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Abstract

:

Sustainability performance assessment is a challenge for many companies due to the heterogeneity of indicators and the lack of a standardized reporting framework. This paper describes a software solution that simplifies the sustainability reporting process and is useful for decisions concerning sustainable management. We analyzed various indicators from public sustainability reports of five companies and obtained some relevant results using the tool that we developed based on mathematic algorithms and an aggregation model of different indicators. The software application calculates a Global Sustainability Index based on the proposed model of the sustainable organization described in this paper. An optimal solution is very rare in the transition towards the sustainable organization and compromises are required most frequently between environmental, economic and social aspects on the one hand and the expectations of the stakeholders on the other hand. The proposed tool helps users to cope with these challenges and takes into consideration that information is not always available and precise. Another feature offered by the tool is that besides simplifying sustainability performance assessment, it highlights low performance indicators and offers suggestions for improvement based on a genetic algorithm.
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1. Introduction


Over the last years, organizations have been facing an increased pressure to focus on sustainability and accountability in business performance, paying special attention to the three dimensions of sustainability: economy, society and environment [1,2]. There is a variety of sources that generate demands for sustainability management. These include fright of plummeting sales, societal mandates incorporated into regulations, and the possibility of altering the reputation if a company does not have a firm and tangible commitment to sustainability management [3,4].



Various methods and instruments are currently available to provide support for integrating and assessing sustainability into different levels and dimensions of organizational management [2,5]. The United Nations offers the CSD Indicators of Sustainable Development (UNCSD) [6] to give countries the possibility to measure their degree of sustainability. The literature shows numerous approaches for assessing organizational sustainability performance [2,5,7,8,9]. Nowadays, there are several frameworks of sustainability performance assessment. According to the authors in [2], the foundation of sustainability reporting stands in The World Business Council for Sustainable Development [10], the Global Reporting Initiative [11,12] and development of standards [13,14].



Several tools are available to assess organizational sustainability. These include the Dow Jones Sustainability Index, which focuses mainly on one of the three dimensions of sustainability, namely the economic one [15], the Global Sustainability Index [8], and the Global Report Initiative [11], for a holistic assessment of organizational sustainability. The abundance of approaches of sustainability performance assessment, both at country and organizational levels, shows that this is a hot topic and there is an increased interest in this area. Chen et al. [1] identify such approaches and practices that include suggestions of indicators [16], process and product metrics [17], and energy modelling and simulation [18,19,20].



The interrelated and complex challenges implied by systematic ecosystems degradation, constraints concerning the resources, social inequity and financial instability are redefining the business conditions for the twenty-first century. Organizations need to face new demands to address these challenges, but this context is also a great opportunity for innovation. Even if sometimes neglected, designing or redesigning business models is an important aspect of innovation.



According to França et al. [21], competitive advantage lasts longer when companies redesign their business models rather than when they decide to introduce new services or products. When organizations focused on the transition towards sustainability, most managers reported that this decision increased their profits and brought other benefits, and also led to changing their organizations’ business models.



Incorporating notions of sustainable development in business management has become an important and urgent issue that managers need to consider [22,23]. This paper proposes a software application for sustainability performance assessment in an organization.



Starting from the idea that the future generations would not be able to satisfy their own needs if the development for satisfying the present needs [24] is not being done in a sustainable way, the current paper aims to help managers and decision makers to compute the sustainability index of their organization and to increase the awareness related to it. Additionally, it could be a useful mechanism in monitoring and regulating the economic development.



The goal of the paper is twofold: implementing an online platform that allows decision makers to aggregate all indicators from their sustainability reports (economic, social, environmental, etc.) using a mathematical model, in a single indicator called Global Sustainability Index (GSI) and to analyze the companies based on it, on the one hand, and secondly, optimizing [25] the GSI to offer a future perspective of sustainable development within the organization [26].



