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Abstract

:

Purpose: The aim was this study was to test the effectiveness of the Mexican User Satisfaction Index of Circular and Social Economy (MUSI-CSE) methodology to improve user acceptance and the adoption of biodiesel from the Cowichan Bio-Diesel Co-op (CB-DC), a social enterprise that upcycles cooking oil waste. Approach: The external strategy is to study factors of user experience with products and/or services and internal processes. This type of economy tends to build its value chain independently to avoid barriers in the economic structure. Methodology/Techniques: MUSI-CSE presents a model of satisfaction (present acceptance) and loyalty (future acceptance) factors and a measurement system comprising the same factors. It also identifies and monitors interventions in key factors and evaluates their effectiveness. Here, MUSI-CSE has been tested through a longitudinal and prospective study. In-depth interviews, surveys, SEM, and PLS were used. Findings/originality/applicability: User acceptance and adoption are based on self-benefits and the achievement of specific sustainable local development goals. Satisfaction did not change. Loyalty did experience a statistically significant increase at a 95% confidence level, and sales increased by 26%. It can be concluded that MUSI-CSE innovation contributed to improving users’ future acceptance and adoption. In the future, MUSI-CSE will be adjusted based on other case studies and will support the co-creation of an international methodology and index of circular and social economy.
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1. Introduction


Climate change studies indicate that the Earth’s temperature increased by 1.09 °C on average between 2011 and 2020. Among the most affected zones are islands due to the effects of greenhouse gases (GHG) on ocean warming and acidification [1]. The fossil economy and consumption habits have been reported as the leading causes of GHG [2].



One response that society has been forging is the circular economy (CE), which is defined as “decoupling value creation from waste generation and resource use by radically transforming production and consumption systems” [3].



Increasing CE solutions is essential: if doubled, it would be enough to advance 85% of the goal to restrict global warming to below 2 °C by 2032 [4]. Currently, only 8.6% of economic activity is CE-based, yet it presents a trend toward its reduction (e.g., 9.1% in 2019).



Experts state that the main drawback of expanding to a CE is not its production systems nor its business models, as these aspects have experienced the most progress [5], but the lack of bottom-up attention on how CE impacts users’ daily life and what they expect in exchange regarding environmental care [6]. Ultimately, the lack of user acceptance has resonated with the low demand for CE solutions [7].



Guided by the objective to foster bottom-up changes at the local level, governments, non-governmental organizations, and society have fostered the creation of a social economy. Social enterprises focus on a type of sustainable development that the public and private sectors have failed to promote, as they prioritize the good life of the members of their community as well as care for the environment as goals by contributing with sustainable products and services. Social action and solidarity bond social enterprise stakeholders, among them users with a high social and environmental awareness [8], creating a favorable local space for the implementation of transitions of bottom-up production and consumption systems. Cooperatives, mutual societies, and non-profit organizations belong to the social economy [9]; nevertheless, their economic contributions are not quantified in all countries. For instance, social economy is considered to represent 8% of the European Union’s GDP [10].



In order to survive, and because it is not part of the dominant economic structure, a social and circular economy enterprise often needs to independently build a large share of its value chain with scarce resources, turning each of the links into an internal process of the enterprise. Given this, user acceptance is the result of experience with a product or service and the interaction with internal processes of the enterprise [11].



User acceptance in the context of CE is an emerging topic, on which the first study was published in 2015. The geographical location of these studies is concentrated in high-income countries, usually in either North America or Europe. Only one study from Latin America has been identified, and it is a precedent work from the case study presented in this article.



Prior studies mainly focused on electronics (e.g., maintenance and cellphone renewal) and sharing platforms (e.g., cars, co-housing, fashion) according to a review of the literature on all types of social economy solutions [3]. In a more limited manner, waste-to-value solutions in the food and drink sector were studied in another literature review [12]. The latter examples share a process with biodiesel: the utilization of an upcycling process, whose definition is “reuse of discarded materials which results in an increase in value” [12]. As research methodology, the quantitative approach is dominant, being applied in 95% of upcycling cases [12] and nearly half (46%) of the studies in the widest-spanning literature review [3], whereas only 16% have utilized a mixed research methodology. The statistical techniques used in these cases were structural equation modeling and regression analysis.



The data collection in 75% of previous studies was carried out through surveys (45%) and semi-structured interviews (20%). Other techniques involved focus groups or ethnography [3]. Observation and action research have been utilized sparingly “due to the lack of real settings and logistical problems” [13].



Regarding longitudinal studies, none were found, neither from a qualitative nor a quantitative perspective, and only around 10% utilized an experimental design. This methodological situation limits the establishment of more definitive conclusions on the causality relationships between factors and user acceptance, which is required for future longitudinal research that would need to control the studied variables [14].



The main topic of interest has been the distinction of the user acceptance factors in CE (barriers, drivers, motivators) [3], on which 65% of studies are focused. The research question of the review on waste-to-value cases for food and drinks was “What are the individual, context- and product-related factors that determine future acceptance of waste-to-value food products among consumers?” [12].



Seven types of factors for user acceptance have been identified: personal characteristics, product and service being offered, knowledge and understanding, experience and social aspects, risk and uncertainty, benefits, and other psychological factors [3].



No holistic analysis about the behavior of factor systems and their impact on user acceptance was found in the literature. An approximation was carried out by Möhlmann [15] and Tussyadiah [16], who postulate a model of satisfaction and loyalty factors. However, this model does not include the relationships between factors (e.g., quality–price) that would allow for perceiving the location of satisfaction within a network of relationships with loyalty as a final result. Möhlmann [15] recommends future research to advance the establishment of more holistic models.



The current literature only exhibits limited studies that focus on generating external strategies to improve the acceptance or adoption of circular solutions. On the one hand, strategies for risk reduction in the use of internet platforms were generated based on a documental review (e.g., sharing economy platforms) [15]. Strategies to increase sales, on the other hand, were proposed based on an internet survey to users and non-users (e.g., refurbished smartphones) [16].



Cases regarding the inclusion of the consumer perspectives in the design process of circular solutions are also scarce. A study based on the literature and expert opinions discussed participant roles within collaborative consumption through internet platforms (e.g., Uber: a platform provider, a peer-to-peer service provider, and a customer) [17]. Moreover, a product is transformed into a product service system (PSS) through a participative design from the perspective of different stakeholders (e.g., urban housing developments) [18]; the results are promising at the design level. Evaluating the experience of inhabiting these urban developments could be interesting. In a similar study focused on mobility, the authors emphasize the importance of considering users’ daily practices in the context of circular solutions [19]. The other factors that were identified in the latter studies are economical (e.g., price, savings, incomes, efficiency).



The state of the art on CE user acceptance identifies three relevant gaps: (i) a lack of research on how external strategies impact user acceptance, as few articles that study this topic were identified [15,16,20]; (ii) a shortage of holistic perspectives for factor analysis [21] and “focusing on data collection of observed rather than reported behavior” [22]; and (iii) a reduced number of solution types that are studied in CE [3,12,23], with just one analysis on sustainable fuels being identified but that did not include biodiesel [14].



The presented article aims to contribute to reducing the three described gaps in the study of CE user acceptance by developing the Mexican User Satisfaction Index for Circular and Social Economy (MUSI-CSE) that allows for (i) the proposition and evaluation of the effects of an external strategy to improve user acceptance and the adoption of CSE; (ii) the design of a holistic factor model about the user acceptance and adoption of CSE and its testing via a prospective longitudinal study, in which factors are intervened and effects are evaluated; and (iii) the first study on biodiesel, a solution of the circular and social economy, substituting the fossil fuels that produce the main GHG emissions.



The MUSI-CSE aims to improve user acceptance and adoption of CSE. Its external strategy is to study user experience factors with products and/or services and internal processes. The root of the MUSI-CSE is national customer satisfaction index models [24]. The MUSI-CSE can be distinguished from other methodologies used in the field, as it contributes to identifying, hypothesizing, evaluating, influencing, and comparing user acceptance factors of CSE. General factors are taken and adapted from the state-of-the-art, whereas specific factors are identified from a qualitative study. The interactions among factors and their impact on acceptance are postulated as hypotheses. From the user perspective, SEM’s capacity to explain the phenomenon is evaluated; improvements are applied to the factors with the highest impact and lowest score; and the results from the case study are compared in a historic fashion. Afterwards, in future efforts, the results will be compared to those from other case studies to obtain best practices for CSE.



Cowichan Biodiesel Co-op. (CB-DC) was selected to test the effectiveness of the methodology of the Mexican User Satisfaction Index of Circular and Social Economy. The cooperative was founded by the initiative of 21 citizens of the Cowichan Valley in Vancouver Island, British Columbia, Canada, in December 2004, who, inspired by the war in Iraq, decided to implement a CE upcycling solution to reduce their petroleum dependency and to help face local environmental, social, and economic challenges related to the sustainable production, distribution, and consumption of biofuels on Vancouver Island.



Given its isolated condition and lack of oil resources, Vancouver Island imports 100% of its fossil fuels to supply its more than 850,000 inhabitants [25]. The latter affects the environmental sustainability of the region due to diesel spills in the sea [26].



In addition to this, members of the CB-DC decided to contribute to specific local sustainable development goals, such as reducing environmental contamination caused by diesel such as CO2 emissions [27], reducing public health risks related to air pollution [28,29], and creating jobs in the region. Members of the CB-DC resolved to tackle these issues by recycling cooking oil waste to produce and distribute quality biodiesel to reduce GHG emissions caused by transportation, a sector that contributes 14% of the world’s total GHG emissions [30]. These goals have been carried out without interfering with the demand for soil to cultivate food [28] and without preventing the disposal of waste fats, oil, and grease in ways that block drainage pipelines and contaminate both water and soil.



Similar to many other circular and social enterprises, the CB-DC has faced significant challenges to improve user acceptance and the adoption of biodiesel, even though they possess a high level of environmental and social awareness. This enterprise needed to independently build a large share of its value chain with few resources. Since large oil companies and fuel producers do not allow the installment of dedicated biodiesel pumps at their filling stations, CB-DC reconstructed pumps disposed by these large oil companies to supply biodiesel at two different locations. Moreover, the CB-DC not only consumes its own main raw material, but also promotes trapping systems for waste cooking oil residues in restaurants and is responsible for its collection as well.



CB-DC’s other internal processes have been increasing cooperative membership, informing the use and benefits of biodiesel, producing biofuel through an upcycling process, distributing biodiesel to filling stations, keeping the filling pumps clean and operating, supporting a remote payment process, and generating information on GHG reductions.



In the CB-DC value chain, the acceptance and adoption of biodiesel users is affected by their experience with the product and their interaction with the internal processes of the enterprise. Considering the state of the art and the challenges that face the CB-DC case study, the objective, scope, and questions related to this research are presented next:



Research objective: To test the effectiveness of the Mexican User Satisfaction Index of Circular and Social Economy (MUSI-CSE) methodology to improve user acceptance and adoption of biodiesel in the Cowichan Bio-Diesel Co-op (CB-DC).



Research scope: In this research, the current acceptance of users is studied as satisfaction, user future acceptance is studied as loyalty, and user adoption is studied as sales. The MUSI-CSE focuses on identifying and intervening in the factors of user satisfaction and loyalty associated with the product or service and the internal processes of the social enterprise. Testing was carried out via a prospective and longitudinal case study of a biodiesel production cooperative.



