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Abstract


Biocomposite materials respond to market trends and regulatory pressures for environmentally friendly packaging. Few studies have assessed the social life cycle assessment (SLCA) using stakeholder indicators across the entire supply chain. The objective of this study is to provide reliable indicators and data to compare the SLCA of jar lid biocomposites filled with post-harvest banana fibers (BFs) in Colombia. Methodologies from the United Nations Environment Programme, the relevant literature, and Colombian regulations were used to select indicators. A comprehensive survey involved all stakeholders in the supply chain and consumer responsibility during the use phase. The data collected were integrated, scored, and weighted. This approach aimed to reduce uncertainty in comparing different scenarios and contribute to the standardization and integration of SLCA methods. The study highlights the significant benefits of incorporating banana fibers (BFs) into jar lids. Lids composed of 40% BFs provide notable social advantages, particularly within the agricultural sector. They contribute to improving the economic income and quality of life for farmers, transporters, and intermediaries while promoting equity among them. Additionally, these lids help preserve cultural heritage in local communities. From a corporate perspective, beyond financial gains, companies enhance their sustainability visibility by offering a product that is environmentally friendly, naturally sourced, and directly connected to farmers. Furthermore, these lids strengthen the overall social impact of the supply chain and business sector by utilizing renewable and locally available resources.
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1. Introduction


Biocomposites, which are composed nearly entirely of renewable materials as natural fibers, are recognized as an economically feasible and environmentally friendly alternative [1]. Natural fibers, such as banana fibers, are an environmentally friendly alternative to synthetics in biocomposites, significantly improving their mechanical and physical strength [2]. These materials are being adopted as substitutes for various materials such as metals, petroleum-derived plastics, and composite materials. They are part of the next generation of materials finding applications in various industries such as packaging, automotive, marine, aerospace, structural and infrastructure applications, electronics, sports, and biomedicine [3,4]. The global biocomposites market size was valued at USD 30.86 billion in 2023 and is expected to reach approximately USD 171.75 billion by 2033 [5].



Bananas are an important source of food and income for millions of people around the world. In Colombia, banana production generates numerous direct and indirect employment opportunities and supports approximately 300,000 families [6]. Smallholder banana producers face significant challenges in achieving sustainability in smallholder agriculture due to issues related to competitiveness, productivity, and marketing. As a result, there is an urgent need to secure the livelihoods of these family farmers and to innovate new products using the residual biomass from their crops. The production of goods from banana pseudo-stem fibers (BFs) offers significant benefits to smallholder farmers, artisans, and small-to-medium-scale textile manufacturers. However, these benefits alone may not be enough to ensure market acceptance. Consumers are increasingly concerned about the social conditions under which products are produced, and companies want to avoid associations with negative issues such as child labor, corruption, inequality, and labor discrimination [7,8].



The use of BFs extracted from pseudo-stem residues for the production of biocomposites is gaining popularity [9,10]. Their use to create biodegradable biocomposites offers a sustainable solution to waste management, promoting a circular economy and reducing environmental impacts like the carbon footprint and plastic pollution [11]. Although leaving residues in the field is a viable agronomic practice, using a portion of the large banana pseudo-stems left in the field does not affect the food supply or adversely affect soil quality, but its implementation presents challenges such as the need for farmer training and the increased complexity of pest and disease management [12].



A social life cycle assessment (SLCA) is a methodology designed to assess the potential positive or negative social impacts of products throughout their life cycle. It provides information on the social and socioeconomic aspects of decision-making, aiming to improve the performance of organizations and the well-being of stakeholders [7,13]. An SLCA relies on indicators and surveys to identify the social situation associated with agricultural products [14]. Various methodologies and research have been published on SLCAs. The United Nations Environment Programme and Society of Environmental Toxicology and Chemistry UNEP/SETAC methodology uses a list of indicators that are assessed by each stakeholder in the supply chain [13]. Another approach, product and social impact analysis (PSIA), focuses on assessing the social impacts of individual products and services rather than entire companies [15,16].



The lack of standardized indicators for the SLCA poses several challenges, including the selection of subcategories and social indicators, as well as data collection. Regarding data collection, some of the challenges associated include obtaining relevant and accurate data for social indicators, such as information on labor practices, community impacts, and human rights issues. It is also important to avoid subjectivity, as it can vary significantly from source to source, affecting the consistency and comparability of results. Indeed, the selection of appropriate data collection methods and the utilization of databases (generic data with industry or national averages) can mitigate uncertainty. However, the compilation of inventory data is a resource-intensive endeavor [17]. Despite the fact that theoretical and methodological developments in SLCA still require consensus and resolution, considerable progress has been made toward standardizing assessment steps, indicators, and database development [18]. The selection of social impact categories or subcategories to be included in assessments is often unclear due to vague guidelines and limited case studies. To date, SLCA researchers have primarily focused on labor and health indicators, but they typically use nationally averaged data for specific regions, especially for the stakeholder group “workers”, which may limit accuracy [19,20]. Therefore, ensuring the quality and relevance of data in the local context is critical for accurate impact assessments. In Colombia, some case studies have evaluated transport services and biorefineries, focusing on all stakeholders or primarily on workers. However, specific primary data are limited and more case studies are needed to provide context-specific data [21,22].



Plastic lids and closures are essential components used to seal containers, bottles, and jars to preserve contents and ensure product integrity. The global plastic lids and closures market size was USD 16,370 million in 2022 and is expected to reach USD 23,907 million by 2031 [23]. One of the most common plastic materials used in plastic lids is high-density polyethylene (HDPE) because of its good properties such as hardness, low cost, moisture resistance, flexibility, and recyclability [24].



However, as the environmental impact of plastic waste remains a major concern, driving industries and consumers to adopt sustainable alternatives that reduce negative environmental and social impacts, biocomposite materials filled with natural fibers are seen as a promising solution. The use of pseudo-stem BF has aroused interest as a sustainable alternative for the gradual replacement of plastics of petrochemical origin, potentially reducing the environmental impact and improving its mechanical performance [25,26,27]. Despite the methodological limitations and data challenges commonly associated with SLCA indicators, it is feasible to conduct a comparative SLCA study with suitable data to evaluate and compare in the biocomposite materials sector using banana fibers in Colombia.



This study aims to clarify the choice of impact categories, methods, and indicators for SLCA when evaluating plastic food packaging lids made of biocomposite materials filled with natural fibers extracted from BF pseudo-stems as a substitute for conventional high-density polyethylene (HDPE) lids in packaging applications in Colombia. The study also seeks to answer the following two main questions: are biocomposite lids better than conventional HDPE lids in terms of SLCA? Are indicators and data suitable to evaluate and compare different food packaging lids in Colombia? The study will assess and compare the social performance of companies involved in the production of these materials across different scenarios using the UNEP methodology. The findings aim to inform decision-making processes in the plastic sector regarding the use of biocomposite materials with natural fibers.




2. Materials and Methods


The SLCA methodology used in this study is based on the UNEP/SETAC methodological sheets for the SLCA of products [7,13], as well as the ISO 14040 and 14044 standards [28,29]. Insights from Goedkoop et al. (2020), Siebert et al. (2018), and Traverso et al. (2021) [15,30,31] were adapted for the stakeholders, subcategories, indicators inventory analysis, and impact assessment. The complete procedure for the SLCA is shown in Figure 1.



2.1. Goal and Scope


2.1.1. Goal of the Study


The objective was to compare the social impact of conventional food packaging lids (made of high-density polyethylene—HDPE) with those made of biocomposite materials filled with natural fibers extracted from banana (Musa paradisiaca) post-harvest residues in Colombia.




