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Abstract

:

When considering the sustainability of production processes, research studies usually emphasise environmental impacts and do not adequately address economic and social impacts. Toy production is no exception when it comes to assessing sustainability. Previous research on toys has focused solely on assessing environmental aspects and neglected social and economic aspects. This paper presents a sustainability assessment of a toy using environmental life cycle assessment, life cycle costing, and social life cycle assessment. We conducted an inventory analysis and sustainability impact assessment of the toy to identify the hotspots of the system. The main environmental impacts are eutrophication, followed by terrestrial eco-toxicity, acidification, and global warming. The life cycle costing approach examined the economic aspect of the proposed design options for toys, while the social assessment of the alternative designs revealed social impacts along the product life cycle. In addition, different options based on the principles of the circular economy were analysed and proposed in terms of substitution of materials and shortening of transport distances for the toy studied.






Keywords:


life cycle assessment; life cycle costing; social life cycle assessment; circular economy; sustainability; toy












1. Introduction


Existing environmental challenges leading to natural resource depletion, material scarcity, and increased pollution have driven consumption and production processes worldwide towards more sustainable strategies [1]. These sustainable strategies have changed the goals of companies, with companies becoming more aware of their environmental impacts [2]. In the past, production processes focused more on increasing economic efficiency and growth [3], but recently there has been a transition towards cleaner and more sustainable processes that emphasise social and environmental aspects [4]. Thus, incorporating sustainability principles into products and production processes has several positive economic impacts and improves environmental and social performance [5]. The Environmental Protection Agency (EPA) also points out that a large and growing number of manufacturing companies derive significant financial and environmental benefits from sustainable business practices [6].



The growing demand for sustainable consumption and production has encouraged cleaner production practices [7], which was later introduced via the circular economy (CE) concept. CE has emerged as an effective means of balancing the dimensions of sustainability [8] and is seen as a potential for adding value while generating positive social and environmental impacts [9]. CE has been comprehensively defined as an economic system that replaces the “end-of-life” concept with reduction, reuse, recycling, and recovery of materials in production/distribution and consumption processes, intending to achieve sustainable development [10].



Factors that support businesses’ transformation towards a cleaner, sustainable production, and more recently CE, include consumers, who are educated and sensitised to environmental and social challenges and demand more sustainable services and products [11]. These promote a rethinking of all the impacts of services and products throughout their life cycle [12], considering all three sustainability aspects. An assessment of sustainable products, including toys, is of utmost importance. Parents, as important consumers in the toy industry, want sustainable products for their children. There are suggestions that the toy’s price, environmental impact, and the raw materials’ origin should be seen as the essential attributes when buying a toy [13].



Sustainability assessment is comprehensively presented in various sectors for products, services and processes [14], such as building and construction engineering [15], the food industry [16] or agriculture [17]. A study about energy supply in Turkey highlighted the importance of holistic sustainability evaluations and the trade-offs between environmental, economic and social aspects based on a range of indicators [18]. There also exist several tools for sustainability assessment, for example, the Urban Development Sustainability Assessment Model (UD-SAM), the Product Sustainability Index (ProdSI), and the life cycle sustainability assessment [19].



Inspired by the United Nations Environment Program (UNEP) and the Society for Environmental Toxicology and Chemistry (SETAC) UNEP/SETAC guidelines in 2009 [20], the Social Life Cycle Assessment (S-LCA) is receiving increasing attention. Over the past decade since the publication of the original S-LCA guidelines, the field of S-LCA has matured and established itself as a method. Therefore, updated guidelines have been developed to provide additional information for conducting the S-LCA assessment [21]. The new guidelines also include support for measuring and evaluating progress against the UN Sustainable Development Goals (SDGs) [22].



S-LCA is concerned with the current and potential social impacts of processes, products, and services within their life cycle [23]. The overall increase in S-LCA publications in the last decade has been triggered by social responsibility governance documents and frameworks [20,22,24,25,26]. S-LCA collects, evaluates, analyses, and communicates information about social conditions and impacts associated with changes in the lives of workers, consumers, society, and other key stakeholders related to the product life cycle. S-LCA helps decision-makers select alternatives with the most favourable social impacts [27]. S-LCA provides decision-makers with important information about the lives of workers, consumers, society, and other key stakeholders related to the life cycle. Based on S-LCA results, it is easier to consider alternatives with the most favourable social consequences.



The life cycle costing (LCC) approach was first used by the US Department of Defence in the 1960s [28]. Since then, interest in estimating the optimal budget allocation by calculating the costs associated with the entire life cycle of a project, product, service, or investment has greatly increased. LCC provides valuable results for decision-making at critical points in different product life cycle stages [29]. Based on LCC analysis, environmental impacts can be determined in value-added throughout the product life cycle [30]. In addition to the conventional LCC, a purely economic dimension, a social dimension with associated environmental costs, has also been developed to provide a fully monetised life cycle sustainability assessment [31]. Since existing LCC calculation methods did not match the actual definition of LCC, a matrix-based approach in LCA was applied to LCC [32].



