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Abstract

:

In order to improve the process management of table grape packaging, its performance should be evaluated. However, the literature on performance evaluation indicators is scarce. To address this research gap, we propose a method for the development of performance evaluation indicators for table grape packaging units, which are characterized by labor-intensive and highly seasonal production processes in the agro-economic sector. The stages include the following: contextualizing table grape packaging units, selecting the performance objectives, selecting techniques to be used in the development of the indicators, and applying the method to the packaging units of table grapes. The techniques adopted in the development of the indicators aimed at the cost, quality, flexibility, reliability, and speed performance objectives were data envelopment analysis, principal component analysis, quantification of the batch, compliance with the program within the established deadline, and measurement of the execution time of the batch, respectively. The results obtained in the case study demonstrate that the correlations between the performance indicators do not indicate the need to disregard any of them. Furthermore, the standard deviation values for each indicator are similar. Thus, both results of correlations and standard deviation confirm the importance of the indicators chosen for the performance evaluation of table grape packaging.
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1. Introduction


Performance measures enable the assessment of processes by monitoring the evolution of the goals set by the company for different objectives. The authors of [1] stated that monitoring favors organizational management by promoting continuous process improvement and institutional learning.



Evaluation by means of indicators has been expanding in the scientific literature [2]. Thus, myriad studies have been carried out with a focus on the definition, construction, and use of indicators for diverse objectives, such as performance evaluation, action planning, and decision-making support for global and strategic objectives in different sectors [3].



According to [4], the increase in the global competitiveness for food in the agribusiness sector has forced companies to seek greater efficiency in production processes. This demonstrates the importance of a control system that can provide essential information for performance evaluation, contributing to the development of the sustainability of the companies.



This research is relevant to the agro-economic sector as it addresses the performance evaluation of table grape packaging unit (TGPU) production processes. These units, which are also known as packing houses, are appropriate facilities that receive the grapes harvested from the field and subsequently process the cleaning, standardization (classification), and packaging [5]. They exist in several countries and exhibit the characteristics of seasonality of the process and the intensive use of labor owing to the special care required to avoid damage when handling the fruit, which is only possible using manual work.



TGPUs are considered as critical in the table grape supply chain [6,7,8]. However, no studies to date have focused on the use of performance evaluation indicators to improve the management of TGPUs. Instead, the scientific works have evaluated the following topics: the mechanization of activities [9]; the thermal environment [10]; weighing control [11]; and the effects of packaging under modified conditions and recruitment policies [12]. Thus, the gap left by the literature in this research field motivated the proposal of a method for the development of performance evaluation indicators for the productive processes of TGPUs, which is the aim of this study. The method was verified by its application to TGPUs located in the Vale do Submédio São Francisco (VSSF, São Francisco Lower Middle Valley), in northeast Brazil.



The structure of the proposed method for developing performance evaluation indicators for productive TGPU processes is illustrated in Figure 1.



The contextualization of TGPUs, the selection of the performance objectives, and the selection of techniques for developing the indicators, as well as their impact on the sustainability dimensions, are presented in Section 2. The case study of the VSSF grape production is detailed, and the calculations of the indicators are discussed in Section 3. Finally, the conclusions and suggestions for future work are provided in Section 4.




2. TGPUS, Performance Objectives, Indicator Development Techniques, and Sustainability


2.1. TGPU


The global production and consumption of table grapes increased by 73% between 2000 and 2014, owing to the greater availability of the product in the markets, increased income, and changes in eating habits for a greater consumption of fruits and vegetables [13]. In this competitive market, table grape producers must demonstrate high operational efficiency and cost-effective strategies in the supply chain [14]. Given that this production chain is highly seasonal and labor-intensive, the packaging activity is a critical process [12].



The packaging process is carried out in a TGPU, which is also known as a table grape packing house. A TGPU is a hygienic, well-ventilated, fresh, and spacious facility that is properly protected from the sun, insects, and animals, in which the cleaning, classification, and packaging of the fruit take place [5]. After the grapes arrive at the TGPU, the following activities are carried out manually: the removal of malformed, rotten, cracked, green, and damaged grapes; the classification of bunches according to the size and quality (class) as well as color (type); and packaging (placing bunches in packages and weighing).



According to [9], the greatest difficulty in mechanizing table grape packaging activities is the meticulous and delicate process required to generate an aesthetically perfect product for consumers, who select fruits based on their visual appearance. The authors added that machines would more likely cause grooves and cracks in the grapes than a worker performing the activities manually.



