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ABSTRACT

Highlights: (1) In Brazil, the addition of pure biodiesel (B100) to diesel oil is mandatory. (2) Waste cooking oil is one of the possible feedstocks for B100. (3) Uncontrolled costs and risks of collection activities make waste cooking oil less competitive. (4) Actions can be implemented to improve the competitiveness of waste cooking oil. Aim: Identify and compare the costs and risks of two modalities of the waste cooking oil reverse chain, known as door-to-door collection, and collection point utilization. Methodology: Data concerning the year 2020 of two waste cooking oil collecting organizations in the municipality of Volta Redonda-RJ were collected by means of interviews and documental research. After the data survey, it was possible to map the stages of the reverse chain of the two companies and compare the results obtained regarding costs and risks in both modalities. The Supply Chain Risk Management - SCRM methodology was used to support data analysis. Finally, actions were proposed to improve results based on a bibliographical survey. Results: Results show that the most risky and costly stage of the reverse chain is that of transportation and collection for both modalities, if compared to the other stages analyzed, identifying a greater need for the implementation of improvement actions. It was also possible to verify that, for some stages, simple control actions can impact the risks and costs identified. Research limitations: The analysis considered only a part of the waste cooking oil reverse chain from a given geographic region and considered only two companies. The other limitation was data collection restricted to the year 2020 and interviews conducted with a non-probabilistic sample. Thus, the results obtained in this study cannot be generalized. Practical Implications: Considering the study performed, it is possible to set up a workflow of the researched organizations so as to assist their managers in the analysis and measurement of their risks and costs. The results can also help waste cooking oil collecting companies in implementing actions that can potentially contribute to improving the performance of their operations. Originality/value: This research contributes to the area of operations, as it raises the main risks and cost ranges per stage of the reverse chains studied, based on the reality of small and medium-sized companies in a region, considering the limitations of financial and human capital resources of organizations operating in the segment. Additionally, the research points out ways for these organizations that have relevant performance from the economic, environmental, and social point of view.
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INTRODUCTION

According to the National Agency of Petroleum, Natural Gas, and Biofuels, ANP, (2019), the equivalent of 161,774,593 m³ of oil and 5,901,104 m³ of biofuel were produced in Brazil. In 2008, the mixture of pure biodiesel (B100) to diesel oil became mandatory, and as of September 2019, this mixture became 11% by volume, as stipulated by Law 13,263/2016, changing its consumption, which grew 25.7% (BEN, 2019).

In the case of biofuels, the supply chain plays a significant role by connecting different parts of the process, establishing a flow between geographically dispersed regions, and by generally having a significant cost (Santos and Ribeiro, 2013).

For Trkman and McCormack (2009), a supply chain that is resilient and potentially adaptable to changes arising from external means, such as changes in the dynamics between businesses and environmental issues, can give competitive advantage to the organization that owns it. A supply chain with such characteristics is essential to ensure the flow of its operations and, consequently, a good performance.

A poorly managed supply chain, in terms of risks, can lead to recurrent or isolated losses and costly processes, due to risks that have a considerable degree of predictability, but are not controlled (Hunt et al., 2010).

In this context, the analysis of the stages of preparation, transportation, collection, and storage of waste cooking oil, along with the survey of risks, costs, and suggestions for actions to control them, can be economically useful for organizations that are present in the area and justify the scientific exploration of the theme. In view of the above, the present study is based on the following questions to represent the research problem: (1) Given the considerable growth of biodiesel consumption, how can we contribute to improve the reverse logistics chain of waste cooking oil as a raw material, considering the associated risks and costs? (2) Which stages represent the greatest risk and cost in the process of waste cooking oil reverse logistics?

To answer the questions of the research problem, the main objective was to identify and compare the costs and risks of two modalities of the waste cooking oil reverse chain: door to door (where the collector goes to the generator) and the use of a collection site (where the generator goes to a predetermined collection point). To this end, the stages of the waste cooking oil reverse chain performed by two small and medium-sized collection companies, operating in the city of Volta Redonda-RJ, were analyzed. The specific objectives of this study are (1) to raise studies on supply chains from the point of view of risks and costs; and (2) to suggest actions that can contribute to the improvement of the performance of the reverse chain of waste cooking oil.