We aim to meet the needs of decision makers who want to self-assess the sustainability of their organization and to see its progress in time, by using a numeric value (the GSI), that can be generated out of their sustainability reports by aggregating various indicators. The model presented in this paper respects the viewpoint that a sustainable organization includes sustainability in each decision, therefore, we proposed a triple approach: internal, external and operational. Each approach includes a set of indicators, suggested by the literature. There might be indicators that do not apply to some business sectors and must be excluded from the model, while there might be business sectors that require adding other indicators to the model. The purpose of this work is to build a flexible and adaptable software tool to simplify the sustainability reporting process, regardless of the industry, size or geographic location of the organization.



As the result may not be optimal, genetic algorithms will be applied to correct or improve the result, as follows: calculating the maximum degree of sustainability a company can achieve, but also offering some recommendations on how to modify its operations so that the maximum value of sustainability is reached.



Within the platform, there will be a reporting system that will allow companies to view and analyze the results in Excel format. The online platform will allow any company to register and be able to calculate their own sustainability index.



The project was carried out in four stages, each with its own objectives such as data collecting, front-end development, and back-end development using the main algorithm for computing the sustainability index and the integration of all layers.



The rest of the paper is organized as follows: Section 2 sets the context of this research by reviewing the literature that highlights the challenges of defining a sustainable organization, measuring sustainability progress, understanding composite indicators for sustainability assessment and presents the use of Business Intelligence (BI) tools for sustainability performance assessment. Section 3 presents a generic model of the sustainable organization, that serves as a baseline for the software application, which is flexible and easily adaptable to calculate custom composite sustainability indicators, according to the needs and particularities of the organization. The fourth section of the paper illustrates the mathematic apparatus that underlies the software application that integrates sustainability indicators and describes our approach based on an evolutionary algorithm to calculate the Global Sustainability Index. Section 5 presents the custom composite indicators of five companies, generated by our application based on data, available in their public annual sustainability reports. We also show the prediction of their future sustainability performance using the genetic algorithm. Limitations of the application and implications for practice are briefly described in Section 6. The final section presents general conclusions, together with the main contributions and further work.




2. Setting the Context


2.1. The Sustainable Organization


There is a vast literature that offers multiple definitions of a sustainable organization, most of them related to the triple approach of sustainability [27]. There are numerous innovative approaches of a sustainable company, that include incorporating sustainability in each decision [28,29,30,31], meeting the needs of current stakeholders without compromising the needs of future stakeholders as well [32], responding to customer needs while treating the environment well [33] or using renewable and recyclable resources while curbing pollution [34]. Bocken et al. [35] reviewed the literature and proposed eight archetypes of sustainable business models. These include adopting a stewardship role, creating value from waste, encouraging sufficiency, re-purposing the business to benefit the society and/or the environment, preferring renewables and natural processes, maximizing energy and material efficiency, delivering functionality, rather than ownership, and developing scale-up solutions.



Sustainability is a prescriptive notion that recommends how humans should behave with respect to the environment and highlights their responsibility towards each other and future generations [36]. Regardless of the definition, sustainability is about the long run, thus any organization that wants to be sustainable needs to consider its future development and to assess its sustainability performance in order to reduce risks and uncertainty.




2.2. Measuring Sustainability Progress


The global environmental footprint is considered to be caused significantly by the business sector, while it has a major influence on wider economic and social issues [37]. Therefore, it is crucial to improve the environmental and sustainability performance of businesses in order to achieve a more sustainable society [38]. The United Nations proposed 17 sustainable development objectives [39], but the assessment of the progress for achieving these goals was not included [40]. Thus, the literature shows a growing number of approaches [41] to measure sustainability performance and integrate the results [41,42], both at the corporate and society level. The attention given to integrating environmental, social and economic indicators [43,44] shows the importance of aggregated indexes for offering decision-makers an overview of the context, to help them analyze and choose actions required for a more sustainable society [45,46].



Parris and Kates [47] identify four major reasons why sustainability performance is evaluated: advocacy, building participation and consensus, research and management and decision making. Indicators have been defined to show progress towards sustainable development goals and to advise decision makers to monitor, manage and control complex systems [48,49].



