger comfort)

	System boundaries
	Ambiguous boundary definitions; unclear justification for lifecycle stage exclusions
	Document and justify clearly the inclusion/exclusion of specific stages, e.g., explicitly addressing battery recycling and disposal stages or maintenance and repair activities. Perform sensitivity analyses to validate and clearly communicate these choices

	Reference flow
	Omission or unclear definitions impacting comparability and accuracy
	Clearly define automotive-specific reference flows such as "mass of lithium-ion battery pack (kg)" or "number of battery modules required." Explicitly relate these flows to the functional unit, enhancing clarity and comparability

	Product system
	Insufficient integration of geographic and organizational context in product system definitions
	Develop automotive-specific process descriptions incorporating geographic contexts, such as specifying country of raw material extraction or specific automotive suppliers involved. Document detailed organizational contexts (e.g., supplier tiers, geographical regions)

	Activity variable
	Limited suitability and representativeness across interested parties
	Develop standardized activity variables reflecting multiple interested parties clearly, such as "worker-hours" for labour impacts or "community displacement index" for local communities, tailored specifically to automotive supply chains

	Cut-off criteria
	Insufficient transparency, inconsistency, and limited emphasis on social impacts
	Clearly document automotive-specific thresholds for cut-off criteria, integrating explicit social impact considerations (e.g., minimum employment thresholds, community impact significance). Transparently justify inclusion or exclusion decisions based on well-defined social relevance criteria


[bookmark: _Ref192250088]Table S13: Practical recommendations for automotive S-LCA practitioners to address the gaps and needs identified in terms of Goal and scope.

	S-LCI aspects
	Gaps and needs identified
	Practical recommendations

	Collecting data for Impact Assessment
	Limited standardization and concretization of automotive-specific Performance Indicators (PIs); weakly defined cause-effect relationships; insufficient regional and cultural contextualization
	Develop automotive-specific Performance Indicators clearly linked to measurable outcomes (e.g., worker safety incidents per production volume). Foster collaboration with regional stakeholders to establish clear, validated cause-effect chains, considering local socio-cultural contexts explicitly (e.g., impacts of lithium extraction in South American communities)

	Primary and secondary data
	Overreliance on generic sectoral and country-level data, inadequate representation of specific automotive product lifecycle impacts, company reluctance to share detailed data, and challenges in allocating organizational-level data to product-specific impacts
	Implement standardized data collection templates that directly apply to automotive processes (e.g., specific questionnaires for battery manufacturing facilities). Establish industry-level agreements and confidentiality protocols to facilitate data sharing (e.g., anonymized data-sharing platforms). Encourage regular stakeholder engagement for improved primary data quality

	Activity variable data
	Practical challenges due to confidentiality restrictions at process-level, resource-intensive collection methods, limited compatibility of generic activity variables for diverse interested parties in automotive supply chains
	Standardize automotive-specific activity variables clearly reflecting interested parties-specific concerns (e.g., worker-hours for labor conditions, community displacement index for local impacts). Develop and utilize automotive-focused databases offering simplified but detailed activity variables, ensuring confidentiality (e.g., standardized data formats with confidentiality agreements)

	Multifunctionality
	Limited application of subdivision and detailed data collection for co-products, insufficient practical methods addressing multifunctionality in automotive supply chains
	Provide practical examples and automotive-specific guidance for subdividing unit processes (e.g., separate battery cell and module manufacturing processes). Where subdivision is not feasible, clearly define allocation methods based on practical automotive industry scenarios (e.g., revenue-based allocation for battery recycling processes). Ensure consistent application and transparency of chosen methods across assessments


[bookmark: _Ref192251953][bookmark: _Ref192251685]Table S14: Practical recommendations for automotive S-LCA practitioners to address the gaps and needs identified in terms of Social Life Cycle Inventory.

	S-LCIA aspects
	Gaps and needs identified
	Practical recommendations

	Reference scales(S-LCPA)
	Difficulties due to reliance on ordinal scales; limited capability to link impact assessment results directly to functional units; need for clearer quantification methods
	Shift towards using ratio scales for social impact indicators, such as number of safety incidents per 1,000 vehicles produced or per km travelled. Create automotive-specific guidelines for defining measurable scales, ensuring they directly relate social impacts to clearly defined functional units, e.g., impacts per battery pack or per vehicle lifetime

	Cause-effect chain (S-LCIA)
	Challenges due to subjectivity and inconsistencies in establishing cause-effect chains; lack of standardized and regionally specific characterization models; difficulty in quantifying qualitative impacts.
	Develop standardized cause-effect chains specifically for automotive supply chains, such as clearly defined pathways from working conditions to employee health outcomes. Validate these pathways through consultations with industry stakeholders and local communities. Create explicit guidance for practitioners to quantify social impacts effectively, incorporating context-specific examples like the impacts of cobalt extraction on community health in the Democratic Republic of Congo.


Table S15: Practical recommendations for automotive S-LCA practitioners to address the gaps and needs identified in terms of Social Life Cycle Impact Assessment.

	Interpretation aspects
	Gaps and needs identified
	Practical recommendations

	Sensitivity analysis and critical reviews
	Insufficient tools specifically developed for automotive sensitivity analyses and critical reviews; inadequate integration of cultural and temporal dimensions; limited coverage of key social impacts
	Develop automotive-specific sensitivity analysis templates and critical review checklists, such as scenario analyses for regional labor practices or battery recycling impacts. Systematically integrate cultural contexts (e.g., labor conditions in different regions) and temporal dynamics (e.g., evolving stakeholder perceptions) into interpretation procedures

	Completeness check
	Frequent omission of key social impacts; inconsistent evaluation of social impacts across automotive lifecycle stages; lack of standardized completeness check processes
	Create clear automotive-oriented completeness check protocols, providing checklists and structured guidance to comprehensively assess social impacts at every lifecycle stage (e.g., raw material sourcing, component manufacturing, end-of-life disposal). Document clearly each lifecycle stage, ensuring standardized, transparent, and complete coverage of social impacts in automotive studies


[bookmark: _Ref193460383]Table S16: Practical recommendations for automotive S-LCA practitioners to address the gaps and needs identified in terms of Interpretation of results.
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