To improve the form of risk management in the supply chain in the case of residual oil, the research is based on Supply Chain Risk Management (SCRM) in four stages to identify, assess, mitigate, and control the possible risks present in the chain (Rangel et al., 2014). This research is justified by the importance of the topic for organizations and society, and because it aims to present a contribution to the reverse chain of waste, including the proposal of actions aimed at reducing and/or mitigating the risks present and, consequently, their costs. This study contributes to increasing the competitive potential of waste cooking oil as a raw material for biofuel production.

As a research delimitation, only the preparation, transportation, collection, and storage operations within the entire biodiesel production process were considered. Furthermore, the research was limited to the average costs and risks raised specifically in the southern region of the state of Rio de Janeiro.

Based on this introduction, this study is organized as follows: Section 2 presents the concepts and studies that were the basis for this research; Section 3 presents the procedures for conducting the research, followed by Section 4, the application, analysis, and discussion of results; in Section 5, the final considerations are made and, finally, the list of references used in the work is presented.


THEORETICAL FRAMEWORK

In this section, a literature survey was conducted on waste cooking oil for biodiesel production, reverse supply chain assessment, and Supply Chain Risk Management.

Waste cooking oil

Waste cooking oil, once used, becomes an unwanted residue and its recycling as an alternative biofuel would not only remove a pollutant from the environment, but would also allow the generation of an alternative energy source. Thus, two basic needs would be met at once (Pasqualetto and Barbosa, 2008).

As disclosed by the National Agency of Petroleum, Natural Gas, and Biofuels (ANP) in 2019, the liter of diesel oil came out of the refinery for R$1.98, on average, and B100 of the producer came out for R$3.80, i.e., almost double. This significant difference directly impacts the competitiveness of the products in the market.

Biodiesel is a generic denomination for fuels derived from renewable sources, such as vegetable oils (soybean, corn, dendê palm, castor, palm, etc.) and animal fat (beef tallow, and chicken fat) (Holland, 2004). According to ANP (2019), soybean oil represents the main raw material for biodiesel production in Brazil (68.33% of the total). In second place are others, such as palm oil, peanut oil, turnip rape oil, sunflower oil, castor oil, sesame oil, used cooking oil and other fatty materials (16.48%); and in third place, there is beef fat (14.06%).

Biodiesel replaces, totally or partially, diesel from fossil origin in trucks, tractors, vans, and automobile engines, and can be used pure or added to diesel oil in several proportions (Brandão et al., 2009). According to Costa Neto et al. (2000), in the economic aspect, biodiesel becomes competitive as it complements all the new diesel technologies with similar performance and without the need to install an infrastructure or training policy.

In relation to biodiesel production, it is also important to consider some issues, such as the need for some technological adaptations and measures to reduce production costs. According to specialists, to reduce these costs, the use of residual cooking oil has been pointed out as one of the alternatives, since this residue is commonly discarded. However, there are costs to collect and reduce the acidity of this oil so that it can be transformed into biodiesel (Costa Neto et al., 2000).

Residual cooking oil comes from the consumption of refined virgin edible vegetable oils. After this consumption, there are basically two possible destinations for this material: (1) sanitary sewage, causing water pollution and costing its treatment, and (2) processors that transform the residue into a new product. In this context, it would be desirable to forward the residue to processors, such as biodiesel plants. For this, the residual cooking oil needs to be collected (Guabiroba and D'Agosto, 2011).

After use, the material is collected and filtered to remove possible solid residues and then stored in containers that prevent spillage. Afterwards, it is directed to ecopoints, recycling cooperatives, or specialized companies, which receive the product and process it, separating the vegetable oil from the glycerin. In this context, the oil is commonly sold for biodiesel production, and the glycerin (byproduct of the biodiesel production process) is used to make soap or meal for animal feed (ECOLEO, 2016).