For a better understanding of the purpose of this work, Figure 2 depicts the post-harvest activities of the table grapes, including those carried out in a TGPU, with an emphasis on the packaging process, which is the focus of this study and for which a method for the development of TGPU performance evaluation indicators is proposed.



Similarly, to provide an improved understanding of the packaging process, Figure 3 presents the typical layout of a TGPU, in which each worker is responsible for completing the packaging process sequence. This processing method enables the recording of individual production measurements, facilitating the implementation of programs aimed at improving performance.




2.2. Measurement Systems and Selection of Performance Objectives


Several relevant, well-structured, and integrated measurement systems for organizational performance evaluation have been developed [15,16,17,18]. Each system aims to address the purpose and context of the measurement in its own manner, by delving into diverse approaches: theoretical, practical, financial, non-financial, strategic, tactical, operational, process-focused, people-driven, and many other variations. The systems frequently found in the literature are described below.



2.2.1. Performance Measurement Matrix


The performance measurement matrix, proposed by Keegan et al. [19], establishes performance measures that are derived from the organizational strategy. These measures should be able to support the internal and external multidimensional environment, be related to cost and non-cost measures, and be based on a perfect understanding of the costs’ behaviors and relationships.




2.2.2. Strategic Measurement, Analysis, and Reporting Technique (SMART)—Performance Pyramid


SMART, proposed by [20], consists of a system to support process improvement. Its development was based on the concepts of total quality management, industrial engineering, and activity-based costing. This method takes the corporate vision, which is translated into market and financial objectives, to the departments and work centers where their operations are located. The focus is on the integration between departments and work centers.




2.2.3. Balanced Scorecard


The authors in [21] presented a balanced scorecard (BSC) after determining that guiding companies by means of financial indicators alone would no longer help them to remain competitive and innovative for long periods. Focused on managing strategies, the BSC complements traditional financial measures. The four perspectives of the BSC are the financial, customer, internal process, and learning and growth perspectives.




2.2.4. Performance Prism


This was proposed by [22] to integrate the best aspects of performance measurement systems and to aggregate the different performance perspectives provided by the systems, with the stakeholders’ view in the forefront.




2.2.5. Strategic Production Objectives


The strategic production objectives developed by [23] involve the classification of indicators in five performance objectives: quality, speed, reliability, flexibility, and costs, to assess the total performance of the production system. Each of these incorporates a competitive advantage for the organization, with significant production collaboration.




2.2.6. Final Considerations of Measurement Systems


The abovementioned performance measurement systems with financial and non-financial approaches attempt to offer a view of the organization management and results by aligning their objectives to improve their processes and activities continuously.



The authors of [24] identified two trends in addressing the performance objectives of productive systems. In the first trend, the performance is approached according to the supply chain operations reference model, and in the second strategy, the authors defined their own performance objectives for operations/production management. However, according to the authors, both trends usually resort to the range of performance objectives, namely, the cost, flexibility, quality, reliability, and speed, as proposed by [23].



The author in [25] noted that [26] used the four performance objectives of cost, quality, reliability, and flexibility. The work of [27] described seven performance objectives, which they referred to as market requirements: delivery time, reliability, product characteristics, quality, design flexibility, volume, and cost. The authors of [28] summarized six objectives: cost, quality, reliability, speed, flexibility, and innovation. The author in [25] recognized the differences among the authors, but also assumed the five performance objectives proposed by [23] (cost, quality, flexibility, speed, and reliability), considering that these were present in the proposals from all authors.



Therefore, considering that the performance evaluation of the productive TGPU processes is implemented at a more operational and/or tactical level than the strategic level, this work proposes the development of performance indicators in accordance with these five performance objectives (cost, flexibility, quality, reliability, and speed).





2.3. Techniques for Developing Indicators


Initially, the objectives and examples of performance indicators for evaluating the production processes are presented. Subsequently, considering the characteristics of table grape packaging, an indicator is proposed to represent each performance objective, the techniques for developing these indicators are outlined, and the hypotheses of this work are formulated.



2.3.1. Cost Performance Objective


Lower costs than those of the competitors are sought, through either resource acquisition or more efficient transformation processes. Measures that can be used for the cost objective include:




	
minimum delivery time/average delivery time,



	
variation against the budget,



	
use of resources,



	
labor productivity,



	
added value, and



	
efficiency.








The efficiency indicator of the production process was selected to represent the cost objective in this study. According to [29], efficiency handles the relationships between the various inputs and output measures of the system. Thus, different quantitative measures related to costs are used for its creation, and it was selected as an indicator for this reason.



