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Abstract: This paper develops a quantitative tool for the assessment of sustainability at the 
company’s level, taking into account its three key perspectives, i.e., economic, environmental and 
social. The proposed framework is grounded on fuzzy logic and in particular on a monotonic 
hierarchical fuzzy inference tool, as an effective means to gather the judgements and scores against 
the key performance indicators (KPIs) of each sustainability perspective into an aggregated index. 
In developing the fuzzy inference tool, we also solve some typical issues related to the assessment 
of sustainability, e.g., the identification of benchmark values to rate the company’s performance 
against each sustainability KPI. The architecture of the fuzzy inference tool was embodied in an  
ad hoc software developed in Microsoft ExcelTM (Microsoft Corporation, Albuquerque, NM, USA), 
which makes it easy to use the proposed framework in practical situations. The potential of the 
software tool developed is illustrated by means of a case study, targeting a food machinery 
company, for which the overall evaluation of sustainability is carried out. 

Keywords: sustainability evaluation; fuzzy inference; software tool; food machinery industry;  
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1. Introduction 

Over the past few decades, the concepts of sustainability and sustainable development have 
emerged as humanity has become more cognizant of its increasing impact on the world [1]. 
Sustainable development, i.e., “the development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs” [2], is more and more 
relevant to industry and supply chains. It is nowadays acknowledged that sustainable development 
should embrace three main perspectives, i.e., economic, environmental and social  
sustainability [3–6]. Seuring and Müller [7] introduced the concept of sustainable supply chain 
management (SSCM) to describe the situation where a company should embrace the three 
sustainability perspectives, as the same time maintaining its competitiveness. SSCM describes “the 
management of material, information and capital flows as well as cooperation among companies 
along the supply chain while taking goals from all three dimensions of sustainable development, i.e., 
economic, environmental and social, into account which are derived from customer and  
stakeholder requirements” [7]. 

Recently, several authors pointed out the importance of measuring the company’s performance 
in terms of sustainability [8]. The purpose of sustainability assessment is to provide the  
decision-makers (DMs) with an evaluation of a system’s global (or local) perspectives, to assist them 
to determine which actions to undertake in an attempt to make the system more sustainable [9]. 
Searcy [10] highlighted that sustainability performance measurement requires a systematic, 
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structured and integrated approach that considers all aspects of the enterprise sustainability. 
However, there are some main challenges related to this point. First, before an assessment can be 
made, all of the key aspects of sustainability should be identified, which is not trivial [11]. Second, 
even if all of the relevant aspects have been considered in the evaluation, measuring all of them in a 
meaningful unit is not always feasible [12]. This is in particular the case for the social sustainability 
perspective, which still lacks specific and quantitative indexes [5]. When more metrics are available 
for a similar performance, a further issue is that different companies might decide (even arbitrarily) 
to use different indexes [13]. Indeed, the relevance of each index could depend on the specific 
company evaluated or on the market segment where this company operates. Third, to derive an 
overall evaluation of the system’s sustainability, the scores obtained against each indicator need to 
be aggregated into a composite score. As a matter of fact, although the combination of more metrics 
in a composite index involves losses of information, composite indicators are increasingly adopted 
in the context of sustainable development, as they allow for the simultaneous evaluation of multiple 
aspects, which can then be summarized into a single comparable index [12]. However, several issues 
can complicate the aggregation. First, different measurement units are typically used when 
evaluating different indicators, which makes it difficult to aggregate them. Furthermore, some 
indicators may have a qualitative/subjective nature, while other ones can be measured in quantitative 
terms [12]. Finally, to be meaningful, indicators often need to be compared to a reference value, such 
as a threshold or benchmark, because of the need for assessing how a company is distant from a  
target [14–16]. Indeed, the absolute numerical value of a key performance indicator (KPI) can 
obviously change depending on the company examined or the industry field, and therefore, it tells 
very little about the sustainability level of a company [17]. This is, for instance, the case for the 
company’s turnover: a turnover of, e.g., 1,000,000 €/year can be judged as high in a specific market 
and low in a different one, with a different impact on the economic sustainability. 

Taking into account the considerations above, this paper attempts to provide an integrated and 
quantitative tool for the assessment of the company’s sustainability. The proposed framework aims 
at considering all three perspectives of sustainability, i.e., the economic, social and environmental 
ones, and integrating the scores against the different indicators in an overall evaluation index. A 
monotonic hierarchical fuzzy inference tool is used as the aggregation method, in line with the fact 
that fuzzy logic is recognized as an effective tool to evaluate ill-defined concepts, such as 
sustainability [18–20]. 

The paper proceeds as follows. The next section reviews the literature relevant to this study. 
Section 3 details the fuzzy inference tool developed, together with its implementation into an ad hoc 
software tool. Section 4 provides an application example, where the proposed tool is used to evaluate 
the sustainability of a food plant manufacturing company. Section 5 concludes by summarizing the 
key findings of the study, the main implications and limitations and highlighting future  
research directions. 

2. Literature Review 

It is a common practice of the DMs to address the economic pillar of sustainability [7]. From an 
economic perspective, a supply chain should aim at providing products or services to the final 
customer at the minimum cost. Nonetheless, increasing efforts have recently been directed at the 
environmental pillar of sustainability, i.e., the adoption of environmentally-conscious business 
practices, with the aim to avoid the over-use of depleting resources or, as an alternative, to privilege 
the use of resources that have less potential for depletion [21]. Researchers have examined different, 
stand-alone topics related to the environmental pillar of sustainability [22–30], including also reviews 
on the topic [7,31–33]. Compared to the environmental and economic perspectives, the pillar 
associated with social sustainability is less analyzed and still not well defined [1]. Typically, 
researchers relate the social perspective to legislative issues, human health or safety problems, as well 
as cultural or ethical decisions (e.g., gender equity and fair distribution of job opportunities) [34,35]. 
Researchers have also investigated specific topics in the field of sustainability, e.g., the relationships 
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between reverse logistics and social sustainability [36] or sustainable supplier selection problems [37–
39]. 

The available literature offers several models that try to evaluate simultaneously the three main 
pillars of sustainability. However, it is appropriate to distinguish among studies that address the 
sustainability assessment of macro-systems (e.g., a region, state, country or policy) and papers that 
carry out the same assessment at the company/supply chain level. The former group of studies  
(e.g., [12,16,18,19,40,41]) has a limited relationship with the present paper. Indeed, our chosen context 
of analysis is quite different, as we focus on the evaluation of the sustainability level at the 
company/corporate level. It is hard to transfer indexes and metrics used to assess the sustainability 
level of a state or country to the case of a company. Similarly, the benchmark required for the 
evaluation of sustainability in the two contexts is completely different. Therefore, in line with the 
scope of our research, we focused our review on the works that considered all three perspective of 
sustainability and that either carry out the assessment of sustainability in a company/supply chain or 
propose the use of fuzzy logic for sustainability assessment. 