2.1.2. Function and Functional Unit


The function of the plastic packaging lids is to protect the jar and contribute to the seal liner, minimizing food deterioration during storage. The lids analyzed in the study were expected to provide the same function in terms of food shelf life for at least one year. Although social impacts are mostly caused by company behavior, the use of the functional unit allowed for the identification of the unit processes along the life cycle [32]. The functional unit chosen for comparison was a jar of 53 mm in diameter containing either 50 or 85 g of instant coffee sold in the Department of Caldas (Colombia). The selected jar size is a popular reference in the sector. The analysis reference flows correspond to the production of 550,000 lids per month over a one-year period. This production volume was deemed sufficient to evaluate the social effects of the system under analysis and represented the annual production of jar lids for a company located within the system.




2.1.3. System Boundaries


The system boundaries of the life cycle stages were defined within Colombia. The study utilized a cradle-to-grave system boundary, which includes the life cycle stages of feedstock production, manufacturing, and end-of-life. The average size of banana/plantain farms in the country is approximately 5 hectares, and around 300.000 direct and indirect jobs were generated in 2023 [6].



The region selected for the study was the Department of Caldas, located in the center–west of Colombia between 5°46′50″ and 4°49′19″ N and 74°37′53″ and 75°57′26″ W, with an area of 24,228 hectares and an annual banana production of around 300,000 tons [33]. The company producing the lids was located in this region. The time horizon is from 2021 to 2023. The scenarios evaluated were as follows: the baseline scenario (Figure 2A): Farmers produced and sold only the fruit, while the stalks and other vegetable tissues were cut and left in the growing area. The plastic lid company used HDPE to make the lid. The scenarios linking banana production and the lid manufacturing process include 10% or 40% BF content in the material used to make the lid (Figure 2B1,B2).




2.1.4. Stakeholders


This study identified five key stakeholders related to the system and the objective of the study, namely workers in the lid manufacturing and agricultural sectors, local communities living in the municipalities where banana cultivation and fiber production take place, society (organizations that interact directly or indirectly with the entire system analyzed), consumers, and other actors in the value chain.





2.2. Life Cycle Inventory (LCI)


The life cycle inventory (LCI) stage of the study involves the selection of subcategories and indicators, as well as data collection. Below are the details regarding the selection of subcategories and the data collection process.



2.2.1. Selection of Subcategories


The UNEP/SETAC methodology sheets propose 32 subcategories of assessment related to selected stakeholders. However, due to the lack of standardized approaches and the need for relevant and applicable indicators, a screening process was conducted. This process included a literature review of SLCA studies, supplemented with local information on Colombian and international social regulations and studies on the social context of the agricultural sector in Colombia.



To screen the SLCA case studies, two search strings were applied to the title, abstract, and keywords as follows: (“social life cycle assessment” OR “life cycle sustainability assessment” OR “social assessment”) AND (composite OR bioplastic OR biopolymer OR “natural fiber” OR “agriculture” OR “plastic” OR “fertilizer”). The databases were consulted in December 2023 with no time limit.



The screening of Colombian and international social regulations was carried out through government databases. The social context of the agricultural sector was mainly based on studies conducted by Colombian decentralized public institutions or non-governmental organizations.



Further details on the screening of the SLCA, Colombian and international regulations, and information regarding the social context can be found in Appendix A. Based on this information, as well as data availability and relevance to the banana/plantain supply chains in Colombia, the following five categories of stakeholders were identified: workers, local community, society, consumers, and the value chain. The following subcategories were selected: freedom of association and collective bargaining, generational change, fair salary, equal opportunities/discrimination, health and safety, social benefits/social security, community engagement, cultural heritage, local employment, public commitments to sustainability issues, prevention and mitigation of armed conflicts, technology development, end-of-life responsibility, promoting social responsibility, and supplier relationships, all of them with the corresponding indicators.




2.2.2. Data Collection


Data for the LCI stage was obtained from both primary and secondary sources. Primary data specific to the company and the product were collected directly through surveys. These surveys included closed questions based on UNEP/SETAC guidelines [7], as well as other relevant sources such as [34,35], supplemented with information from the literature review, relevant indicators, and regional context documents. The questionnaire comprised forty-four questions, categorized according to the indicators and sub-indicators to evaluate Scenarios A, B1, and B2 (see Figure 2).



The stakeholders involved in the data collection process included farmer associations, government personnel or entities, companies, and individuals within the value chain. Consumers were surveyed using a consumer voice questionnaire commonly employed in the food industry. More detailed information about the survey can be found in Appendix A.



The questionnaires were administered using Google Docs, and invitations were sent by email to individuals who had previously confirmed their willingness to participate. Telephone invitations were also made to ensure broader participation. The number of respondents for agricultural experts, business experts, and consumers were 29, 7, and 384, respectively. The reliability and validity of the questionnaire were assessed through a pilot test, repeated administration, and Spearman’s coefficient tests (see Appendix A), which measure the strength of association between variables. The suitability of the experts was estimated using the method proposed in [36].



Secondary data sources provided indicators of the average social risk per country and sector, primarily assessing value chain risks that affect workers and local communities. For secondary data, a review of online databases, the literature, journals, and national statistics from official webpages was conducted. The focus was on social issues connected to known suppliers in the Colombian context. Some commonly used databases in LCA software packages (SimaPro version 8.3) were considered, including the Social Hotspots Database (SHDB), the Product Social Impact Life Cycle Assessment (PSILCA) database, the ILOSTAT database, and WageIndicator [37,38,39,40].





2.3. Life Cycle Impact Assessment (LCIA)


In the life cycle impact assessment (LCIA) stage, the potential social impact of the product system was evaluated using social indicators based on the data collected in the LCI stage. The scoring method was based on [7,13,15]. The analysis was performed for each indicator using the pedigree matrix and the PROSUITE method, which aided in assessing the reliability and accuracy of the data [41].





3. Results and Discussion


3.1. Inventory Data


3.1.1. Rationale for Choosing Subcategories and Indicators


The selection of subcategories and indicators was based on a literature review contextualized according to the availability of data and indicators, consultations with stakeholders and experts, field surveys, and an analysis of local and global regulations. All of this was performed within the scope and objectives of the research. Further details on this selection can be found in Appendix A. The following is a summary of the most important arguments that were part of the selection process:



The social and welfare situation of agricultural and industrial workers in Colombia is complex and challenging. Many workers are informal and lack social security, increasing their vulnerability to poverty and inequality. There are also significant gaps in access to quality health and education services, especially in rural areas; the sector is characterized by low wages, long working hours, and precarious contracts, and the workers also face difficulties in organizing and collective bargaining and often experience discrimination and violence. In this context, the selected indicators for workers were chosen to address the critical issues affecting them, and these include freedom of association, generational change, fair pay, equal opportunities, health and safety, and social benefits.



For community, we selected the subcategories of community engagement, cultural heritage, and local employment. These choices reflect the importance of involving the local community in the preservation of cultural heritage, which fosters a sense of ownership and addresses community needs. Cultural heritage provides social cohesion and economic benefits through tourism and local products. Local employment supports job creation and improves working conditions, particularly in Colombia, where informality is high.



For society, we selected indicators related to public commitment to sustainability, prevention and mitigation of armed conflict, and technology development. The first assesses the sector’s commitment to sustainability and resource management. Promoting green growth and low-carbon development is important for Colombia’s commitment to the 2030 Agenda and the Paris Agreement. The use of agricultural fibers can reduce environmental impacts and use renewable resources. The prevention and mitigation of armed conflict is relevant due to Colombia’s history of armed conflict and its impact on rural areas. It was selected to address the demand for commodities from post-conflict areas, support economic opportunities, and reintegrate ex-combatants. In technology development, we explored the advances in the use of banana plants and the development of biocomposites that are relevant to Colombia’s diverse agricultural sector, as well as promoting innovation in biotechnology and biodegradable materials.