However, in reviewing the scientific literature, we have perceived a lack of holistic sustainability assessments, especially considering toys. The available studies primarily focus on the environmental aspect of sustainability, while economic and social perspectives are neglected [33]. Neglecting some aspects poses a challenge as all three sustainability elements are interrelated and significantly influence each stage of the life cycle of a product, process, or service [34]. A literature review in the Web of Science database reveals few studies on evaluating toys under different sustainability aspects. Choi et al. [35] analysed the toy train’s environmental impact, while Muñoz et al. [36] evaluated the toy teddy bear. Besides, Wilkinson and Lamb [37] investigated the impact of toys on safety and chemical risks, which was also a research topic of Landrigan et al. [38] and Becker et al. [39]. Shin & Colwill [40] assessed the design and manufacturing perspective of toys by presenting an integrated tool that provides a framework for incorporating social benefits into sustainable product design. However, we did not perceive a sustainability assessment of a toy.



Some authors argue that the life cycle sustainability assessment (LCSA) can be considered the best approach to assessing all three sustainability aspects [41]. This approach combines the three related assessment methods, namely environmental life cycle assessment (E-LCA), life cycle costing (LCC) to assess the economic aspect, and social life cycle assessment (S-LCA) [42]. Since the first attempts to evaluate E-LCA, this method has evolved significantly and matured. LCC is a concrete application in the field of economic aspects of product design, abandoning the traditional approach of only reducing production costs and shifting to a systematic evaluation that provides insight into a more comprehensive assessment. Considering only the long-term benefits of E-LCA and LCC would not be sufficient for the overall sustainability assessment. A full sustainability assessment needs to include the S-LCA to assess social relations’ impact on material and stakeholder activities.



Our work extends the work of the previous authors by conducting a sustainability assessment of the monkey toy using E-LCA, LCC and S-LCA. Therefore, the study represents an attempt to improve the understanding of a selected toy’s sustainability impacts, processes, and refinement opportunities. Based on the results obtained, we have suggested improvements that use circular economy principles for production and material options that have a positive impact on the performance of the toy. Our study helps manufacturers to rethink their resources and production processes, making truly sustainable toy products for children.




2. Methodology


In this paper, a life cycle sustainability assessment (LCSA) is used to integrate the three aspects of sustainable development (economic, environmental, social), as shown in Figure 1. The simple equation can represent LCSA: LCSA = E-LCA + LCC + S-LCA, which integrates the environmental LCA (E-LCA), life cycle costing (LCC) and social LCA (S-LCA). The E-LCA can be a suitable starting point for updating and developing an integrated methodology that combines three sustainability aspects [42]. The E-LCA method has shown that quantification is possible, and this advantage should be maintained when adding economic and social aspects to an integrated LCSA.



Environmental life cycle assessment (E-LCA) is the most widely used method for assessing potential environmental impacts over their life cycle [43]. It is an environmental assessment method that analyses the impact of a product system and activities on the environment. Our study followed the ISO standards 14040 [43] and 14044 [44] and four well-known LCA phases, which include goal and scope definition, inventory analysis (LCI), impact assessment (LCIA), and interpretation of results.



Social life cycle assessment (S-LCA) is a method for assessing, analysing, and communicating information about the social and socio-economic aspects of products and their potential positive and negative impacts along their life cycle [20]. The S-LCA method has not yet been formalised in an international standard, so it follows the steps proposed for the E-LCA in ISO 14040 [23,45]. However, a guideline for assessing potential positive and negative impacts along the product life cycle has been produced by UNEP-SETAC and is the most followed by authors conducting social accounting [20,21].



The LCC method estimates the cost of a product over its entire life cycle. The LCC is the sum of the cost for each activity in the product life cycle [32]. Often industries and larger companies have developed their LCC approach with selected cost categories and valuation methods [31]. The value created by a process is the difference between the costs expended and the selling price obtained. Although traditionally used more to support investment decisions, some authors [32,46] have proposed and used this approach for environmental LCC.



To perform a full sustainability assessment of the toy, a complete E-LCA, S-LCA and LCC are applied. As shown in Figure 1, the methodology includes all three sustainability pillars but without the intention of integrating the results of each sustainability pillar into a single value, e.g., a sustainability index. In this way, decision-makers’ information remains available to value decisions, depending on societal preferences, corporate policy, or individual preferences.




3. A Case Study


For a case study, we took a monkey toy manufactured by Avantus in Maribor, Slovenia, a small company whose mission is to employ people with disabilities due to illness, disability, social exclusion, or functional limitations. In order to perform a sustainability assessment, we applied the methods E-LCA, S-LCA and LCC.



3.1. Functional Unit


In this study, the functional unit is considered as 1 item of monkey toy for the entertainment of children aged 0–3 years (Figure 2.). The same functional unit was used for all three sustainability aspects. We selected the functional unit based on two previous studies by Muñoz et al. [36] and Choi et al. [35], in which the authors also identified a toy as a functional unit. The toy measures 68 cm and weighs 205 g and is made of socks (cotton and viscose fibres) and filled with rice and a synthetic filler sewn with a thread.