Research questions:



Does MUSI-CSE contribute to increasing Cowichan Biodiesel Co-op user satisfaction?



Does MUSI-CSE contribute to increasing Cowichan Biodiesel Co-op user loyalty?



Does MUSI-CSE contribute to increasing Cowichan Biodiesel Co-op biodiesel sales?



The CB-DC case study was carried out in two steps: (i) a cross-sectional evaluation and (ii) a longitudinal study. In the first step, the model hypotheses were tested as association relationships. Alternatively, the longitudinal study featured an intervention in the factors with lower performances, enabling hypothesis testing to determine causality relationships.



The studies mentioned above were different in that (i) while the cross-sectional study focuses on comparing the opinions of active and non-active users in 2017, the longitudinal study analyzed the changing the active users’ opinions before (2017) and after (2019) the implementation of the intervening factors; (ii) the sample of active users is different since the longitudinal study only considers the active users that answered the survey during the two measurement events in 2017 and 2019; (iii) the measurement model analysis and the structural equation model (SEM) estimation utilize the same techniques, including partial least squares (PLS), but these are applied to the corresponding sample in each study. This article is dedicated exclusively to reporting the results of the longitudinal study.



The content of this article is distributed in four parts: a literature review of user acceptance factors in circular economy and national satisfaction indexes models; the methodology for the longitudinal case study and the MUSI-CSE; the results and their discussion; and conclusions.




2. Literature Review


2.1. Acceptance Factors for Circular Economy Users


The field study of user acceptance of CE focuses on the “relationship between consumption and sustainable development, and the roles that consumers and other stakeholders play in that relationship” [3,31]. This field of study began its consolidation in recent years, as shown by the literature reviews by Camacho-Otero et al. [3] on general solutions in CE and by Aschemann-Witzel and Do Carmo [12] regarding upcycled by-product use in agri-food systems.



Relevant results by Camacho-Otero et al. [3] map the factors analyzed in this field of study (see Figure 1), where seven types of factors that impact perception and acceptance can be observed: (i) personal characteristics, (ii) product and service being offered, (iii) knowledge and understanding, (iv) experience and social aspects, (v) risk and uncertainty, (vi) benefits, and (vii) other psychological factors.



The factors identified by Aschemann-Witzel and Do Carmo [12] coincide with the factors identified in the CE solution universe in terms of personal characteristics, knowledge and understanding, and the characteristics of the offered product. The solutions that are analyzed refer to a circular bio-economy, “which is an economy based on renewable biological sources and converting waste streams into value added products” [12,32]. The latter is carried out through an upcycling process in which waste is transformed into products with a higher value and quality [33]. According to the findings of Aschemann-Witzel and Do Carmo [12], as part of the bio-economy and the use of upcycling, user acceptance of biodiesel is expected to be impacted by personal characteristics, knowledge and understanding, and product characteristics.



Under each type of factor, studies regarding possible relevant dimensions for users in the CB-DC case study are discussed.



Dimensions of personal characteristics: (i) Desirefor change is studied as the reduction of excessive consumption according to three types of use-oriented product/service systems (PSS), with the finding that reduced consumption is related to economical savings and satisfaction [34]. CB-DC users have the transition from fossil fuels to biofuels as a goal. (ii) Involvement during the consumption experience is identified as an influence on user acceptance of car-sharing services [13] and on online peer-to-peer renting platforms [35]. Biodiesel users are also members of the cooperative; thus, they possess a high level of involvement during the experience [36]. (iii) Control, or “user ability to effectively use the service” [3], has an impact on purchase intention within the spare parts value chain [37]. In the case of CB-DC, users have to know which diesel/biodiesel blend is adequate for their vehicle’s engine. (iv) Community, in the case of car sharing, is important; nevertheless it is not important for the Airbnb platform [21]. It is expected that biodiesel solutions will coincide with car sharing studies, as both of them face challenges in terms of the carbon emissions caused by fuels.



Dimensions of the offered product/service: (i) Productquality is a key dimension for remanufactured products and the acceptance of associated services [38]; for recycled products, users do not expect products of high or excellent quality [39]. This is similar to biodiesel users who do not expect perfect service, as they acknowledge the limitations of a small cooperative, but who instead expect a service that meets their needs. (ii) Product-need fit refers to how users from the peer-to-peer rental market require that the things they rent match their needs [35]; for users of CB-DC services (e.g., registration, payment, filling stations) and biodiesel, their availability and functionality must be determined according to their transportation needs.



Dimensions of knowledge and understanding: Knowledge of productsand services refers to the information that allows users to evaluate quality, benefits (e.g., environmental), and product costs; furthermore, Wang and Hazen [40] found that value perceptions, which are based on quality, value, cost, and awareness of environmental benefits impact the purchase intention of remanufactured products; transparency regarding the upcycling process has a positive effect in the acceptance of waste-to-value products; however, users expect to pay less for them [41]. Knowledge regarding saving on the cost of renting short-term space is related to satisfaction [21]; for the CB-DC case study, the impacts of environmental benefits on GHG reductions and price are provided to the user on their purchase invoice.



Dimensions of experience and social aspects: These dimensions study user experience consider solutions, present and accumulated, as well as the relationships of those solutions with daily life, recognizing that experience is affected by social, emotional, and affective characteristics. Johnson et al. [42] identify, in the collaborative consumption of fashion, the importance of the experience of the support received when starting the consultation process for web pages for this type of CE solution; in the CB-DC case, several active users initiated their consumption in 2005 by purchasing drums of biodiesel; however, user expectations have changed with the advances made by the cooperative.



Dimensions of risks and uncertainty: Trust is understood as supplier reliability and includes adequate responses to complaints. Möhlmann [21] found that this dimension is related to satisfaction. In the CB-DC, user feedback on biodiesel quality to the executive director is taken into account to adjustments in the cooperative production processes.



Dimensions of economic, environmental, and social benefits: Users of refurbished phones prioritize economic benefits over environmental ones and consider other benefits such as the absence of undesirable innovative features that demand spending money on new accessories. Because a professional company produces the refurbished products, these are of higher quality [43]; when considering the acceptance of waste-to-value products, it is recommended to communicate self-oriented benefits, such as those related to health [44] among other types of benefits [45]. Biodiesel users consider the possibility of avoiding investing in an electric car to reduce their carbon footprint on transportation as a benefit.



Dimensions of other psychological aspects: Subjectivenorms, perceived behavioral control, and values: Khor and Hazen [22] conceptualize subjective norms as social pressure exerted on certain types of behaviors and perceived control as resources that are required to move towards an unconventional alternative. It has been identified that only subjective norms are related to the purchase intention of remanufactured products. Monteiro et al. [46] study pro-environmental behavior and its impact on acquiring alternatives of extended life-cycle clothing based on the value–belief–norm theory, finding that biospheric values are only related in durable garments in the Netherlands but not in Brazil. Moreover, bio-economy food products are better accepted by users concerned about the environment [45,47]. In relation to the adoption of different types of sustainable fuel for vehicles (electricity or bioethanol), Jansson et al. [14] found in their study that “the adopters exhibited higher levels of pro-environmental values, beliefs, and personal norms (PN)”. In this sense, deciding to be a member of the CB-DC is choosing to use biodiesel while often paying more, which implies a pro-environmental and/or health care positioning.



The above-mentioned factors regarding studies on perceptions and acceptance within CE solutions make important contributions to fine-tuning the level of detail for each possible factor in the CB-DC. Since the objective is to not only acknowledge factors but to increase acceptance, it is also required to recognize the holistic effect of the interactions among these factors, as intervention in a process could have a “domino effect” of various factors that could even impact satisfaction and/or loyalty. The study of these interactions has been established in national satisfaction index models.




2.2. Models of National Satisfaction Indexes


National satisfaction indexes have a long record and a high level of consolidation. Their field of study surrounds the consumption experience focused on the fulfillment of self-oriented benefits. The first index to be developed was the Swedish Customer Satisfaction Barometer [48], which has been the basis for the creation of other national indexes such as the American Customer Satisfaction Index (ACSI) [49], the European Customer Satisfaction Index [50], and, more recently, the Mexican User Satisfaction Index (MUSI) [51].



The user satisfaction index, which is based on the ACSI model (Figure 2), is considered a key indicator for economic growth and company profitability. A positive relationship has been demonstrated for stock value [52] and investor recognition [53]. Moreover, their inclusion in financial markets has been suggested [54]. Aimed at harnessing ACSI advantages because investments in satisfaction are low risk [52], new self-oriented benefits have been assessed (fresh food e-commerce) [55]. However, sustainability and its other benefits continue to not be included in the ACSI model.



Aimed at evaluating socially engaged consumption, the MUSI team developed a model by retaking ACSI’s generic dimensions. This model was tested in coffee shops that are part of the organic coffee value chain and produced by Tzeltales (First Nation people from Chiapas, Mexico). As an innovation, dimensions referring to the social responsibility awareness of the user were added, and the results showed a high level of prediction for satisfaction and loyalty. The accomplishment of these results is reflected by similar satisfaction index performance to the performance reported by ACSI for fast food restaurants [11].



The ACSI customer satisfaction index, similar to other national indexes, is obtained by taking SEM as a basis for consumption experience. The ACSI’s SEM (Figure 2) presents latent variables enclosed in an ellipse or a rectangle, in which each line marks the relationship between two latent variables, and arrows point in the direction of such relationship. Latent variables are not observable; for this reason, manifest variables are established as indicators. In the case of latent variables within ACSI, the proposed manifest variables can be consulted in [49].



In the field CE user acceptance, two articles on acceptance, satisfaction, and loyalty determinants were identified. Loyalty, in this regard, is understood as the future intention to use a product or service. The articles utilize the SEM and the PLS estimation techniques. Their analyses are limited to direct relationships among satisfaction and loyalty with their corresponding factors. Therefore, the analysis of satisfaction within a cause-effect relationship system has been lost. This could allow for testing of the their nomological validity or “the degree to which a construct behaves as it should behave within a system of related constructs called a nomological net” [56,57,58] and uncovering interactions between variables located halfway through the model path trajectories.



The main findings of the cited research are described as follows: In the case of the car-sharing platform “Car2go” and the short-term space-renting platform “Airbnb”, Möhlmann [21] identifies, through a cross-sectional study, the following associated variables in order of importance: (i) satisfaction with trust or reliability, utility, quality service, cost savings, and familiarity in the utilization of sharing options and (ii) loyalty with utility, and community belonging. Furthermore, the relationships postulated by ACSI that have been confirmed are satisfaction and utility and satisfaction and cost savings. Similarly, satisfaction relationships with specific variables of the circular solution are spotted: trust that “simultaneously refers to trust in the provider of a collaborative consumption service and to the other consumers one is sharing with” [21,59,60,61], familiarity in the utilization of share options, and community belonging as the “aspiration to be part of a group or community” [21]. It is worth mentioning that environmental impact did not result in being a satisfaction and loyalty factor. The explanation level fluctuated between high and moderate, where satisfaction obtained an R2 = 0.63, and loyalty obtained an R2 = 0.37.



Tussyadiah [62] identifies differences between the variables that are related to satisfaction (or post-consumption evaluative judgment) and loyalty in the two types of P2P accommodation (room or entire home/apartment). The analyzed factors are enjoyment, amenities, sustainability, and economic, social, and location benefits. In the two accommodation types, relationships established by ACSI are confirmed: satisfaction and loyalty, amenities (a quality characteristic) and satisfaction, and economic benefits (price) and satisfaction. Specific relationships of the circular solution are added to the analysis: enjoyment and satisfaction, enjoyment and loyalty, social benefits and loyalty, and sustainability and satisfaction. High and moderate levels of prediction were obtained: R2 = 0.609 and R2 = 0.585 for satisfaction and loyalty, respectively.