For consumers, we chose an indicator related to end-of-life responsibility, and for the supply chain, we chose indicators related to promoting social responsibility and supplier relationships. End-of-life responsibility evaluates the environmental and social impacts of disposal or recycling, which is important for Colombia due to the low plastic recycling rates in the country. The use of agricultural fibers can improve biodegradability and recycling and increase consumer awareness. The promoting social responsibility indicator assesses the promotion of social responsibility practices among suppliers, which is relevant to Colombia’s strong social economy sector, as the use of agricultural fibers can promote social and environmental initiatives. Finally, supplier relationships measures the quality and stability of buyer–supplier relationships. It is important for Colombia’s diverse agricultural sector because the use of agricultural fibers can improve communication, coordination, and mutual benefits.



The indicators can be standardized by first following comprehensive guidelines, such as those of UNEP and SETAC; involving a wide range of stakeholders, including industry experts, academics, and community representatives; validating the effectiveness and reliability of the indicators through surveys and empirical experiments; and updating the indicators to reflect local social norms, regulations, and industry practices [42].




3.1.2. Results from Data Collection


Much of the quantitative information was obtained directly from stakeholders and supplemented with data from secondary databases sources. Key quantitative data are summarized below. According to the farmers’ associations, the percentage of associativity in the sector is 22.3%. The monitored farms have a planting density of 800 plants per hectare. It has been estimated that the use of pseudo-stems after the plantain/banana harvest is profitable if a price of at least $0.013/kg is obtained for them, which could represent an additional income of 14% (for a scenario of 40% fiber in the lids) or 3.4% (for 10% fiber) for the farmer (see [36] for further details regarding the lid production inventories).



In order to evaluate the competence of the experts involved in the SLCA and ascertain the extent of their agreement, a Kendall’s W coefficient was employed with a value of greater than 0.8, indicating a high level of agreement and reliability in their assessments. To obtain quantitative data, we employed methods analogous to those utilized by Agyekum et al. (2017) to estimate the percentage of associativity, the economic value, and the labor hours for farmers and the supply chain [20]. Table 1 and Table A4 (Appendix A) provide a summary of the data for each scenario, organized by indicator, category, and stakeholder.



Figure 3 provides a visual representation of the evaluations of each stakeholder for the inventory indicators. The color scale in the figure reflects the assessment scale used in Table 1 (−2, −1, 0, 1, 2). This color-coded representation allows for a quick understanding of the evaluation results for each indicator and stakeholder, showing the differences between scenarios.





3.2. Impact Assessment


The scores for each scenario can fluctuate based on the stakeholder and the particular indicators taken into account. It is clear that the scenario involving lids made with a higher BF content is viewed as having the most positive social impact by all stakeholders. For consumers, this trend is more pronounced, with the zero and maximum fiber content scenarios (A and B2) receiving extreme scores (−2 and +2), and Scenario B1 receiving an intermediate score.



3.2.1. Hotspot Identification


There are several positive impacts of using BFs in the lids of food packaging, which align with the findings from Table 1 and Figure 3. When comparing stakeholder responses to the current scenario of fiberless lids for soluble coffee bottles (Scenario A) with those made with 10% (B1) and 40% (B2) BF fillers, we observe the following:



Workers: This information highlights several crucial aspects related to the worker stakeholder and their social impact across different scenarios. Firstly, experts have pointed out that the earnings in both the banana and fiber sectors are inadequate to fulfill basic needs, prompting workers to frequently participate in various productive and economic activities. However, the utilization of post-harvest residues from banana farming to manufacture natural fibers could potentially augment income. Secondly, there is no discernible difference in their backing for freedom of association or the matter of generational change in rural areas. Also, there is no substantial disparity in the social impact on the worker stakeholder between Scenarios B1 and B2. However, they do perceive that employing fiber in the lids would foster the associativity of plantain and/or fiber producers. Comparable positive scores in this category have been observed in other agro-industrial sectors, such as cane and cassava production in Thailand and palm oil production in Malaysia [43,44].



This finding is consistent with a study conducted in the Mauritius region, where a reduction in the disposal percentage of petrochemical plastics led to a positive social impact for workers throughout the product’s life cycle [45]. On the other hand, at present, the worker sector, encompassing both the agricultural production phase and the transformation phase in the plastic industry sector, routinely receives training from governmental and private entities. This training is aimed at mitigating the risks associated with their productive activities, which contributes to a positive performance score in the health and safety category for this stakeholder group. The potential valorization of the BFs would necessitate the installation of new mechanical equipment in the field for the extraction and primary conditioning of the fiber. This could introduce new health risks for agricultural workers. As a result, the development of additional training programs will be necessary, focusing not only on equipment handling but also on aspects of occupational safety to minimize these risks to the workers.



Local community: In both Scenarios B1 and B2, the results were similar. The incorporation of BFs is seen as a way to foster agricultural pursuits and enhance the culture of natural fiber production within the local community. This not only preserves cultural heritage but also leads to a more profound social impact in this category. However, the banana sector received higher community engagement scores due to its emphasis on training and improving product quality. The business sector displayed mixed feelings about offering training to the agricultural sector when fibers are integrated. As for local employment, this study and others agree that both the banana and fiber sectors create jobs across the supply chain, including families, mothers, household heads, transporters, and intermediaries [46]. The utilization of natural fibers can result in the creation of new direct and indirect employment opportunities. Other sectors have demonstrated that the integration of technologies and agricultural waste into supply chains extends working hours and benefits the rural community [30,47,48]. Adding value to biomass is advantageous for the rural population, as it lessens the reliance on primary agricultural production, provides an additional source of income, creates jobs, and enhances the lifestyles of rural residents [49].



Society: Society views the increased use of BFs in lids as a step toward sustainability, as it lessens environmental impact and makes use of local materials. There is a clear difference among the three scenarios in terms of the company’s engagement with the agricultural sector. Scenario A, which does not employ agricultural raw materials, has no link to this sector. On the other hand, the incorporation of BFs in Scenarios B1 and B2 boosts the possibility of manufacturing products that mitigate environmental impacts, can be certified, and aid the local production sector. Moreover, the utilization of fibers as biomass byproducts from the agricultural sector is commonly associated with longer working hours, given that the biocomposite supply chains with BFs could lead to increased working hours in upstream sectors. Other researchers underscore the importance of this aspect in the chain, emphasizing the value of employment and labor opportunities throughout the system chain [48].



In terms of technological development, all scenarios positively influence this aspect. The agricultural sector promotes specialized development through research projects, while the business sector persistently investigates ways to enhance lid manufacturing materials, motivated by new regulations and the pursuit of environmental and social benefits. Respecting product distribution and consumer awareness, companies include disposal information on product labels, and consumers are becoming increasingly conscious of environmental and social factors when purchasing. Elements such as the product’s natural origin, its environmental friendliness, and its connection with farmer’s influence consumer decisions. Companies are exploring alternatives to petrochemicals to enable socially compatible actions and minimize waste generation.



Wholesalers and supply chain stakeholders: Various stakeholders can educate customers to foster or increase their understanding of sustainable consumption, encourage the purchase of eco-friendly products, and advise them on the usage and disposal of the products they consume [50]. In this context, wholesalers aim to retain customers by fostering a relationship that extends beyond mere financial returns, instilling confidence in customers that companies can produce healthier products, thereby promoting, for instance, a healthier lifestyle [51].



Consumers: The beneficial effect of filling the lids with a greater amount of fiber is evident. It is considered that this allows for a more moderate environmental impact of the product at the end of its life cycle or after use. Consumers are willing to motivate their purchase and pay more for soluble coffee that uses this type of lid.



Supply chain: In the supply chain stakeholder category, Scenario A received a higher rating, indicating a good relationship with suppliers and transporters. The lower ratings in Scenarios B1 and B2 can be attributed to production volatility and payment difficulties with small farmers. Both the banana and natural fiber sectors promote associativity and share similar management objectives, including seeking better prices, market access, and government benefits. However, the banana sector reported greater satisfaction with economic benefits compared to the natural fiber sector. The fiber sector provides more opportunities for workers to join an association, and the proportion of associates is higher compared to the banana sector. This sector exhibits both horizontal integration among producers and vertical integration among producers, extractors, and fiber artisans. The goal of the fiber sector extends beyond selling fiber as a raw material to improving artisan products.