3.2. Goal and Scope of the Study


The goal of this study is to conduct a sustainability assessment of the monkey toy by extending the work of previous authors who have conducted environmental assessments in the toy sector. The study aims to provide additional information on the toy’s life cycle’s environmental, economic, and social impacts.




3.3. System Boundaries


The most commonly used boundary system for LCA is “cradle to grave”, including raw material procurement, manufacturing, transportation, operation, maintenance, recycling, and disposal [47]. Our study considers a “cradle to gate” approach, i.e., a partial product life cycle, due to the data gaps within the use and end-of-life phases. Thus, our system includes material extraction, material processing, material transport and production processes. We also considered the one-way transport from the production sites to the Avantus company, see Figure 3. The system boundary excludes the energy required to assemble the monkey, as the company’s employees perform it manually.




3.4. Data Acquisition and Inventory


We obtained primary data on the production of the monkey toy from the companies involved in the production processes, as described below:




	
Information about the monkey toy and materials, including all costs.



	
Information about the production processes.



	
Information about the transport routes and all material suppliers.



	
Information about the vehicle and fuel type, with fuel consumption calculated using average data.








Table 1 presents the weighted material used for the monkey toy. We also calculated the materials fractions: 70% synthetic filler (fleece), which is the largest proportion, followed by 15% cotton, 12% rice, and 3% viscose fibres. The thread was excluded from the analysis as it represents less than 0.1%. Thus, we applied cut-off criteria to control for the elimination of insignificant system inputs. Typically, less than 1% (mass, energy, or environmental relevance) of the total system is chosen as the cut-off factor. Secondary data for transportation fuel and synthetic filler production and vehicle and fuel type data were obtained from the Ecoinvent database v.3.6. Furthermore, we investigated the logistic processes considering the transport distances. Supplementary to Table 2, we provide further details:




	
The synthetic filler is produced in Slovenia and transported by diesel vehicles.



	
The socks are also produced in Slovenia, but the cotton is supplied and transported from Turkey.



	
Viscose is delivered and transported from Slovenia.



	
Rice originates from northern Italy and is also transported to Slovenia.








We have assumed that all the material is transported directly to the production company, without intermediaries (retailers) involved in the sales and transport process.




3.5. Impacts Assessment


CML method was used to identify quantitative life cycle indicators for environmental impact assessment [48]. Seven impact categories were selected in our study. These impact categories were assessed and normalised using the normalisation factors for Europe 25 + 3 [49], as the production of monkey toys takes place in Slovenia. The LCA software package GaBi Professional [50] and the Ecoinvent database v.3.6 [51] was used for the E-LCA. S-LCA models were developed in OpenLCA using the SOCA V.1 database and “Social Impact Weighting method” developed by Green Delta [52]. LCC was assessed using the Ecoinvent 3.3 database with integrated prices of material flows.



3.5.1. Environmental Life Cycle Assessment


A variety of methods are available for conducting the E-LCA study. The method CML 2001 [48] is used to identify quantitative life cycle-based indicators for measuring and monitoring environmental impacts. CML 2001 is one of the most commonly used methods for conducting the study LCA [53] that limits quantitative modelling to the early stages of the cause-effect chain to limit uncertainties. Results are grouped into mid-point categories according to common mechanisms or generally accepted groupings.



As suggested by [54], a selection of impact categories should be comprehensive, relevant, and associated with the observed system. However, a selection of impact categories has not been explicitly specified [55]. Following the review by Vidergar et al. [56], we used the seven most commonly used impact categories within CML in our study. Furthermore, we normalised the obtained results with the normalisation factors for Europe 25 + 3 [49] since the monkey toy production is located in Slovenia. Klöpffer & Grahl [55] suggest that normalisation factors should be approximated by geographical system boundaries, as normalised factors do not exist for Slovenia.



Seven environmental impact categories are considered in this study, including:




	
Abiotic depletion potential (ADP),



	
Acidification potential (AP),



	
Eutrophication potential (EP),



	
Global warming potential (GWP),



	
Ozone depletion potential (ODP),



	
Photochemical ozone creation potential (POCP),



	
Terrestrial eco-toxicity potential (TETP).









3.5.2. Social Life Cycle Assessment of Toy Production


For the social assessment, the SOCA database [57] was used with the OpenLCA software. The SOCA database is an add-on for the Ecoinvent v.3.3 database [51] and provides transparent and comprehensive information for conducting social life cycle assessments (S-LCA). Similar to the UNEP-SETAC framework [20,21], the SOCA database covers four stakeholder categories: local community, value chain actors, workers, and society. The structure of the social indicators assessed is based on the structure of the UNEP-SETAC framework. All proposed indicators from the SOCA database were included in this case study, with 37 indicators covering 17 subcategories and four stakeholder categories (Table 3).