Mori and Christodoulou [44] provide a critical review on major sustainability indices and indicators concluding that there are research areas for which no major indicator or index has been developed to satisfy all the requirements to assess specific issues. Thus, we propose in this paper a flexible software application that is based on a mathematical algorithm that allows the decision maker to adapt any sustainability index to their needs by effortlessly integrating multiple indicators that can have different measuring units.




2.3. Composite Sustainability Indicators


There are many controversies regarding the operationalization of sustainable development and therefore, there have been proposed many measuring methods to assess the progress of the process [43,50]. The sustainable development decision making process will always involve complex and dynamic phenomena, regardless of the focus of the analysis, therefore, complex tools are needed for sustainability performance assessment [51,52,53].



Freudenberg [54] argues that aggregated indicators have been the focus of sustainability related decision making as they are valued as political and communication instruments.



A composite index integrates multiple indicators that have different measuring units and there are no evident procedures to assign their weights [43]. Aggregated indexes are created for a specific purpose and every composite index can be considered a model [43,55,56,57]. According to Kondyli [43], an aggregated index needs to consider a theoretical framework, data selection, multivariate analysis, imputation of missing data, data normalization, weighting of compounding indicators, aggregation, robustness, structure and presentation, and dissemination of results. The Global Sustainability Index proposed in this paper is a generic composite index for sustainability assessment and has been developed as an example to demonstrate the viability of the software application. The aim of this work is to offer decision makers an easy to use instrument to assess sustainability performance by calculating custom indexes to evaluate specific issues. The Global Sustainability Index was developed based on a generic model for the sustainable organization, giving the proposed on-line tool the flexibility to be adapted into any of the 15 sustainability indicators reviewed by Mori and Christodoulou [44].



In [58], the authors propose a metric for determining human resource disclosures in corporate annual reports of insurance companies, using aggregation—weighting different features like size, number of employees, age, etc., they emphasize that the human resource disclosure decision is influenced by some company characteristics and suggest that sustainability reports could be similarly analyzed for organizational profiling. The instrument presented in this paper could simplify the research suggested by [58].




2.4. Using Business Intelligence Tools for Sustainability Performance Assessment


Business intelligence (BI), social responsibility and sustainable development each represent relevant research themes when viewed separately, but they have not been investigated in conjunction. This paper highlights that the tools and methods of BI can be relevant in sustainability performance assessment, as the use of computer science can improve the definition, gathering, analysis and dissemination of essential information for evaluating the progress of an organization in its transition towards sustainability and to highlight weak points and suggest directions for improvement [59].



Companies that fail to understand the dynamics of the business environment and adapt to the changes will be overpassed by the ones that are able to identify risks and trends, and adjust their organizational culture and mentality. Large and arrogant companies are the most likely to fail as it is more complicated for them to adapt to the changes that occur in the business environment. Lack of accountability and ignoring signs of risk are the major factors that lead to failure. Some managers only react when performance is low and the crisis is inevitable and, in most situations, it is too late for recovery at this point. The price of these management errors will be then paid by investors and employees and this is another argument for timely sustainability performance assessment and rigorous and honest reporting [60].



In order to avoid being taken by surprise by the changes of a dynamic business environment, managers need to know what type of information to require and who are the others that need to possess this knowledge. Therefore, the structures for collecting, analyzing and interpreting information should follow the same principles and be prepared to provide not only the information required by the management.



Decision making requires constant access to information, thus communication in the chain of command should be fluid and in both directions in order to prevent staggering, as any stumble in the information flow may cause total or partial closure of the system. A system that is able to sustain itself at risk needs to show openness to novelty, unconventional ideas and information besides focusing on tradition and innovation. A business intelligence tool that provides information regarding strengths and opportunities, but also threats and weaknesses enables management to assess risks and make informed decisions.



The popularity of business intelligence (BI) has been continuously growing in the past years due to analytical functionalities, user-friendly interfaces and easier access. From the analytical software from the 1970s, to the spreadsheets of the 1980s, to the management information systems of the 1990s, these tools have been increasingly used by managers as they ease the decision making process by offering access to relevant internal and external information [61].