The work of [30] noted that the main quantitative methods for assessing efficiency techniques are the stochastic frontier, Malmquist index, and data envelopment analysis (DEA). The authors explained that the main objective of the stochastic frontier is to estimate a function to obtain maximum production by efficiently combining the factors, whereas the Malmquist index evaluates the productivity evolution of each production unit in relation to the set of units in which it exists. In addition, other contributions have been proposed to these models, such as the introduction of a conditional to some external environmental variables [31] and how time affects the process of catching up [32]. The DEA compares the units and determines the relative efficiency of each one, and for this reason, it was the selected technique.



The DEA technique was introduced [33] when seeking a broader perspective of the measures presented by [29] to calculate the efficiency of units using multiple inputs and products. It is also defined as a benchmarking technique and aims to assess the relative efficiency of units by comparing all of them [33].



The two basic models of the DEA are known as constant returns to scale (CRS) and variable returns to scale (VRS). CRS expresses the global efficiency, and VRS considers the efficiency on the scale on which the decision-making unit (DMU) operates [34]. Input-oriented models were also created in an attempt to reduce the inputs while maintaining fixed outputs, and output-oriented models were created to increase the outputs while maintaining fixed inputs. These models yielded two equivalent formulations, the results of which were the same [35].



Equation (1) exemplifies the formulation of CRS, focused on the input, which was adopted in the case study analyzed here:


   Max    E f  f 0  =     ∑   j = 1  s   u j    .    y  j 0   ,  



(1)




subject to:


    ∑   j = 1  s   u j    .    y  j k     −     ∑   i = 1  r   v i    .    x  i k     ≤   0 ,   ∀ k  










    ∑   i = 1  r   v i    .    x  i 0     =   1  








where   E f  f 0    is the efficiency of the DMU0 under analysis;    v i    and    u i    are the weights of inputs   i ,   i = 1 , … , r   and outputs   j ,   j = 1 , … , s  ;    x  i k     and    y  j k     are inputs  i  and outputs  j  of DMU   k , k = 1 , … , n  ; and    x  i 0     and    y  j 0     are inputs  i  and outputs  j  of DMU0;    v i  ,  u j  ≥ 0 , ∀ i , j  .



According to several studies [34,36,37,38,39,40,41,42], DEA is a recognized technique for assessing the relative efficiency of production units to support decision making for improved production processes.




2.3.2. Quality Performance Objective


In this objective, fewer errors are sought within the operations, with the direct reduction of waste and reworking and the elimination of surprises in the operation. Quality inspections and other processes are used to verify compliance with the specifications defined for the product. Some measures that can be used for the quality performance objective are:




	
number of defects per unit,



	
consumer complaint level,



	
waste level,



	
warranty claims,



	
average failure time, and



	
consumer satisfaction score.








Considering the characteristics of the productive process for packaging table grapes, a synthetic indicator is proposed for the various parameters that monitor product defects.



There are different means of obtaining a synthetic quality indicator, a common one of which makes use of the weighted aggregation of individual variables according to the degree of importance [43,44,45,46]. This is often referred to by the authors or by techniques as a hierarchical process analysis, which is widely applied and is based on expert judgments in paired comparisons.



Another possibility for synthesizing the quality indicator is to implement principal component analysis (PCA), which has been adopted for this purpose in certain studies [47,48,49]. It is a multivariate analysis technique that can be used to analyze the interrelationships among numerous variables and explains these variables in terms of their inherent dimensions (components). The authors in [50] explain that the technique groups individual indicators of the same measurement unit, which are collinear, to form a synthetic component that captures the common information of individual indicators as much as possible.



The proposal in this work mainly focuses on constructing the synthetic indicator using PCA so as to obtain measurements related to the quality parameters in the same unit as well as the convenience of dispensing with the use of specialists.



It is often possible to explain part of the data variation by a smaller number of variables with a data reorientation, so that several dimensions can explain the greatest possible amount of information [50]. However, the PCA may not always reduce a large number of original variables to a small number of transformed variables. When the original variables are not positively or negatively correlated, the analysis loses its value, thereby decreasing the possibility of a significant reduction in the original variables.



Finally, certain assumptions need to be confirmed in the development of the PCA. Regarding the correlation pattern between the variables, the correlation matrix should determine most of the coefficients to be above 0.30 [48], the determinant of the correlation matrix must be greater than 0.00001 [51], the global Kaiser–Meyer–Olkin (KMO) measure of sample adequacy should be greater than 0.6 [52], Bartlett’s sphericity test (multivariate normality) should be lower than 0.00005 (p-value) with the chi-square calculated to be greater than that of the distribution table [53], and the use of the first main components should reach a sum of variances above 80% [54].




