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Supplementary material overview
Here we present information on:
i. Section 1 (S1) – Semi-structured interview guide
ii. Section 2 (S2) – Observation template
iii. Section 3 (S3) – Detailed calculations and assumptions for the Material Flow Analysis (MFA)
iv. Section 4 (S4) – Metrics used and their definitions 







i. S1:  Semi-structured interview guide (English/Portuguese)
1. [bookmark: _Toc8220809]BASIC INFORMATION (INFORMAÇÕES BÁSICAS)
1.1. [bookmark: _Toc8220810]Organisation/Company (Organização/empresa)
1.2. [bookmark: _Toc8220811]Address (Endereço)
1.3. [bookmark: _Toc8220812]Date of interview (Data da entrevista)
1.4. [bookmark: _Toc8220813]Name of the person interviewed and function (Nome da pessoa entrevistada e função)
1.5. Telephone 
1.6. [bookmark: _Toc8220815]E-mail
2. [bookmark: _Toc8220816]AGENTS AND NODES (AGENT E FIXOS)
2.1. [bookmark: _Toc8220817]When have your activities started? (Quando as suas atividades tiveram início?) 
2.2. [bookmark: _Toc8220818]What are the main activities? (Quais são as principais atividades?)
2.3. [bookmark: _Toc8220819]Why do you work with HDPE plastic? (Por que trabalham com plástico PEAD?)
2.4. [bookmark: _Toc8220820]What is the area size? (Qual a área do local?)
2.5. [bookmark: _Toc8220821]The space is owned by the organisation, rented or granted by public sector? If rented, how much do you pay monthly? (O espaço é próprio, alugado ou cedido pela prefeitura? Se aluguel, qual o valor pago mensalmente?)
2.6. [bookmark: _Toc8220822]Machinery and equipment (Máquinas e Equipamentos)
	Name (nome)
	Buying date (data de compra)
	Buy value (valor de compra) 
	Operational cost (custo operacional) (R$/ton)
	Efficiency (Eficiência) (ton/dia ou %)
	Life (Vida-útil) (anos)
	Who bought (Quem comprou)

	
	
	
	
	
	
	


3. [bookmark: _Toc8220823]FLOWS (FLUXOS)
3.1. [bookmark: _Toc8220824]INPUTS (ENTRADAS)
3.1.1. [bookmark: _Toc8220825]From whom is the HDPE coming from? (De quem vem o PEAD?)

3.1.2. [bookmark: _Toc8220826]Is it bought or received? (É comprado ou somente recebido?)
3.1.3. [bookmark: _Toc8220827]How much of it comes? (tonnes/month) (Quanto chega? (toneladas por mês))
3.1.4. [bookmark: _Toc8220828]How much you pay if you buy? (Por quanto compra, se compra?)
3.1.5. [bookmark: _Toc8220829]What is the transportation used to bring the material? (Qual o meio de transporte pelo qual o material chega?)
3.1.6. [bookmark: _Toc8220830]How often does the material come? (Com qual frequência chega o material?)
3.1.7. [bookmark: _Toc8220831]How does the organisation define the quality of HDPE that comes? (Como a organização define a qualidade do PEAD que recebe?)
3.1.8. [bookmark: _Toc8220832]In case of intermediaries and recyclers, do the suppliers change with frequency? (No caso de intermediários e recicladores, os fornecedores mudam com frequência?)
3.2. [bookmark: _Toc8220833]PROCESSING (PROCESSAMENTO)
3.2.1. [bookmark: _Toc8220834] What happens to the HDPE in your organisation’s unit? (O que acontece com o PEAD na unidade da organização?) 
3.2.2. [bookmark: _Toc8220835]How is it processed and stocked? (Como é processado e/ou estocado?)
3.2.3. [bookmark: _Toc8220836]Plant capacity – how much you process per day? (Qual a capacidade da planta – quanto PEAD é processado por dia?)
3.2.4. [bookmark: _Toc8220837]What chemicals are used and for what purpose? (Quais substâncias químicas são utilizadas e para quê?)
3.2.5. [bookmark: _Toc8220838]How much chemicals are used per kg of plastic waste? (Qual a quantidade de substâncias químicas utilizadas por quilo de plástico processado?)
3.3. [bookmark: _Toc8220839]OUTPUTS (SAÍDAS)
3.3.1. [bookmark: _Toc8220840]To whom do you sell HDPE? (Para quem vende o PEAD?)
3.3.2. [bookmark: _Toc8220841]How much is sold in terms of mass per month? (Quanto em termos de massa por mês?) 
3.3.3. [bookmark: _Toc8220842]What is the transportation used to get to the buyer? (Qual o meio de transporte utilizado para chegar até o comprador?) 