According to Petrini and Pozzebon [62], from the managerial perspective, BI is considered to be a process of collecting internal and external data and analyzing and interpreting it in such a way that it can be used in the decision making process, thus having the role of creating an informational environment that can reveal ‘‘strategic” business dimensions. From the technical perspective, BI is considered to be a set of instruments that allow gathering data from outside and inside the organization and manipulating, analyzing and processing it into information relevant for the decision makers. Data mining, data warehousing and web mining technologies are considered challenging to integrate into a single business intelligence platform, by authors like Hackathorn [63] and Almozayen et al. [64].



Considering the technical and managerial perspectives of Business Intelligence, there can be observed differences and similarities. Both perspectives agree that BI has the purpose of supporting decision makers through collection, analysis, interpretation and processing of data. BI is mainly used for strategic decisions that are expected to have medium and long term impact on the organization [62,65].





3. Model of the Sustainable Organization


Many large companies have significantly changed their business models to incorporate social and environmental aspects of performance. Multiple innovative approaches to greening the business model may have positive effects to delivering sustainability, but there is not a unifying standard for sustainable business model innovation [35]. Corporate sustainability reporting is made mainly according to the triple bottom line concept [27], the UN Global Compact [40,42], the ISO14001 environmental management system standard [66] and the Global Reporting Initiative [67].



Bocken et al. [35] argue that despite the existence of a vast literature on how business model innovation can be efficient in delivering sustainability [68] and having examples of success stories of several companies [69,70], there is no comprehensive view of how companies should approach sustainability and there is a limited understanding of the options available for innovation for sustainability.



Using models to describe sustainability is related to a field of research called sustainometrics [71]. Todorov and Marinova [72] categorize sustainability models as quantitative models, conceptual models, physical models, standardizing models and pictorial visualization models. The requirements for a model to be considered scientific, according to [73] are respected by each of the categories and include criteria such as providing a simplified representation of reality, allowing the possibility of measurement, being fictive representations of the reality, allowing the explanation of the reality or representing what is considered to be essential to the reality.



As presented above, the literature shows a wide range of approaches to defining a sustainable organization [27,35], and to measure its progress [41,43,47]. The multitude of indicators [44], models [68,69] and reporting arguments might be confusing for decision makers who need to assess the progress of their organization in terms of sustainable development. Thus, we proposed a generic model of the sustainable organization that serves as a baseline for developing the Global Sustainability Index (GSI). This model and the GSI allowed the development of the mathematic algorithm that underlies the software application that we present in this paper. This model does not claim to become a reference or a standard for reporting sustainability progress and it was developed based on the literature, aiming to be as flexible to allow the software application to be adapted to specific tracking of progress.



One of the four main purposes for sustainability assessment, identified by Mori and Christodoulou, is decision making and management [44]. We aim to meet the needs of decision makers who want to self-assess the sustainability of their organization using a quantitative output that can be generated out of their sustainability reports by aggregating various indicators. The model presented in Figure 1 respects the viewpoint that a sustainable organization includes sustainability in each decision [28,29,30,31], therefore, we proposed a triple approach: internal, external and operational. Each approach includes a set of indicators, according to the literature. There might be indicators that do not apply to some business sectors and must be excluded from the model, while there might be business sectors that require adding other indicators to the model. The purpose of this work is to build a flexible and adaptable software tool to simplify the sustainability reporting process, regardless of the industry. The model is explained in detail in [60].




4. Methodology


4.1. BI and Information Planning Methods to Integrate Sustainability


The proposed on-line instrument for sustainability performance assessment respects the BI purposes and functionalities and it has been developed following the stages presented in Figure 2.



The development process started by reading the annual sustainability and economic reports made public by companies from various industries, sizes and geographic locations (a). Five companies were selected as targets for our study based on the amount of data extracted from their reports. In order to show the versatility of the instrument, there were selected multi-national companies from four different industries, with employees ranging from 46,000 to 400,100. The process continues by implementing a graphic interface in order to store easily the data into a database (b), (c). For the moment, the data is entered manually, but future development of the instrument will consider the automatic entry based on different file formats (Excel, XBRL, XML, JSON, etc.). The proposed mathematical model was implemented and tested in order to provide results (d). The output of the software application is valuable knowledge that offers details about the company’s evolution from a global sustainability perspective and provides recommendations for increasing sustainability performance in certain areas.