2.3.3. Flexibility Performance Objective


Flexibility is understood as the ability of the manufacturing to migrate from one configuration to another, to adapt the operation to the customer needs or to the production process, and to adjust to changes in the supply channels. Flexibility refers to being able to change whenever necessary and with sufficient speed. Flexible operations adapt quickly to changing circumstances without disturbing the remaining operations. Measures that can be used for the flexibility dimension include:




	
time required to develop new products/services,



	
average batch or order size,



	
time to increase the activity rate,



	
average capacity/maximum capacity, and



	
time to change schedules.








The indicator selected for the flexibility objective of the TGPU production process was the quantification of the variety of products, so that the packaging results would vary according to the marketed orders. The flexibility indicator demonstrates the product mix per day processed at the TGPU. The composition of the flexibility indicator is described by:


   m e  =    l e    d  t e    ,  



(2)




where    m e    is the product mix per day worked at TGPU e ,    l e    is the number of batches or cycles in TGPU  e , and   d  t e    is the number of days worked at TGPU  e .




2.3.4. Speed Performance Objective


Speed refers to working in a rapid manner, thereby reducing the time interval between the start of the manufacturing process and the delivery of the product/service to the customer, and making it quicker than that of competitors. Rapid operations reduce the stock in the process between the microoperations, and can also reduce the administrative staff. Measures that can be used for the speed dimension are:




	
consumer quote time,



	
order lead time,



	
delivery frequency,



	
actual versus theoretical traversal time, and



	
cycle time.








The indicator selected for the speed objective of the TGPU production process is the batch execution cycle time. The aim of this indicator is to measure the average speed at which the operation processes a type of grape (kg) considering the number of benches available in its TGPU. Each type of grape is considered as a batch or production cycle, and the time is expressed in days. The composition of the speed indicator is represented by:


   v e  =     ∑   l = 1  r     c e l    B  D e    x    d e l     r  ,  



(3)




where    v e    is the average packaging speed in TGPU  e ;  l  is the batch;  l  = 1,…    r  ;    c e l    is the cycle in kilograms of batch  l  in TGPU  e ;   B  D e    is the benches available in TGPU  e ; and    d e l    is the number of days to execute batch  l  in TGPU  e .




2.3.5. Reliability Performance Objective


This performance objective is generally included in evaluating the total quality, and similarly to the other performance objectives, it can be viewed from an external and an internal perspective [25]. From the internal perspective, reliability is key for the system stability as a whole and, therefore, for operational excellence. From the external perspective, the key factor is the delivery of the order on time with the quantities and quality initially promised to the customer. Measures that can be used for the reliability dimension include:




	
percentage of the orders delivered on time,



	
average order delay,



	
proportion of stock orders, and



	
average deviation from arrival time promised.








The study area relates to the internal perspective, and the indicator selected for the reliability objective of the TGPU productive process is compliance with the program to the established deadline. The indicator corresponds to the delivery of the packaged grapes to the next operation within business hours. The extrapolation of the scheduled time results in a cost increase in the operations that must be executed in sequence and on the same day. The composition of the reliability indicator is presented as:


   c e  =   H  T e  − H  E  e       H  T e      ×   100 ,  



(4)




where    c e    is the reliability of TGPU  e ,   H  T e    is the total number of hours worked at TGPU  e , and   H  E  e       is the total overtime in TGPU  e .




2.3.6. Hypotheses


The following hypotheses are proposed in developing the performance indicators regarding the performance objectives:




	
null hypothesis, most or all of the performance indicators are expressed in a correlated way to assess the performance objectives of TGPUs, and



	
alternative hypothesis, most or all of the performance indicators are not expressed in a correlated way to assess the performance objectives of TGPUs.










2.4. Performance Indicators Impact on Sustainability Dimensions and Sustainable Business Models


Currently, companies are increasingly adopting sustainable practices, with the objective of improving environmental and social responsibility, while maintaining and improving profitability [55]. According to [56], the concern involving disasters of natural and human origin resulted in the need to reach a global goal of long-term sustainable development, at all environmental, social, and economic levels. In addition to exploring long-term results, companies adopt a proactive entrepreneurial approach, which aims to achieve environmental goals and encourage suppliers to develop sustainable actions [57].