However, the residual cooking oil is commonly found dispersed in urban areas, which can make the collection cost so high as to compromise biodiesel production, especially when this operation is done in a disorganized and unplanned manner. For this, it is necessary to verify whether the cost of this collection in urban areas makes it more expensive than virgin vegetable oil for biodiesel production (Guabiroba and D'Agosto, 2011).

Supply Chain Risk Management

To better understand the theme, Chart 1 was created, based on bibliographic research that shows a compilation of studies on Supply Chain and/or Supply Chain Risk Management (SCRM). They were classified and analyzed by the cases that presented practical application, by material transported, methods used for analysis, their classification as to the type of logistics used, whether direct or reverse, and, if there were any, the identification of improvement actions or enhancements in the chain studied.

Chart 1. Improvement actions and methods
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Source: The authors themselves

On the methodological issues for the analysis of the chains addressed, it is observed that the studies use literature review. In some cases, the studies use techniques specifically related to the supply chain such as SCM in Seuring and Gold (2012) and Dias et al. (2020), and SCRM in Dias et al. (2019). Pouriani et al. (2019) propose a solid waste management network from the public initiative as a solution for solid waste disposal, while the other works focus on improvement aspects of existing networks and/or literature survey.

It is also noted that Dias et al. (2020) focus on identifying risks and response actions commonly used in a supply chain of a Brazilian automotive industry, having the use of a chain management tool (SCRM) as the centerpiece of the study while authors such as Carvalho et al. (2013), despite also conducting the study of a supply chain, make use of a case study analysis without a specific tool.

It is also noticeable that, among the articles analyzed and selected during the literature survey, semi-structured interviews are widely used in the construction of the studies, as in Soto-Silva et al. (2016). Their main role is to bring the research as close as possible to the practical reality experienced by professionals who perform activities pertinent to the theme. The method used by Dias et al. (2020) in their study on risk analysis in supply chains presents the development of a risk matrix through the classification of risk points raised by the application of questionnaires and interviews.

For the improvement actions identified in the studies broken down in Table 1, actions aimed at strategically establishing routes as a way to reduce costs stand out and are observed in Pouriani et al. (2019) and Guabiroba and D'Agosto (2011). In Carvalho et al. (2013), investment in agent training and technological tools are cited as a way to promote improvement in the chain's operation and management activities.

The identified action alternatives are geared towards creating communication links between stakeholders, as noted in Dias et al. (2019) and Almeida et al. (2017). As the only work analyzed that proposes an improvement action starting from a public initiative, Zhang et al. (2014) cite the creation of tax incentives for biofuel companies that join partnerships with recycling agents or specialized organizations as a way to increase the dynamism in the waste cooking oil market aimed at biodiesel production.

Aspects such as standardization of analysis and monitoring are present in the improvement actions identified in Almeida et al. (2017) and Luna et al. (2014), respectively.


METHODOLOGICAL PROCEDURES

To carry out this research, the stages and sub-stages in Chart 2 were established.

Chart 2. Stages and sub-stages of the methodological procedures used in the research
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Source: The authors themselves

It is important to emphasize that, for this study, two waste cooking oil collection modalities were considered in order to provide a comparative analysis and, consequently, their risk points and costs. This choice was based on observations of collection models analyzed in the works of Guabiroba and D'Agosto (2011) and Pouriani et al. (2019).

The models analyzed were the door-to-door model, in which the collection agent goes to the generator agent, and the collection point model, where the generator agent has pre-defined points for the disposal of the waste to be collected by the collection agent.

For the initial part of this paper, literature and documentary research was conducted. A bibliographic search of relevant articles was conducted using the Web of Science™ database, filtered by subject, considering the title, abstract, and keywords. This literature search (Stage 1) contributed to broadening knowledge and definition of concepts about: (1) supply chain; (2) risk management method, using the SCRM tool; and (3) proposal of actions related to the reduction or extinction of costs and/or risks in the supply chain.