Among the different models that can be used for the analysis of sustainability [42], we targeted 
quantitative models, because of their capability to measure and compare the various aspects of 
sustainable development. Examples of these models include simulation models [43], economic 
models [44], policy-endorsed quantitative models [45] and fuzzy logic-based models [19].  
Hassini et al. [46] described the key supply chain processes to be considered when evaluating the 
sustainability of a company, i.e., sourcing, transformation and delivery. They also reviewed the 
available literature with the purpose of deriving suitable performance indexes for each process and 
finally provided a quantitative assessment of sustainability in a real context. Ahi and Searcy [47] 
carried out a detailed review of 445 papers, with the purpose of identifying the main indexes for 
sustainability assessment according to its three perspectives. The authors found 2555 unique metrics, 
the majority of which appeared only once in the literature; environmental indexes (e.g., energy use 
or greenhouse gas emissions) were found to be the most popular metrics adopted by researchers. 
Wilson [48] explored the application of the three pillars of sustainability in the context of a main 
retailer, through a case study-based research. Tajbakhsh and Hassini [49] proposed a data 
envelopment analysis (DEA) model for the evaluation of sustainability of supply chain operations, 
from the economic, environmental and social perspectives. They applied their model to two 
companies, operating in the manufacturing sector and in the service one. Mota et al. [50] proposed a 
multi-objective mathematical programming model designed to address the general issue of supply 
chain design and planning, but that, at the same time, integrates the three pillars of sustainability. 
From an economic perspective, the authors considered the total costs of the supply chain, while, from 
an environmental one, they made use of an environmental assessment methodology. Finally, the 
social perspective was addressed by means of ad hoc indicators, which capture the social and political 
concerns of the company. Chen and Andresen [51] carried out a similar work by developing a  
multi-objective programming model, which jointly minimizes costs, emissions and employee injuries 
in a supply chain. The analytic hierarchy process (AHP) is used to set the weights of the three 
objectives before solving the model and then to normalize the related outcomes. Ahi and Searcy [52] 
proposed a mathematical model for assessing sustainability in a supply chain, based on a 
probabilistic representation of sustainability. The model takes into account enablers and barriers to 
sustainability and is conceived of to quickly provide feedback on the sustainability status of supply 
chains over time. 

The use of fuzzy logic for the assessment of sustainability was originally suggested by Phillis 
and Andriantiatsaholiniaina [38] and Andriantiatsaholiniaina et al. [39], who evaluated the 
sustainability level of countries and developed an approach, called SAFE (sustainability assessment 
by fuzzy evaluation), which includes indexes specific to this particular context. Examples of the 
evaluation of the company’s sustainability through fuzzy logic can be found in [40,53,54].  
Sabaghi et al. [40] developed a fuzzy-inference system to evaluate product/process sustainability. 
Fuzzy AHP, coupled with the Shannon’s entropy formula, was used to determine the relative 
importance of each element in the hierarchy. The proposed methodology has been designed expressly 
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for the evaluation of the sustainability of a product or manufacturing strategy and therefore covers 
only a specific facet of the sustainability of a company/supply chain. Kouikoglou and Phillis [53] have 
proposed a model that uses hierarchical fuzzy reasoning to assess corporate sustainability, focusing 
on the social and environmental perspectives, starting from a number of inputs. The model is applied 
to two case studies referring to as many companies operating in the cement industry. Phillis and 
Davis [54] have developed a multi-stage fuzzy reasoning model, which was presented to assess a 
corporation’s sustainability. The model includes both human and ecological components. Human 
components embody the economic, political, knowledge and welfare perspectives, while the 
ecological component involves inputs related to air, water, land and biodiversity. A typical property 
of models that make use of fuzzy logic is monotonicity: this means that the aggregate measure should 
increase whenever one of its inputs improves, all others being constant. 

The present paper takes inspiration from the works that applied fuzzy logic (and monotonic 
fuzzy inference models in particular) to the assessment of the company’s sustainability. At the same 
time, the paper goes beyond the existing literature in the following ways: 

 It develops a monotonic hierarchical fuzzy inference tool that allows assessing the sustainability 
at the corporate level, taking into account its three key perspectives, i.e., the economic, 
environmental and social aspects; 

 it suggests a set of indexes useful to assess sustainability according to the perspectives listed 
above, along with their computational procedure; 

 it solves some issues related to the definition of the scales and benchmark for the evaluation of 
the company’s performance against each sustainability index, thus allowing the DM to evaluate 
how a company is close to or far from a target value; 

 it embodies the fuzzy inference model in a Microsoft ExcelTM software ((Microsoft Corporation, 
Albuquerque, NM, USA) tool that makes the application of the framework straightforward and 
enables its practical use by DMs. 

3. The Methodological Approach 

The scheme followed to develop the model consists of three main steps and several sub-steps 
shown in Figure 1. 

 
Figure 1. Scheme followed to develop the sustainability assessment model.  
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3.1. Key Performance Indicators 

The first step for developing the assessment tool consists of the identification of the suitable 
indexes for sustainability evaluation. The following sub-steps are required: 

1. Choosing the appropriate KPIs; 
2. Identifying a proper measurement unit for each KPI; 
3. Evaluating the need for a benchmark for each KPI; 
4. Aggregating the KPIs into a hierarchy structure. 

With respect to Sub-steps (1) and (2), we have recalled earlier that identifying all of the key 
aspects of sustainability is not trivial [31]. Nonetheless, the available literature offers several studies 
that list and describe useful KPIs for sustainability assessment at the company or supply chain level 
(e.g., [47,48,55,56]). These studies were examined and used as the basis to derive a set of KPIs for 
sustainability evaluation, focusing on performance indexes suitable for a quantitative assessment; 
these indexes are summarized in Table 1, together with a suitable computational procedure. In the 
same table, we have also reported the source from which each KPI was derived. The list of KPIs in 
Table 1 should be regarded as a proposal of metrics and indexes for sustainability assessment at the 
corporate level, but cannot be claimed to be exhaustive or of general validity. Rather, it is reasonable 
to expect that depending on the case under examination, some KPIs could be removed (because they 
are not relevant for the specific context or company) or added, with the purpose of capturing peculiar 
aspects of sustainability. We will discuss this point in the case study section. 

Sub-step (3) will be addressed in the case study section, as well, as the need for a benchmark 
chiefly depends on the KPIs selected for a specific company and on the chosen measurement unit. 

With respect to Sub-step (4), the aggregation of KPIs in a hierarchical structure helps make the 
application of the fuzzy inference tool more straightforward. Figure 2 shows a possible aggregation 
of the KPIs listed in Table 1. It should be remarked that, although Figure 2 shows the aggregation of 
two KPIs at a time (for the sake of simplicity), the proposed approach can be easily extended to the 
aggregation of more inputs, as also confirmed by the studies available in the literature [54,55]. Indeed, 
the way inputs should be aggregated is ultimately a choice of the DM, it being understood that the 
combination of KPIs should be always supported by some logic.  
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Table 1. Proposal of KPIs for the assessment of the company’s sustainability. 

Sustainability 
Perspective 

KPIs and Source Description and Computational Procedure 

Economic Delivery flexibility [56] 
Ratio between the number of times the request to change the date for delivery is satisfied and the 
total requests 

 Mix flexibility [57] Ratio between the number of times the request to change the mix is satisfied and the total requests 
 Customization [57] Ratio between the number of times the request of personalization is satisfied and the total requests 

 Warehouse turnover rate [58] 
Number of times per month where the items rotate, i.e., they are replaced in the warehouse;  
the higher the number of rotations, the higher the capacity of the company to recover the financial 
resources invested in the production of the good 

 Rate of defects [47] 
Ratio between the number of non-compliant products and the total number of products;  
it provides a measure of the quality of the company 

 Rate of multiple-sourcing [59] 
Percentage of supplies for which a multiple-sourcing strategy is adopted; this KPI evaluates the 
risk of a supplier's failure: the higher is the number of different suppliers, the lower is the risk of 
the supplier’s failure 

 Customer satisfaction [47] 
It measures the extent to which the product supplied by a company meets the  
customer’s expectation 

 Out-of-stock [60] 
Number of days per year in which the company does not have goods available to sell to the  
final customer 

 Sales growth [47] It reflects the increase in the company’s sale compared to the previous year  
 Market share [47] The share of the company’s sales compared to the total market’s sales  

 Return on investment (ROI) [47] It is a financial performance referring to the company’s balance sheet, computed as the ratio 
between the net income and the amount of capital invested 