These impacts are consistent with previous studies that have observed similar effects in the supply chain of agricultural-based sectors when incorporating different technologies. The following are the key points: (i) the promotion of associativity: the agricultural sector benefits from the promotion of associativity, which can enhance collaboration and collective action among farmers [47]. (ii) Improved social benefits: The agricultural sector is often perceived as isolated from social benefits, with temporary jobs and a lack of contracts. However, the inclusion of BFs in lids can potentially change this situation by providing more stable employment opportunities [52]. (iii) Regional employment and migration reduction: by creating employment opportunities in the region, the agricultural sector can help reduce migration and provide economic stability for local families [52]. (iv) Technological advancements: the implementation of new technologies or alternative approaches in the agricultural sector can have positive effects on family groups, enhancing their competitiveness and overall performance [47]. (v) Performance evaluation and competitiveness: the inclusion of the agricultural sector, such as through the use of BFs, allows regional producers to assess their social performance compared to competitors, leading to improved competitiveness [30]. Additionally, the evidence of social benefits resulting from the use of BFs in lids can contribute to waste reduction, enhance visibility, and improve the competitiveness of the sector as a whole [20,48]. These points suggest that the integration of BFs in food packaging lids has the potential to generate positive social impacts throughout the supply chain, benefiting various stakeholders and improving the overall sustainability of the agricultural sector.



Social sustainability policies, defined as those that use social resources by organizations, reflect the social and ethical commitments of the organization, its relationship with supply chain partners, and its consistency of behavior over time [53]. In the agricultural sector, the key point for their integration are partnerships, through which farmers can access many benefits, improve their organization all in favor of meeting business requirements, and increase production. The implementation of sustainable products serves to integrate, highlight, and reinterpret the agricultural sector when they are combined with natural products. This has a positive effect on the economy and the quality of family and community life. In light of the aforementioned technical, economic, and environmental advantages associated with the utilization of BFs [54], it is recommended that the raw material policies of companies operating within the plastics sector should encompass the re-requirement of a proportion of raw material derived from natural sources, in addition to the incorporation of agricultural sector associations within the supply chain. In general, collaboration encourages suppliers to adopt policies and procedures related to fair remuneration, reasonable limits on overtime, self-employment practices, and product innovation [55].




3.2.2. Limitation and Future Research Directions


Although incorporating agro-waste makes it possible to produce biodegradable products, reinforcing the circular economy concept [49], this study did not take into account the recycling of lids in the scenarios, primarily due to the low rate of plastic recycling in Colombia. As of 2023, it is projected that only 25 to 30% of plastics are recycled, with the remainder ending up in landfills. Plastic recycling is expanding on a large scale, and it is currently estimated that over 350,000 tons of post-consumer plastic waste are being used each year in Colombia [56]. A recent law (Law 2232 of 2022 [57]) has been enacted to support the process of single-use plastics. This dynamic could influence the context of the study, and future studies should evaluate the effects of the new regulations. Therefore, a comprehensive understanding of banana pseudo-stem valorization necessitates further technical studies, including pilot testing and verification of the material’s biodegradability and/or recyclability potential.



This study also demonstrates the importance of supply chains in the social impact and sustainability of a product [58]. However, the performance score for the health and safety category may vary across different case studies and sectors. While positive scores are observed in some cases, negative scores are reported in others. Factors such as government policies and the state of economic development can influence the social performance of the worker stakeholder. These observations emphasize the importance of considering the social impact on various stakeholders, promoting community engagement, job creation, technological development, cultural heritage preservation, and consumer awareness. Collaboration between different sectors and stakeholders is crucial in achieving sustainability goals and fostering positive social impacts.






4. Conclusions


This study compared the social impacts of conventionally manufactured plastic lids with lids made from biocomposite materials filled with natural fibers extracted from banana post-harvest residues. The research utilized existing methodologies and incorporated a focused design to address issues related to indicator selection, data measurement from reliable sources, and the inclusion of various stakeholders. Three scenarios were compared, including plastic lids made with 100% high-density polyethylene and lids with 10% and 40% banana fiber content. The indicator selection showed a structured and transparent way to selected relevant and adequate indicators. The analysis gathered a significant amount of primary data from standardized surveys, including quantitative and qualitative indicators, employing statistical techniques and considering all relevant stakeholders.



Among the three scenarios, lids with 40% natural fiber content (Scenario B2) demonstrated the greatest social benefits. This scenario showed improvements in the agricultural sector, such as enhanced economic opportunities and equal opportunities for workers, as well as a commitment to cultural heritage within the local community. The use of renewable and local resources in the supply chain generated better environmental and social indicators for the business sector. Moreover, the inclusion of consumer responsibility in purchasing decisions indicated an increased environmental and social awareness among consumers, even if it required paying a higher price for sustainable products.



Companies are likely to maintain their interest in exploring alternative materials to those derived from petrochemicals. While there have been efforts in this direction, further research is needed to fully understand the social effects of using alternative materials based on local and renewable raw materials, with a focus on social responsibility. The results of this study can serve as a reference for organizations to compare their practices with industry norms and regional contexts, encouraging more sustainable decision-making and corporate sustainability policies.



The SLCA is a valuable tool for assessing the social impacts of products and improving decision-making processes. However, challenges remain in the methodology in selecting indicators, collecting data, and conducting impact assessments. The lack of standardized methodologies highlights the need for tailored SLCA approaches for different products and regions. Quantitatively, there are some data in databases such as salaries and working hours, but they are standardized for each country, leaving aside the particularities of the regions and sectors. On the other hand, qualitative data attributed to the particular characteristics of each study are difficult to collect. The data collection process could benefit from increased standardization and integration with social science methods. Applying a structured methodology enhances the reliability of selected indicators by considering the complete compendium of stakeholders, sub-categories, and indicators while adapting them to the specific regulations, context, and requirements of each country and case study. This research provides valuable insights into the social impacts of biocomposite materials and highlights the potential for sustainable practices and responsible consumption to drive positive social change. For future research, more case studies and context specific data are essential to advance SLCA research, particularly in emerging economies such as Colombia and agricultural and plastic sectors. In this way, a structured methodology could be validated, and sector cluster and standardized indicators could be obtained.
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Appendix A


Appendix A.1. Inventory


This section provides a summary of the information used to inform the selection of subcategories and indicators, the regulatory context, and some of the government and association actions that were considered in the context of the inventory for this study.



Appendix A.1.1. Screening of SLCA Case Studies


The UNEP/SETAC methodology for social life cycle assessment (SLCA) comprises 32 subcategories of assessment, which are organized according to stakeholder groups. In total, the screening process identified 85 potential papers, which were then subjected to a comprehensive review based on their titles, keywords, and abstracts. Only studies employing the SLCA and UNEP/SETAC methodologies were considered, and those exhibiting similarities to the present case study were selected. Some of these cases include the agricultural sectors with bamboo and wood, the selection of materials, and other sectors with petrochemical plastics such as HDPE and PET. This task was carried out by two researchers in parallel, independently, with a search methodology previously agreed upon by both, following a path of various information filters. Any discrepancies in selection, quality, and eligibility were discussed and resolved.



Following the bibliographic review, as outlined in the methodology section, and the refinement of the documents, 19 case studies were subjected to analysis with the objective of ascertaining the frequency of subcategory utilization in SLCA studies. These findings were integrated with those from a parallel review published in 2018. After the removal of duplicate cases, the frequency of UNEP/SETAC-suggested subcategory utilization in SLCA studies across these 20 documents was determined. The following list presents the subcategories and the corresponding frequencies of use in parentheses:



Workers: 1—freedom of association (26); 2—child labor (29); 3—fair salary (55); 4—working hours (37); 5—forced labor (25); 6—equal opportunities (56); 7—ratio of basic salary of men to women (1); 8—health and safety (100); and 9—social benefits/social security (47).