To build Chart 1 of the theoretical framework (Sub-stages 1.1 and 1.2), research papers were gathered that addressed the supply chain theme and used risk or cost analysis tools and/or provided proposals for improvement actions with potential replicability for the residual cooking oil reverse chain.

Moving on to Stage 2, the measurement and classification forms for the risks were developed, based on the analysis method adopted by Dias et al. (2020), in which scores are related from 1 to 5 for two variables, and their respective interactions generate a final score, which is related to a classification.

For the analysis, two variables were defined to be measured: (1) the first is the probability of occurrence of each risk by assigning a score from 1 to 5, where 5 = daily; 4 = very frequent; 3 = frequent; 2 = infrequent; and 1 = never happened; (2) the second variable determined was the impact generated for the chain in the event that that risk occurs, by assigning a score, where 5 = critical; 4 = high; 3 = moderate; 2 = low; and 1 = negligible.

As developed by Dias et al. (2020), the interaction between the scores of two analyzed variables results in a matrix, generating a final score for a given risk and its consequent classification. The combination of the probability and impact scores gave rise to the matrix of risk points to be prioritized, which is an easy way to visualize and guide managers on which points should be prioritized or postponed in case of limitations of financial resources and/or available time. The result of this interaction in this study is presented in matrix form in Table 1.

Table 1. Matrix of priority on attackable risk points

[image: F]

Source: Elaborated from Dias et al. (2020)

From the construction of the matrix, it is possible to classify each risk found according to the score obtained, as shown in Table 2.

Table 2. Risk classification.
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Source: Elaborated from Dias et al. (2020)

Two managers responsible for the operational area of two waste cooking oil collecting companies, operating in the city of Volta Redonda-RJ, were interviewed. During the interviews, the managers identified the stages executed by their organizations within the waste cooking oil supply chain, with each stage designed according to the peculiarities of the process observed in each model. Subsequently, respondents defined cost ranges in percentages for each defined stage. The three proposed stages were detailed based on the reality of the organizations studied and on influential factors in the structuring of their reverse channels (Sub-stage 3.1).

Subsequently, according to the definition of Rangel et al. (2014), the application of the 4-phase SCRM was initiated, as presented in Figure 1.
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Figure 1. Stages of the study application

Source: The authors themselves

Besides the individual risk classification, in order to aggregate for the discussion established in the comparative analysis section, general classifications were established for each of the stages, resulting from the interaction between the scores obtained by the risks, producing a numerical result, in which the higher the score obtained, the riskier the stage is considered, thus building a risk hierarchy among the stages.

For this classification, the individual scores of each risk in their respective stages were added up, thus generating an overall score, as shown in Equation 1.
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In which:

Cr: risk classification;

X: risk probability, determined by its score set according to the criteria in the risk score priority matrix (Table 1);

Y: impact, also established according to the score given in Table 1.

For data organization (Stage 4), the information and data gathered through the bibliographical survey, interviews, and questionnaires are schematized as presented in Tables 3 and 4.

Through the suggestion of mitigation and control actions (Stage 5), in which alternatives are proposed to reduce or extinguish the identified risks, the last two SCRM stages were applied according to Rangel et al. (2014). As pointed out in Hallikas (2004), these stages depend directly on the previous stages of the SCRM.

For the proposals of improvement actions, the issues and/or suggestions for improvement cited as potential in previous works were used as a basis and were raised in the theoretical framework (Chart 1) through bibliographic research, according to Sub-stage 1.1.

Finally, Stage 6 is dedicated to the comparative analysis between the collection modalities analyzed in this study, considering the information gathered and the research limitations.


STUDY PRESENTATION AND COMPARATIVE ANALYSIS

This section presents the information gathered during the research and, subsequently, its analysis in a comparative manner in order to understand which modality presents the greatest risk, weight relative to total cost, and which stages are decisive for this finding, considering the percentage of cost per stage and their respective classifications as to the degree of risk presented.