 Turnover [61] Company’s annual turnover  
 Cost of sales [61] Total cost of the items manufactured and sold; it is derived from the company’s balance sheet 
 Inventories [46] Economic value of the amount of stocks; it is derived from the company’s balance sheet 
 Investments in R&D [47,61] Amount of capital invested in R&D annually by the company  
 Net profit [47] It is a measure of the company’s profitability and is taken from the company’s balance sheet  

Environmental Eco-design [62] Percentage of products realized applying environmentally-sustainable design concepts 

 Carbon footprint [47] Amount of greenhouse gas emission of the products manufactured by the company; it is typically 
obtained as the output of a life-cycle assessment (LCA) analysis  
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 Energy footprint [63] 
Measure of land required to absorb the CO2 emissions of a product manufactured by the 
company; it is typically obtained as the output of an LCA analysis 

 Water consumption [47] Amount of freshwater taken from ground or surface sources 
 Air emissions [47] Amount of pollutants released into the atmosphere 
 Use of hazardous materials [64] Amount of hazardous, harmful or toxic material used in production 
 Product recycling rate [65] Percentage of finished products recycled  
 Product non-recycling rate [65] Percentage of finished products discharged 
 Packaging recycling rate [66] Percentage of packaging material recycled 
 Packaging non-recycling rate [66] Percentage of packaging material disposed in landfill 
 Unitary transport cost [28] Unitary cost associated with the transport activities 

Social Work shift [47] Average number of hours worked per week by an employee  
 Salary [1] Average annual cost per employee  
 Employment gender ratio [67] Percentage of female workers with respect to male workers  
 Job training [68] Percentage of workers who attended training courses  
 Full-time workers [67] Percentage of full-time workers out of the total amount of employees  
 Temporal working continuity [69] Ratio between the number of new hired workers and of layoffs in one working year  
 Safety training [68] Percentage of workers who attend training courses on safety and emergency procedures  

 Work injury [51] 
Ratio between the number of days in which work injuries occurred and the total number of 
working days  

 Local suppliers [70] Ratio between the number of local suppliers and the total number of suppliers  
 Local workers [70] Ratio between the number of local workers and the total number of employees  
 Claims [47] Number of complaints received from the customers out of the total number of customers served 

 Supplier’s screening for human 
rights [71] 

Percentage of suppliers evaluated on the respect for human rights  

 Sustainable suppliers [71–73] Percentage of suppliers that are evaluated and selected taking into account their orientation 
towards sustainability 
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Figure 2. Proposal of the hierarchy structure of the KPIs in Table 1. 
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3. Setting the fuzzy linguistics scales. 

In Sub-step (1), the DM should get a quantitative score that expresses the company’s 
performance against each end-level KPI, according to its measurement unit. With respect to  
Sub-step (2), whenever the KPI requires a benchmark to be evaluated in a meaningful way, the 
reference value should also be retrieved. As an example, the best competitor can represent a useful 
benchmark to rate the company’s performance; for some KPIs, official benchmarks might also  
be available.  

As far as Sub-step (3) is concerned, the DM needs to define specific scales for each end-level KPI, 
to turn the company’s performance into a fuzzy number. No general scales can be defined at this 
stage, because of the differences that can exist among diverse companies and market fields evaluated. 
Rather, the fuzzification scales need to be tuned anytime a new company is being evaluated or new 
KPIs are included in the assessment. Besides this practical aspect, from a technical perspective, 
different kinds of scales can be used when dealing with fuzzy numbers, although Chen and Ku [75] 
found that most of the times, researchers make use of 4-point or 5-point linguistic scales. In addition, 
triangular or trapezoidal fuzzy numbers can be used almost indifferently to translate the linguistic 
judgements into fuzzy values [75]; therefore, in practical cases, these decisions are left to the DM. 

To illustrate the framework and its software implementation, we suppose that a 4-point 
linguistic scale (very good, VG; good, G; poor, P; and very poor, VP) is used to rate the company’s 
performance against the end-level sustainability KPIs and that trapezoidal membership functions are 
adopted. The mathematical definition of trapezoidal fuzzy numbers is the following [73]: 

( ) =
0 <−− 	 ≤ ≤1 	 ≤ ≤−− 	 ≤ ≤0 >

 (1)

where  denotes the numerical value of the variable, ( ) the corresponding membership degree, 
and , ,  and  the numerical values that describe the shape of the trapezoidal fuzzy number.  

Let us consider, as an example, the end-level KPI “Mix flexibility”, i.e., the ratio between the 
number of times the request to change the mix is satisfied and the total requests (Table 1). It is 
reasonable to expect that its numerical value will be expressed as a percentage in the [0–1] range, 
with the target (benchmark) being 100% (the higher the better). Translating this range into a fuzzy 
scale is relatively easy, with the only issue being the definition of the shape of the trapezoidal fuzzy 
number ( , ,  and ). Let us suppose that, based on his/her experience and knowledge of the 
specific context or based on scales available in the literature [38,73], the DM has defined the 
trapezoidal fuzzy numbers as follows: 

 VP: between 0% and 25%, with ( ) = 1 if 0 ≤ ≤ 0.2; 
 P: between 20% and 50%, with ( ) = 1 if 0.25 ≤ ≤ 0.45; 
 G: between 45% and 75%, with ( ) = 1 if 0.5 ≤ ≤ 0.7; 
 VG: between 70% and 100%, with ( ) = 1 if ≥ 0.75. 

As mentioned, “Mix flexibility” is an example of a KPI whose numerical value is expressed as a 
percentage in the [0–1] range. Anytime a KPI can be expressed in this range, it is reasonable to expect 
that either a “the lower the better” or a “the higher the better” logic applies. The benchmark, 
therefore, is automatically defined, being 0 in the former case and 1 in the latter one. On the contrary, 
whenever a KPI cannot be measured on a [0–1] scale (as for the case, e.g., of the company’s turnover), 
the DM should also retrieve a benchmark (e.g., the best competitor performance) to compare the 
company’s score with a target value. Obviously, the DM could also need to redefine the linguistic 
scale to be used in the fuzzification interface. 
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3.2.2. Inference 

The inference is a decision process that takes as inputs the fuzzy numbers obtained from the 
fuzzification interface and generates as output a new fuzzy set, with a corresponding degree of 
membership, called the “truth value” of the rule. The process is based on a series of “if-then” rules 
that link fuzzy inputs and outputs, in the following way: 

IF x is A AND y is B (premises) THEN z is C (conclusion)  

where ,  and  are the linguistic values defined by fuzzy sets on the universe of analysis ,  
and , respectively. By inference of these rules, the conclusions can be drawn through fuzzy 
reasoning and by means of fuzzy implication functions (for further details, see [76,77]). 

The following sub-steps should be carried out: 

1. Setting the fuzzy inference rules to aggregate the KPIs iteratively; 
2. Computing the overall sustainability. 

Starting from Sub-step (1), the inference process is to be applied anytime two (or more) KPIs 
should be combined to derive an aggregated performance index, which allows moving from the  
end-level KPIs upstream in the hierarchy structure of Figure 2. Let us consider the case of two  
end-level KPIs, e.g., “Mix flexibility” and “Customization”, whose score should be aggregated. Both 
KPIs have been previously evaluated on a 4-point linguistic scale; however, when aggregating them 
in the inference process, it could be appropriate to introduce a fifth judgment (average, A) to describe 
intermediate situations where the company’s performance against the two KPIs is conflicting. If a 
new judgement is added, the linguistic scale should obviously be redefined; an example is  
provided below: 

 VP: between 0% and 20% with ( ) = 1 if ≤ 0.15; 
 P: between 15% and 40% with ( ) = 1 if 0.20 ≤ ≤ 0.35; 
 A: between 35% and 60% with ( ) = 1 if 0.40 ≤ ≤ 0.55; 
 G: between 55% and 80% with ( ) = 1 if 0.60 ≤ ≤ 0.75; 
 VG: between 75% and 100% with ( ) = 1 if ≥ 0.80. 