Local community: 10—delocalization and migration (13); 11—community engagement (37); 12—cultural heritage (20); 13—respect of indigenous rights (13); 14—local employment (30); 15—access to immaterial resources (8); 16—access to material resources (35); 17—safe and healthy living conditions (49); and 18—secure living conditions (12).



Society: 19—public commitments to sustainability issues (21); 20—prevention and mitigation of armed conflicts (11); 21—contribution to economic development (67); 22—corruption (19); 23—technology development (16); and 24—feedback mechanism (12).



Consumers: 25—health and safety (50); 26—consumer privacy (10); 27—transparency (13); and 28—end-of-life responsibility (10).



Value chain: 29—fair competition (5); 30—promoting social responsibility (36); 31—respect of intellectual property rights (4); and 32—supplier relationship (22).




Appendix A.1.2. Social Issues in the Agricultural Sector


In this analysis, various regulations, published documents, and expert opinions on social evaluation in the Colombian and international context were examined and analyzed. In brief, the main national regulation consulted in Colombia establishes that workers and employers have the right to form unions or associations [59]. Children and adolescents are protected from work [60]. There is an authorized permanent commission for the harmonization of wage and labor policies [61]. The maximum working day is 8 h per day and 48 h per week [62]. Forced labor is abolished according to Law 54. Agreement 105 Ginebra, 1962 [63]. Equal pay and labor remuneration between women and men are guaranteed according to Ley 1496, 2011 [64]. The implementation of the occupational health and safety management system is decreed according to Decree No. 1443, 2014 [65]. The social security system was created by Law 100. Decree 1295, 1994 [66].



Additionally, relevant international legislation has been obtained through online research (from databases such as the World Health Organization—WHO—or the International Labor Organization—ILO).




Appendix A.1.3. Overview of Relevant Social Actions and Studies in the Agricultural Sector


In the agricultural sector, which primarily comprises independent farmers and producer associations, interactions occur between these entities and other actors, including unions, government entities, and companies. These interactions are often informal in nature. Social evaluation studies are limited in this context. This section will discuss relevant actions related to this approach.



In accordance with the stipulations of Law 607, 2000 [67], farmers are included within the purview of the technical assistance program, which is subsidized by the government. The program consists of a single registry of technical assistance users, which, in addition to technical information, includes social indicators such as gender, educational level, economic income, membership in associations, profitability, and the availability of public services and access routes, among others. The program also includes victims of the armed conflict, ex-convicts, victims of sexual violence, and women. However, due to the lack of continuity between government policies, there is currently no consolidated and organized database.



The Colombian Agricultural Research Corporation (Agrosavia) has been engaged in the monitoring of corporate social responsibility measures since 2012 [68]. The estimates of the socio-environmental impacts of technologies are based on the Ambitec-Agro methodology, which was developed by Embrapa in 2003 [69]. This methodology is based on a set of related indicators that assess the efficient use of natural resources and agricultural inputs, environmental quality, and the effects on consumers, employment, income, health, management, and administration.



Additionally, some farmers’ associations, particularly the coffee growers’ federation, monitor social aspects with the objective of assessing and acting for the well-being of workers. Furthermore, agricultural activity, legal requirements, and occupational health and safety are subject to monitoring. In the natural fiber sector, a fiber sector board has been established, comprising representatives from the productive, governmental, and academic sectors. Its’ objective is to develop a human talent management strategy that is aligned with competencies, with a view of generating transferable knowledge for incorporation into vocational training programs [70]. Among the projects are the certification of labor competencies, the motivation of companies from different sectors with young apprentices, the promotion of generational change to ensure the continuity of fiber production, compliance with environmental standards throughout the process and through the full use of the plant, and so forth.





Appendix A.2. Survey


The objective of the survey was to integrate the opinions of stakeholders in the supply chain regarding a plastic lid versus a lid made from banana pseudo-stem fibers (BFs). The study was conducted in the Department of Caldas, Colombia. The baseline lid was made of pure HDPE, while the experimental lids, B1 and B2, were made of the same plastic matrix but filled with BFs at two different levels, namely 10% and 40%. Representatives from various stakeholder groups were selected for the survey, including managers, employees, community members, suppliers, and customers. In addition, the opinions of experts from the agricultural and fiber sectors were sought out. A total of 384 consumers, 19 banana sector experts, nine fiber experts, and seven business experts were interviewed.



The questionnaire design was mainly based on the UNEP/SETAC methodology sheets. The measures included descriptions, different types of scales, yes/no answers, and risk impact ranges [71]. Among the various types of scales proposed in the literature, the measurement scale selected was based on Goedkoop et al. (2018) (−2, −1, 0, 1, 2) and was complemented with various Likert scales [72]. The consistency of the instrument was measured through a pilot test, repeated application, and Spearman’s coefficient tests. The level of competence of the experts was determined by the coefficient k, and the agreement between the experts was evaluated by Kendall’s coefficient W.



Table A1 shows the survey questions, types of respondents, and SLCA inventory indicators derived from the responses of the different stakeholder groups. It also shows whether some indicators required direct measurement by the authors.





 





Table A1. SLCA inventory indicators, questions (Scenario A without fiber and Scenario B1 and B2 with fiber), source, and scale assessment. (AS) Agricultural sector, (M) directly measured, (BS) business sector, and (C) consumer.






Table A1. SLCA inventory indicators, questions (Scenario A without fiber and Scenario B1 and B2 with fiber), source, and scale assessment. (AS) Agricultural sector, (M) directly measured, (BS) business sector, and (C) consumer.





	

	
Subcategory

	
Inventory Indicators

	
Questions

	
Source

	
Assessment




	

	
Scenario B1

	
Scenario B2

	
Association

	
Government

	
Other entities

	
Company

	
Measured

	
Performance Scale




	
0% Fiber

	
10% Fiber

	
40% Fiber

	
−2

	
−1

	
0

	
1

	
2






	
Workers

	
1. Freedom of association and collective bargaining

	
Evidence of sector/organization or factory respect or support to freedom of association and collective bargaining

	
(AS) 1. Is the formation of associations encouraged?

	
x

	
x

	
x

	

	

	
Definitely not

	
Probably not

	
Undecided

	
Probably yes

	
Definitely yes




	
(AS) 2. Do you consider that the requirements and procedures to join an association are easy to fulfill?

	
x

	
x

	
x

	

	

	
Definitely not

	
Probably not

	
Undecided

	
Probably yes

	
Definitely yes




	
Cooperation with other local farmers and organizations

	
(AS) 3. How satisfied are you with the relationship with the members of the association?

	
x

	

	

	

	

	
Unsatisfied

	
Rather unsatisfied

	
Neither satisfied nor dissatisfied

	
Rather satisfied

	
Extremely satisfied




	
Assessment of cooperatives

	
(AS) 4. How do you think the benefits have been for belonging to the association?

	
x

	
x

	
x

	

	

	
Very bad

	
Bad

	
Not received

	
Good

	
Very good




	
Associated people

	
(M) 1. What is the number of associates with respect to the total of producers/workers?

	
x

	
x

	
x

	

	

	
<20%

	
21% < X < 40%

	
41% < X < 60%

	
62% < X < 80%

	
>80%




	
Evidence of workers belonging to a workers’ union, make profit

	
(AS) 5. Do you consider that associations are active in negotiations such as obtaining good prices, sales, training, among others?

	
x

	

	
x

	

	

	
Very bad

	
Bad

	
Not received

	
Good

	
Very good




	
2. Generational renewal

	
Youth interest in agriculture, generational renewal

	
(AS) 6. Are young people interested in continuing with the agricultural trade?

	
x

	
x

	
x

	

	

	
Definitely not

	
Probably not

	
Undecided

	
Probably yes

	
Definitely yes




	
3. Fair salary

	
Economic income

	
(M) 2. What is the value they receive with respect to the minimum wage?

	
x

	
x

	

	

	

	

	
x

	

	