The findings of [21,62] demonstrate that satisfaction and loyalty models, constituted by their direct relationships with self-oriented and specific factors of the CE solution, reach a level of explanation between moderate and high in the acceptance of collaborative consumption.



Based on prior CE findings and acknowledging the relevance of maintaining the study of nomological validity and the interaction factors of the ACSI model, the research presented in this article aims to explore and expand the ACSI perspective to evaluate circular economy consumption by recognizing that it not only includes self-oriented but other-oriented benefits, as they can be “anonymous, connected, political, uncertain, and based on multiple values, not only utility” [3].





3. Methodology


MUSI-CSE has the Mexican User Satisfaction Index (MUSI) as a methodological predecessor [51]. Differences between the two methodologies, as presented in Table 1, involve objective and scope, the types of variables under study, and statistical analysis. In the latter, MUSI-CSE adds the study, through time, and the statistical significance of difference between these latent variables, satisfaction and loyalty, and their corresponding factors.



The MUSI-CSE methodology’s steps are: (a) to postulate a structural equation model (SEM), (b) to design and evaluate a measurement system, (c) to carry out data collection and sampling, (d) to estimate the SEM, (e) to intervene externally in key factors that require improvement, (f) to evaluate users’ final opinions regarding improvements by applying steps (a) to (e), and, if considered convenient, to continue improving the product or service and internal processes.



3.1. Postulation of a Structural Equation Model


The SEM was designed based on a literature review and a qualitative analysis by interviewing users in depth. The first qualitative study in 2017 was aimed at identifying the cooperative’s entire operation, biodiesel characteristics, processes that interact with users, and the factors important for user acceptance; for this purpose, an interview guide was developed and applied to eight users with different personal characteristics: professors from Vancouver Island University, staff in charge of the cooperative operation, members of the cooperative management board, employees from different companies, and retirees. In the second qualitative study in 2019, attention was focused on the processes that were improved earlier; thus, three interviews were applied to users.



The SEM proposes that the user experience with biodiesel can be known through the interrelation of three types of latent variables: generic self-oriented, whose presence has been demonstrated in many types of products and services and describes causes and results of user acceptance; specific self-oriented on quality, which refers to the interaction of the user with biodiesel and the internal processes of CB-DC: part of the latter refers to providing information on the use of biodiesel and its benefits; and specific on sustainable, which refers to sustainability factors that the user takes into account when deciding to consume biodiesel.



The SEM is a holistic system, as it also postulates how the three types of latent variables are related to each other and with the resulting acceptance. The latter cannot be mandatory nor obligatory, but is instead a consequence of user experience, knowledge, and awareness. Thus, it is expected that influencing one of the variables identified as “high impact-low score”, can generate a domino effect that ends with increased satisfaction (current acceptance) and loyalty (future acceptance).



Model 2017 (Figure 3) and model 2019 (Figure 4) share the same sections and latent variables. The difference between models is the integration into a single latent variable: the registration and biodiesel payment processes in model 2019, as the variables were integrated in a new process after the improvements made in 2018. The hypotheses are described in Table 2.



3.1.1. Generic Latent Variables (Self-Oriented)


In the state-of-the-art of user acceptance factors for CE, as discussed in Section 2, it is observed that (i) the user-perspective experience, present and accumulated, is not discarded, although its effect is limited by the user characteristics; (ii) satisfaction and loyalty are identified as determinants; (iii) the relevance of the product quality dimension is confirmed and is understood as an adjustment to client needs, but not as a superior or excellent product, because this type of quality would not be expected in remanufactured products; (iv) in the case studies, price or economic savings remain as key dimensions; and (v) the impact of previous experiences is observed in the construction of expectations.



Based on the latter, several dimensions of the ACSI model are being reviewed and adapted (see Figure 2): Loyalty, originally proposed to be relevant to purchase, is now modified for use owing to CE promoting use instead of possession. Satisfaction is kept as a comparative between quality and expectations. Quality is established in relation to meeting needs. Expectations, due to the role of the comparative basis, are determined as model connectors of the self-oriented and sustainable sections. For this reason, it was expanded with “environmental desires, sustainability expectations, or green needs” [64]. Value with price and quality as basis is kept. Complaints are not considered due to the lack of a formal complaint system at the time the study was performed. Table 3 contains the definitions of these variables within this section of the model. Hypotheses are maintained according to the ACSI model.




3.1.2. Specific Latent Variables of Perceived Quality (Self-Oriented)


In the first qualitative study, specific variables associated with quality were identified: (i) registration process, referring to the inscription of cooperative members, the reception of information about the biodiesel blend recommended according to the type of automobile and engine, and annual renewal in membership and fee payment; (ii) payment process, including diesel payment options when in the cooperative’s office or in the filling station; (iii) biodiesel station, two filling stations with one biodiesel pump located at each one; and (iv) engine operation and maintenance, assessment of engine powered using biodiesel. In the second qualitative study, the registration and biodiesel payment processes were integrated into the same latent variable. The definitions of the above-mentioned variables are listed in Table 4. Ultimately, these variables are directly related to perceived quality, as the ACSI model establishes for Government Programs and Services [56]. Hypotheses can be consulted in Table 2.




3.1.3. Specific Latent Variables of Sustainable Benefits


In the first qualitative study, it was observed that users, based on their knowledge and information, evaluate specific variables of sustainable benefits, which are a basic function of the cooperative to provide education and information. A relevant finding was that the users considered specific dimensions of sustainability (other-oriented) and quality (self-oriented), so these are complemented, resulting in increased requirements by the user, which can be seen reflected in the model.



Specific dimensions of sustainability and its complements that were identified are presented in the following paragraphs:



Sustainability of the community: This refers to the cooperative’s contributions to local sustainability. Members support the cooperative based on its contributions to the sustainability of the community. This dimension complements perceived general quality, which is traditionally focused on self-oriented benefits.



Sustainable consumption and production: Although it is recognized that sustainable consumption and production are integrally evaluated by users in several circular economy products (and according to the possessed information), “consumers are prone to purchase recycled products when they are aware of the environmental benefits provided by them” [39,66]. In the case of CB-DC, users (who are also cooperative members) have a high involvement with experience, which allows them to identify the upcycling process. The latter dimensions are analyzed separately.



Sustainable consumption: This dimension based on environmental and social benefits, pollution reduction, and personal and communitarian health. This definition coincides with the conceptualization of “reducing the negative impacts of consumption on the environment and social and economic life” from [39,67]. This dimension complements economic benefits such as speed, easiness, and efficiency provided by the specific processes of the cooperative and that the user evaluates as quality.



Sustainable production: This refers to the importance of waste upcycling compared to fossil oil use; additionally, the production of a small local cooperative that generates jobs is in contrast with a large external company. Several characteristics from UNEP (2010) [68], such as sustainable production concept are met, such as “the efficient use of resources and energy, the development of sustainable infrastructure, the provision of access to basic services, the generation of green decent jobs, and the accomplishment of a better-quality life”, as it is common to relate a low price with products obtained from waste-to-value processes [37].



Value as the relationship between price and sustainability: Since other carbon footprint-reducing alternatives of transportation include the purchase of hybrid or electric automobiles, users take into account automobile and biodiesel prices. This type of value complements Zeithaml’s concept of value [69], which only considers self-oriented benefits in comparison to what is delivered to the user.



The latter dimensions coincide with the factors identified in the state of the art of circular economy user acceptance: (i) desire for change: the transition from fossil fuels to biofuels; (ii) high involvement during the experience due to being a member of the cooperative, (iii) community: commitment to the reduction of GHG emissions in the community caused by diesel, and (iv) knowledge on benefits and cost, such as fewer health affectations, more jobs, increased waste collection, less contamination, and price acknowledgment. In Table 5, the variables mentioned within this sub-section are defined and related to a complementary self-oriented variable.



As the section on sustainability variables is complementary to the self-oriented benefits section, hypotheses are formulated in such a way that these sections converge (see Table 2): (a) Quality and sustainability of the community share expectations as the antecedent; (b) quality impacts value based on price and quality, while the sustainability of the community impacts value based on price and the sustainability baseline; and (c) self-oriented characteristics impact quality, and sustainable consumption benefits impact the sustainability of the community; quality impacts satisfaction, and the sustainability of the community impacts loyalty. These hypotheses are presented in Table 2.



In the evaluation of model 2017, by considering active users, it was found that sustainable production is associated with value having price and quality as a base. The latter coincides with other cases in which users expect a lower price for products elaborated from waste upcycling [41]. For this reason, the hypothesis regarding this relationship is maintained.





3.2. Design and Evaluation of the Measurement System


As a measurement instrument, a questionnaire with 32 indicators was designed to evaluate the latent variables of the two models (see Table 6). Item construction was based on the two qualitative studies from 2017 and 2019. Moreover, recommendations from Fornell et al. [49] and the ACSI staff [56] for variable indicators were adapted from the ACSI model. These indicators are marked with an asterisk in Table 6.



By analyzing the CB-DC model indicators and taking into account the seven types of user acceptance factors from the state of the art of CE [3], it is clear that each type of factor is represented by at least one indicator, as presented in Table 6.



The first section of the questionnaire is dedicated to verifying interviewee eligibility, explaining the research objectives, and inviting interviewees to agree to participate and registering data about interview execution. Afterwards, one question is established for each indicator, offering a 10-point Likert scale anchored at its limits with a qualifier to record answers. A questionnaire was developed for each survey (2017 and 2019) and kept the same items, except for five, four of which corresponded to improvements made to these processes in 2018: registering processes and payment and filling the pumping stations. In the 2019 questionnaire, a new indicator was added for sustainable consumption related to air and water pollution.



With the objective of reducing measurement errors during data collection [70], interviewers were trained on model structure, hypotheses to be tested, and observable variables or indicators of the measurement instrument. Questionnaire reading was rehearsed to verify its tone and speed. The pilot test was carried out with five users of the cooperative.




3.3. Data Collection and Sample


According to the data collection procedure, users were invited to participate in the survey via email, and they were briefed on the research objective, the confidentiality and treatment of the data, the responsibilities of the academic and CB-DC staff, survey application dates, and contact phone numbers for the cooperative if users required more information or had to schedule an appointment to participate in the survey. If accepted, the interview was conducted from the telephone at the cooperative. Informed consent was obtained from all subjects involved in the study. No data on users that could enable them to be identified was kept. The first survey was carried out from 11 May to 1 June of 2017, whereas the second one took place two years later in June 2019. The data are available upon request due to restrictions, e.g., privacy or ethical.



Due to the small size of the biodiesel cooperative, data collection was based on a census. In 2017, all active users were contacted, and 25 of them agreed to participate. These active users were invited to participate once again two years later in 2019, 15 of whom accepted, representing 60% of the possible population to be evaluated longitudinally. The sample size, although small, represents the cooperative’s active users. Table 7 presents the demographic characteristics of the sample.