3.3.4. [bookmark: _Toc8220843]How often are the sales? (Qual frequência de venda?) 
3.3.5. [bookmark: _Toc8220844]How much is it sold for (average price in a year)? (Por quanto vende (média no preço em um ano e no ano anterior)?) 
3.3.6. [bookmark: _Toc8220845]How does the organisation define the quality of HDPE that it sells? (Como a organização define a qualidade do PEAD que vende?)
3.3.7. [bookmark: _Toc8220846]Do the HDPE buyers change with frequency? (Os compradores de PEAD mudam com frequência?)
3.3.8. [bookmark: _Toc8220847]How much of PEAD rejects is generated? (Quanto é gerado de rejeito de PEAD?) 
3.3.9. [bookmark: _Toc8220848]Where is the HDPE rejects disposed in? (Onde é destinado o rejeito de PEAD?) 
3.3.10. [bookmark: _Toc8220849]What is the cost, if there is? (Tem custo? Qual?)
4. [bookmark: _Toc8220850]COMPLEX-VALUE ASSESSEMENT METRICS (MÉTRICAS PARA ANÁLISE DO VALOR COMPLEXO)
4.1. [bookmark: _Toc8220851]FINANCIAL METRICS (MÉTRICAS FINANCEIRAS)
4.1.1. [bookmark: _Toc8220852] What are the annual fixed and variable costs (last year)? (Quais são os custos fixos e variáveis anuais (último ano)?)
4.1.2. [bookmark: _Toc8220853]What are the annual revenues (last year)? (Qual o faturamento médio anual (último ano)?)
4.1.3. [bookmark: _Toc8220854]How do you set the selling prices? Who is responsible for this? (Como os preços de venda são determinados? Quem é responsável?)
4.2. [bookmark: _Toc8220855]SOCIAL METRICS (MÉTRICAS SOCIAIS)
4.2.1. [bookmark: _Toc8220856]How many workers are there? (Qual o número de trabalhadores?)
4.2.2. [bookmark: _Toc8220857]What is the gender proportion? (Qual a proporção entre homens e mulheres?)
4.2.3. [bookmark: _Toc8220858]Are there young people working? Are there specific programs? (Tem algum jovem trabalhando? Há algum programa como Jovem Aprendiz ou similar?)
4.2.4. [bookmark: _Toc8220859]How is the payment made? (Como é feito o pagamento?)
4.2.5. [bookmark: _Toc8220860]Is the payment equal for all? (O pagamento é igualitário entre homens e mulheres?)
4.2.6. [bookmark: _Toc8220861]What is the average income of a worker per month? (Qual a renda média por mês de um trabalhador?)

4.2.7. [bookmark: _Toc8220862]What are the benefits? (Quais são os benefícios oferecidos?)
(    ) sickness leave/auxilio doença
(    ) vacation/férias
(    ) maternity leave with remmuneration/licença maternidade e remuneração
(    ) paternity leave with remuneraiton/Licença paternidade e remuneração
(    ) 13th salary/13º salario
(    ) Health plan/plano de saúde
(    ) Food stamps/vale alimentação ou refeição
(    ) Transport stamps/vale transporte 
(    ) Insalubrity/insalubridade
(  ) Other/Outro______________________________________________________________
4.2.8. [bookmark: _Toc8220863]What are the working functions in the organisation concerning HDPE? How many people are there in each? What are each function average salary?(Quais funções de trabalho que existem na organização relacionadas ao PEAD? Quantas pessoas em cada função? Qual o salário médio de cada função?)
4.2.9. [bookmark: _Toc8220864]Describe the work environment and safety. (Descreva o ambiente de trabalho e segurança.)
4.2.10. [bookmark: _Toc8220865]Do the workers use protective equipment? Which ones? (Os trabalhadores utilizam equipamentos de proteção? Quais?)
4.2.11. [bookmark: _Toc8220866]Are there driver’s license and insurance for all workers driving motorised vehicles? (Os trabalhadores que dirigem veículos motorizados têm carteira de motorista e seguro?)
4.2.12. [bookmark: _Toc8220867]Are there fire emergency procedures? (Existem procedimentos de emergência para incêndio?)
4.2.13. [bookmark: _Toc8220868]Are there pests and animal control? (Existe controle de pestes e vetores?)
4.2.14. [bookmark: _Toc8220869]Are the installations for workers well-being (bathrooms, drinking fountain, etc.) adequate? Do the workers have breaks? (As instalações de bem-estar estão adequadas para trabalhadores/membros (ex.: banheiros, bebedouros etc.)? Os trabalhadores têm pausas?)