According to [58], the sustainability of the agrifood supply chain is often assessed with a focus on social and environmental impacts, as is the case with TGPUs. In fact, in addition to the economic and social impacts related to workers, TGPUs impact the environment with the disposal of waste and use of natural resources, such as water for the cleaning process and electricity for air conditioning. The performance indicators adopted here have positive impacts on the different dimensions of sustainability, contributing to greater efficiency and better use of natural resources and higher quality, with less off-spec products and less waste, among other positive impacts on environmental, social, and economic sustainability.



Due to the adoption of practices related to sustainability, several definitions of sustainable business models (SBMs) have been proposed in the economic literature [59]. According to [60], an SBM must develop internal culture and structural capacity for the company to achieve sustainability, as well as collaborate with stakeholders so that the entire supply chain reaches sustainability. In agriculture studies, the work of [59] can be highlighted, in which the authors define how an SBM explores how stakeholders can contribute to innovation processes in dairy cooperatives towards sustainability. The authors of [61] have studied how promoting a culture of sustainability for a food and beverage packaging company affects supply chain actors. On the other hand, [56] studied how the sustainable and proactive behavior of a winery influences stakeholders to innovate and create business value. Here, the development of performance evaluation indicators also contributes to a sustainable business model for table grape packaging units.





3. VSSF Case Study, Results and Discussion


Initially, the production of table grapes from the VSSF is contextualized to justify the considerations adopted in the case study. Subsequently, the development of the case study and the respective results are presented.



3.1. VSSF Grape Production


This work focuses on the VSSF region, where the introduction of new crops and cultivation techniques have been made possible with modern irrigation technologies and infrastructure investments, leading to the production of fruits, vegetables, and export wines. The VSSF is considered as one of the most important agricultural regions in Brazil, particularly for the production of table grapes for export or for the domestic market. The table grape is the third most exported fresh fruit from Brazil, and almost 100% of Brazilian table grape and mango exports are produced in the VSSF.



It is worth highlighting two factors that are favorable to the competitiveness of the VSSF grape. First, the Food and Agriculture Organization of the United Nations has demonstrated a growth in the international fresh fruit market, enabling expansion of this market in countries with extensive territories such as Brazil [62]. Second, the VSSF region can offer grapes during periods of low competition in Europe. However, two significant threats are also posed. One of them is Peru, which is a new country entering this market, and is a strong competitor owing to its low labor costs, favorable climate, and international investors promoting technological advances. Another one is the fact that only few international agreements have been established to facilitate the entry of the Brazilian grape [63]. Hence, cost reductions in the entire table grape production chain of the VSSF, mainly at the TGPUs, are important, given that it is a highly seasonal and labor-intensive process.




3.2. Calculation of Indicators for Each Performance Objective


The steps carried out to develop the indicators related to each performance objective of the VSSF TGPU production process are presented below.



3.2.1. Selection of TGPUs, Process and Type of Packaging


The selection of TGPUs was based on companies with existing and consistent data to form a structured system of performance evaluation indicators for packaging units. Thus, 13 TGPUs were selected for this work.



In addition to delimiting the study area (cleaning, classification, packing/weighing activities), the verification of records corresponding to a type of packaging common to all units was defined for a homogeneous comparison, as the demand for labor in the packaging differs significantly for the different types of packaging. The selected packaging was a plastic box for 500 g of grapes, owing to its greater acceptance in the market.




3.2.2. Data Collection and Indicator Selection


A database containing approximately 35,000 operation records was collected, with reference to each day worked in the study area per employee during the period time of one year. The database included the hours and days worked, the quantity and type of grapes packaged, the results of quality inspections, and the number of benches in the TGPUs. The indicators for each performance objective were developed by using the database, as detailed below.




3.2.3. Cost Performance Objective Indicator


Cost monitoring is essential for the VSSF table grapes to be competitive in the international market at any time of the year, and it is represented in this work by the evaluation of the relative efficiency of the packaging units through the DEA.



Three inputs and one output were defined to evaluate the 13 (A to M) TGPUs (DMUs). The inputs were the number of hours worked (HW), total number of workstations (NW), and unused workstations (UW). The output was the quantity packed in kilograms (QP). These definitions did not violate the formulation of [35], who recommends that the minimum number of TGPUs should be the highest value between: (a) the quantity of inputs multiplied by the quantity of outputs or (b) three times the sum of the quantity of inputs and outputs.



Subsequently, the DEA model oriented to the input was processed with CRS to measure the relative global efficiency (C_I) of the packaging units. The results are shown in Table 1.