After understanding the concepts, a semi-structured questionnaire was set up that sought to understand the steps, peculiarities, and processes contemplated in the activities performed within the reverse chain of the material by the organizations, besides the potential risks observed and/or experienced by the managers and those responsible. The questionnaire was answered by an operations manager and a general manager from different organizations that work directly in the waste cooking oil reverse chain for the generation of new products such as biodiesel. Their experience in the function varies from 4 to 9 years.

The results found by the research are organized in two tables, the first referring to the door-to-door collection model (Table 3) and the second, to the collection point (Table 4).

Table 3 presents the structure and description of the stages of the waste cooking oil reverse logistics, adopting the door-to-door collection mode used by organization A, in which the collection unit travels according to the demand of the generating unit. In this modality, collection focuses on domestic waste generated by family homes.


Table 3. Waste cooking oil supply chain - door-to-door collection model
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Source: The authors themselves

As raised in the interviews and described in Table 3, the route definition process in the preparation stage uses the volumetric history and calls as determining criteria. Although relevant, when considered in isolation, the criteria used lose efficiency precisely because they do not consider other variables that can be crucial for improving performance and reducing potential costs, such as the distance traveled and the intersection between routes.

It is observed that the stage of transport and collection corresponds to the most significant percentage in relation to the total cost attributed to this modality, highlighting the relevance of this stage in the chain and, consequently, the need for mitigation and control actions to reduce costs in the logistics process in general. This observation was also verified by Demirbas (2009) in his studies.

As far as the storage stage is concerned, the treatment process is incorporated into the stage as a kind of guarantor of the integrity of the collected material. In some cases, it is possible to recover the waste contaminated by other materials, such as water and debris.

As for the risks identified in this collection modality, three items were raised by the interviewees for each stage. One can see that the preparation stage has the lowest representativeness of the chain and presents varied risk classifications, highlighting the risk of an outdated route, which was assessed as an extreme risk due to its high probability of occurrence and high impact on the chain. The importance of efficient routing for a sustainable final cost to the activity was evidenced in Guabiroba and D'Agosto (2011).

To structure the chain, following the collection point mode, Table 4 was constructed.

Table 4. Waste cooking oil supply chain in the collection point model
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Source: The authors

The preparation stage adopted in this modality contemplates, in addition to registration, the collection and issuance of documentation, along with some bureaucratic processes due to the partnership with firms that demand the delivery of disposal certifications. This peculiarity impacts on the demand for more qualified personnel and, consequently, on the stage costs.

As for the risks raised in the collection and transportation stage, the risk of cargo and/or container theft was identified. This risk is mentioned only in the collection point modality, offering a risk classified as high, while the accident along the way is present in both modalities.

Departing for a comparative analysis of the results found in the two modalities, one can notice points of similarity and significant divergences due to the particularities observed.

In terms of processes, it is possible to observe greater similarity in the storage stage, considering that both modalities follow similar protocols, except for a slight variation in the representativeness of the cost percentages, which can be attributed to the outsourcing of the laboratory analysis of the waste collected in the door-to-door collection modality. Due to process similarity, the risks and classifications are the same. The preparation stage is distinguished in relation to the adoption of distinct processes, such as routing according to a collection schedule and pre-registration of partners in the preparation stage. Thus, it is possible to draw a parallel between the adoption of this process and the increase in representativity, in terms of cost of this stage compared to the same stage in the door-to-door modality, in which this process is not incorporated.

Considering the percentage of representativity in terms of costs, it is possible to identify, both in the door-to-door and at the collection point modality, the collection and transportation stage as the most representative among the three analyzed, even though they adopt similar processes in relation to the previous stage and the collection modality used. As noted in a prior study by Santos and Ribeiro (2013), transportation is the primary stage within the logistics process since, besides having higher costs, it is responsible for interconnecting different geographical spaces and meeting inter-regional demands.