Figure 3 shows an example of if-then rules that can be adopted to aggregate two end-level KPIs 
in the inference process, assuming that the same relative importance has been assigned to “Mix 
flexibility” and “Customization”. Obviously, this is once again a choice of the DM, who could also 
decide on a different balance between the two KPIs. 

 
Figure 3. Example of if-then rules for the inference process with two end-level KPIs. VG, very good; 
G, good; P, poor; VP, very poor; A, average. 

Because the result of the aggregation of two end-level KPIs is expressed on a 5-point scale, when 
aggregating performance judgements at a higher level of the hierarchy, both inputs will be expressed 
on a 5-point scale. This implies that additional if-then rules should be formulated; a set of possible 
rules is shown in Figure 4, assuming again the same importance of both performance judgements. 
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Figure 4. Example of if-then rules for the inference process for non-end-level KPIs. 

Further situations that can occur during the inference process are: 

 the aggregation of an end-level KPI (4-point scale) with a performance judgement at a higher 
level of the hierarchy (5-point scale); in this situation, the rules proposed in Figure 4 can still be 
adopted, provided that the A judgement is neglected for one of the inputs; or 

 the aggregation of more than two end-level KPIs; this means that further rules should be 
designed; some examples of these rules can be found in [39,55]. 

As mentioned earlier in the paper, monotonicity is a typical and desirable property of 
aggregation mechanisms; to ensure monotonicity, in the proposed approach we adopted the 
hierarchical sum-product inference process [78]. According to this method, the logical operator AND 
that connects the premises of an inference rule is represented algebraically by the product of the 
individual truth values. If more than one rule returns the same linguistic judgement as the conclusion, 
its overall membership degree is obtained as the sum of the individual truth values.  

The process described above should be applied until three performance judgements (along with 
the related fuzzy numbers) are obtained for the economic, environmental and social sustainability 
perspectives. With these values, the overall sustainability of the company can be evaluated  
(Sub-step (2)). However, because of the presence of three inputs, combining the economic, 
environmental and social performance requires a slight adjustment of the inference rules, which 
should be modified as follows: 

IF economic perspective is K AND environmental perspective is J AND social 
perspective is Q (premises) THEN company’s sustainability is Z (conclusion) 

 

This situation can be addressed, once again, designing more rules (125 in total); useful examples 
are available in [39,55].  

3.2.3. Defuzzification Interface 

The defuzzification process consists of replacing the fuzzy set(s) with a corresponding crisp 
value. Two sub-steps are required, i.e., 

1. choosing the defuzzification method; 
2. normalizing the final score. 

As far as Sub-step (1) is concerned, Van Leekwijck and Kerre [79] found that one of the most 
used defuzzification procedure is the fuzzy mean (FM) method, because of its simplicity and 
effectiveness. The FM defuzzification method consists of the application of the following formula: = ∑∑  (2)

In Equation (2), FC represents the number of fuzzy conclusions, and  is the truth value of 
conclusion  as it results from the inference.  is the numerical value associated with the kth 
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conclusion, which is assumed to be the numeric value at which the kth membership function reaches 
its maximum (for trapezoidal fuzzy numbers, the average between the two boundaries where the 
membership degree is maximum is taken). 

The crisp value obtained through the FM method is useful to compare the performance of 
different companies in terms of sustainability and to rank them. However, the crisp value obtained 
at this stage and its range of variation depend on the type of fuzzy numbers and scales used. Hence, 
a final normalization (Sub-step (2)) could be appropriate to get an output ranging from zero to one 
(the higher the better). The following formula can be used to this end: = ( – )( – ) (3)

where  is the crisp value of the sustainability index before normalization and  and  are 
the lowest and highest boundaries of its range of variation, respectively.  and  reflect the 
extreme situations where the company’s performances all score the lowest or highest value of the 
linguistic scale. 

3.3. Software Implementation 

The fuzzy inference tool described in the previous subsections was implemented under 
Microsoft ExcelTM to develop a user-friendly software that can be exploited by a DM to evaluate the 
sustainability level of his/her company. Appropriate macros were programmed in Visual Basic for 
Applications (VBA) to carry out recurring operations, such as fuzzification and inference, as well as 
to help process a wide amount of fuzzy numbers, which obviously increases the  
computational complexity.  

The Microsoft ExcelTM file consists of four spreadsheets (Figure 5). The three key sustainability 
perspectives are analyzed separately in Spreadsheets 1–3. Each spreadsheet embodies the hierarchy 
structure of the perspective and the inference rules to aggregate the related KPIs. Because the 
procedures and functions implemented in Spreadsheets 1–3 are the same for each perspective, for the 
sake of brevity, their description in Sections 3.3.1–3.3.3 is limited to the economic perspective of 
sustainability. The evaluation of the overall sustainability level is carried out in Spreadsheet 4, whose 
functioning is described in Section 3.3.4. 

 
Figure 5. Scheme of the Microsoft ExcelTM tool for sustainability assessment. 

3.3.1. Graphical Interface: Input 

The first element of each spreadsheet is a graphic, user-friendly, interface where the DM can 
insert the input data, i.e., the end-level KPIs that will be used to evaluate the company’s sustainability. 
The software tool is pre-programmed with the list of end-level KPIs proposed in Table 1; for each 
KPI, the DM should first decide whether to retain it in its original form, adapt it to the chosen context 
of analysis or remove it. Should a KPI be retained (either in its original form or with modifications), 
the DM will be asked to enter the following input data: 

 the numerical values reflecting the scores of the company against the KPI, expressed in the 
appropriate measurement unit; 

 the indexes to which the KPI should be aggregated in the hierarchy structure; 
 the benchmark values (if/when required) and the way the comparison with the benchmark 

should be made (e.g., ratio, percentage difference, etc.); 
 the type of fuzzy linguistic scales and fuzzy numbers to be used in the fuzzification interface. 

Graphic
interface -

input

Computation
of the final

value

Aggregation
of KPIs

Perspective
evaluation

Microsoft ExcelTM Spreadsheets #1-#3 Microsoft ExcelTM

Spreadsheet #4

Overall sustainability
evaluation - output
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Moreover, the user can set the relative importance of the elements processed by fuzzy if-then 
rules in the inference. 

3.3.2. Computation of the “Final Score” 

On the basis of the scores of the company against the end-level KPIs, the benchmark values and 
the way the comparison with the benchmark should be made, the software tool computes a “final 
score” for each end-level KPI. This crisp value compares the performance of the targeted company to 
the benchmark value. The steps listed in Figure 6 have been implemented in Microsoft ExcelTM to 
automate the computation of the “final score”. 

 
Figure 6. Steps for the computation of the “final score” in Microsoft ExcelTM. 

Whenever the comparison with the benchmark is not required, the “final score” directly reflects 
the input entered by the DM. Otherwise, it is computed by comparing the company’s performance 
to the benchmark, according to the computational procedure chosen by the user (e.g., as the ratio 
between the input value and the benchmark). Figure 7 shows an example of input data entered by 
the user and of “final score” returned by the proposed tool. 

 

Figure 7. Graphical interface implemented under Microsoft ExcelTM. 