4.2.15. [bookmark: _Toc8220870]Are there signs on the floor for each work post? Are there instructions to use machinery and equipment? (Há demarcações no chão para cada posto de trabalho? Há instruções para uso de maquinários e equipamentos?)
4.2.16. [bookmark: _Toc8220871]Is there a vaccine program for workers? (Existe programa de vacinação para trabalhadores/membros?)
4.2.17. [bookmark: _Toc8220872]Is there a registry for accidents and procedures to prevent their reoccurrence? (Existe registro de acidentes e procedimentos para prevenir recorrência?)
4.2.18. [bookmark: _Toc8220873]Is there a first aid kit available? (Há kit de primeiros socorros disponível no local de trabalho para o uso dos trabalhadores/membros?)
4.2.19. [bookmark: _Toc8220874]Is there a system for identifying hazardous materials and procedures to deal with them? (Há algum sistema de identificação para materiais perigosos e procedimentos adequados para lidar com eles?)
4.2.20. [bookmark: _Toc8220875]Are there protection equipment in hazardous places (including height)? (Há equipamentos de proteção (ex.: guarda corpo) em torno de equipamentos e locais perigosos (incluindo altura)?)
4.2.21. [bookmark: _Toc8220876]What is the arrangement of work posts and what are procedures to prevent injuries from excessive effort, repetitive movements and inadequate posture? (Qual o arranjo de posto de trabalho e procedimentos para prevenir lesões advindas de esforço excessivo, movimentos repetitivos e posturas estereotipadas?)
4.2.22. [bookmark: _Toc8220877]Are there any measures to control odor and solid particulate? (Existem medidas adequadas de controle de odor e particulado sólido?)
4.2.23. [bookmark: _Toc8220878]Was there any case of abuse or harassment? (Já houve algum caso de abuso ou assédio?)
4.2.24. [bookmark: _Toc8220879]Are there any workers who feel unsafe at work? (Há trabalhadores que se sentem inseguros no trabalho?)
4.2.25. Is there a recognition from authorities and society to see your organization as a service provider? (Há reconhecimento pelas autoridades e sociedade da sua organização como prestador de serviço?)
4.3. [bookmark: _Toc8220880]ENVIRONMENTAL METRICS (MÉTRICAS AMBIENTAIS)
4.3.1. [bookmark: _Toc8220881]Is there access to potable water? (Há acesso para água potável?)
4.3.2. [bookmark: _Toc8220882]How are the solid waste generated in the facility managed and where are they sent to? (Como os resíduos sólidos gerados nas instalações são gerenciados e para onde são destinados?
4.3.3. [bookmark: _Toc8220883]Do you have air pollution control in your facilities? (Você tem controle de poluição atmosférica?)
4.3.4. [bookmark: _Toc8220884]Do you have wastewater treatment? If not, where does the wastewater go? (Você tem tratamento de águas residuais? Se não, onde é destinada e tratada?)
4.4. [bookmark: _Toc8220885]TECHNICAL METRICS (MÉTRICAS TÉCNICAS)
4.4.1. [bookmark: _Toc8220886]What are the contaminants identified that can make the process in your organization more difficult and maybe reduce the price of the material? (Você identifica alguma impureza que pode piorar ou inviabilizar seu processo e diminuir o preço de venda do material?)
4.5. [bookmark: _Toc8220887]What benefits and impacts do you think are being generated by your organisation? (Que benefícios e impactos são gerados pelo seu negócio?)
Benefits – Benefícios:
Impacts – Impactos:




ii. S2 – Observation template (English/Portuguese)
1. Observe the work environment – Observar o ambiente de trabalho.
2. Observe the material quality (input and output) and identify contaminants – Observar qualidade do material que chega e sai, e identificar os contaminantes.
3. Observe the HDPE processing activity undertaken in each organisation and describe it – Observar o processamento da atividade de processamento do PEAD em cada organização e descrever.
4. Observe if workers are using protective equipment – Observar se trabalhadores estão utilizando equipamentos de proteção.
5. Observe machinery and equipment - Observar maquinário e equipamentos.
6. Observe space in diferente work posts (is there enough space for moblity?) - Observar o espaço nos diferentes locais de trabalho (existe suficiente espaço para sua mobilidade?)
Supplementary Material – Cano et al. 
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iii. S3: Detailed calculations and assumptions for the Material Flow Analysis (MFA)
Figure S1 shows the flows notations in the material flow diagram without values while Table S1 presents the material flow analysis calculations and assumptions.
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Figure S1 – Material flow diagram without values.
[image: A diagram of a company

Description automatically generated]

Table S1 – Material flow analysis calculations and assumptions.
	Flow
	Value (kg/year)
	Calculation
	Reference

	F2
	5,750
	F2 = F11 + F18
	This study

	F10, F20, F14, F21
	-
	-
	Missing data for lack of information

	F11
	5,180
	Reported by stakeholder
	This study

	F12
	5,126
	F12 = F11 - F18
	This study

	F13
	4,101
	F13 = F12 - F19
	This study

	F16
	9,700
	F16 = F2 + F15
	This study

	F15
	3,950
	Reported by municipality
	This study

	F17
	570
	F17 = F2 * 11% (reject rate reported by ACLAMA)
	This study

	F18
	54
	F18 = F11 * 1% (reject rate reported by LSD stakeholder)
	This study

	F19
	1,025
	F19 = F12 * 20% (reject rate reported by REP stakeholder)
	This study