4. Results


Model estimation was achieved through the statistical technique known as partial least squares, PLS, using SmartPLS 3.0 software [71]. This technique was used because the variables are integrated by reflexive composite indicators, which means that the indicators operate as contributors to the construction of the variable and not as variable causes [72]; furthermore, the PLS technique possesses multiple advantages: (i) it does not require distributional assumptions, (ii) it can evaluate complex models without estimation problems, (iii) it can manage databases with few observations and larger numbers of latent variables, (iv) the estimated latent variables are easily interpreted, (v) it can estimate models with small samples, and vi) it is robust to missing values [73].



Model estimation was built in two stages: the first stage corresponds to the measurement model analysis, in which the reliability and validity of the indicators with respect to the variable they construct or reflect are tested. In other words, it is verified that indicators fulfill the function for which they were designed. The criteria utilized to evaluate the measurement model were individual reliability, internal consistency, convergent validity, and discriminant validity.



The individual reliability of the indicators is verified through the external weight of each one, and its acceptance criterion is 0.707 [74]; however, weights with values from 0.40 to 0.70 can only be considered to be eliminated if the model’s composite reliability increases; those indicators with weights lower than 0.40 should always be eliminated from the model [75].



Individual consistency allows the verification that the indicators are measuring a common variable, for which the statistical estimators Cronbach’s Alpha and composite reliability are used. The first is used as the lower limit of the real value, as it tends to underestimate the internal consistency, whereas the second is utilized as the upper limit because it overestimates the internal consistency value. Values between 0.60 and 0.70 are considered acceptable, whereas values between 0.70 and 0.90 are considered satisfactory [75].



The convergent validity is confirmed by the indicator’s average variance extracted (AVE), which contributes to testing the model’s ability to explain, at least half of the indicator’s variance, so values higher than 0.5 are acceptable [76].



In Table 8, the results from the measurement models of 2017 and 2019 are presented, and it should be noted that the results of all of the latent variables are within the acceptable ranges for each statistical criterion. Because of this, it was necessary to eliminate the following indicators for having low reliability, as shown by an external weight lesser than 0.7: (i) in the 2017 questionnaire, biodiesel user guide (0.505) and biodiesel-diesel switch (0.226); (ii) in the 2019 questionnaire, dimensions of quality expectations (0.237), registration process (0.264), membership renewal (0.313), and blend availability (0.497).



Finally, discriminant validity verifies the extent to which a construct differs empirically from another construct so that it is possible to affirm that a certain phenomenon or theory is being adequately captured. The Fornell–Larcker criterion allows this characteristic to be validated if the square root of the AVE of each latent variable is higher that its correlation with the rest of the latent variables since it is based on the idea that a construct shares a greater variance with its own indicators than with another construct [76].



The empirical experience of evaluating IMSU models over time has shown that the Fornell–Larcker criterion is consistent in its results while maintaining statistical tolerance when the complexity of the models increases; thus, this criterion was considered to perform the discriminant validity analysis.



Table 9 shows the results of the discriminant validity for the 2017 model, where the square root of the AVE of each construct (values in bold font) is greater than the correlation with the rest of the constructs; however, there were some exceptions that are described below. The square root of the AVE of the engine operation and maintenance construct (0.837) revealed a slight similarity with satisfaction (0.886) and value: price vs. sustainability (0.848) because a question about “how difficult is it for the engine to change between biodiesel and diesel” led the user to consider diesel and biodiesel to be similar, losing discrimination capacity with satisfaction and value: price vs. sustainability. As such, the manifest variable was removed as an indicator for this construct.



On the other hand, the construct of sustainable consumption resulted in a lack of discriminant validity (0.899) with respect to the latent variable of sustainable production (0.902) as well as to a certain similarity with the variable of loyalty (0.895); however, all of these constructs presented outstanding values for the criteria of internal consistency, composite reliability, and convergent validity, so it was decided to leave them within the model. However, these results were considered to make changes to the indicators included in these variables in the 2019 model because their impact would also be affected by the operational changes that the cooperative was going to carry out.



The same criteria were used for the evaluation of the 2019 model. Table 10 shows the results, where the same behavior of the constructs can be seen. The only case that presents a slight variation is the registration and payment process construct, which was unified into a single construct based on the results of 2017. The reason for this variation is the CO2 information indicator, which presented an outer loading of 0.568, slightly lower than the limit value of 0.7; however, it was decided to keep it within the model to give the construct greater “content validity” [76] because the values of internal consistency and discriminant validity were not affected by this loading.



Regarding the lack of discriminant validity presented in 2017 in the variables of sustainable consumption, sustainable production, and loyalty, this was resolved satisfactorily since the wording of the questions was improved and a new indicator was added to the latent variable of sustainable consumption. In general, it can be seen that from model 2017 to model 2019, the discriminant validity is greater, as from one year to the next, it was adjusted and improved.



Additionally, another detected factor involved in discriminant validity concerns is due to the sample size of the study because of the fact that the cooperative is a growing organization, so they have a lot of variability in their consumer continuity; therefore, it was a challenge to locate the longitudinal users, causing a small sample size and low variability in the responses. This reduced variability was replicated during the simulation process. causing similarities between latent variables. However, even with this reduced variability and small sample size, few latent variables exhibit discriminant validity concerns and both models showed robustness within the other criteria of internal consistency, composite reliability, and convergent validity.



Before using SEM estimation to identify the factors to intervene, its predictive capacity was verified with (i) significance of the trail coefficients (hypothesis testing), (ii) determination level of the coefficient, R2, and (iii) predictive relevance, Q2. These same criteria had to be included in the 2019 model to evaluate the effectiveness of the intervention.



Due to the small sample size, the significance verification of the trail coefficients within the model was obtained by means of the non-parametric resampling technique, bootstrapping, which consists of a computationally intensive procedure that provides m random samples with the replacement of the original sample, where mean, standard deviation, and error can be obtained. The latter allows a t-test to be performed to prove the significance of the model’s relations [76]. In this project, using the 15 questionnaires collected as a base, a total of 500 responses were simulated and run with 5000 bootstrap samples at a 95% confidence interval.



The determination coefficient, R2, allows the amount of variance in the endogenous variables (response variables) that can be explained by the exogenous variables (predictors) to be learned; in other words, it is the coefficient that measures the predictive power of the model. The R2 values range from 0 to 1, where values close to 1 indicate greater predictive accuracy, and some acceptance criteria were found to be 0.25 (poor), 0.50 (moderate), and 0.75 (substantial) [75].



Figure 5 depicts the 2017 model with information about the two previously described criteria. The continuous arrows indicate that the relationship was significant at 99% confidence, whereas the dashed arrows indicate that the relationship could not be proven. The statistical effect size f2 was revised by considering that a value of a small effect of 0.02, a moderate effect of 0.15 and a large effect of 0.35 [77], and all statistically significant relationships were considered to have a moderate to high effect.



Of all of the hypotheses that were postulated, three (16% of the total) were not able to be proved: H3: expectations, was positively related to perceived quality; H6: value: price vs. quality, was positively related to user satisfaction; and H18: value: price vs. sustainability, was positively related to loyalty. Regarding the first hypothesis, it could be that the measurement of expectations at the beginning of affiliation with the cooperative is so distant in time that they are not related to perceived quality. As for the last two hypotheses, these are statistically significant, but their impact is negative. This highlights the opinion that the price of biodiesel is high and that it mainly has a negative impact on user loyalty, which coincides with the findings of the qualitative study.



It can also be seen in Figure 5 that all of the endogenous variables possess a coefficient of determination value, R2, that reflects a moderate or substantial predictive power: satisfaction = 0.86, loyalty = 0.71, perceived quality = 0.82, sustainability of the community = 0.52, value price vs. quality = 0.70, and value price vs. sustainability = 0.54.



The predictive relevance complements the predictive power of the model by obtaining the Stone–Geisser Q2 value, which indicates the prediction accuracy of the path that precedes the endogenous variable [75]. Hair et al. (2016) [75] recommend that 0.02 be considered small, 0.15 be considered medium, and 0.35 be considered large when being used to interpret predictive relevance. Table 11 presents the Q2 values of the model, revealing that all of the endogenous variables have a high predictive capacity.



The performance indexes of the latent variables were obtained through a series of iterations in the model with the values given by users. In Figure 5, these indexes can be seen within gray circles on a 0–100 scale. The user satisfaction index is 83.19, which, compared to the index obtained by ACSI for gasoline stations in 2017 (which was 76), turns out to have a fairly high performance [78]. Furthermore, loyalty had a performance of 97.55, which is very high in this case.



The SEM (see Figure 5) allows for the identification of latent variables with lower performance and that have an impact on the model. These latent variables, together with their indicators on a scale of 0–100, obtained the following performance values: (i) payment process (71.86); (ii) value based on price and sustainability (82.81): sustainability vs. price (84.18) and price vs. sustainability (82.00); (iii) biodiesel station (84.13): proximity to regular activities (78.53) and blend availability (89.44); (iv) engine operation and maintenance (84.94): efficiency km/L (83.42), engine operation (91.18), and engine maintenance (82.05); (v) registration process (85.40); and vi) value based on price and quality (86.59): quality vs. price (90.53) and price and quality (81.69). The latent variables with the greatest impact are value based on price and sustainability (0.57) and registration process (0.50).



Based on the previous results, a report was delivered to the executive director and to all members of the cooperative.



4.1. External Intervention in Key Factors to Improve


The dimensions identified and the improvements made are presented on Table 12.



CBC implemented a new marketing strategy focused on informing actual and potential members about these improvements. The total sales increase between 2017 and 2019 was 26%, even though pump operation learning curve was reached at the end of 2019.




4.2. Evaluation of Users’ Final Opinions on Improvements


The estimation of the 2019 model can be seen in Figure 6, revealing the criteria of its prediction capacity: (i) significance of the trail coefficients (hypothesis testing), (ii) determination of level coefficient, R2, and (iii) predictive relevance, Q2. As a background, Table 8 and Table 10 present the positive evaluation of this measurement model.



In Figure 6, the continuous arrows indicate that the relationship was significant at 99% confidence, whereas the dashed arrows indicate that the relationship could not be proved. In total, 14 of the 18 hypotheses were proven, amounting to 77.7% of the postulated hypotheses. The statistical effect size f2 was revised by considering that the value of a small effect is 0.02, of a moderate effect is 0.15, and of a large effect is 0.35 [77], and it was found that all statistically significant relationships have a moderate to high effect, with the exception of engine operation and maintenance.



Hypothesis H13, which establishes the relationship between the latent variable community sustainability provided by CB-DC and the latent variable value price vs. sustainability, was not proven. Additionally, a significant decrease in the prediction capacity of the latent variable value price vs. sustainability is observed, decreasing from R21 = 0.54 to R22 = 0.09, and the prediction of the path that precedes it: Q21 = 0.47 to Q22 = 0.07. This allowed an error to be identified in one of the indicators of the latent variable community sustainability provided by CB-DC: in 2017, the production and consumption of the co-op was asked about, and in 2019, the health and pollution was asked about. The latter corresponds to the latent variable of sustainable consumption. This error also affected the prediction capacity for loyalty: R21 = 0.71 and R22 = 0.59; Q21 = 0.53 and Q22 = 0.43. This error also impacts hypothesis H14, which establishes that community sustainability is positively related to loyalty. The resulting negative relationship between these variables shows that when the price is more acceptable, users give price more weight when deciding to continue being loyal than they do to community sustainability.