  

Input Computational
procedure Output

End-level KPIs Company’ performance 
Numerical value

End-level KPIs
Final score

Benchmark
Numerical value

User settings - benchmark values:
- None (the higher the better);
- None (the lower the better);
- best competitor;
- official benchmark 

User settings – computational procedure:
- Ratio between company and benchmark;
- Percentage difference between company 

and benchmark

KPIs - economic perspective Measurement unit Company's value Benchmark Benchmark value Computational procedure Final score
Delivery flexibility % 95.00% None (the higher the better) ---- ---- 95.00%
Mix flexibility % 25.00% None (the higher the better) ---- ---- 25.00%
Customization % 40.00% None (the higher the better) ---- ---- 40.00%
Inventory turn rate month (̂-1) 2.30 best competitor 1.95 company/benchmark 117.95%
Rate of defects in the final product % 1.00% None (the lower the better) ---- ---- 1.00%
Rate of multiple sourcing % 23.00% None (the higher the better) ---- ---- 23.00%
Compliants from the final customer's % 0.57% None (the lower the better) ---- ---- 0.57%
Stockout days 3.10 None (the lower the better) ---- ---- 310.00%
Sales increase % 32.00% best competitor 25.00% company/benchmark 128.00%
Market share % 15.00% best competitor 21.00% company/benchmark 71.43%
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3.3.3. Aggregation of KPIs 

As already recalled, indexes should be subsequently aggregated starting from the end-level 
KPIs, following the hierarchy structure defined by the user. The software tool allows the user to 
choose up to three KPIs to be aggregated at each level of the hierarchy structure to build the decision 
model, starting from the end-level KPIs retained. 

Figure 8 lists the steps implemented in Microsoft ExcelTM to automate the aggregation of the 
KPIs. For simplicity, the figure and related description refer to the aggregation of two KPIs.  

 

Figure 8. Steps for the aggregation of the KPIs under Microsoft ExcelTM. 

The input of the aggregation is the final score of each KPI, as it results from the computation 
made in the previous step. This value is translated into linguistic variables, using the scale set by the 
user: as an example, Figure 9 shows the user settings and the fuzzification process of a generic 
economic KPI. In this example, the user has selected a 4-point scale (from VP to VG) with trapezoidal 
fuzzy numbers, whose definition reflects those available in the literature [38,73]. 

 

Figure 9. Example of fuzzification under Microsoft ExcelTM. 

The next step is to aggregate the two KPIs by applying the fuzzy if-then rules, which allow the 
DM to derive a “new index”. The fuzzy if-then rules described in Section 3.2.2 have been 
programmed into appropriate VBA macros to recall them in an automated way. Different code 
modules have been encoded to generate the inference rules to aggregate the end-level KPIs, the “new 
indexes” or a combination of them (i.e., a KPI and a “new index”). By default, the if-then rules assume 

Input Fuzzification 
interface Inference Output

End level KPI #1
Final score

End level KPI #2
Final score

End level KPI #1
Linguistic judgement + 

membership degree New Index
Linguistic judgement(s) + 

membership degree(s)End level KPI #1
Linguistic judgement + 

membership degree

Fuzzy if-then
rules

User setting - Type of fuzzy number
- trapezoidal;
- triangular

User settings:
- Number of points in the scale (4 vs. 5);
- Label of each point

DELIVERY FLEXIBILITY Trapezoidal fuzzy number Membership
degree

Linguistic judgement a b c d μ (x)
Very Poor 0.00% 50.00% --- 55.00% 0.00
Poor 50.00% 55.00% 70.00% 74.00% 0.00
Good 70.00% 74.00% 88.00% 95.00% 0.71
Very Good 88.00% 95.00% --- 100.00% 0.29

KPI value = 90%

User setting - boundary values
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the same importance level for each element aggregated in the inference process; otherwise, the user 
can set a different importance value for one of the KPIs to be aggregated. 

Figure 10 provides an example of the aggregation of two end-level KPIs as it is performed in 
Microsoft ExcelTM. The company’s performance against the two KPIs (left part of Figure 10) has been 
judged as follows: 

 KPI#1 = P with ( ) = 0.5 and G with ( ) = 0.5; 
 KPI#2 = P with ( ) = 0.6 and G with ( ) = 0.4. 

The inference process should consider all possible combinations of judgements and membership 
functions of the two KPIs and activate the corresponding rules. The aggregation of KPI#1 = P and 
KPI#2 = P, which is exemplified in the figure, leads to a “new index” that is judged as P, according to 
the inference rules previously shown in Figure 3. As far as the truth value of the new index is 
concerned, in the sum-product inference process, it is obtained as the product of the original 
membership functions, i.e., 0.5	 	0.6 = 0.3. The process is repeated for the remaining combinations 
of inputs, i.e.: KPI#1 = P and KPI#2 = G; KPI#1 = G and KPI#2 = P; KPI#1 = G and KPI#2 = G. From the 
results obtained, it is easy to see that two combinations return an A judgement, with truth values 0.2 
and 0.3. Therefore, the final membership function of A for the “new index” is obtained as the sum of 
these two truth values. 

The aggregation procedure should be run anytime two indexes should be combined, and 
therefore, it is applied iteratively moving upstream in the hierarchy of KPIs, until the linguistic 
judgement(s) and membership function(s) are obtained for the economic, environmental and social 
sustainability perspectives. 

 
Figure 10. Example of inference rules for end-level KPIs under Microsoft ExcelTM. 

3.3.4. Overall Sustainability Evaluation: Output 

Spreadsheet #4 (Figure 11) of the Microsoft ExcelTM file takes as input the results of the evaluation 
of the three perspectives, aggregates them through inference and returns, as output, the overall 
sustainability evaluation of the company (defuzzification), which is finally subject to normalization 
to get a crisp value in the [0–1] range. 
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Figure 11. Steps for the computation of the sustainability index under Microsoft ExcelTM. 

An appropriate VBA macro combines the three “perspective evaluations” exploiting almost the 
same procedure described in the previous subsection. The only main differences are that the scores 
will be all expressed on a 5-point linguistic scale, which makes the computational complexity higher 
(125 if-then rules). The output of the defuzzification interface is a synthetic score of the company’s 
sustainability. This score is again computed assuming the same relative importance of each 
perspective, although the user can enter a different weight. The normalization step (Equation (3)) 
does not require any input by the user, as it takes as input  as the crisp value of the sustainability 
index before normalization and computes  and  automatically, by setting the company’s 
performance against all end-level KPIs at the lowest or highest value of the linguistic scale. 

4. Case Study 

4.1. The Company 

The framework and software tool described in the previous section were tested on a case study 
company, which will be referred to as Company A for the sake of confidentiality. Company A is an 
Italian manufacturer of plants for the milling industry and exports its products to more than 147 
countries. The company operates on an engineer-to-order (ETO) basis: any new product starts with 
the design of the plant and includes assembly, installation, civil works, test of the equipment at the 
customer’s site and staff training. In Italy, Company A is leader in its market segment while, on a 
global basis, it ranks second among the top producers of milling plants. 

4.2. Preliminary Model Adaptation and Data Collection 

4.2.1. Choice of the KPIs 

To apply the proposed framework to Company A, we started from the list of KPIs previously 
proposed in Table 1 and screened them carefully, to evaluate their relevance to the case under 
examination, taking into account the peculiarities of the company and of its market field. The 
screening process was carried out with the support of the company’s top management: two managers 
from Company A, one from the manufacturing department and one from the financial area, were 
involved in this step of the implementation. 

The company’s managers received by email the list of KPIs derived from the literature (Table 1) 
and their aggregation into a hierarchy structure (Figure 2), as well as a list of the data required for 
the application of the model (e.g., the company’s score against each KPI). The two managers were 
asked to evaluate the relevance of each KPI to the specific case of Company A, or, alternatively, to 
modify the KPIs, to adapt them to their company. The managers were interviewed between 
December 2015 and January 2016, by means of phone calls, to gather their suggestions and formalize 
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the list of KPIs considered as relevant for Company A. Table 2 lists the KPIs previously proposed in 
Table 1, specifying those that were used for the evaluation of Company A and those that were 
neglected. Possible adaptations are also detailed in the table; similarly, whenever a KPI was 
considered as non-relevant for Company A, the reason for its exclusion is described. Overall, 26 KPIs 
out of the initial list of 43 were considered relevant for the analysis. For these KPIs, the company’s 
managers were asked to provide the corresponding score for Company A. These data were provided 
in March 2016. Out of the 26 KPIs included in the analysis, 13 did not require adaptations, while the 
remaining ones were modified either in their definition (e.g., “Sale growth” was replaced by 
“Revenue growth”) or in their computational procedure (e.g., “Cost of sales” was changed to “Cost 
of sales/Turnover”). 