The global efficiency varied between 49.3% and 100%. Among the five TGPUs with a global efficiency of 100%, four achieved the highest output values, demonstrating the direct influence of the packaged quantity on the global efficiency.




3.2.4. Quality Performance Objective Indicator


Monitoring the grape quality is essential for the company to comply with the strict standards required by the international market, and it is expressed in this work by the quality indicator developed with the PCA.



The PCA variables were selected from the correlation analysis of the aggregated results of the inspections in different quality criteria for one year of operation of the TGPUs. Table 2 presents the selected variables, where higher values represent positive aspects, i.e., the higher the values, the higher the quality.



Regarding the correlation pattern among the quality variables, the correlation matrix exhibited most of the coefficients with an absolute value above 0.30. Other assumptions for using the PCA were also met: the determinant of the correlation matrix was 0.009; the KMO measure of sampling adequacy was 0.615; Bartlett’s sphericity test was 0.000; and the calculated chi-square was 42.720 with 15 degrees of freedom and a significance level of 0.000, against the critical chi-square value in the distribution table of 26.996 with a significance level of 0.05.



The quality variables already ordered were normalized to obtain zero means and unit variances. After this, the PCA was processed, with the eigenvalues, eigenvectors, loads, communalities, and quality indicators for each TGPU presented in Table 3.



Principal components (PC) 1, 2, and 3 were used, which together explained 90.487% of the total variance (3.056 + 1.687 + 0.686)/6, thereby validating the assumption of considering variances above 80%. The quality indicator (Q_I) was calculated based on the multiplication of the eigenvalues of the three main components, with the standardized variables of each packing house. Next, the values were normalized within the interval of [0–1].



TGPUs M and G exhibited the highest quality indicators, and TGPUs I and J had the worst evaluations. The high power of the method to promote the discrimination of the results for the database used is also noted.




3.2.5. Flexibility, Speed, and Reliability Performance Goal Indicators


These indicators were calculated using (2), (3), and (4) to represent the performance objectives for flexibility (F_I) to portray the product mix processed per day at the TGPU, speed (S_I) to measure the speed at which the operation processed a batch, and reliability (R_I) to measure the delivery of the schedule within the normal working hours. These values are presented in Table 4.




3.2.6. Correlations and Standard Deviations


Different measurement units were observed for each indicator. Thus, before calculating the correlation between indicators and the standard deviation of each indicator, the values were normalized to the same amplitude within the interval of [0–1], as indicated in Table 5.



Subsequently, the correlations between the five indicators and the significance matrix of the correlations were calculated. The results are shown in Table 6.



It was observed that the quality indicator was inversely proportional to the other indicators, with emphasis on the speed indicator, whose correlation was −0.86.



The significance values indicated lower results for pairs with greater correlation. Depending on these data, the two largest correlation pairs Q_I/S_I (−0.86) and C_I/S_I (0.7) obtained the lowest values of significance (0.0002) and (0.008), as well as the only results below 1%. Thus, the alternative hypothesis with a significance level of 1% was confirmed by statistical tests that showed correlation only in the pairs Q_I/S_I_ and C_I/S_I. Although the S_I indicator correlates with the two indicators mentioned above, its importance comes from the independence from the other indicators.



Subsequently, the standard deviation of each indicator was calculated. The values are presented in Table 7.



As all standard deviation values are similar, they all seem important, which reinforces and confirms the importance of the chosen indicators.






4. Conclusions


4.1. Concluding Remarks


The application of the proposed method was effective in the development of indicators for the case study performance objectives. The present method included the following steps: contextualization of TGPUs through a bibliographic survey; the selection of performance objectives by analyzing the most used ones; the choice of techniques to be used in the development of indicators through the investigation of existing techniques; and the calculation of indicators in the case study.



It is noteworthy that DEA was adopted for the definition of the relative efficiency of the units (representing the cost), and PCA was used for the quality composition. The quantification of the batch variety was applied for the flexibility. Next, the fulfilment of the schedule in the established timeline was used for the reliability. Finally, the measurement of the execution time cycle/batch was adopted for the speed.



The results obtained in the case study demonstrate that the correlations between the performance indicators do not indicate the need to disregard any of them. Furthermore, the standard deviation values for each indicator were similar. Thus, both results confirmed the importance of the indicators chosen for the performance evaluation of TGPUs.