Hypothesis H9, which was not statistically significant, establishes the relationship between biodiesel station and perceived quality. It is considered that this may have been due to the inconveniences suffered by users when the pump was being installed, and because the installation was not completed until May 2019, users had little experience using it before the 2019 survey. Hypothesis H5 establishes a positive relationship between expectations and satisfaction when these are lower than satisfaction. Although expectations were lower than satisfaction, the relationship was negative and statistically significant. This may be due to the reduction in the difference between the indices (0–100) of expectations and satisfaction, which reduced from 3.68 in 2017 to 1.27 in 2019.



The latent variables, as shown in Figure 6 for the R2 indicator and in Table 13 for the Q2 indicator, have a predictive power that is between moderate and substantial, with the exception of the variable value price vs. sustainability.



The performance indexes for the latent variables are shown in Figure 6 within gray circles with a 0–100 scale. The user satisfaction index is 81.68 compared to the index obtained by the ACSI for gasoline stations in 2019 (which was 73), which turned out to be a very high performance [78]. Furthermore, loyalty had a performance of 98.33, being very high as well.



The estimated model identifies that the predictor variable with the lowest performance in the model is biodiesel station (78.16), with indicator values for general operation being 76.70 and availability of access hours (80.89). After completing the learning curve, the biodiesel station has had a very positive impact on user acceptance and increased sales for CBC.



The performance indices of the latent variables from the 2017 and 2019 SEM were compared. Due to the small size of the enterprise and sample, using the original sample as base, 500 responses were simulated with bootstrapping with non-parametric resampling using a replacement technique at a 95% confidence interval. The comparison was made based on a t-test, verifying the presence of significant differences at a 95% confidence level as well.



The longitudinal comparison of latent variables (2017–2019) (Table 14) revealed that 8% reduced their performance, 42% maintained the same performance, and 50% increased their performance. These differences are analyzed with respect to the interventions carried out by the cooperative in the specific latent variables of perceived quality, value price vs. quality, and value price vs. sustainability (see Table 15).



The three specific latent variables of perceived quality that were intervened with yielded the following results:




	
Installation of a more modern pump did not increase the performance of the biodiesel station; rather, it reduced performance. This could have been due to the fact that pump installation was finished in May 2019 and the evaluation of user opinions was performed in June of the same year, with user experience related to the inconveniences of its installation prevailing over its benefits.



	
It was not possible to assess whether the automatic payment of the annuity had a positive impact, as its indicator obtained an individual reliability of 0.313, not meeting the criterion of being greater than 0.707 [74]. This could be due to members not having to pay their annuity between the pump launching in May 2019 and the user feedback evaluation in June 2019.



	
The change in the biodiesel payment process was well received, increasing its performance positively from 71.86 to 84.33.



	
Expansion of the biodiesel use guide had a positive impact on the performance of the latent variable engine operation and maintenance, increasing from 84.94 to 89.63.








Changes within the specific variables of perceived quality did not have a statistically significant impact on the increase in the performance of this latent variable until June 2019. Although another application of the MUSI-CSE was planned to analyze the effectiveness of the changes in the summer of 2020, it was decided not to carry it out due to the important confounding factor that has been the COVID-19 pandemic. Because of the need to keep a safe distance from others and people travelling around less, the consumption of biofuels was significantly reduced. Thereafter, it was not possible to carry out another evaluation, as the cooperative faced a post-COVID-19 recovery period, and funding for the research project ended.



The reduction in biodiesel prices allowed the blend B20 (biodiesel 20%–diesel 80%) to become cheaper than 100% diesel, which had a very positive and a statistically significant impact on the performance of the latent variable value: price and quality, going from 86.59 to 93.69, and value: price and sustainability, which increased from 82.81 to 89.11. Additionally, while B20 sales have started off very slowly, they have steadily increased since the newer pump opened in 2019. From 2019 to 2020, B20 sales increased by 308%. Between 2020 and 2021, they increased another 47%.



According to the SEM, the perceived quality had a large effect (0.94) on satisfaction, and the variable value: price vs. quality had a moderate effect (0.15) on satisfaction. Despite the fact that this last latent variable had an increase in its performance, it was not possible to increase satisfaction, which remained at the same level in 2017 and 2019.



It was possible to impact loyalty through the latent variable value: price vs. sustainability, which had a high weight of 0.40 on loyalty.



This case study confirms the strong effect of quality as a factor in user’s acceptance of circular solutions. This effect is clearly identified in the literature review by Camacho-Otero et al. [3]. As an IMSU-CSE innovation, we know how to measure the user experience according to the company’s internal processes and evaluate its significant impact on satisfaction, adding the quality of the company’s internal processes to the quality of the product.



The findings regarding price show, as in other cases of circular economy [21,43,62], that it remains a key factor in satisfaction and loyalty, even for users with a level of high environmental awareness.



Sustainability of the community, a main contribution of CB-DC, increased in a statistically significant way from 86.01 to 89.11, which could mean that this is the final result of the model and not a variable that is located in the middle of the path between sustainable consumption and loyalty. Since the cooperative improved its internal processes, there are more possibilities for it to contribute to the sustainability of the community. A similar result was obtained in the prosumer engagement study by [36].



In response to the first research question: Does the MUSI-CSE methodology contribute to increasing Cowichan Biodiesel Co-op user satisfaction?, we found that satisfaction had no statistically significant difference. This is because the history of its perceived quality path remained at the same level, probably due to the short time that users were able to experience the benefits of the newly installed pump and improvements in the membership renewal payment system.



Regarding the second research question: Does the MUSI-CSE methodology contribute to increasing Cowicahn Biodiesl Co-op user loyalty?, there was a significant difference towards an increase, with performance increasing from 97.55 to 98.33. This increase is based on the favorable change achieved by the latent variable price value and sustainability.



For the third research question: Does the MUSI-CSE methodology contribute to increase the sales of Cowicahn Biodiesel Co-op?, between 2017 and 2019, sales increased by 26% [79,80].



Although the results were not totally favorable regarding the intervention in the internal processes of the enterprise due to the short time between implementation and evaluation, it can be considered that a tendency exists to increase the future acceptance and adoption of biodiesel by users.





5. Discussion


The objective of the present research was to test the effectiveness of the methodology of the Mexican User Satisfaction Index for Circular and Social Economy (MUSI-CSE) in a case study of the biofuel industry.



MUSI-CSE is distinguishable from other methodologies in the field, as it contributes to observing, hypothesizing, evaluating, improving, and comparing the factors of user acceptance of CSE before and after improvements in internal processes and products/services.



MUSI-CSE identifies the latter factors through a qualitative study. In a holistic model, the hypotheses are postulated on how the experience and knowledge of the user impact his/her acceptance of CSE. User opinions are evaluated with a questionnaire and the corresponding measurement model. The factors to improve are selected based on their scores and impact in a structural equation model (SEM), though they were previously estimated using the partial least squares technique (PLS). The factors’ behavior and acceptance levels are compared longitudinally before and after improvements are enforced.



In this article, MUSI-CSE was tested in a case study of the Cowichan Biodiesel Co-op (CB-DC), which is located on Vancouver Island, British Columbia, Canada. The cooperative was founded by a group of 21 citizens of the Cowichan Valley who decided to implement an upcycling solution for cooking oil waste to reduce their petroleum dependency and its negative impact on local sustainability. Problems related to the use of diesel include diesel spills in the sea during its importation to the island, CO2 emissions by vehicles that utilize diesel, public health risks related to air pollution, cooking oil waste spills in the water and soil, and lack of jobs due to imported products such as diesel.



The research questions considered in this study were:



Does MUSI-CSE contribute to increasing CB-DC user satisfaction?



Does MUSI-CSE contribute to increasing CB-DC user loyalty?



Does MUSI-CSE contribute to increasing CB-DC biodiesel sales?



The qualitative study was the basis for establishing an external strategy for CB-DC according to its nature and within its sphere of influence to increase the acceptance of biodiesel users. This social enterprise, to avoid the restrictions of the dominant economy, had to build its supply chain independently and using scarce resources by creating internal processes to substitute those considered external in other types of enterprises within the same sector. This phenomenon has been observed in other social and circular enterprises (i.e., Yomolatel Coop.).



This independent supply chain increases the user contact points with the enterprise, which reportedly affects its present and future acceptance. Moreover, as this is a new environmental solution for the user, they carry out a thorough evaluation of product performance, its price in comparison with quality and sustainability, and how biodiesel consumption contributes to the sustainability of the community.



Based on the aforementioned points, the MUSI-CSE’s external strategy to improve user acceptance and the adoption of CSE to study user experience factors with products and/or services and internal processes. For this purpose, satisfaction is understood as present acceptance, whereas loyalty is understood as future acceptance, and adoption is understood as the purchase of biodiesel. The knowledge acquired through qualitative and quantitative techniques from the satisfaction factors and the loyalty of biodiesel users was condensed into an SEM.



The SEM postulates three types of factors: generic self-oriented, specific self-oriented on quality, and specific on sustainable benefits. On the one hand, generic factors were adapted from the ACSI model, as these are widely accepted, even when the circular economy ends [21,56,62]. Specific factors, on the other hand, were identified via in-depth interviews with users. A questionnaire was designed based on the indicators of the latent variables in the SEM.



The SEM hypotheses were put to the test in telephone surveys with CD-BC users in 2017 and 2019. After confirming that the corresponding measurement models met the criteria for individual reliability, internal consistency, convergent validity, and discriminant validity, the SEM was estimated using PLS.



The SEM’s predictive capability for the MUSI-CSE on user acceptance in 2017 and 2019 was evaluated with the determination coefficient R2, whose value ranges from 0 to 1. A value close to 1 indicates greater predictive accuracy. The 2017 and 2019 results for satisfaction were 0.86 and 0.85, respectively, whereas they were 0.71 and 0.59 for loyalty.



The predictive capability of satisfaction is substantial and consistent. The prediction level for loyalty was not consistent, passing from substantial to moderate, due to a change in a sustainability of the community indicator in 2019. This variable is part of the trajectory that precedes loyalty.



In the literature, two studies on user acceptance of circular economy solutions (sharing platforms case studies) were found, and, as with the MUSI-CSE, both studies took the ACSI model as a basis. In [21], satisfaction reached R2 = 0.63, while in [62], R2 = 0.609 was reached. In the case of loyalty, R2 = 0.37 and R2 = 0.585 were obtained correspondingly.



Comparing the present research with the two case studies from the literature revealed that the lower prediction level of loyalty (from MUSI-CSE) coincides with the highest level obtained in the above-cited research reports. Moreover, the explanation level for satisfaction increased consistently by 20% with respect to previous studies.



The increased prediction level for satisfaction could be caused by previous SEM research that merely included the direct relationship between factors and satisfaction. Instead, the MUSI-CSE’s SEM adds the interactions among factors and how the results of these interactions impact the response variables of the study.



The latter is also limited to the predictive capability of the previous research [21,62] in the case of satisfaction and loyalty. Alternatively, the MUSI-CSE’s SEM possesses predictive capability for more endogenous variables (response variables) when following the predictive accuracy criteria of 0.25, poor; 0.50, moderate; and 0.75, substantial [75]. The indicator perceived quality was found to be at the substantial level; a moderate level was obtained for value: price and quality and sustainability of the community; and a poor level was obtained for value: price and sustainability.



As satisfaction and perceived quality are the most studied factors regarding user acceptance, it is comprehensible that these have the highest levels of predictive capability.