4.2.2. Identification of the Benchmark Values 

For each KPI, Table 2 specifies whether a benchmark is required and, in that case, the type of 
benchmark used. The choice of the benchmark, as well as the subsequent step of the scales’ definition 
were carried out by the authors alone; indeed, the managers of Company A were not involved in 
order to avoid biases in the evaluation. 

Three KPIs (i.e., “Delivery flexibility”, “Customization” and “Rate of multiple sourcing”) turned 
out not to require a benchmark for the analysis. For the remaining 23 KPIs, either the best competitor 
(for 16 KPIs) or an official benchmark (for seven KPIs) was identified. 

As far as the best competitor is concerned, Company A is a leader in Italy in the production of 
milling machines and ranks second worldwide. Its global best competitor is a Swiss company, which, 
however, does not operate expressly in the segment of milling machines, but in the more general food 
machinery industry. This consideration, coupled with the fact that the Swiss scenario could be 
different from the Italian one, led to the conclusion that using this company as the benchmark could 
lead to a somehow inconsistent evaluation. Therefore, the Italian best competitor (Company B) was 
taken as the benchmark; such a choice should ensure that the performances of the two companies are 
comparable. The set of economic data related to Company B was derived from the analysis of the 
latest available (2015) balance sheet, while the performance against the environmental and social KPIs 
either were known to the managers of Company A or were collected by means of direct contacts with 
Company B, in April 2016. 

An official benchmark was identified for “Carbon footprint”, “Work shift”, “Salary”, 
“Employment gender ratio”, “Job training”, “Full-time workers” and “Work injury”. 

4.2.3. Computational Procedure and Scale Definition 

For all end-level KPIs, four-point linguistic scales (from VP to VG) with trapezoidal fuzzy 
number were chosen for the assessment. A five-point scale (including the A judgement) was used to 
express the results of the aggregation of KPIs. The representation of the trapezoidal fuzzy numbers 
(i.e., a, b, c and d in Equation (1)) was obtained starting from the boundaries of the linguistics 
judgements and following standard scales available in the literature [18]. As far as the computation 
of the “final score” is concerned, Table 2 shows different situations, i.e., 

 for the three KPIs that do not require a benchmark, the boundaries of the linguistic judgements 
were set by the authors by interviewing experts in the food machinery industry and by 
consulting some available references related to the themes of delivery flexibility [80], product 
customization [81] and multiple sourcing [82] in the ETO environment; 

 for the 16 KPIs for which the best competitor is used as the benchmark (e.g., “Sales growth”), 
the “final score” of Company A against the KPI was computed as the ratio between its 
performance and that of Company B; with respect to the fuzzy linguistic scale, as a general rule, 
the performance of Company A was judged as VG if it exceeds the best competitor’s 
performance by at least 20% and VP if it is more than 20% worse than that of the best competitor; 
this is the case for a benefit KPI, while the opposite situation holds for a cost KPI (e.g., “Cost  
of sales”); 
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 for the seven KPIs for which an official benchmark is available, different computational 
procedures were used depending on the specific KPI. 

o For some KPIs, the “final score” of Company A was computed as the ratio between its 
performance and the official benchmark. This is, for instance, the case for “Salary”, for which 
the official benchmark (i.e., the collective labor agreement for the mechanical industry) 
suggests approximately 27,000 €/year as the standard payment for a worker of the mechanical 
industry. The average salary Company A applies to its workers was directly compared to 
this value to get the “final score”. The performance of Company A was judged as VG if it 
exceeds the benchmark by at least 20% and VP if it is more than 20% worse than the 
benchmark. Similar considerations were applied to “Job training”, as well as to “Carbon 
footprint” and “Work injury”, although for these latter KPIs, a reversed scale was used (as 
they are cost attributes); 

o For “Work shift”, the official benchmark (i.e., again the collective labor agreement for the 
mechanical industry) suggests 40 hours/week as the standard working time in the mechanical 
industry. To derive the “final score”, we computed the absolute percentage deviation 
between the number of hours worked by Company A’s employees and the benchmark value, 
i.e., . The rationale for this computation is that the company should be fully 
aligned with the benchmark to be considered as G or VG, while significant deviations, both 
positive (excessive working time) and negative (too limited working time) from the target 
should be considered as P or VP. The scale has been defined to capture this situation; 

o For other KPIs, a scale compliant with the guidelines of the official benchmark was defined. 
This is, for instance, the case of “Employment gender ratio”, for which the benchmark is the 
average percentage of women at work in Italy as computed by the Italian Institute of Statistics 
(ISTAT) [83]. ISTAT [83] estimates an average of 41% of women at work, which was used as 
the benchmark. Following the same general rule adopted for other KPIs, the performance of 
Company A was judged as VP if it is more than 20% worse (i.e., <33%) than the benchmark 
and VG if it exceeds the benchmark by at least 20% (i.e., >48%). Similar considerations were 
made for “Full-time workers”. 

4.2.4. Hierarchy Structure of KPIs 

The authors built the hierarchy structure of the KPIs in the software tool, starting from the 
original scheme in Figure 2 and taking into account the KPIs removed or modified. The proposed 
hierarchy was approved by the managers of Company A and is shown in Figure 12. 

4.2.5. Fuzzy If-Then Rules 

The fuzzy if-then rules chosen assume the same relative importance of each end-level KPI, as 
well as of the three sustainability perspectives; therefore, they reflect the rules described in  
Section 3.2.  



Sustainability 2017, 9, 583  19 of 29 

 

Table 2. List of the sustainability KPIs for the case study. ETO, engineer-to-order. 

 KPI 
Used in the 
Case Study?

Adaptations/Reason for Removal 
Measurement 

Unit 
Benchmark Fuzzy Linguistic Scale 

Economic 
perspective 

Delivery flexibility Yes 

It was computed as the ratio between the number of deliveries (of finished 
products) that meet the delivery date defined by Company A and the 
number of deliveries fulfilled by the company. This KPI was computed for 
the three main types of order fulfilled by Company A (i.e., spare part, 
plant/equipment and machinery), and the average value was taken as the 
company’s performance. 

% 
none 

(the higher the 
better) 

VP: <55%; P: 50–74%;  
G: 70–95%; VG: 88–100% 

Mix flexibility No As Company A works on an ETO basis, mix flexibility is meaningless. - - - 

Customization Yes - % 
none 

(the higher the 
better) 

VP: <25%; P: 20–50%;  
G: 45–75%; VG: >70% 

Warehouse turnover rate Yes 
This KPI was computed taking into account the whole stock available at 
Company A, including finished products, semi-finished products  
and components. 

Months−1 best competitor 
VP: <80% P: 70–100%;  

G: 90–130%; VG: >120% 

Rate of defects No 
Company A checks all new plants before delivering them to the customers, 
and all defects are fixed during this check. Returns of product because of 
defects are very likely to be observed. 

- - - 

Customer satisfaction No See the previous KPI. - - - 

Rate of multiple 
sourcing 

Yes - % 
none 

(the higher the 
better) 

VP: <8%; P: 5–16%;  
G: 14–27%; VG: >25% 

Stock out No 
Because Company A works on an ETO basis, products are not 
manufactured to be kept in stock. Therefore, measuring out-of-stock 
situations is meaningless. 

- - - 

Sale growth → Revenue 
growth 

Yes 

The sale growth does not fully allow capturing the situation of an ETO 
company. The company’s managers suggested to replace it with the 
increase in the revenue from contracts, which is monitored annually by 
Company A and describes the amount of orders Company A has received 
from its customers in one year.  