Hence, we successfully address the gap in the literature regarding performance evaluation indicators. With our research results, the management of TGPUs, which are considered critical in the table grape supply chain, can be enhanced. The findings of this study are expected to contribute to developing more efficient methods to evaluate production units, by means of indicators that are more consistent with the business reality. The proposed method compares TGPUs and stimulates practices related to the fundamental benchmarking concept for the development of the VSSF. Another practical implication of this proposal comprehends the use of the indicators developed in the formation of actions in favor of the sustainability of the TGPUs and of the entire supply chain, resulting in positive impacts on the sustainability dimensions.




4.2. Suggestion for Future Works


Considering the potential for the practical application of the method, this work can be extended to other business groups or cooperatives of table grape producers in different regions. In addition, it is possible to extend the method to other types of production units, for example, producers of cheese, milk, wine, or coffee, so as to improve the management of units.



A possible limitation in the extension of the method to other processes concerns the selection of a sufficient number of DMUs, with similarity in the production process and in the operational records for the effective application of DEA and PCA. However, the limitation can be overcome by involving managerial actions in favor of planning data collection for the required applications.



Although this study is specific to TGPUs, its results are not limited to this work and can be considered in new research, given the importance of the indicators developed. In future research, a method can be proposed to compose these indicators in a robust global index for the evaluation of TGPUs. According to [64], the advantages of global classifications, when compared to individual indicators, are concerned with: facilitating interpretation; instruction and communication; monitoring progress over time; and use in decision making.
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Figure 1. Research structure for developing performance evaluation indicators for of table grape packaging units (TGPUs). 
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Figure 2. Post-harvest activities of table grapes, including study area of the packaging process. TGPU, table grape packaging unit. 
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Figure 3. Typical layout of a table grape packaging unit. A: empty container; B: container with grapes; C: empty packaging; D: packed grapes; E: weight; F: support for packed grapes; G: to discard; H: lighting. 
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Table 1. Table grape packaging unit (TGPU) efficiency indicators (C_I).
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	TGPUs
	QP

Output
	HW

Input
	UW

Input
	NW

Input
	C_I

Efficiency





	A
	973,325
	37,272
	39
	60
	0.745



	B
	533,335
	19,728
	26
	40
	0.769



	C
	2,214,920
	65,185
	36
	65
	1.000



	D
	2,029,925
	59,447
	27
	60
	1.000



	E
	61,220
	2789
	24
	40
	0.606



	F
	764,240
	29,343
	29
	60
	0.742



	G
	149,300
	6567
	37
	60
	0.629



	H
	320,680
	13,755
	38
	60
	0.657



	I
	1,466,700
	41,879
	24
	60
	1.000



	J
	1,641,430
	47,975
	18
	60
	1.000



	K
	438,500
	12,839
	36
	48
	0.962



	L
	417,705
	11,533
	69
	84
	1.000



	M
	68,900
	3859
	30
	40
	0.493







QP = packaging (kg/year); HW = hours worked (h/year); UW = unused workstations; NW = total number of workstations.
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Table 2. Quality variables (%).
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	TGPUs
	Var_1
	Var_2
	Var_3
	Var_4
	Var_5
	Var_6





	A
	100.00
	98.44
	41.60
	99.54
	95.82
	100.00



	B
	100.00
	99.10
	21.72
	99.28
	97.02
	99.76



	C
	99.96
	89.19
	89.34
	96.84
	98.75
	99.31



	D
	99.93
	88.26
	72.07
	99.10
	98.35
	97.55



	E
	100.00
	89.47
	65.93
	99.45
	99.12
	96.95



	F
	100.00
	91.06
	82.68
	99.55
	99.02
	95.23



	G
	100.00
	90.11
	82.07
	99.85
	99.95
	97.99



	H
	99.80
	93.82
	82.20
	98.51
	99.82
	98.30



	I
	99.30
	87.24
	33.99
	97.95
	93.94
	99.07



	J
	98.78
	89.89
	14.81
	95.32
	92.37
	97.90



	K
	99.92
	88.73
	83.25
	98.72
	99.09
	98.35



	L
	100.00
	93.43
	71.56
	97.67
	99.38
	98.01



	M
	99.72
	94.44
	83.06
	98.89
	99.81
	98.89







Var_1 = adequate weight; Var_2 = no rotten grapes; Var_3 = without scars; Var_4 = not crushed; Var_5 = not seeded; Var_6 = without insects; TGPU = table grape packaging unit.
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Table 3. Principal component (PC) analysis for the quality indicator.
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Eigenvalues

	

	
TGPU

	
Q_I

Quality

	
Q_I

[0,1]






	

	
PC1

	
PC2

	
PC3

	
PC4

	
PC5

	
PC6

	

	
A

	
0.526

	
0.932




	