Social impact categories included Local Community (access to material resources, safe and healthy living conditions, migration, respect for Indigenous rights, local employment) with 13 indicators. Two subcategories covered the assessment of value chain actors (fair competition and corruption) with two indicators. Special attention was paid to workers, for which eight subcategories were used (child labour, health, and safety (workers), forced labour, fair salary, discrimination, freedom of association and collective bargaining, social benefits, legal issues and working time). Impact on society was assessed using four indicators within two subcategories (contribution to economic development and health and safety (society)). While some issues related to workers have been extensively studied, the stakeholder category “workers” receives the most attention in S-LCA studies [58]. On the other hand, consumers have not received much research attention, likely due to the difficulty in assessing the use phase [59]. As a result, the use phase is also not included in the SOCA database and was not considered in our study.



The SOCA database provided data for the social impact assessment using an ordinal risk scale with six different risk levels, as some indicators are measured in different units (percentage, absolute values, etc.) and need to be converted to the same unit of measurement. Each risk level is associated with medium risks (medium risk corresponds to a factor of 1 and the other risk levels have a specific factor assigned to them), as shown in Table 2. A so-called activity variable quantified the risks. Activity variables are applied as working hours for all indicators, including those not related to working conditions. Working hours express how long work has to be done to produce a € output of the selected process (h/EUR output for each process). The total social impact over the life cycle is calculated by aggregating the scaled social risks of all involved processes along the life cycle (product system): scaled by price (inputs), the number of working hours and characterisation factors from the S-LCA “Social Impact Weighting method” [57]. Finally, the results are expressed in medium risk hours (all impacts associated with medium risk). Since the results are expressed in medium risk hours, it is straightforward to combine them into the final result.



In our case, the most challenging phase of the study was the definition of the indicators. It is often challenging to design social indicators so that they are not subjective and at the same time measurable and data are available. Therefore, we used the social indicators proposed by GreenDelta [57], which are presented in Table 3.




3.5.3. Life Cycle Costing of Toy Production


In our case, we used the OpenLCA software with the integrated life cycle costing feature. The cost of process data sets is a starting point for the cost model and LCC calculation in OpenLCA. In the process editor, costs can be entered for each exchange, i.e., for each input and output of a process. Revenues can be modelled as negative costs, and cost items can be further detailed.



Life cycle costing (LCC) was used to investigate the economic aspect of a monkey toy, which includes all system boundary costs. Although Florindo et al. [60] propose a comprehensive evaluation of raw material extraction, production, distribution, operation, maintenance and disposal, our study is limited to the defined system boundaries. The LCC is based on the production cost of the materials required for the installation phase and the transportation cost within the system boundary. In this work, the LCC was implemented using the OpenLCA tool. Life cycle costs were modelled as properties of exchanges, i.e., inputs and outputs of processes. Costs can be positive or negative, with negative costs representing value-added. The implementation of value-added follows current proposals [32,46]. The price data come from the case studied company and from the Ecoinvent 3.6 database.



We used the following information and data sets for the LCC:




	
The production cost of rice: Rice is produced in Italy. We considered the production cost of Italian rice based on the production price data for 1 ha of traditional Italian rice, including the cost of irrigation water. The data were taken from a study by Hassen et al. [61], who investigated the production prices and value of Italian rice, as the cost of rice production could not be acquired from the company. Data on the amount of Italian rice cultivation per ha in kg was obtained from a study by Ferrero [62]. For the transport of rice from Italy to Slovenia, we considered a truck 16–32 t.



	
The production cost of filler: This is per 1 kg of filler, where the company delivers two bales of filler (22.99 kg) in one shipment. We have considered transport costs for a 3.5-ton vehicle with a loading capacity of 1.5 tons.



	
The production cost of socks: Socks are produced from Turkish cotton and viscose, i.e., the production cost per 1 kg of Turkish cotton was taken from the reference of Yılmaz & Gül [63], as we cannot obtain the data from the company. The cotton is transported by a lorry 16–32 t. Since we could not collect data for viscose production cost, an estimation was used by following the market trends for viscose [46].



	
Transport costs: Due to the lack of data from the toy manufacturer, we calculated the transport costs for each component by using the data from Ecoinvent V.3.6 for the process “transport, freight, lorry, EURO5 | cut-off, U” for the use of 3 truck types: the size class 16–32 t, 7.5–16 t and 3.5–7.5 t trucks. The transport data sets refer to the entire transport life cycle, i.e., construction, operation, maintenance and end-of-life of vehicles and road infrastructure. Fuel consumption and emissions refer to average European journeys.










3.6. Sustainability Evaluation of Improvement Options, Using Circular Economy Principles


Different options based on the principles of the circular economy have been analysed and proposed in relation to the material used. The monkey toy already represents the reuse of waste material from sock production, made from waste socks.



Since the filler represents 68.3% of the mass of the monkey toy, we address an improvement option by replacing a synthetic filler with natural fibres. Therefore, we investigated the possibility of replacing a synthetic filler with wood wool, labelled as option A, and assessed the environmental impact using existing databases (Ecoinvent, GaBi). In the study of the different scenarios, we considered all relevant process steps along the supply chain. The inventory is mainly based on industry data and complemented by secondary data.