	SL
	5,599
	
	Calculated by software STAN2WEB


8. 
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iv. S4: Variables used and their definitions.
Table S2 presents the variables selected for complex value measurement, with type, description, calculation and reference.
Table S2 – Variables selected for complex value measurement, with type, description, calculation and reference (continues).
	Variable name
	Type of variable
	Description
	Calculation
	Reference

	Technical dimension
	
	
	
	

	Activity
	Qualitative
	Description of activities/services performed by stakeholder
	-
	This study

	Secondary role(s)
	Qualitative
	Any secondary roles from the stakeholders
	-
	

	Technology
	Qualitative
	List of all technologies declared by stakeholders
	-
	

	Rigid HDPE input (kg/year)
	Quantitative
	Flow of HDPE waste in each stage of the chain
	See Table A2 in Appendix G
	(Iacovidou et al., 2017b)

	Loss rate (rejection rate)
	Quantitative
	Percentage of material loss in each stakeholder’s activity
	% = Input bought materials/output sold materials
	This study

	Rigid HDPE processing capacity (tonnes/year)
	Quantitative
	Maximum capacity of processing HDPE
	Reported by stakeholder
	

	Economic dimension
	
	
	
	

	Rigid HDPE Buying prices (R$/kg)
	Quantitative
	Prices at which HDPE waste is bought from supplier
	Reported by stakeholder
	(Iacovidou et al., 2017b; Velis et al., 2016)

	Operational and maintenance costs (R$/kg)
	Quantitative
	Sum of costs including depreciation of installations, based on expected lifespan (using manufacturing data); running and extraordinary repairs, and inspection costs -may be calculated as percentage of equipment cost; insurance costs calculated as a percentage of fixed capital cost; transportation costs
	Reported by stakeholder
	

	
Capital cost (R$)

	Quantitative
	Sum of costs including: planning costs - costs for planning activities, e.g. engineering design and environmental impact assessment; investment costs e costs for providing the infrastructure or services, e.g. bins land costs - land acquisition and site footprints; equipment purchase - cost of equipment needed in the different waste/resource treatment facilities; setup - site development and equipment installation costs, e.g. civil work, access roads, electrical distribution network, piping and assembly work.
	Reported by stakeholder
	

	Rigid HDPE sale prices (R$/kg)
	Quantitative
	Prices at which stakeholder sell rigid HDPE to next in the chain
	Reported by stakeholder
	

	Revenue (R$/kg)
	Quantitative
	Sum of the cash inflow made from the sale of materials minus operational costs
	Reported by stakeholder
	

	Social dimension
	
	
	
	

	Job creation
	Quantitative
	Number of jobs in each stakeholder
	Reported by stakeholder
	(Iacovidou et al., 2017b; Velis et al., 2016)

	Gender ratio (M:F)
	Quantitative
	Number of men versus number of women working in the stakeholder
	Number of men/ number of women
	This study

	Working Hourly Wage (%) 
	Quantitative
	Measured based on the number of working hours by considering, e.g. the living wage in the country, minimum wage in the country, and average wage in the sector
	% (paid wage/minimum or liveable wage)
	(Iacovidou et al., 2017b)

	Type of work
	Qualitative
	If workers are associates to the organisation (in case of associations and cooperatives) or hired according to Brazilian CLT (consolidated labour laws) system
	-
	This study

	Use of PPE
	Qualitative
	If workers use personal protective equipment such as gloves, masks, glasses, ear protectors and boots
	-
	(Velis et al., 2016) 

	Child labour
	Qualitative
	Employment of children, esp. when in a dangerous or unsuitable environment for them in the system which depends on the child's age, the type and hours of work performed and the conditions under which it is performed
	
	(Iacovidou et al., 2017b)

	Environmental dimension
	
	
	
	

	Energy consumption
	Qualitative
	Since energy matrix is similar for all stakeholders in all supply chains stages, we assumed energy consumption based on machinery employed at each stage as reported by each stakeholder. The more machinery they have, it means that there is higher energy consumption. It can be Low, Medium, or High.
	-
	This study

	Environmental Impact Assessment (permit)
	Qualitative
	If the stakeholder’s facility has an environmental license (or permit) to operate – usually given by local environmental body
	-
	This study

	Water quality control
	Qualitative
	If water used is treated according to local environmental body’s standards
	-
	This study

	Air pollution
	Qualitative
	If air pollution is generated and is treated according to environmental body’s standards
	-
	This study
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