% best competitor 
VP: <80%; P: 70–100%; G: 

90–130%; VG: >120% 

Market share Yes 
As the best competitor (Company B) works in several market sectors, to 
compute the KPI, we took into account its market share limited to the 
milling industry. 

% best competitor 
VP: <80%; P: 70–100%;  

G: 90–130%; VG: >120% 

ROI Yes - % best competitor 
VP: <80%; P: 70–100%;  

G: 90–130%; VG: >120% 

Turnover Yes - € best competitor 
VP: <80%; P: 70–100%;  

G: 90–130%; VG: >120% 

Cost of sales → Cost of 
sales/Turnover 

Yes 
This KPI was computed as the ratio between the cost of sales and the 
turnover (both derived from the company’s balance sheet) to allow a more 
meaningful comparison with the best competitor. 

% best competitor 
VP: >120%; P: 90–130%; 
G: 70–100%; VG: <80% 
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Inventories → 
Inventories/Turnover 

Yes See the previous KPI. % best competitor 
VP: <80%; P: 70–100%;  

G: 90–130%; VG: >120% 
Investments in R&D → 

Investments in 
R&D/Turnover 

Yes See the previous KPI. % best competitor 
VP: <80%; P: 70–100%;  

G: 90–130%; VG: >120% 

Net profit → Net 
profit/Turnover 

Yes See the previous KPI. % best competitor 
VP: <80%; P: 70–100%;  

G: 90–130%; VG: >120% 

Environmental 
perspective 

Eco-design Yes - % best competitor 
VP: <80%; P: 70–100%;  

G: 90–130%; VG: >120% 

Carbon footprint Yes 

We used the average value computed by Company A on three main types 
of machines manufactured. Such an average value was compared to some 
available environmental product declarations (EPD) of similar products, as 
the benchmark. 

kg CO2 eq. 
EPD certification 
of food machines 

[84,85] 

VP: >120%; P: 90–130%; 
G: 70–100%; VG: <80% 

Energy footprint  No 
At the time of writing, Company A is carrying out a complete LCA analysis 
of their main machines, but the related results are still not available. We 
have therefore neglected this KPI. 

- - - 

Water consumption No See the previous KPI. - - - 

Air emissions No 
At the time of writing, Company A has never evaluated its air emissions. 
We have therefore neglected this KPI. 

- - - 

Use of hazardous 
materials 

No 
This KPI is not particularly relevant to plant manufacturers and is not 
expect to vary significantly across plant manufacturing companies. 

- - - 

Product recycling rate No 
Company’s products are durable goods, whose lifecycle can reach 50 years. 
Therefore, end-of-life management is a marginal problem for Company A 
(and more in general, for companies operating as plant manufacturers). 

- - - 

Product non-recycling 
rate 

No See the previous KPI. - - - 

Packaging recycling rate Yes - % best competitor 
VP: <80%; P: 70–100%;  

G: 90–130%; VG: >120% 
Packaging non-recycling 

rate 
Yes - % best competitor 

VP: <80%; P: 70–100%;  
G: 90–130%; VG: >120% 

Unitary transport cost No 

This KPI is not particularly relevant to plant manufacturers, as they are 
often forced to make use of container shipments because of the size of the 
product shipped. Therefore, the transport cost is not expected to vary 
significantly across these companies. 

- - - 

Social perspective 

Work shift Yes - hours/week 

collective labor 
agreement for the 

mechanical 
industry [86] 

VP: >7%; P: 5–8%;  
G: 3–6%; VG: <4% 

Salary Yes - €/year 

collective labor 
agreement for the 

mechanical 
industry [86] 

VP: <80%; P: 70–100%;  
G: 90–130%; VG: >120% 
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Employment gender 
ratio 

Yes 
This KPI was computed considering both full-time workers and interim 
employees, which could be employed at Company A for a limited time 
during peaks of work.  

% of women at 
work 

average 
percentage of 

women at work in 
Italy [87] 

VP: <35%; P: 33–43%;  
G: 38–48%; VG: >46% 

Job training Yes See the previous KPI. hours/year 

average amount of 
hours for job 

training in Italy 
[87] 

VP: <80%; P: 70–100%;  
G: 90–130%; VG: >120% 

Full-time workers Yes - % 

average 
percentage of 

full-time workers 
in Italy [88] 

VP: <50%; P: 48–70%;  
G: 68–90%; VG: >88% 

Temporal working 
continuity 

Yes - - best competitor 
VP: <80%; P: 70–100%;  

G: 90–130%; VG: >120% 

Safety training No 
As in Italy, safety training is mandatory for any worker and is regulated by 
specific laws, this KPI scores 100% for any Italian company. 

- - - 

Work injury Yes - % 
standardized 

accident rates of 
Europe [89] 

VP: >120%; P: 90–130%; 
G: 70–100%; VG: <80% 

Local suppliers Yes 
Suppliers were considered as local if they are located in a range of 50 km 
from the company. 

% best competitor 
VP: <80%; P: 70–100%;  

G: 90–130%; VG: >120% 

Local workers Yes 
Workers were considered as local if they are located in a range of 50 km 
from the company. 

% best competitor 
VP: <80%; P: 70–100%;  

G: 90–130%; VG: >120% 

Claims No 
Company A checks all new plants before delivering them to the customers, 
and all defects are fixed during this check. Claims after this check are very 
unlikely to occur. 

- - - 

Supplier’s screening for 
human rights 

No 
The screening of the suppliers for human rights is currently not performed 
by Company A and Company B. Therefore, this KPI was neglected in  
the analysis.  

- - - 

Sustainable suppliers Yes - % best competitor 
VP: <80%; P: 70–100%;  

G: 90–130%; VG: >120% 
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Figure 12. Hierarchy structure of the sustainability evaluation for Company A. 

4.3. Results and Discussion 

As the computational procedure is the same for all sustainability perspectives, in the following, 
we detail the model application with reference to the economic perspective, for brevity. Table 3 lists 
the input data collected for the economic KPIs, i.e., the performance of Company A and the 
benchmark values. 

The company’s performance and the benchmark values reported in Table 3 were input in the 
graphical interface of the fuzzy inference tool, which returned the “final scores” listed in the fourth 
column of the table. These values were subject to fuzzification, according to the scales previously 
detailed in Table 2, obtaining a membership value for each linguistic judgement. As an example, with 
the linguistic judgements expressed for “Delivery flexibility” (i.e., VP: <55%; P: 50–74%; G: 70–95%; 
VG: 88–100%) and applying the fuzzy scale proposed by [38], the company’s performance was rated 
as G with = 0.71 and VG with = 0.29. Overall, the fuzzy numbers and linguistic judgements 
obtained for the economic KPIs and the related membership degree are reported in the last column 
of Table 3. The fuzzy inference tool was used to aggregate the economic KPIs, according to the scheme 
in Figure 12. By repeating the inference process iteratively, the fuzzy inference tool returned an 
economic performance of Company A rated as VG with = 1.00. 

As far as the environmental and social perspectives are concerned, the related input data, i.e., 
the performance of Company A and the benchmark values, are listed in Tables 4 and 5, respectively. 
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Table 3. Input data for Company A: economic perspective. 