In the baseline design, the toy is filled with rice to ensure its stability. Such a design is not in line with sustainable design approaches, as the material is primarily intended for human nutrition. For this reason, we proposed to replace rice with cherry pits as a waste product from cherry production. In 2019, 2161 tons of cherries were grown in extensive orchards in Slovenia. The pits as natural waste can be usefully used as stability filler for the designed toy. Therefore, the use of wood wool and rice replacement with cherry pits was investigated (option B).



Regarding transportation, we considered another improvement option. As the material for sock production is delivered from Turkey (2145 km), other countries produce the cotton (e.g., Greece) with a shorter delivery distance (965 km), which would affect the environmental impact. Therefore, a design that includes wood wool filler, cherry pits and a shorter delivery distance was evaluated (option C).





4. Results of the Life Cycle Sustainability Assessment


We have gathered and explained results obtained under this section, using E-LCA, LCC and S-LCA for the observed system of monkey toy production.



4.1. Results of the E-LCA


4.1.1. E-LCA of the Baseline Design


We have introduced the E-LCA results for the entire system of the baseline toy design in Figure 4. The most critical potential consequences emerged from global warming (GWP), followed by acidification (AP), terrestrial eco-toxicity (TETP), eutrophication (EP) and photochemical ozone creation (POCP). Less significant impacts are abiotic depletion (ADP elements) and ozone layer depletion potential (ODP).



We have also represented normalised environmental impacts (Figure 5), using the normalisation factors for Europe 25 + 3 [49]. When normalised, the most significant environmental impacts of the monkey toy at the European reference region are EP, followed by TETP, AP and GWP.



To identify the system’s hot spots regarding the environmental impacts, we have calculated relative contributions of the toy’s specific materials and parameters, see Figure 6. The fleece production for filler and socks production are the main factors contributing to the overall environmental impacts. Rice production has a lower contribution to all environmental impact categories considered. For example, fleece production contributes 76% of the GWP category’s results, while socks production contributes 21% and rice production 2%. Thus, the rise production and transport processes contribute less to the overall environmental impacts.




4.1.2. Results of the E-LCA of Improvement Options Compared to the Baseline Design


We have included four environmental impacts in the additional evaluations, which emerged by the E-LCA results as critical: GWP, EP, TETP, AP. For Option A, replacing the filler with natural fibres reduces the carbon footprint by 32.1 % (Figure 7) compared to the baseline design. When using hemp filler and replacing rice with cherry pits (Option B), the toy’s carbon footprint is reduced by 3.8 % compared to Option A. The shorter transport distance (Option C) resulted in an additional 0.5% reduction in carbon footprint than option B (Figure 7).



Evaluated options to the eutrophication potential in Figure 8 show the most significant baseline design score. Alternative options have a lower potential of 64.2% for Option A, 71.5% for Option B and 72.0% for Option C compared to the baseline design.



We have also evaluated design options in terms of acidification potential. The impact on acidification potential (kg SO2 eq.) is most remarkable for the baseline design. In contrast, all other design options provide lower acidification values (a 42.6% reduction for option A, a 44.6% reduction for option B, and a 44.9% reduction for option C), as shown in Figure 9.



The terrestrial eco-toxicity potential (TETP) results reflect how pollutants affect land-dependent organisms and their environment [64]. The results in Figure 10 show the highest terrestrial eco-toxicity potential for the baseline option, corresponding to 2.29 × 10−3 kg 1,4-DB eq. per toy. The lowest value is achieved by alternative option C, followed by options B and A. All improvement options show a reduction in terrestrial eco-toxicity potential of 50.9% for option A, 51.0% for option B and 51.9% for option C.



Table 4 presents summary results for selected categories of environmental impacts for the circular design options. The results show that design option C is the most appropriate option for reducing environmental impacts, followed by options B and A, which also show encouraging results. The E-LCA of the proposed alternative design options for the monkey toy indicates that the option with hemp filler, cherry pits and shorter delivery distance is the most environmentally friendly among the evaluated design options.





4.2. Results of the S-LCA of Baseline Design and Improvement Options


This section presents the results of the social impact assessment of monkey toy production. The overall results of S-LCA show that the baseline design has the highest overall mid-risk hours for all indicators. In the group of indicators reflecting aspects of the local community, the highest impact is attributed to safe and healthy living conditions, followed by migration and access to material resources. In the group of value chain actors, corruption represents the most considerable contribution to mid-risk hours. In the workers’ category, the most significant contributor is worker health and safety. A holistic analysis of the indicators of fair salary, and freedom of association and collective bargaining leads us to conclude that it will be necessary for governments and interested parties to determine policies that, instead of widening the gap of inequality, fomenting conflict and delinquency, promote the development and welfare of workers through a wage distribution that is in line with inflation and the cost of living. From the perspective of society, the most prevalent indicator is the contribution to economic development. In Table 5, we have presented summary indicators for the S-LCA of our case study.



Figure 11 shows the contribution to social indicators for specific groups of indicators (local community, value chain actors, workers and society). The data were obtained from the SOCA database to select the risk level according to the parameters from the OpenLCA software used.