	
0%

	
0% < X < 10%

	
>10%




	
Lowest paid workers are considering if wages meets their needs

	
(AS) 7. Do you consider that with the average monthly income that producers receive, can they supply their basic needs?

	
x

	
x

	
x

	

	

	
Definitely not

	
Probably not

	
Undecided

	
Probably yes

	
Definitely yes




	
4. Equal opportunities/discrimination

	
Rate of female employees/men

	
(AS) 8. What do you consider is the participation of women in the agricultural trade?

	
x

	
x

	
x

	

	

	
0% < X < 10%

	
10% < X < 20%

	
20% < X < 30%

	
30% < X < 40%

	
40% < X < 50%




	
5. Health and safety

	
Operations identified as having significant risk for incidents

	
(AS) 9. Have the risks of the activities you carry out been identified?

	
x

	
x

	
x

	

	

	
Definitely not

	
Probably not

	
Undecided

	
Probably yes

	
Definitely yes




	
Education, training, prevention, and risk control programs

	
(AS) 10. Do they receive training from external entities regarding safety during the preparation of their work?

	
x

	
x

	
x

	

	

	
Never

	
Most of the time not

	
Sometimes yes, sometimes no

	
Most of the time, yes

	
Always




	
6. Social benefits/social security

	
Government social benefits provided to workers

	
(AS) 11. How do you consider the aid (for example training, financial resources) received from external entities such as government, companies?

	
x

	
x

	
x

	

	

	
Very bad

	
Bad

	
Not received

	
Good

	
Very good




	
Local community

	
7. Community engagement

	
Support of agricultural organizations

	
(AS) 12. Do they receive training on good agricultural practices from external entities?

	
x

	
x

	
x

	

	

	
Never

	
Most of the time not

	
Sometimes yes, sometimes no

	
Most of the time, yes

	
Always




	
Effect of training on quality of life

	
(AS) 13. Has the training received helped to improve the quality of life?

	
x

	
x

	
x

	

	

	
Definitely not

	
Probably not

	
Undecided

	
Probably yes

	
Definitely yes




	
Impact of training on product quality

	
(AS) 14. Are the training they receive important to improve product performance or quality?

	
x

	
x

	
x

	

	

	
Definitely not

	
Probably not

	
Undecided

	
Probably yes

	
Definitely yes




	
Corporate social responsibility fund spent on community projects farmers

	
(BS) 1. Do you target CSR projects for farmers as trainings?

	

	

	

	
x

	

	
Definitely not

	
Probably not

	
Undecided

	
Probably yes

	
Definitely yes




	
8. Cultural heritage

	
Strength of policies in place to protect cultural heritage

	
(AS) 15. Are there policies that promote the agricultural vocation?

	
x

	
x

	
x

	

	

	
No

	

	
Yes




	
Evidence that the organization contributes to the preservation of cultural heritage

	
(BS) 2. Do they help promote and maintain the culture of natural fiber production?

	

	

	

	
x

	

	
Definitely not

	
Probably not

	
Undecided

	
Probably yes

	
Definitely yes




	
9. Local employment

	
Indirect job creation

	
(AS) 16. Does productive activity contribute to job creation in the sector?

	

	

	

	

	
x

	
Definitely not

	
Probably not

	
Undecided

	
Probably yes

	
Definitely yes




	
(M) 3. Does productive activity contribute to job creation in the sector?

	
x

	
x

	

	

	

	

	
x

	
0

	
0

	
0

	
0% < X < 10%

	
>20%




	
Society

	
10. Public commitments to sustainability issues

	
Existence of (legal) obligation on public sustainability reporting; engagement of sector regarding sustainability

	
(BS) 3. Do you implement policies and initiatives for the conservation of renewable and non-renewable resources?

	

	

	

	
x

	

	
Definitely not

	
Probably not

	
Undecided

	
Probably yes

	
Definitely yes




	
(BS) 4. Do you implement policies for the use of renewable raw materials?

	

	

	

	
x

	

	
No

	

	
Yes




	
Farmer’s knowledge about conservation of natural resources

	
(AS) 17. How do you consider their knowledge of environmental conservation to be?

	
x

	
x

	
x

	

	

	
Very bad

	
Bad

	
Not received

	
Good

	
Very good




	
Evidence that organization contributes to management effort to improve environmental performance

	
(BS) 5. Have you implemented mechanisms to assess the environmental impact?

	

	

	

	
x

	

	
Definitely not

	
Probably not

	
Undecided

	
Probably yes

	
Definitely yes




	
(BS) 6. In case of implementing mechanisms. Have the results obtained shown evidence of a reduction in environmental impact?

	

	

	

	

	

	
Definitely not

	
Probably not

	
Undecided

	
Probably yes

	
Definitely yes




	
Rural technical assistance projects

	
(M) 4. What percentage of raw material comes from the rural community?

	
x

	
x

	

	

	

	

	
x

	
0

	
0

	
0

	
0% < X < 10%

	
>10%




	
Use of materials from renewable sources

	
(M) 5. What is the percentage of renewable source materials used in the products?

	
x

	
x

	

	

	

	

	
x

	
0

	
0

	
0

	
0% < X < 10%

	
>10%




	
Does the organization have a certified environmental natural product

	
(BS) 7. How likely is the company to have certified natural environmental products?

	

	

	

	
x

	

	
Not likely

	
Unlikely

	
Uncertain

	
Likely

	
Very likely




	
Burden of disease, pollution levels, waste generation

	
(BS) 8. Do the products decrease the environmental effects in the final disposal?

	

	

	

	
x

	

	
Definitely not

	
Probably not

	
Undecided

	
Probably yes

	
Definitely yes




	
11. Prevention and mitigation of armed conflicts

	
Evidence of any promise or agreement relating to prevention and mitigation of armed conflicts

	
(BS) 9. Does the company demand raw materials from post-conflict areas?

	

	

	

	
x

	

	
Never

	
Most of the time not

	
Sometimes yes, sometimes no

	
Most of the time, yes

	
Always




	
12. Technology development

	
Sector efforts in technology development; involvement in technology transfer program or projects

	
(AS) 18. Are you interested in diversifying the use of the banana plant in other types of products?

	
x

	
x

	
x

	

	

	
Not likely

	
Unlikely

	
Uncertain

	
Likely

	
Very likely




	
(BS) 10. Do you implement projects that improve the technology of materials regarding the use of renewable or biodegradable raw materials?

	

	

	

	
x

	

	
Definitely not

	
Probably not

	
Undecided

	
Probably yes

	
Definitely yes




	
(BS) 11. Do you implement projects that improve materials technology regarding the use of local raw materials?

	

	

	

	
x

	

	
Not likely

	
Unlikely

	
Uncertain

	
Likely

	
Very likely




	
(BS) 12. Does the company produce products that cost more but with less environmental impact and social benefit?

	

	

	

	
x

	

	
Not likely

	
Unlikely

	
Uncertain

	
Likely

	
Very likely




	
Consumers

	
13. End-of-life responsibility

	
Presence of management systems which provide clear information on end-of-life options to consumers

	
(BS) 13. Is there information on the final disposition of consumer products in the products?

	

	

	

	
x

	

	
Not

	

	
Yes




	

	
Consumers’ responsibility

	
(C) 1. Percentage of people who would buy products at a higher price but with less environmental impact and benefit to farmers. National/International

	
x

	
x

	

	

	

	

	
x

	
<20%

	

	
20% < X <60%

	

	
>60%




	
(C) 2. Does the BIO percentage content generate motivation at the time of purchase? National/International

	
x

	
x

	

	

	

	

	
x

	
<20%

	
21% < X < 40%

	
41% < X < 60%

	
61% < X < 75%

	
>76%




	
(C) 3. The environmental impact will generate motivation at the time of purchase. National/International

	
x

	
x

	

	

	

	

	
x

	
<20%

	
21% < X < 40%

	
41% < X < 60%

	
61% < X < 75%

	
>76%




	
(C) 4. Will the social impact generate motivation at the time of purchase? National/International

	
x

	
x

	

	

	

	

	
x

	
<20%

	
21% < X < 40%

	
41% < X < 60%

	
61% < X < 75%

	
>76%




	
Supply chain

	
14. Promoting social responsibility supplier relationships

	
Institutional relationship association/cooperation

	
(BS) 14. Does the company promote cooperation initiatives with its suppliers and transporters?