KPI Company’s 
Performance Benchmark Final Score Linguistic Judgement 

(Membership Degree) 
Delivery flexibility 90% - 90.00% G (0.71); VG (0.29) 

Customization 47% - 47.00% P (0.60); G (0.40) 
Warehouse turnover rate 1.7 2.0 85.00% P (1) 
Rate of multiple sourcing 35% - 35.00% VG (1) 

Revenue growth 139% 17% 820.38% VG (1) 
Market share 23% 15% 153.33% VG (1) 

ROI 22.6% 21.76% 103.86% G (1) 
Turnover xxx 1 xxx 293.24% VG (1) 

Cost of sales/Turnover 94.41% 87.22% 108.25% P (1) 
Inventories/Turnover 13.99% 15.11% 92.61% P (0.74); G (0.26) 
Investments/Turnover 0.06% 0.05% 108.32% G (1) 

Net profit/Turnover 4.86% 10.64% 45.61% VP (1) 
1 Because of confidentiality reasons, the turnover of both Companies A and B is omitted. This does 
not jeopardize the analysis, as the “final score” was correctly computed and used in evaluating the 
sustainability of Company A. 

Table 4. Input data for Company A: environmental perspective. 

KPI Company’s 
Performance Benchmark Final Value Linguistic Judgement 

(Membership Degree) 
Eco-design 33% 25% 132.00% VG (1) 

Carbon footprint 131,699 54,567 241.35% VP (1) 
Packaging recycling rate 88% 90% 97.78% P (0.22); G (0.78) 

Packaging non-recycling rate 5% 3.5% 142.86% VG (1) 

Table 5. Input data for Company A: social perspective. 

KPI Company’s 
Performance Benchmark Final Value Linguistic Judgement 

(Membership Degree) 
Work shift 42.12 40 5.30% P (0.30); G (0.70) 

Salary 26,000 27,000 96.30% P (0.37); G (0.63) 
Employment gender ratio 39% 41% 95.12% VG (1) 

Job training 92% 93% 98.92% VG (1) 
Full-time workers 87% 98% 88.78% G (0.61); VG (0.39) 

Temporal working continuity 1.18 1.67 70.91% VP (0.91); P (0.09) 
Work injury 1.54% 1.80% 85.47% G (1) 

Local suppliers 53% 76% 69.74% VP (1) 
Local workers 71% 92% 77.17% VP (0.28); P (0.72) 

Sustainable suppliers 74% 45% 164.44% VG (1) 

By applying the same procedure described above, the fuzzy inference tool rated the 
environmental perspective of Company A as G with = 1.00; the same evaluation was obtained for 
the social perspective.  

The combination of these three performance judgements and the subsequent defuzzification 
(according to Equation (2)) returned an overall sustainability evaluation of 0.750. It is appropriate to 
normalize this value to get a more meaningful evaluation of the company’s sustainability; Equation 
(3) was used to this end, using 	= 0.075 and 	= 0.90, which corresponds to the results returned 
by the fuzzy inference tool if the company’s performances all score the lowest or highest value of the 
linguistic scale. The normalized performance scores 0.9090 on a [0–1] scale.  
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5. Conclusions 

This paper has proposed a quantitative tool for the assessment of the company’s sustainability, 
according to its key perspectives (i.e., economic, environmental and social). The proposed framework 
makes use of fuzzy logic, and in particular, it exploits a fuzzy inference tool to gather the judgements 
and scores against the three perspectives into an aggregated index. The fuzzy inference tool was 
embodied in an ad hoc software tool, developed in Microsoft ExcelTM, which enables the adoption of 
the framework by a DM (e.g., a supply chain manager) for the evaluation of the  
company’s sustainability. 

From a theoretical point of view, this study contributes to the literature in several ways. First, 
although the use of fuzzy logic for sustainability assessment has been proposed in some  
works [38–40], most of these studies carried out the evaluation of sustainability in macro-systems, 
while the exhaustive evaluation of sustainability of companies or supply chains is more limited in 
the literature. Only two examples (i.e., [54,55]) have addressed this point. Second, in developing the 
fuzzy inference tool, we have also solved some issues related to the definition of scales and the 
benchmark for the evaluation of the company’s performance against each sustainability index. It is 
important to note that the model includes a unit of measurement also for each social KPI, which was 
not immediate to identify, as several authors have pointed out the lack of specific and quantitative 
indexes for social sustainability [5]. For some KPIs, official benchmarks have also been provided. This 
is an important point, as well, because in the context of sustainability, scores often need to be 
compared to a reference value, to provide a meaningful evaluation and assess how a company is 
distant from, or aligned to, a target [17,34–36]. Third, the model allows deriving an overall 
sustainability index, by aggregating the scores against the different KPIs into a composite index. This 
meets the increasing need for synthetic indicators for sustainability assessment [32]. The 
development of a Microsoft ExcelTM software tool, where the hierarchical fuzzy inference model has 
been embodied, is a further interesting contribution to the literature, as it makes the application of 
the framework very easy and enables its effective use by DMs. In addition, the software tool has been 
designed to be flexible enough to allow KPIs to be included, removed or adapted, as a function of the 
targeted context. The tool is also flexible from a technical point of view, as it allows, for instance, 
shifting from trapezoidal fuzzy numbers (used in this study) to triangular ones, according to the 
DM’s request. The linguistics scales and the relative importance of the three sustainability 
perspectives can also be modified easily. 

From a practical perspective, the case study carried out allows deriving some important 
considerations. As a first point, the application confirms that a crucial point in sustainability 
assessment is the identification of the key aspects of sustainability and of suitable and meaningful 
metrics for each KPI [32]. Indeed, to apply the model to the chosen company, we preliminary needed 
to review the sustainability KPIs proposed in the literature to “adapt” them to the specific context 
analyzed, as well as to identify a meaningful unit of measurement and benchmark for each KPI. At 
the same time, this means that, although the approach described in the paper is general in nature, 
customizations might be required to tune the model and adapt it to the company examined, which 
could be onerous in terms of time and data required. As a further point, the results of the application 
show that, overall, the sustainability level of the company examined is good (0.909 on a 0–1 scale), 
indicating that Company A is sensitive to sustainability issues. At the same time, the performance 
achieved by the company against the economic, environmental and social perspectives of 
sustainability differ. The economic perspective, in particular, got the highest score (VG), which 
confirms the fact that the economic pillar of sustainability is typically addressed by enterprises [7], 
while the remaining perspectives achieved lower scores (G). These outcomes can be helpful to 
Company A when prioritizing interventions aimed at enhancing its sustainability level. To this end, 
the company should begin with improving its performance against the environmental or social KPIs, 
focusing on the KPIs that were rated as VP or P. As an example, let us suppose that Company A 
would like to intervene on the social sustainability and try to improve it. One of the social KPIs that 
got the lowest score is “Local suppliers”, for which the company’s score is 53%; this value was rated 
as VP after comparison with the benchmark. If the company were able, for instance, to increase its 
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current score to 60% (which would be rated as VP with = 0.358  and P with = 0.642 ), its 
performance against the social perspective of sustainability would become G with = 0.982 and VG 
with = 0.018. Overall, this would lead to an improved sustainability level of 0.752.  

Among the technical limitations of this work, we have mentioned that applying our model to a 
specific context might require preliminary customizations and adaptations, as well as the collection 
of several input data (e.g., the company’s performance and benchmark values). This preliminary step 
is probably inevitable; nonetheless, future research could try to find suitable methods to make the 
data collection less onerous. The identification of further official benchmarks (if/when available) 
could somehow help in this regard, as these benchmarks can be used as general reference regardless 
of the company examined, thus avoiding the need for collecting specific input data. Again from a 
technical perspective, we have stated that the results of the application could provide interesting 
indications to the company examined to prioritize interventions aimed at enhancing its current 
sustainability level. However, one might question that the urgent interventions could fall outside the 
company’s control. For instance, a company has little control of a KPI such as the “Carbon footprint” 
of its products, as CO2 emissions depend on the production process, raw material used, energy 
consumption and other factors that can hardly be modified as the company wishes. The current 
version of the model does not take into account this issue; nonetheless, trying to embody these 
considerations into the framework proposed could be an interesting challenge. Finally, future 
research could address the application of the proposed model to different contexts, to confirm its ease 
of adoption and usefulness. 
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