4.3. Results of the LCC of Baseline Design and Improvement Options


Italian rice production cost was estimated to 0.31 €/kg or 0.0078 € per 25 g. Rice transportation costs for one monkey unit for a 624 km transport distance is 4.48 × 10−4 €. The stuffing production costs amount to 1.6 €/kg or 0.23 € per monkey unit (142 g). The transport costs of a 240 km transport distance per 142 g filler correspond to 3.45 × 10−3 €. The production costs for Turkish cotton amount to 0.383 €/kg or 0.012 € per monkey toy unit (30.4 g of cotton). The transport of 1 t cotton costs 0.1044 €/km, meaning transportation costs for a 2145 km transport distance are 1.87 × 10−3 € per monkey toy unit. For this material, the Avantus company pays nothing because these socks are waste material from other production processes. Thus, the production cost for cotton production was excluded from the LCC analysis.



It is cheaper for the sock production company to deliver wasted socks from the production processes to Avantus for free than to pay disposal costs. Due to a lack of data, we could not determine the cost of viscose production. However, an estimate was made by following market trends for viscose and estimating production costs at 3.43 €/kg or 0.026 € per monkey toy unit (7.6 g viscose) [65]. Transporting 1 t of viscose was estimated at 0.03945 €/km, which means that the transport cost for a 238 km transport distance per monkey unit (7.6 g) is 7.14 × 10−5 €. Also, the viscose does not represent a cost for Avantus as it is part of the socks. Therefore, the production costs for viscose production were excluded from the LCC analysis. The results of LCC for the baseline design of one monkey toy unit are presented in Table 6.



The studied case of toy production was evaluated in terms of cost from the manufacturer’s perspective located in Slovenia. The LCC of upstream processes carried out by different producers, such as material production or transport, were included in the assessment, which allows for a consideration of the whole supply chain. The given monetary values, expressed in EUR, were calculated per functional unit.



Figure 12 shows the LCC of design alternatives A, B, and C compared to the baseline design. The cost for each life cycle phase is summed up in a cumulative contribution. Considering the maximum mass, the cost of fleece production for baseline design was expected to be the highest. When the fleece filler was replaced with wood wool, the LCC costs were significantly reduced for all options. The lowest cost among the options studied was achieved by Option C, although the differences between all the designed options were minor.





5. Discussion


In this study, we conducted a life cycle sustainability assessment for the monkey toy. Regarding the environmental impact of the toy, we found that the eutrophication potential is the most critical, followed by terrestrial eco-toxicity, acidification potential and global warming. Regarding the relative contributions of the different materials and transport in the production phase, our results confirm those of Muñoz et al. [36], where a few components were responsible for about 90% of the total impact on the system. The filler and sock production represents a significant environmental impact in all impact categories, considering the results. The environmental impact of the monkey toy can be decreased, as suggested by Sousa-Zomer et al. [8]. Based on the circular economy principles, the proposed improvement options show a significant reduction in environmental impact, especially in eutrophication potential, which is a significant concern in our case study. Gusmerotti et al. [66] suggest that replacing synthetic fibres with natural fibres reduces the environmental impact of component production.



Regarding the production cost of the monkey toy, there is a large gap between the company’s material price and the cost of the individual materials, such as rice and filler, which are considered an economic hotspot. The filler is the most expensive component. The use of natural materials proposed in the improvement options would also improve the financial outlook as they are mostly waste materials from other processes. However, we must mention that we could not obtain the cost of cherry pits in Slovenia. Cotton and viscose are considered components that are purchased for free because they are present in the socks. However, the costs are incurred in the production and transportation phases. Moreover, the total cost of cotton is 0.025 € per monkey toy, although the cost does not affect the company and does not represent an economic hotspot. Our evaluations, considering the costs and the entire value chain, indicated that option C would be the best solution with the lowest cost if we consider circular economy principles and the reuse of natural materials (e.g., wood wool and cherry pits).



The social aspect of the monkey toy is important because we can gain additional insights related to sustainability. Selected S-LCA indicators show high social responsibility of the company and the monkey toy production and are above the average in Slovenia. Furthermore, the social impact of the monkey toy has several impacts both in the production phase and in the wider environment, and no social issues were perceived. The data for the implementation of S-LCA were taken from the SOCA database. Although this is one of the best databases for social impact assessment, it is essential to realise that the analysis results represent a generic result with average means for the risk. Higher quality data and results would be obtained using data for entire life cycle processes, which is almost impossible due to inaccessible data.



Our results suggest that processes and products require a sustainability assessment that provides a holistic aspect, and the integration of circular economy principles is beneficial. Bond et al. [67] also point out the importance of a rigorous sustainability assessment to identify and select the best alternative option. Furthermore, Ali and Puppim de Oliveira [68] suggest that a shift to a circular economy needs to explore and understand an integrated framework based on empirical evidence to achieve sustainability. The results suggest that environmental and social risks are widespread and overlapping in toy production, considering empirical evidence. The paper proves added value when all three aspects of sustainable development are considered. While the cost assessment of a case-studied product is still one of the most critical design criteria, a more comprehensive insight into the production system becomes necessary. The toy case study aims to contribute to the further development of the complete LCSA approach that does not neglect any of the aspects of the sustainability pillars. The most important result of this study is the methodological contribution to the application of S-LCA and LCC in a real case study of toy production. Besides, most studies do not include the calculation of environmental costs, which is a unique feature of this study.