In order to be able to apply strategies to become sustainable, organizations need a report to measure and analyze their current status and see what they need to improve. This application helps companies know more about their current status and, more than that, will tell them what to improve in order to be sustainable, providing an efficient reporting system.




4.2. Mathematical Model for Integrating Sustainability Indicators


4.2.1. A Combinative Algorithm for a Multi-Criteria Decision Support System


The proposed software application aims to help managers and decision makers to effortlessly integrate heterogenous sustainability indicators into a single global index that shows the sustainability progress of the organization using a numeric format. Flexibility implies allowing users to add or delete indicators and also to change the weights of each indicator for the final results, based on their needs. Therefore, we propose an algorithm specific for decision support systems. The Sustainability Decision Support System (SDSS) is a tool that helps decision makers choose the best decision alternative out of several possible scenarios, based on a set of custom decision criteria. The mathematical algorithm that underlies the SDSS combines the advanced multi-criteria analysis based on the FRISCO formula with the hierarchical-analytical process [33].



The SDSS is customizable to the needs of the decision maker and allows the user to define an unlimited number of own decision alternatives and selection criteria. Table 1 lists those selection criteria used as an example to demonstrate the functionality of the system:



The user of the SDSS has the possibility to name the decision criteria and then to compare each criterion against all the others. The system will generate a matrix by attributing scores of 1, 0.5 or 0 if the criterion is more important, equally important or less important than the one that it is compared with [60]:


  s c o r e   1 =  {      0 ,   w h e n   C 1 < C 2        1 2  ,   w h e n   C 1 = C 2         1 ,   w h e n   C 1 > C 2        



(1)






      s c o r e   2 =  {      0 ,   w h e n   C 1 > C 2        1 2  ,   w h e n   C 1 = C 2         1 ,   w h e n   C 1 < C 2        



(2)







Depending on relation between criterion 1 (C1 in Equations (1) and (2)) and criterion 2 (C2 in Equations (1) and (2)) that shows the importance of each criterion relative to the other, the score functions score1 and score2 could be 0, 1 or 0.5. The score functions are complementary.



The SDSS simplifies the cross-comparison of criteria and auto completes the matrix by applying simple logic. If criterion 1 is more important than criterion 2, this implies that criterion 2 is less important than criterion 1. Table 2 shows the relationship matrix that has been generated after comparing the criteria [60].



In order to rank the criteria and assign a weight factor   (  γ i   ) for each criterion, FRISCO formula was used because it is recognized worldwide as the best and most used for this type of analysis [74].


   γ i  =   p +  Δ p  + m + 0.5   −  Δ  p ′   +    N  c r t    2     



(3)




where:




	
p or score—is the sum of points (per line) marked by the item being analyzed;



	
Δp—represents the difference between the score of the item being analyzed and the score of the last level element; if the element considered is the element on the last level, Δp will be 0;



	
m—is the number of outdated criteria (in terms of score) due to the criterion considered;



	
Ncrt—is the number of criteria considered;



	
Δp’—represents the difference between the score of the criterion considered and the score of the first criterion (resulting in a negative value); if considered criterion is on the first position on the first level then the result will be 0.









4.2.2. Normalizing the Indicators for Integration


To aggregate a significant number of sustainability indicators and reduce them to the Global Sustainability Index, they should first be normalized or, in other words, have the same unit of measure. The literature presents different approaches to integrate these indicators, but in order to create an application for this activity, the mathematical algorithm should be simplified to increase the operating speed of the application [60].



Krajnc and Glavič [75] suggest that the indicators be grouped primarily according to the three dimensions of sustainability: environmental, economic and social, and then analyzed based on their impact. There are indicators that have a positive impact on sustainability objectives when their values increase, and of course, there are indicators that have a negative impact when their values increase. These indicator assessments are essential for their integration into the Global Sustainability Index [76], but the main issue of aggregating these indicators is that they can be expressed in different units. Normalization, or bringing them to a common unity, is obligatory.