The moderate and poor levels of the predictive capacity are mainly caused by the lack of robust indicators of new latent variables. In this case study, the latent variable sustainability of the community, understood as the contributions made by the cooperative to the community, changed the co-op’s production and consumption indicator in 2017 to the health and pollution indicator in 2019. This change did not work because health and pollution is not a direct result of the cooperative, but a consequence of sustainable consumption. This error reduced the predictive capability of the sustainability of the community, and the latent variables that follow its path: value: price and sustainability and loyalty.



The MUSI-CSE SEM established 18 hypotheses (Table 16). The only difference between the 2017 and 2019 hypotheses is due to the correspondence of the SEM with the internal processes of the cooperative. In 2017, the registration process and payment process were independent. In 2019, after the implementation of a new information system, users were able to pay for biodiesel and the annual membership fee (when necessary) at the filling pump. For that reason, hypotheses H8A and H8B were integrated in 2019’s H8.



A comparative analysis among the latent variables from the MUSI-CSE’s SEM and the seven types of factors reported in the documental review determining circular economy acceptance [3] indicated that the SEM included at least one indicator for each type of factor.



The appearance frequency of the seven factors [3] in the MUSI-CSE’s SEM is as follows: benefits (economic, environmental, and social) (32%); products and services offered and internal processes (18%); experience and social aspects (user experience and impact on everyday life) (18%); personal characteristics (desire for change and community) (13%); other psychological factors (values) (11%); knowledge and understanding (understanding the offering and sufficient knowledge) (5%); and risk and uncertainty (trust) (3%).



The testing of each SEM path with a 99% confidence level in 2017 (Figure 5) and 2019 (Figure 6) allowed us to identify which relationships can be confirmed or rejected (Table 16).



In the group of generic self-oriented variables, two hypotheses involving expectations and one hypothesis about the impact of the variable value: quality and price were not confirmed. In the expectation-based evaluation of quality, it was identified that users did not recall their expectations clearly, so the question “expectations before becoming a member” in 2017 was changed to “expectations at the beginning of the year” in 2019. This hypothesis was confirmed in 2019.



In the case of the hypotheses regarding expectations and satisfaction, the relationship is positive or negative depending on whether expectations are lower or higher than satisfaction. Because the difference between these scores was relatively small in 2019, users did not distinguish between the two, giving the opposite result than expected.



The value hypothesis, which compares price and quality and its impact on satisfaction, provided a negative result via the unbalance generated by the much higher biodiesel prices than those of diesel in 2017; with the subsequent reduction in biodiesel prices, the hypothesis was confirmed in 2019. The literature on circular economy solutions that utilize waste-upcycling processes revealed that users expect that the product price to be lower than other alternatives that do not use waste as a resource [3].



The paths of the generic self-oriented variables that were identified to possess a high or moderate effect were quality to satisfaction and satisfaction to loyalty. As per other research on circular economy solutions, it is confirmed that the proposals of this type of economy should satisfy user necessities [3].



The specific self-oriented benefits on quality hypotheses, which reflect the impact of internal processes and biodiesel, are confirmed in their totality, with a moderate to high effect being observed in 2017. The hypothesis about the impact of the biodiesel station in perceived quality was not confirmed in 2019. Recent user experience included inconveniences caused by pump installation and benefits due to its operation. Afterwards, the continuous and improved operation of the biodiesel pump has found to be fundamental in user acceptance.



Within the hypotheses on sustainable benefits, the relationship of value: price and sustainability with loyalty was negative in 2017, as users did not find a balance between biodiesel prices and the benefits that the former provides to the sustainability of the community. In 2019, when biodiesel prices were close to those of diesel, the positive relationship of value: price and sustainability with loyalty was confirmed.



The two hypotheses on community sustainability were not confirmed in 2019 due to an error in one of its indicators that has been explained earlier.



It is important to highlight that all of the paths towards sustainable benefits have high weights in the 2017 path analysis. This was not possible in 2019 because of the error in the sustainability of the community indicator. As it can be seen, SEM estimation is quite sensitive with its indicators; hence, it is necessary to carry out further work in order to better define them.



With the objective of increasing user acceptance and based on the impact and score of specific self-oriented on quality factors in the initial evaluation of the SEM in 2017 (Figure 5), it was decided to focus the improvements towards (i) biodiesel prices that are closer to those of diesel, (ii) an automatic payment system for membership annuity and biodiesel, (iii) modernization of the biodiesel station by adding a refurbished pump, and (iv) diffusion of more information about the biodiesel blend to be used to improve engine operation and maintenance.



The reduction in biodiesel prices allowed the negative impact on satisfaction and loyalty to be modified from having a moderate positive impact on satisfaction to having a high impact on loyalty during the 2019 measurement.



The diffusion of more information about the biodiesel blend to be used generated the perception of a positive impact on the engine operation and maintenance indicator. The increased diffusion of information increased its positive impact on satisfaction from moderate to high between 2017 and 2019.



It is noteworthy that biodiesel price and the diffusion of more information coincide with the following types of factors from the literature [3,12]: benefits and knowledge and understanding, respectively.



Changes in the next processes did not result in a statistically significant positive change in their scores (utilizing a 95% confidence level): automatic membership annuity payment and biodiesel station. The improvements of these two processes ended one month before the follow-up evaluation took place.



The differences in perceptions regarding biodiesel station was negative. The main cause was the multiple inconveniences incurred to users during the construction and launching of the biodiesel station. Although the new biodiesel station is more user-friendly, it is still not perceived in this fashion. Another effect is that the latent variable biodiesel station had no impact on perceived quality in 2019.



According to the state of the art [3,12], the registration process and membership annuity payment as well as the biodiesel station belong to the indicator type products and services offered and experience and social aspects (impact everyday life and convenience), respectively.



As a global result of the CB-CD factor intervention, no statistically significant difference in the satisfaction score (83.19 and 81.68) was obtained. A 95% confidence level and a 1–100 scale were used for factor intervention. It needs to be highlighted that compared to the index obtained by the ACSI for gasoline stations, the scores of 73 and 76 for 2017 and 2019, indicate a very high performance [78].



Despite the inconveniences incurred to the user during the improvements, there was a statistically significant increase (95% confidence level) with respect to loyalty: from 97.55 to 98.33 on a 0–100 scale. This increase demonstrates a high level of difficulty, as loyalty‘s performance was already high. Furthermore, the increase in loyalty ensured the future of the cooperative.



Another relevant result is the 26% increase in sales between 2017 and 2019.



The results regarding biodiesel acceptance and sales within the CB-DC case study show that the MUSI-CSE methodology successfully implemented the intervention strategy to link the user experience factors with the product or service and internal processes.




6. Conclusions


The present research concludes that the Mexican User Satisfaction Index of Circular and Social Economy (MUSI-CSE) methodology is effective in maintaining present user acceptance—satisfaction—and in improving future user acceptance—loyalty—as well as biodiesel adoption—sales—for the Cowichan Bio-Diesel Co-op (CB-DC).



In the user acceptance study of circular economy, MUSI-CSE identifies three relevant gaps: a lack of research on how external strategies impact user acceptance; (ii) a shortage of holistic perspectives for factor analysis; and (iii) a reduced number of solution types that are studied in CE.



Through the CB-DC case study, MUSI-CSE contributes to the following study gaps:



The transition from user acceptance observation to have an influence on it by developing an effective external strategy to study factors of user experience with products and/or services and internal processes: This strategy responds to the nature of CSE and what enterprise can control. Enterprises in the CE tend to have more internal processes because they substitute external links from their value chain to avoid barriers in the economic structure. Hence, the user has more points of contact with the enterprise, which ultimately impact its level of acceptance.



To generate a holistic model of the factors that influence user acceptance: By evaluating the SEM (designed along with its indicators and measurement model) from the user perspective in a longitudinal manner (2017–2019) and by estimating it through PLS, it achieves an explanation level, R2, for satisfaction (85–86%) and loyalty (71–59%). The explanations of satisfaction and loyalty are higher than or at least equal to research using models that do not postulate interactions among factors. Loyalty is at least equal. In [15], these explanation levels were R2 = 0.63 in the case of satisfaction and R2 = 0.37 for loyalty, whereas in [16], an R2 = 0.609 and an R2 = 0.585 were obtained for satisfaction and loyalty, respectively.



It can be concluded that the variables that interconnect the SEM’s three types of latent variables are expectations and values (price–quality and price–sustainability). The above-mentioned three types of latent variables are generic self-oriented, specific self-oriented on quality, and specific on sustainable. Such latent variables include at least one indicator for each of the seven types of factors reported in the literature [3]: benefits (economic, environmental, and social); product and service offering, including internal processes; experience and social aspects (use experience and impact on everyday life); personal characteristics (desire for change and community); other psychological factors (values); knowledge and understanding (understanding the offering and sufficient knowledge of it); and risk and uncertainty (trust).



The most important reflection in the sense of a holistic model is that new users who are aware of their role in communitarian sustainability are demanding an effective system that is not just effective from just one perspective, regardless of whether that perspective is economic, social, or environmental. Instead, they desire a balanced system that equilibrates these aspects that are beneficial for both the individual and the community.



We aimed to extend the study of user acceptance in CSE through a case study on biodiesel. The testing of the MUSI-CSE developed the first case study on the transition from fossil fuels to biodiesel. Contributing to this transition process by increasing user acceptance is important for the reduction of greenhouse gases (GHG), which are mainly generated via the fossil economy and consumption habits [2], which, in places such as Vancouver Island (where this case study is located), increase ocean warming and acidification [2].



The limitations of this study were as follows: During the data collection process to determine the final opinions of the users, it was detected that some of the improvements to the processes had been enacted less than a month after being implemented. The users’ limited experience with these new processes restricted their knowledge and evaluation. The possibility of reapplying the evaluation in 2020 was canceled because of the relevant confounding factor of the mobility restrictions that the COVID-19 pandemic had exerted on transportation. Post-COVID-19, the cooperative entered a recovery period, while funding for the research project ended.



Because of the small sample size, which was due to the small population, a simulation was used to increase the sample. In future research, it should be confirmed that the user has adequate accumulated experience once the changes have been implemented. The continued use of simulations is planned to be able to study small enterprises in the social economy due to the good results obtained with the simulation here. However, it would also be convenient to test the methodology in a large company participating this type of economy.



The main lessons learned from this research, in which the MUSI-CSE was developed to intervene in the factors of user experience related to social and circular economy, are as follows:




	
The circular solution developed by the cooperative contributes to the specific local sustainable development goals, which have been established by its users and members. Current and potential users are informed about the contributions to these objectives.



	
The importance of adding to the conceptualization of circular and social economy as well as of a circular strategy for the continuous innovation of internal processes based on the factors of user experience.



	
The impact of a robust methodology that first identifies and then intervenes in the key factors of the user experience and ultimately evaluates results based on user opinions and sales on user acceptance.



	
The systematic measurement of the factors of the indices for user acceptance yields according to the variables that are comparable over time, which allow the effectiveness of the actions taken to be evaluated.








This research establishes favorable expectations about the effectiveness of the MUSI-CSE methodology to improve the user acceptance and adoption of a circular and social economy that contributes to reaching specific local sustainable development goals. In the future, it should be tested in other case studies. Using the MUSI-CSE in more case studies would allow it to be fine-tuned and to establish the bases to co-create an international user satisfaction index for circular and social economy.