	

	

	

	
x

	

	
Definitely not

	
Probably not

	
Undecided

	
Probably yes

	
Definitely yes




	
15. Supplier relationship

	
Trade arrangements

	
(BS) 15. How good is the relationship with suppliers?

	

	

	

	
x

	

	
Very bad

	
Bad

	
Not received

	
Good

	
Very good




	
(BS) 16. How good is the relationship with the transporters?

	

	

	

	
x

	

	
Very bad

	
Bad

	
Not received

	
Good

	
Very good




	
(AS) 19. How good is the relationship with the intermediaries/marketers of the crop?

	
x

	

	

	

	

	
Very bad

	
Bad

	
Not received

	
Good

	
Very good










Appendix A.3. Results


The level of competence was evaluated by the k [36], and the agreement between experts was tested by the Kendall’s coefficient of concordance, W [73].



The average levels of competence of the experts in the banana fiber and business sectors were 0.88 ± 0.06, 0.80 ± 0.09 and 0.86 ± 0.11, respectively, indicating that the coefficient of competence is acceptable to proceed with the proposed study (k > 0.8). The calculated Kendall’s coefficient of concordance (W) between experts was between 0.404 and 0.409.



Regarding the survey with consumers, the demographic data and the motivation are shown in Table A2 and Table A3.





 





Table A2. Demographic data of consumer results.






Table A2. Demographic data of consumer results.





	
Age Range

	
Gender

	
Make Purchases at Home

	
Location






	
Between 18 and 30 years

	
35%

	
Male

	
47%

	
Yes

	
68%

	
National

	
77%




	
Between 30 and 50 years

	
58%

	
Female

	
53%

	
Sometimes

	
24%

	
International

	
23%




	
Over 50 years old

	
7%

	
Other

	
0%

	
No

	
7%

	

	









The table presents the percentage of preferences indicated by the respondents. The initial column denotes the purchased products, with Scenario B2 being the most frequently selected. In the column corresponding to the motivations, four criteria of preference for the purchase selection are detailed, namely price, organic content, contribution to farmers, and environmental friendliness. With regard to Scenario B2, the primary motivating factors were the organic content and environmental friendliness, with respective percentages of 76% and 73%.





 





Table A3. Consumer results.






Table A3. Consumer results.





	

	

	
Motivation




	
Selection

	
Price %

	
BIO

	
Farmers

	
Enviromental






	
A

	
17%

	
60%

	
6%

	
10%

	
15%




	
B1

	
23%

	
22%

	
55%

	
23%

	
49%




	
B2

	
60%

	
20%

	
76%

	
49%

	
73%










Appendix A.4. Consolidation


In Table A4, the aggregated inventory indicators were grouped into subcategories and stakeholders, and the performance score was evaluated using the pedigree matrix for all results. The pedigree matrix assigns each indicator a value between 1 and 5, where 1 represents the least uncertainty and 5 the greatest, reflecting how well the information represents the system being assessed. All indicators have a resulting score of 1, indicating very low uncertainty [74].





 





Table A4. Consolidation of data obtained from each of the scenarios by indicator, category, and stakeholder.






Table A4. Consolidation of data obtained from each of the scenarios by indicator, category, and stakeholder.





	

	
Subcategories

	
Inventory Indicators

	
Indicators

	
Categories

	
Stakeholder




	
A

	
B1

	
B2

	
A

	
B1

	
B2

	
A

	
B1

	
B2




	

	
10%

	
40%

	

	
10%

	
40%

	

	
10%

	
40%






	
Workers

	
1. Freedom of association and collective bargaining

	
1. Is the formation of associations encouraged?

	
1

	
2

	
2

	
1

	
2

	
2

	
0.1

	
0.5

	
0.6




	
2. Do you consider that the requirements and procedures to join an association are easy to fulfill?

	
1

	
2

	
2




	
3. How satisfied are you with the relationship with the members of the association?

	
0

	
1

	
1




	
4. How do you think the benefits have been for belonging to the association?

	
1

	
−1

	
−1




	
5. What is the number of associates with respect to the total of producers/workers?

	
−1

	
2

	
2




	
6. Do you consider that associations are active in negotiations such as obtaining good prices, sales, training, among others?

	
1

	
1

	
1




	
2. Generational relief

	
7. Are young people interested in continuing with the agricultural trade?

	
−1

	
−1

	
−1

	
−2

	
−1

	
−1




	
3. Fair salary

	
8. What is the value they receive with respect to the minimum wage?

	
0

	
1

	
2

	
−1

	
1

	
1




	
9. Do you consider that with the average monthly income that producers receive, can they supply their basic needs?

	
−1

	
0

	
0




	
6. Equal opportunities/discrimination

	
10. What do you consider is the participation of women in the agricultural trade?

	
1

	
2

	
2

	
1

	
2

	
2




	
8. Health and safety

	
11. Have the risks of the activities you carry out been identified?

	
1

	
2

	
2

	
1

	
2

	
2




	
12. Do they receive training from external entities regarding safety during the preparation of their work?

	
1

	
1

	
1




	
9. Social benefits/social security

	
13. How do you consider the aid (for example training, financial resources) received from external entities such as government, companies?

	
1

	
1

	
1

	
1

	
1

	
1




	
Local community

	
11. Community engagement

	
14. Do they receive training on good agricultural practices from external entities?

	
1

	
0

	
0

	
1

	
0

	
0

	
0.2

	
0.6

	
0.7




	
15. Has the training received helped to improve the quality of life?

	
1

	
0

	
0




	
16. Are the training they receive important to improve product performance or quality?

	
2

	
1

	
1




	
17. Do you target CSR projects for farmers as trainings?

	
1

	
0

	
0




	
12. Cultural heritage

	
18. Are there policies that promote the agricultural vocation?

	
0

	
2

	
2

	
−1

	
2

	
2




	
19. Do they help promote and maintain the culture of natural fiber production?

	
−2

	
1

	
1




	
14. Local employment

	
20. Does productive activity contribute to job creation in the sector?

	
2

	
2

	
2

	
1

	
2

	
2




	
21. Does productive activity contribute to job creation in the sector?

	
0

	
1

	
2




	
Society

	
19. Public commitments to sustainability issues

	
22. Do you implement policies and initiatives for the conservation of renewable and non-renewable resources?

	
2

	
2

	
2

	
0

	
1

	
2

	
0.2

	
0.7

	
0.8




	
23. Do you implement policies for the use of renewable raw materials?

	
2

	
2

	
2




	
24. How do you consider their knowledge of environmental conservation to be?

	
−1

	
1

	
1




	
25. Have you implemented mechanisms to assess the environmental impact?

	
1

	
1

	
1




	
26. In case of implementing mechanisms. Have the results obtained shown evidence of a reduction in environmental impact?

	
0

	
1

	
2




	
27. What percentage of raw material comes from the rural community?

	
0

	
1

	
2




	
28. What is the percentage of renewable source materials used in the products?

	
0

	
1

	
2




	
29. How likely is the company to have certified natural environmental products?

	
2

	
1

	
1




	
30. Do the products decrease the environmental effects in the final disposal?

	
−1

	
2

	
2




	
20. Prevention And Mitigation of armed conflicts

	
31. Does the company demand raw materials from post-conflict areas?

	
0

	
1

	
1

	
0

	
1

	
1




	
23. Technology development

	
32. Are you interested in diversifying the use of the banana plant in other types of products?

	
1

	
2

	
2

	
1

	
2

	
2




	
33. Do you implement projects that improve the technology of materials regarding the use of renewable or biodegradable raw materials?