The normalization process has been discussed in the literature and various methods have been proposed. One method is to divide each indicator into its mean value over time (Equations (4) and (5)) [60].


   I  N , t  +  =    I  A , t  +      I ¯  A +     



(4)






   I  N , t  −  =    I  A , t  −      I ¯  A −     



(5)




where    I  N , t  +    is the normalized indicator with positive impact over a period considered (year) and    I  N , t  −    is the normalized negative impact indicator for the same period (year).



Another method of normalizing the indicators is expressed in the Equations (6) and (7) [60]:


   I  N , t  +  =    I  A , t  +  −  I  m i n , t  +     I  m a x , t  +  −  I  m i n , t  +     



(6)




where    I  A , t  +    is the value of the positive impact indicator for the current year,    I  m i n , t  +    represents the minimum value of the positive impact indicator for the period considered, and    I  m a x , t  +    represents the maximum value of the period considered. This time period can be, for example, five years or more as new data is added.



The normalization of the current value is obtained by linear interpolation having as reference the minimum normalized to 0 and the maximum normalized to 1. The final formula is obtained by applying the Thales theorem, as described in Figure 3.



where  Δ ADE  ≈   Δ ABC ≥     D E   B C     =     A E   A C     ≥     D E  1    =      I  A , t  +  −  I  m i n , t  +     I  m a x , t  +  −  I  m i n , t  +      so, we get the formula (4).


   I  N , t  −  =    I  m a x , t  −  −  I  A , t  −     I  m a x , t  −  −  I  m i n , t  −     



(7)




where    I  A , t  −    is the value of the negative impact indicator for the current year,    I  m i n , t  −    represents the minimum value of the negative impact indicator for the period considered, and    I  m a x , t  −    represents the maximum value of the period considered.



The normalization of the current value is obtained by linear interpolation having, as reference, the minimum normalized to 1 and the maximum normalized to 0. The final formula is obtained by applying the Thales theorem, as described in Figure 4.



where  Δ ADE  ≈   Δ ABC ≥     D E   B C     =     A E   A C     ≥     D E  1    =      I  m a x , t  −  −  I  A , t  −     I  m a x , t  −  −  I  m i n , t  −      so, we get the formula (6).



The minimum and maximum values of the indicators were normalized to 0 and 1, for positive impact indicators, and to 1 and 0, for negative impact indicators. All the intermediary values will fall in the [0,1] interval.




4.2.3. Determining Weight of Indicators


To determine the weights of the indicators, it is required to determine first the importance of each indicator, relative to the other factors considered to assess the sustainability of the organization (Figure 1) [60], using the criterial analysis presented in Section 4.2.1. Then, the FRISCO method will be applied to determine the weights.



The FRISCO formula and weighting algorithm have been presented in Section 4.2.1. However, the values obtained after applying the FRISCO formula are greater than 1, so they must be converted into subunit values to be further allocated as weightings of the importance coefficients of each indicator. Transformation should be done using Equation (8):


   k i  =    F i      ∑   i = 1  n   F i     



(8)




where    k i    represents the weight for each indicator,    F i    represents the corresponding value for each indicator after applying the FRISCO formula and n represents the number of indicators that are considered for calculating the index. Given the formula for calculating    k i   , it is obvious that     ∑   i = 1  n   k i  = 1 ,      k   i  ≥ 0   [60].




4.2.4. Determining Weight of Indicators’ Domains


To complete the Global Sustainability Index calculation process, one needs to know to what extent each domain will participate in a company’s sustainability score. For this, one must determine the weights of each field.



We can assume that each domain has the same importance in determining the sustainability of a company, in which case the Global Sustainability Index of the company will result from the arithmetic mean of all the indexes of each field.



A second option is to perform a critical analysis as we have done on each criterion within a domain. As we know from the model of the sustainable organization (Figure 1), there are three types of approaches regarding a sustainable company: operational, external and internal approach.