This study is based on a comprehensive assessment of social, environmental and economic aspects guided by the circular economy concept. The study shows that all aspects of sustainability can be improved by (re)designing the product, as shown in the toy case study. The difference between alternative designs regarding all aspects considered (environmental, social and economic) is slight. The most significant improvement in sustainability would be achieved by replacing a synthetic filler with wood wool. It is recommended that the case studied company prioritise this action. In the baseline design, rice is used as a supporting filler. Since the rice is primarily for human consumption, it is recommended that the company replace it with the proposed design using cherry pit waste. If the recommendations are followed, it will also contribute to the ethical awareness of the company.



In our case, trade-offs between sustainability aspects were not observed as the proposed toy design shows favourable results in all three evaluated sustainability aspects. However, trade-offs often occur in the implementation of LCSA. Numerous studies address this issue to develop tools to overcome such a problem [69,70]. There are still dilemmas in designing and evaluating sustainability in terms of trade-offs between sustainability aspects [71,72,73]. The integration of E-LCA, S-LCA and LCC methods in LCSA is associated with some research gaps. This study aims not to remove ambiguities and doubts about the LCSA method, as this research area is vast and needs to be addressed holistically in future work. As future case studies in LCSA are conducted, more information will become available to understand better the methodological trade-offs involved in conducting a comprehensive LCSA analysis [23].




6. Conclusions


This study represents a comprehensive sustainability assessment for the case of a monkey toy by disclosing information about all the three sustainability dimensions and revealing hotspots. Considering the results obtained, we can perceive that the most appealed are environmental issues, which circular economy principles can substantially improve. Simultaneously, social indicators showed a reduced impact in terms of mid-risk hours. Economic indicators can also be improved by, for example, using waste material (cherry pits) instead of synthetic filler, which the company receives for free. Furthermore, the toy itself supports sustainability on a local level when thinking about employment, the involvement of local companies and the associated short transport distances.



The novelty and added value of this paper provide a sustainability assessment and elaboration attempt for a toy. Thus, our study enriches current knowledge and research on the sustainability of toys, production processes and design, and offers new perspectives on hotspots and improvement opportunities. Also, we see the benefits of this study in terms of toy design (selection of materials) and consideration of circular economy principles (e.g., reuse, recycling of materials). This paper also offers opportunities for benchmarking toys and suggestions for greater corporate social responsibility.



We should also address some restrains of the study. A first limitation relates to the entire life cycle approach considering the use and end-of-life phases, which we omitted from the study due to the unavailability of data for our case study. The Avantus company does not collect information after the toy is sold. Another limitation relates to the company and country-specific case and cannot be generalised to the production processes of other toy manufacturers but could be used for benchmarking purposes. Some E-LCA and LCC data were taken from the Ecoinvent database, and data for S-LCA were taken from SOCA databases. Although these are consistent, trustworthy, and reliable databases, some data might still be uncertain, and this obstacle should be considered when drawing conclusions from LCSA analysis. Future studies should focus on the entire life cycle and foster a company to collect the necessary data from the use and end-of-life activities and deepen the social-related indicators. However, quantitative social indicators are still a challenge. The analysis results are helpful in making decisions about the design, evaluation and benchmarking of toys and similar products.
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Figure 1. The methodology used in this work for the sustainability assessment of design options. 
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Figure 2. A monkey toy studied. 
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Figure 3. System boundary. 
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Figure 4. Environmental impacts of the monkey toy from cradle to gate. 
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Figure 5. Normalised environmental impacts of the monkey toy. 
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Figure 6. Relative fractions (in %) of production processes to the overall environmental impacts. 
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Figure 7. Global warming potential of compared improvement options. 
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Figure 8. Eutrophication potential of compared improvement options. 
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Figure 9. Acidification potential of compared improvement options. 
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Figure 10. Terrestrial eco-toxicity potential of compared improvement options. 
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Figure 11. Social life cycle assessment (S-LCA) of evaluated improvement options, expressed in med risk hours. 
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Figure 12. Life cycle costing (LCC) for evaluated improvement options (EUR). 
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Table 1. Life cycle inventory analysis of the toy.
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	Parameter
	Amount
	Unit
	Flow Name





	Materials
	
	
	



	Synthetic filler
	142.0
	g
	fleece production, polyethene terephthalate



	Cotton
	30.4
	g
	Yarn production, cotton fibres



	Viscose fibres
	7.6
	g
	Viscose fibres, at plant/GLO U



	Rice
	25.0
	g
	Rice, at the farm



	Transport
	
	
	