As to the risk points identified by the interviewees, it is intuitive to associate them with the processes defined as pertinent to each stage analyzed, with risks directly linked to the technical aspects of each modality. As an example of the previous statement, container theft is a risk identified in the collection point chain, since this model uses its own container for transportation, while in the door-to-door chain, the container used for transportation comes from third parties.

A higher concentration of risks classified as extreme and/or high can be seen in the collection and transportation stage. This occurs both in the door-to-door modality and at the collection point, with scores of 46 and 42, respectively. This observation is potentially linked to the fact that this stage also presents the highest percentages of costs.

In the overall risk score obtained at each stage, both modalities present the same sequence of positions, with the collection and transportation stage being the riskiest, achieving the highest score, followed by the storage stage and the preparation stage, considered the least risky, scoring 18 and 30 for door-to-door and collection point modality, respectively.

For the proposed improvement actions, suggestions and issues addressed in previous works were adapted, as seen in Chart 1. They include programmed circulation and routing for the door-to-door collection model, as cited in Guabiroba and D'Agosto (2011), in addition to the investment in training and qualification addressed in Carvalho et al. (2013).

Through the classification of the risks raised during the research, it is possible to identify those that present the greatest need for mitigation and control. By establishing priorities for the development of possible improvement projects, it is possible to guide the managers in the decision-making process, as they were oriented towards actions that present feasibility, practical benefits, cost reduction, and, hence, are able to contribute, in part, to the competitiveness of waste cooking oil as raw material for biodiesel production.


FINAL CONSIDERATIONS

Throughout the study, with the application of the SCRM tool and the analysis method adopted, the general goal of the study to identify and compare the costs and risks of two modes of the waste cooking oil reverse chain was achieved. It was also possible to identify the points that represent the greatest risks and costs for each stage in the chain. From the understanding of the concepts and the survey of literature on the subject, it was possible to achieve specific objectives 1 and 2, the latter being related to the establishment of proposed improvement actions aimed at risk mitigation and control.

Thus, in general, the aims of the study were achieved, and it was possible to analyze the stages of the waste cooking oil reverse chain contemplated by the collecting organizations, identify risk points, and propose control and mitigation actions through the application of SCRM, which is a risk management technique in chains and can be applied both in direct and reverse chains.

The research results indicated the stages included in the waste cooking oil reverse chain, their respective cost and risk percentage ranges, and the classification of each risk according to the analysis of its likelihood of occurrence and impact generated, concluding that the riskiest stage, among those analyzed, is collection and transportation, as pointed out by Guabiroba and D'Agosto (2011) and Santos and Ribeiro (2013). It should be noted that this conclusion is for the case under study. In the case of transportation cost, this can represent a smaller percentage in relation to the other preparation and storage steps. This cost can be lower if non-motorized transport mode is used and if the waste cooking oil processing point is located close to the generating sites.

As a theoretical contribution to the area, works related to the theme were surveyed, pointing out the main risks and costs per stage and the possible analysis forms. As a practical contribution, the study suggests improvement actions addressed in previous studies, considering the limitations of financial and human capital resources of organizations operating in the segment.

In terms of study limitations, the analysis was based on the interview with only two respondents, whose perspectives are based on individual experiences and, therefore, subject to their opinion as to the risk criteria presented. There is also a geographical limitation, focusing on southern Rio de Janeiro state, a limitation regarding the costs analyzed, and the focus is only on the stages of the waste cooking oil reverse logistics chain executed by the collecting organizations and not on the chain as a whole, thus providing proposals for improvement actions and risk assessment limited to this universe.

As opportunities for future research, since the waste cooking oil is one among other possibilities of raw material for biodiesel production, it is proposed to analyze the other chains of competing materials in order to obtain results for comparative purposes. We also propose a survey of replicable actions of more competitive chains in the residual cooking oil chain. Another possibility is to examine the chain after the implementation of the proposed improvement actions through simulation and/or practical application, thus establishing a parallel between efficient actions in practice and in theory.
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