	
2

	
2

	
2




	
34. Do you implement projects that improve materials technology regarding the use of local raw materials?

	
1

	
1

	
1




	
35. Does the company produce products that cost more but with less environmental impact and social benefit?

	
1

	
1

	
1




	
Consumers

	
28. End-of-life responsibility

	
36. Is there information on the final disposition of consumer products in the products?

	
2

	
2

	
2

	
−2

	
0

	
2

	
−1.0

	
0.0

	
1.0




	
37. Percentage of people who would buy products at a higher price but with less environmental impact and benefit to farmers. National/International

	
−2

	
0

	
2




	
38. Does the BIO percentage content generate motivation at the time of purchase? National/International

	
−2

	
0

	
2




	
39. The environmental impact will generate motivation at the time of purchase? National/International

	
−2

	
0

	
1




	
40. Will the social impact generate motivation at the time of purchase? National/International

	
−2

	
−1

	
0




	
Supply chain

	
30. Promoting social responsibility Supplier relationships

	
41. Does the company promote cooperation initiatives with its suppliers and transporters?

	
1

	
0

	
0

	
1

	
0

	
0

	
0.8

	
0.3

	
0.3




	
32. Supplier relationship

	
42. How good is the relationship with suppliers?

	
2

	
1

	
1

	
2

	
1

	
1




	
43. How good is the relationship with the transporters?

	
2

	
1

	
1




	
44. How good is the relationship with the intermediaries/marketers of the crop?

	
0

	
1

	
1
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Figure 1. General methodology for the SLCA study. Figure designed by the authors based on Refs. [29,30]. Only by contextualizing the social and legal aspects for each product can the methodology used to be applied to other case studies. 
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Figure 2. Scenarios evaluated for the social life cycle assessment. Scenario (A) without fiber, Scenarios (B1) and (B2) with 10% and 40% fiber, respectively. 
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Figure 3. SLCA scenario performance scores per subcategories. Scenario (A) without fiber, Scenarios (B1) and (B2) with 10% and 40% fiber, respectively. 
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Table 1. Consolidation of data obtained from each of the scenarios by stakeholder, subcategories, and indicator. Questions by indicators and performance scores.
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Stakeholder

	
Impact Subcategories

	
Inventory Indicators

	
Questions

	
Performance Scores




	
A

	
B1

	
B2




	
0%

	
10%

	
40%






	
Workers

	
Freedom of association and collective bargaining

	
Evidence of sector/organization or factory respect or support to freedom of association and collective bargaining

	
Is the formation of associations encouraged?

	
1

	
2

	
2




	
Do you consider that the requirements and procedures to join an association are easy to fulfill?

	
1

	
2

	
2




	
Cooperation with other local farmers and organizations

	
How satisfied are you with the relationship with the members of the association?

	
0

	
1

	
1




	
Assessment of cooperatives

	
How do you think the benefits have been for belonging to the association?

	
1

	
−1

	
−1




	
Associated people

	
What is the number of associates with respect to the total of producers/workers?

	
−1

	
2

	
2




	
Evidence of workers belonging to a workers’ union, make profit

	
Do you consider that associations are active in negotiations such as obtaining good prices, sales, training, among others?

	
1

	
1

	
1




	
Generational change

	
Youth interest in agriculture, generational change

	
Are young people interested in continuing with the agricultural trade?

	
−2

	
−1

	
−1




	
Fair salary

	
Economic income

	
What is the value they receive with respect to the minimum wage?

	
0

	
1

	
2




	
Lowest paid workers are considering if wages meets their needs

	
Do you consider that with the average monthly income that producers receive, can they supply their basic needs?

	
−1

	
0

	
0




	
Equal opportunities/discrimination

	
Rate of female employees/men

	
What do you consider is the participation of women in the agricultural trade?

	
1

	
2

	
2




	
Health and Safety

	
Operations identified as having significant risk for incidents

	
Have the risks of the activities you carry out been identified?

	
1

	
2

	
2




	
Education, training, prevention, and risk control programs

	
Do they receive training from external entities regarding safety during the preparation of their work?

	
1

	
1

	
1




	
Social benefits/social security

	
Government social benefits provided to workers

	
How do you consider the aid (for example training, financial resources) received from external entities such as government, companies?

	
1

	
1

	
1




	
Local community

	
Community engagement

	
Support of agricultural organizations

	
Do they receive training on good agricultural practices from external entities?

	
1

	
0

	
0




	
Effect of training on quality of life

	
Has the training received helped to improve the quality of life?

	
1

	
0

	
0




	
Impact of training on product quality

	
Are the training they receive important to improve product performance or quality?

	
2

	
1

	
1




	
Corporate social responsibility fund spent on community projects farmers

	
Do you target corporate social responsibility projects for farmers as trainings?

	
1

	
0

	
0




	
Cultural heritage

	
Strength of policies in place to protect cultural heritage

	
Are there policies that promote the agricultural vocation?

	
0

	
2

	
2




	
Evidence that organization contributes to preservation of cultural heritage

	
Do they help promote and maintain the culture of natural fiber production?

	
−2

	
1

	
1




	
Local employment

	
Indirect job creation

	
Does productive activity contribute to job creation in the sector? (Qualitative measure)

	
2

	
2

	
2




	
Does productive activity contribute to job creation in the sector? (Quantitative measure

	
0

	
1

	
2




	
Society

	
Public commitments to sustainability issues

	
Existence of (legal) obligation on public sustainability reporting; engagement of sector regarding sustainability

	
Do you implement policies and initiatives for the conservation of renewable and non-renewable resources?

	
2

	
2

	
2




	
Do you implement policies for the use of renewable raw materials?

	
2

	
2

	
2




	
Farmer’s knowledge about conservation of natural resources

	
How do you consider their knowledge of environmental conservation to be?

	
−1

	
1

	
1




	
Evidence that organization contributes to management effort to improve environmental performance

	
Have you implemented mechanisms to assess the environmental impact?

	
1

	
1

	
1




	
In case of implementing mechanisms. Have the results obtained shown evidence of a reduction in environmental impact?

	
0

	
1

	
2




	
Rural technical assistance projects

	
What percentage of raw material comes from the rural community?

	
0

	
1

	
2




	
Use of materials from renewable sources

	
What is the percentage of renewable source materials used in the products?

	
0

	
1

	
2




	
Does the organization have a certified environmental natural product

	
How likely is the company to have certified natural environmental products?

	
2

	
1

	
1




	
Burden of disease, pollution levels, waste generation

	
Do the products decrease the environmental effects in the final disposal?

	
−1

	
2

	
2




	
Prevention and mitigation of armed conflicts

	
Evidence of any promise or agreement relating to prevention and mitigation of armed conflicts

	
Does the company demand raw materials from post-conflict areas?

	
0

	
1

	
1




	
Technology development

	
Sector efforts in technology development; involvement in technology transfer program or projects

	
Are you interested in diversifying the use of the banana plant in other types of products?

	
1

	
2

	
2




	
Do you implement projects that improve the technology of materials regarding the use of renewable or biodegradable raw materials?

	
2

	
2

	
2




	
Do you implement projects that improve materials technology regarding the use of local raw materials?

	
1

	
1

	
1




	
Does the company produce products that cost more but with less environmental impact and social benefit?

	
1

	
1

	
1




	
Consumers

	
End-of-life responsibility

	
Presence of management systems which provide clear information on end-of-life options to consumers

	
Is there information on the final disposition of consumer products in the products?

	
2

	
2

	
2




	
Consumers’ responsibility

	
Percentage of people who would buy products at a higher price but with less environmental impact and benefit to farmers. National/International

	
−2

	
0

	
2




	
Does the BIO percentage content generate motivation at the time of purchase? National/International

	
−2

	
0

	
2




	
The environmental impact will generate motivation at the time of purchase? National/International

	
−2

	
0

	
1