	
3.056

	
1.687

	
0.686

	
0.377

	
0.145

	
0.049

	

	
B

	
0.466

	
0.917




	

	
50.940

	
79.057

	
90.487

	
96.765

	
99.184

	
100.000

	

	
C

	
0.144

	
0.831




	

	

	

	

	

	

	

	

	
D

	
0.101

	
0.820




	

	
Eigenvectors

	
Loads

	
Communalities

	
E

	
0.286

	
0.869




	

	
PC1

	
PC2

	
PC3

	
PC1

	
PC2

	
PC3

	

	
F

	
0.337

	
0.882




	
Var_1

	
0.512

	
0.242

	
0.013

	
0.894

	
0.314

	
0.011

	
0.899

	
G

	
0.780

	
1.000




	
Var_2

	
0.040

	
0.695

	
−0.120

	
0.070

	
0.903

	
−0.099

	
0.829

	
H

	
0.548

	
0.938




	
Var_3

	
0.475

	
−0.287

	
0.444

	
0.830

	
−0.373

	
0.368

	
0.964

	
I

	
−1.580

	
0.373




	
Var_4

	
0.425

	
0.269

	
−0.533

	
0.743

	
0.350

	
−0.441

	
0.870

	
J

	
−2.982

	
0.000




	
Var_5

	
0.542

	
−0.046

	
0.259

	
0.948

	
−0.060

	
0.214

	
0.947

	
K

	
0.338

	
0.883




	
Var_6

	
−0.191

	
0.549

	
0.662

	
−0.334

	
0.713

	
0.548

	
0.920

	
L

	
0.374

	
0.892




	

	

	

	

	

	

	

	

	
M

	
0.663

	
0.969
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Table 4. Indicators F_I, S_I, and R_I.
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	TGPU
	F_I
	S_I
	R_I





	A
	1.153
	116
	76.6



	B
	0.697
	85
	79.4



	C
	1.642
	155
	91.1



	D
	2.230
	191
	90.2



	E
	0.318
	87
	99.4



	F
	1.815
	145
	86.2



	G
	1.857
	91
	89.0



	H
	0.955
	73
	90.4



	I
	1.992
	226
	89.7



	J
	1.931
	255
	89.1



	K
	1.920
	110
	89.5



	L
	2.333
	81
	88.1



	M
	1.371
	52
	87.0







F_1 = cycles/day; S_I = kg/(benches × day); R_I = %; TGPU = table grape packaging unit.
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Table 5. Normalized indicators [0–1].
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	TGPU
	C_I
	Q_I
	F_I
	R_I
	S_I





	A
	0.497
	0.932
	0.414
	0.000
	0.316



	B
	0.545
	0.917
	0.188
	0.123
	0.162



	C
	1.000
	0.831
	0.657
	0.634
	0.507



	D
	1.000
	0.820
	0.949
	0.594
	0.683



	E
	0.223
	0.869
	0.000
	1.000
	0.175



	F
	0.491
	0.882
	0.743
	0.422
	0.455



	G
	0.268
	1.000
	0.764
	0.541
	0.192



	H
	0.323
	0.938
	0.316
	0.603
	0.102



	I
	1.000
	0.373
	0.831
	0.574
	0.854



	J
	1.000
	0.000
	0.800
	0.548
	1.000



	K
	0.926
	0.883
	0.795
	0.565
	0.286



	L
	1.000
	0.892
	1.000
	0.503
	0.144



	M
	0.000
	0.969
	0.523
	0.456
	0.000
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Table 6. Correlations among five indicators and significance matrix of the correlations.
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	C_I
	Q_I
	F_I
	R_I
	S_I





	C_I
	1
	
	
	
	



	Q_I
	−0.53
	1
	
	
	



	F_I
	0.66
	−0.31
	1
	
	



	R_I
	0.03
	−0.15
	0.00
	1
	



	S_I
	0.70
	−0.86
	0.49
	0.10
	1



	Significance
	
	
	
	
	



	C_I
	-
	
	
	
	



	Q_I
	0.0608
	-
	
	
	



	F_I
	0.0151
	0.3095
	-
	
	



	R_I
	0.9109
	0.6212
	0.9946
	-
	



	S_I
	0.0080
	0.0002
	0.0917
	0.7431
	-
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Table 7. Standard deviations.






Table 7. Standard deviations.





	TGPU
	C_I
	Q_I
	F_I
	R_I
	S_I





	Standard deviation
	0.366
	0.284
	0.304
	0.242
	0.308
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