	Transport of Synthetic filler
	240.0
	km
	Lorry 3.5–7.5 t, fleet average



	Transport of Cotton
	2145.0
	km
	Lorry 16–32 t, EURO 3–6



	Transport of Viscose fibres
	238.0
	km
	Lorry 7.5–16 t, fleet average



	Transport of Rice
	624.0
	km
	Lorry 16–32 t, EURO 3–6
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Table 2. Factors for assigning six levels of risk to social indicators.
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	Risk Scale
	Factor





	No risk
	0



	Very low risk
	0.01



	Low risk
	0.1



	Medium risk
	1



	High risk
	10



	Very high risk
	100
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Table 3. Defined stakeholder categories, subcategories and selected social indicators used in the case study.
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Stakeholder Category

	
Subcategory

	
Indicator






	
Local Community

	
Access to material resources

	
Biomass consumption




	
Certified environmental management system




	
Minerals consumption




	
Fossil fuel consumption




	
Industrial water depletion




	
Safe and healthy living conditions

	
Drinking water coverage




	
Pollution




	
Sanitation coverage




	
Migration

	
International migrant stock




	
International migrant workers




	
Net migration




	
Respect for Indigenous rights

	
Indigenous rights




	
Local Employment

	
Unemployment




	
Value Chain Actors

	
Fair Competition

	
Anti-competitive behaviour or violation of anti-trust and monopoly legislation




	
Corruption

	
Corruption




	
Workers

	
Child labour

	
Child Labour, female




	

	
Child Labour, male




	

	
Child Labour, total




	
Health and Safety (Workers)

	
DALYs due to indoor and outdoor air and water pollution




	

	
Fatal accidents




	

	
Non-fatal accidents




	

	
Safety measures




	

	
Workers affected by natural disasters




	
Forced Labour

	
Frequency of forced labour




	

	
Goods produced by forced labour




	

	
Trafficking in persons




	
Fair Salary

	
Fair Salary




	
Discrimination

	
Gender wage gap




	
Freedom of association and collective bargaining

	
Trade unionism




	
Association and bargaining rights




	
Social benefits, legal issues

	
Social security expenditures




	
Violations of employment laws and regulations




	
Working time

	
Weekly hours of work per employee




	
Society

	
Contribution to economic development

	
Education




	
Illiteracy




	
Youth illiteracy




	
Health and Safety (Society)

	
Health expenditure
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Table 4. Environmental impacts of proposed design alternatives.
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	Environmental Impact
	Baseline
	Option A
	Option B
	Option C





	Global warming potential (kg CO2 eq.)
	1.140
	0.776
	0.733
	0.727



	Eutrophication potential (kg PO43− eq.)
	2.25 × 10−3
	8.04 × 10−3
	6.41 × 10−3
	6.31 × 10−3



	Terrestrial eco-toxicity potential (kg 1,4-DB eq.)
	2.29 × 10−3
	1.12 × 10−3
	1.12 × 10−3
	1.10 × 10−3



	Acidification potential (kg SO2 eq.)
	5.82 × 10−3
	3.34 × 10−3
	3.23 × 10−3
	3.21 × 10−3
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Table 5. S-LCA of alternative design options (med risk hours).
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	Indicator
	Baseline
	Option A
	Option B
	Option C





	Local Community
	
	
	
	



	Access to material resources
	3.100
	2.471
	2.470
	2.458



	Safe and healthy living conditions
	8.048
	6.983
	6.983
	6.970



	Migration
	4.197
	3.534
	3.533
	3.523



	Respect for Indigenous rights
	0.206
	0.190
	0.190
	0.190



	Local Employment
	0.074
	0.059
	0.059
	0.059



	Value Chain Actors
	
	
	
	



	Fair Competition
	0.153
	0.103
	0.103
	0.102



	Corruption
	9.060
	7.557
	7.557
	7.536



	Workers
	
	
	
	



	Child labor
	0.751
	0.654
	0.654
	0.652



	Health and Safety (Workers)
	5.636
	4.111
	4.111
	4.094



	Forced Labor
	0.700
	0.635
	0.635
	0.634



	Fair Salary
	1.349
	1.265
	1.265
	1.263



	Discrimination
	0.171
	0.123
	0.123
	0.123



	Freedom of association and collective bargaining
	1.832
	1.669
	1.669
	1.666



	Social benefits, legal issues
	1.002
	0.892
	0.892
	0.891



	Working time
	0.016
	0.010
	0.010
	0.010



	Society
	
	
	
	



	Contribution to economic development
	13.908
	11.736
	11.735
	11.709



	Health and Safety (Society)
	1.066
	0.938
	0.938
	0.936
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Table 6. Life cycle costing results for the baseline design of one monkey toy unit.
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	Material
	Amount (g)
	Production Cost (EUR)
	Transport Cost (EUR)
	Summarised Cost (EUR)





	Rice
	25.0
	0.0078
	4.48 × 104
	0.0082



	Filler
	142.0
	0.2300
	3.56 × 103
	0.2336



	Cotton *
	30.4
	0.0120
	1.87 × 103
	0.0139



	Viscose *
	7.6
	0.0260
	7.14 × 105
	0.0261







* Cotton and viscose materials do not represent a cost to Avantus. Therefore, production costs have not been considered in the LCC assessment.
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