An international index would allow progress to be assessed within a company and among companies in the social and circular economy, enabling the identification of replicable good practices and increasing the possibility to meeting specific local sustainable development goals.
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Figure 1. Main factors influencing the perception and acceptance of circular solutions according to the literature. Source: Reprinted with permission from Ref. [3]. 
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Figure 2. ACSI model: private sector. Source: Reprinted from [56]. 
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Figure 3. Factor model of user satisfaction and loyalty for CB-DC. 2017. Source: [63]. 
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Figure 4. Factor model of user satisfaction and loyalty for CB-DC, 2019. Source: Authors. 
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Figure 5. Estimation of the 2017 structural model. 
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Figure 6. Estimation of the 2019 structural model. 
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Table 1. Differences between the MUSI-CSE methodology and its predecessor. Source: authors.






Table 1. Differences between the MUSI-CSE methodology and its predecessor. Source: authors.





	Difference
	MUSI
	MUSI-CSE





	Objective and scope
	To obtain a satisfaction index while identifying satisfaction and loyalty factors. A cross-sectional measurement is executed for this purpose.
	To intervene in satisfaction and loyalty factors, which implies longitudinal and prospective measurements and the improvement of products or services and internal processes associated with key dimensions.



	Types of variables under study
	Self-oriented factors of quality, price, and expectations that have an impact on satisfaction and loyalty. Users evaluate them from their own experience.
	Adds self-oriented and other-oriented sustainability factors. Users evaluate them from their own experience and knowledge while considering sustainability benefits.



	Factor model
	Includes two sections of latent variables of self-oriented benefits: generic and specific.
	Adds one more section of latent variables of specific benefits: sustainability.



	Theoretical base for factor model design
	National satisfaction indexes, specifically the American Customer Satisfaction Index (ACSI).
	Adds the field study of CE user acceptance.



	Qualitative study perspective on specific variables
	From the concept of value as a comparative of obtained quality and price paid.
	Adds the concept of value as a comparative of contribution to sustainability and price paid.



	Measurement system design
	Measurement instrument constituted solely by manifest variables with self-oriented benefits.
	Wider measurement instruments as manifest variables of sustainability are included.



	Statistical analysis of results
	Statistical estimation on the model’s explanation level and cross-sectional evaluation of variable performance.
	Adds a statistical significance of difference analysis of latent variable performance, satisfaction and loyalty, and their factors through time.



	Report and improvement follow-up
	Results report.
	Adds an improvements follow-up for internal processes. Includes a results assessment by means of user evaluation and company sales.
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Table 2. Hypotheses for biodiesel acceptance factors.






Table 2. Hypotheses for biodiesel acceptance factors.










	Hypotheses
	2017
	2019





	Generic hypotheses: self-oriented benefits
	
	



	Hypothesis 1 (H1). Perceived quality is positively related to user satisfaction.
	√
	√



	Hypothesis 2 (H2). Perceived quality is positively related to perceived value: price vs. quality.
	√
	√



	Hypothesis 3 (H3). Expectations are positively related to perceived quality when these are less than the perceived quality.
	√
	√



	Hypothesis 4 (H4). Expectations are positively related to perceived value: price vs. quality, when these are less than the perceived value.
	√
	√



	Hypothesis 5 (H5). Expectations are positively related to satisfaction when these are less than satisfaction.
	√
	√



	Hypothesis 6 (H6). Perceived value: price vs. quality is positively related to user satisfaction.
	√
	√



	Hypothesis 7 (H7). User satisfaction is positively related to loyalty.
	√
	√



	Specific hypotheses on quality: self-oriented benefits
	
	



	Hypothesis 8 (H8). Registration and payment process is positively related to perceived quality.
	✕
	√



	Hypothesis 8A (H8A). Registration process is positively related to perceived quality.
	√
	✕



	Hypothesis 8B (H8B).Payment process is positively related to perceived quality.
	√
	✕



	Hypothesis 9 (H9). Biodiesel station is positively related to perceived quality.
	√
	√



	Hypothesis 10 (H10). Engine operation and maintenance is positively related to perceived quality.
	√
	√



	Hypotheses on sustainable benefits
	
	



	Hypothesis 11 (H11). Sustainable production at community level is positively related to perceived value: price vs. quality.
	√
	√



	Hypothesis 12 (H12). Sustainable consumption at community level is positively related to sustainability of the community.
	√
	√



	Hypothesis 13 (H13). Sustainability of the community is positively related to perceived value: price vs. sustainability.
	√
	√



	Hypothesis 14 (H14). Sustainability of the community is positively related to loyalty.
	√
	√



	Hypothesis 15 (H15). Expectations are positively related to sustainability of the community when these are less than the sustainability of the community.
	√
	√



	Hypothesis 16 (H16). Expectations are positively related to perceived value: price vs. sustainability, when these are less than perceived value.
	√
	√



	Hypothesis 17 (H17). Perceived value: price vs. sustainability is positively related to user satisfaction.
	√
	√



	Hypothesis 18 (H18). Perceived value: price vs. sustainability is positively related to loyalty.
	√
	√







Postulated hypothesis: √; unpostulated hypothesis: ✕.
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Table 3. Generic latent variables of self-oriented benefits for Cowichan Biodiesel Co-op.






Table 3. Generic latent variables of self-oriented benefits for Cowichan Biodiesel Co-op.





	Latent Variable Based on ACSI
	Definition (Within This Research)
	Definition’s Author





	Satisfaction
	Comparison among recently accumulated experience and expectations.
	[65]



	Loyalty
	Predisposition of the user to continue using a product.
	[24]



	Perceived quality
	Fulfillment of user needs by a product or service.
	[56]



	Expectations
	Anticipation based on self-oriented and sustainable benefits.
	[56]



	Value: price and quality
	Relationship between product perceived quality and price paid.
	[56]
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Table 4. Specific latent variables of self-oriented perceived quality for Cowichan Biodiesel Co-op.






Table 4. Specific latent variables of self-oriented perceived quality for Cowichan Biodiesel Co-op.





	Latent Variable
	Definition (Within This Research)





	Registration process
	Process for inscription and annual renewal in cooperative members.



	Biodiesel payment process
	Process for biodiesel payment.



	Biodiesel registration and payment
	Process for inscription, membership renewal, and biodiesel payment



	Biodiesel station
	Process for biodiesel filling in the corresponding pump and station.



	Engine operation and maintenance
	Process for biodiesel evaluation: performance, operation, and required motor maintenance.
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Table 5. Specific latent variables of sustainability benefits for Cowichan Biodiesel Coop.






Table 5. Specific latent variables of sustainability benefits for Cowichan Biodiesel Coop.





	Latent Variable
	Definition (Adopted for the CBC Case Study)
	Latent Variable Complement





	Sustainability of the community by CBC
	Contribution of CBC to the communitarian sustainability of the cooperative. The enterprise must generate quality and sustainability.
	Perceived quality (self-oriented).



	Sustainable consumption of biodiesel
	Biodiesel consumption and the importance of reducing negative environmental and social impacts. Products should be useful and reduce their effect on the environment.
	Specific variables of quality (self-oriented).



	Sustainable production

of biodiesel
	Biodiesel production and the importance of supporting a local company that creates jobs and that utilizes a waste-upcycling process.
	Previously, consumption models did not include how production processes impact the user community.



	Value: sustainability and price
	Comparison between sustainable benefits and transportation payment (automobile and biodiesel).

Sustainability also has a price.
	Value: quality vs. price.
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Table 6. Measurement indicators for latent variables.






Table 6. Measurement indicators for latent variables.











	Latent Variable
	Manifest Variable
	2017
	2019





	Expectations
	Overall co-op operation * (products and services offered)
	√
	√



	
	Quality dimensions * (products and services offered)
	√
	√



	
	Contribution of cooperative production to community sustainability (benefits)
	√
	√



	
	Contribution of biodiesel consumption to community sustainability (benefits)
	√
	√



	Registration process
	Registration process (products and services offered)
	√
	✕



	Payment process
	Payment at co-op office/payment at biodiesel station (products and services offered)
	√
	√



	
	Biodiesel user guide (knowledge and understanding; trust)
	√
	√



	
	CO2 information (knowledge and understanding)
	✕
	√



	Biodiesel station
	Closeness of regular activities (experience and social aspects: impact on everyday life)
	√
	✕



	
	General operation (products and services offered)
	✕
	√



	
	Blend availability/hours of operation (experience and social aspects: convenience)
	√
	√



	Engine operation and maintenance
	Efficiency km/L (benefits)
	√
	√



	
	Engine operation (benefits)
	√
	√



	
	Engine maintenance (benefits)
	√
	√



	Perceived quality
	Overall operation co-op * (products and services offered)
	√
	√



	
	Quality dimensions * (products and services offered)
	√
	√



	Sustainable production
	Importance of upcycling waste cooking oil vs. petroleum

(personal characteristics: desire to change; benefits)
	√
	√



	
	Importance of co-op vs. big companies

(personal characteristics: desire to change; benefits)
	√
	√



	Sustainable consumption
	Importance of personal and community health

(personal characteristics: sense of community; benefits)
	√
	√



	
	Importance of community sustainability

(personal characteristics: sense of community; benefits)
	√
	√



	
	Importance of water and air pollution

(personal characteristics: desire to change; benefits)
	✕
	√



	Sustainability of the community
	Overall contribution of the co-op to community sustainability (benefits)
	√
	√



	
	Production and consumption: co-op contribution to community sustainability (benefits)
	√
	√



	Value: price vs. quality
	Quality vs. price * (values)
	√
	√



	
	Price vs. quality * (values)
	√
	√



	Value: price vs. sustainability
	Sustainability vs. price (values)
	√
	√



	
	Price vs. sustainability (values)
	√
	√



	Satisfaction
	General satisfaction about the co-op * (experience and social aspects)
	√
	√



	
	Confirmed expectations of the co-op * (experience and social aspects)
	√
	√



	
	Comparison of co-op with ideal * (experience and social aspects)
	√
	√



	Loyalty
	Re-purchase * (experience and social aspects)
	√
	√



	
	Recommendation (experience and social aspects)
	√
	√







* Adapted ACSI indicator. Measured indicator: √; unmeasured indicator: ✕.
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Table 7. Sample data of demographic characteristics.






Table 7. Sample data of demographic characteristics.





	
Demographic Characteristics

	
Frequency

	
Percentage






	
Gender

	
Male

	
12

	
80%




	

	
Female

	
3

	
20%




	
Age

	
29–45

	
2

	
13%




	

	
45–61

	
8

	
53%




	

	
61–77

	
5

	
33%




	
Education

	
High school

	
2

	
13%




	

	
Some college

	
4

	
27%




	

	
4-year college

	
3

	
20%




	

	
Master’s degree

	
6

	
40%




	
Organization

	
Non-profit

	
2

	
13%




	

	
Government

	
1

	
7%




	

	
Trades

	
1

	
7%




	

	
For-profit

	
9

	
60%




	

	
Retired

	
2

	
13%
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Table 8. Measurement models from 2017 and 2019.






Table 8. Measurement models from 2017 and 2019.





	
Latent Variable

	
Internal Consistency

	
Convergent Validity

	
Discriminant Validity




	
Cronbach’s Alpha > 0.6

	
Composite Realiability > 0.7

	
AVE > 0.5

	
Correlation > 0.707




	
2017

	
2019

	
2017

	
2019

	
2017

	
2019

	
2017

	
2019






	
Expectations

	
0.820

	
0.796

	
0.880

	
0.874

	
0.650

	
0.703

	
0.806

	
0.838




	
Perceived quality

	
0.676

	
0.908

	
0.859

	
0.956

	
0.753

	
0.915

	
0.868

	
0.957




	
Value: price vs. quality

	
0.860

	
0.894

	
0.934

	
0.949

	
0.877

	
0.904

	
0.937

	
0.951




	
Satisfaction

	
0.861

	
0.768

	
0.915

	
0.865

	
0.783

	
0.681

	
0.885

	
0.825




	
Loyalty

	
0.710

	
0.622

	
0.872

	
0.841

	
0.773

	
0.725

	
0.879

	
0.852




	
Registration process

	
1.000

	
NA

	
1.000

	
NA

	
1.000

	
NA

	
1.000

	
NA




	
Payment process

	
1.000

	
NA

	
1.000

	
NA

	
1.000

	
NA

	
1.000

	
NA




	
Registration/payment process

	
NA

	
0.760

	
NA

	
0.864

	
NA

	
0.690

	
NA

	
0.830




	
Biodiesel Station

	
0.867

	
0.582

	
0.935

	
0.808

	
0.877

	
0.683

	
0.937

	
0.827




	
Engine operation and maintenance

	
0.794

	
0.600

	
0.875

	
0.775

	
0.700

	
0.538

	
0.837

	
0.734




	
Sustainable production

	
0.715

	
0.679

	
0.874

	
0.861

	
0.777

	
0.757

	
0.882

	
0.870




	
Sustainable consumption

	
0.765

	
0.960

	
0.894

	
0.974

	
0.809

	
0.926

	
0.899

	
0.962




	
Sustainability of the community

	
0.810

	
0.794

	
0.912

	
0.906

	
0.838

	
0.829

	
0.916

	
0.910




	
Value: price vs. sustainability

	
0.885

	
0.807

	
0.945

	
0.912

	
0.896

	
0.839

	
0.947

	
0.916











[image: Table] 





Table 9. Discriminant validity by Fornell–Larcker criteria, model 2017.






Table 9. Discriminant validity by Fornell–Larcker criteria, model 2017.





















	Latent Variable
	PQ
	SC
	BS
	EX
	LO
	OM
	PP
	PQ
	PS
	SP
	RP
	SA
	SC





	Perceived

quality (PQ)
	0.868
	
	
	
	
	
	
	
	
	
	
	
	



	Sustainable consumption (SC)
	0.585
	0.899
	
	
	
	
	
	
	
	
	
	
	



	Biodiesel

station (BS)
	0.420
	0.250
	0.937
	
	
	
	
	
	
	
	
	
	



	Expectations

(EX)
	0.710
	0.634
	0.253
	0.806
	
	
	
	
	
	
	
	
	



	Loyalty

(LO)
	0.571
	0.895
	0.187
	0.629
	0.879
	
	
	
	
	
	
	
	



	Engine operation and maintenance (OM)
	0.729
	0.512
	0.243
	0.612
	0.387
	0.837
	
	
	
	
	
	
	



	Payment

process (PP)
	0.147
	0.025
	−0.217
	0.274
	0.000
	0.098
	1.000
	
	
	
	
	
	



	Value: price vs. quality (PQ)
	0.510
	0.728
	0.339
	0.694
	0.520
	0.463
	−0.006
	0.937
	
	
	
	
	



	Value: price vs. sustainability (PS)
	0.667
	0.505
	0.443
	0.623
	0.331
	0.848
	−0.052
	0.697
	0.947
	
	
	
	



	Sustainable production (SP)
	0.350
	0.902
	0.110
	0.622
	0.773
	0.365
	0.000
	0.789
	0.472
	0.882
	
	
	



	Registration

process (RP)
	0.788
	0.412
	0.139
	0.743
	0.557
	0.536
	0.299
	0.166
	0.340
	0.199
	1.000
	
	



	Satisfaction

(SA)
	0.776
	0.743
	0.384
	0.796
	0.667
	0.886
	0.037
	0.648
	0.852
	0.633
	0.629
	0.885
	



	Sustainability of the community (SC)
	0.631
	0.660
	0.359
	0.638
	0.547
	0.556
	−0.076
	0.554
	0.694
	0.592
	0.554
	0.701
	0.916
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Table 10. Discriminant validity by Fornell–Larcker criteria, model 2019.
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	Latent Variable
	PQ
	SC
	BS
	EX
	LO
	OM
	RPP
	PQ
	PS
	SP
	SA
	SC





	Perceived

quality (PQ)
	0.957
	
	
	
	
	
	
	
	
	
	
	



	Sustainable consumption (SC)
	0.357
	0.962
	
	
	
	
	
	
	
	
	
	



	Biodiesel

station (BS)
	0.745
	−0.051
	0.827
	
	
	
	
	
	
	
	
	



	Expectations

(EX)
	0.541
	0.646
	0.328
	0.838
	
	
	
	
	
	
	
	



	Loyalty

(LO)
	−0.205
	−0.184
	−0.089
	−0.181
	0.852
	
	
	
	
	
	
	



	Engine operation and maintenance (OM)
	0.725
	0.178
	0.633
	0.636
	−0.056
	0.734
	
	
	
	
	
	



	Registration and payment process (RPP)
	0.878
	0.202
	0.803
	0.270
	−0.196
	0.625
	0.830
	
	
	
	
	



	Value: price vs.

quality (PQ)
	0.715
	0.695
	0.233
	0.674
	−0.022
	0.538
	0.462
	0.951
	
	
	
	



	Value: price vs. sustainability (PS)
	0.093
	0.477
	−0.011
	0.298
	0.312
	0.081
	−0.003
	0.487
	0.916
	
	
	



	Sustainable

production (SP)
	0.493
	0.414
	0.111
	0.745
	−0.085
	0.723
	0.192
	0.691
	0.299
	0.870
	
	



	Satisfaction

(SA)
	0.801
	0.200
	0.654
	0.327
	0.091
	0.698
	0.828
	0.670
	0.205
	0.396
	0.825
	



	Sustainability of the community (SC)
	0.834
	0.538
	0.688
	0.684
	−0.464
	0.592
	0.766
	0.614
	0.226
	0.398
	0.613
	0.910
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Table 11. Predictive relevance of the 2017 model.






Table 11. Predictive relevance of the 2017 model.





	Endogenous Variables
	Q2—2017





	Perceived quality
	0.60



	Sustainability of the community
	0.42



	Value: price vs. quality
	0.61



	Value: price vs. sustainability
	0.47



	Satisfaction
	0.67



	Loyalty
	0.53
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Table 12. Identification of factors and improvements.






Table 12. Identification of factors and improvements.





	Identified Dimensions
	Improvements





	Biodiesel price to improve the relationship in value price and quality as well as value for value price and sustainability. The drop in the price of fossil oil led to the price of pure biodiesel to become significantly higher than that of diesel.
	The price was adjusted so that the B20 blend made up of 20% biodiesel and 80% diesel had a lower price than diesel. Thus, the most price-sensitive users could opt for the benefits of this blend for engine lubrication and pollution reduction.



	Registration process and membership annuity payment were carried out by phone or in person at the cooperative office.
	A new system in the pumps charges the annuity automatically. The mandatory registration to load biodiesel was eliminated



	Biodiesel stations, due to problems with pump operation, meant that the availability of the desired blend and the ability to choose the pump closest to the regular activities of the users were not met.
	A more modern pump was rebuilt and installed at the location closest to the city’s downtown. This pump is characterized by offering the blends B20, B50, and B100 and operates continuously.



	The biodiesel payment process sometimes required the user to pay at the cooperative’s office before biodiesel filling.
	Payment is made automatically by credit or debit card using the pump’s point of sale system, and a receipt is issued informing users about the price and CO2 savings.



	Diffusion of more information about the biodiesel blend to be used to improve engine operation and maintenance.
	The explanation in the biodiesel use guide was expanded, paying special attention to the selection of the biodiesel blend by considering temperatures below freezing and car warranties.
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Table 13. Predictive relevance for the 2019 model.






Table 13. Predictive relevance for the 2019 model.





	Endogenous Variables
	Q2—2019





	Perceived quality
	0.79



	Sustainability of the community
	0.39



	Value: price vs. quality
	0.59



	Value: price vs. sustainability
	0.07



	Satisfaction
	0.56



	Loyalty
	0.43
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Table 14. Comparative indexes for latent variables.






Table 14. Comparative indexes for latent variables.





	Latent Variable
	2017 Index
	2019 Index
	Change
	Hypothesis Testing

H0: μ1 − μ2 = 0

H1: μ1 − μ2 ≠ 0
	p Value





	Expectations
	79.51
	80.41
	=
	No significant difference
	0.437



	Perceived quality
	87.33
	85.53
	=
	No significant difference
	0.035



	Value: price vs. quality
	86.59
	93.69
	+
	Confirmed significant difference
	0



	Satisfaction
	83.19
	81.68
	=
	No significant difference
	0.071



	Loyalty
	97.55
	98.33
	+
	Confirmed significant difference
	0.005



	Payment process
	71.86
	84.33
	+
	Confirmed significant difference
	0.0001



	Biodiesel station
	84.13
	78.16
	−
	Confirmed significant difference
	0.0001



	Engine operations and maintenance
	84.94
	89.63
	+
	Confirmed significant difference
	0.0001



	Sustainable production
	95.69
	97.80
	=
	No significant difference
	0.0001



	Sustainable consumption
	91.91
	92.79
	=
	No significant difference
	0.311



	Sustainability of the community
	86.01
	91.06
	+
	Confirmed significant difference
	0.0001



	Value: price vs. sustainability
	82.81
	89.11
	+
	Confirmed significant difference
	0.0001







H0: Null Hypothesis, H1: Alternative Hypothesis.
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Table 15. Comparative indexes for manifest variables.






Table 15. Comparative indexes for manifest variables.





	Improve Dimensions
	Statistically Significant Differences in Performance





	Biodiesel price
	Value price and quality: increased

Value price and sustainability: increased



	Registration process and membership annuity payment
	The change could not be assessed because the annuity payment indicator was unreliable. Registering as a member was eliminated as a requirement for biodiesel consumption.



	Biodiesel station (installation of a pump to improve availability)
	Biodiesel station: decreased



	Biodiesel payment process
	Biodiesel payment process: increased



	Diffusion of more information on the biodiesel blend to be used to improve engine operation and maintenance
	Engine operation and maintenance: increased
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Table 16. Hypotheses testing of the MUSI-CSE’s SEM.






Table 16. Hypotheses testing of the MUSI-CSE’s SEM.










	Hypotheses
	2017
	2019





	Generic hypotheses: self-oriented benefits
	
	



	H1
	√
	√



	H2
	√
	√



	H3
	✕
	√



	H4
	√
	√



	H5
	√
	✕



	H6
	✕
	√



	H7
	√
	√



	Specific hypotheses on quality: self-oriented benefits
	
	



	H8
	NA
	√



	H8A
	√
	NA



	H8B
	√
	NA



	H9
	√
	✕



	H10
	√
	√



	Hypotheses on sustainable benefits
	
	



	H11
	√
	√



	H12
	√
	√



	H13
	√
	✕



	H14
	√
	✕



	H15
	√
	√



	H16
	√
	√



	H17
	√
	√



	H18
	✕
	√







Confirmed relationship: √; rejected relationship: ✕.
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