The operational approach comprises three areas of indicators, requiring a critical analysis to determine the relevance of each field. In this respect, FRISCO formula, described in Section 4.2.1, will be used to rank the indicators of each approach based on the importance given by the user of our software application. This feature increases the versatility of the instrument, allowing decision makers to drop indicators that do not apply to the specific type of business, but also to add other indicators that might be relevant to the business sector.




4.2.5. Calculation of the Global Sustainability Index (GSI)


All the indicators presented in the model of the sustainable organization (Figure 1) are aggregated (Figure 5), using Equations (9) and (10), into the Global Sustainability Index by combining the indexes calculated for each sub-category, as shown in the model: internal, external and operational index.



The instrument that we propose in this paper is extremely flexible and allows the decision maker to assign different weights for each of these indexes when calculating the GSI, as shown in the previous paragraphs. It is important to note that the indicators presented in this model are not exhaustive and that the tool allows the integration of an unlimited number of indicators, given that the user of the instrument classifies the indicator into one of these three approaches: internal, external or operational [60].


   GSI    =   ∑   i = 1  3   w i  ×   TaI  i   



(9)






    ∑   i = 1  3   w i  = 1 ,    w i  ≥ 0  



(10)







GSI is the Global Sustainability Index,     TaI  i    are triple approach indexes (operational, external and internal), and    w i    represents the weight of each sub-index calculated by the adapted FRISCO method.



The model presented in Figure 1 shows that the index for the operational approach is calculated by aggregating the indicators that have been classified as economic, environmental and social indicators, specific to the operations of each organization. It is calculated using Equations (11) and (12).


    TaI   op   =   ∑   i = 1  3   p i  ×   Ig  i   



(11)






    ∑   i = 1  3   p i  = 1 ,    p i  ≥ 0  



(12)







    TaI   op     is the operational approach index     Ig  i    and represents the index for a group of indicators i (social, i = 1, environment, i = 2, economic, i = 3) and    p i    is the weight of each sub-index, calculated using the method described in Section 4.2.1.





4.3. The Proposed Approach


4.3.1. Our Approach for Calculating the Global Sustainability Index


The full process of calculating the Global Sustainability Index is presented in Figure 6 and explains all the needed steps to calculate the GSI. The algorithm shows that our tool is scalable to an unlimited number of indicators and that the user can customize the software to match the needs of his/her organization.



Legend:




	
I—sustainability indicator;



	
d—(1, m)—sustainability indicators domain;



	
c—(1, n)—criterion within a domain;



	
W—weight;



	
N—normalizing process;



	
||x||—normalized value;



	
M—multiplication;



	
SI—sustainability index;



	
GSI—global sustainability index.








On the scheme, we marked with orange, blue, and green all the three stages in which the Global Sustainability Index calculation process has been divided.



In the first stage of the calculation process, the one marked with orange on the scheme, the weight of each criterion (total income, energy consumption, etc.) within a domain (economic, environment, etc.) is calculated using the FRISCO formula described in Section 4.2.1. Then, the values of the indicators as well as the values of the weights obtained with the FRISCO formula are normalized using the formulas described in Section 4.2.2 and Section 4.2.3. Having both the importance of the criterion and its normalized value, we generated a scalar product between them. The process continues with the repetition of these steps for each criterion and field.



Having calculated the scalar product between the weight and the value of the criterion, we can proceed with the second part of the modulation process on the blue scheme, where we add each result obtained previously, thus obtaining a sum for each domain. This sum is called the domain’s sustainability index. We will multiply this index by the share of the domain it belongs to. This may be equal for each domain or may vary, depending on the criterial analysis outlined in Section 4.2.5. We will obtain a scalar product again that we will use in the third stage. This process will be repeated for each field in order to be able to calculate the index of each.



In the last step, we will sum up all the indexes previously obtained from each domain, and the result will be called the Global Sustainability Index of the company.




4.3.2. Evolutionary Algorithm Approach


We developed this model based on the genetic algorithm because it can help companies to decide which indicators should be modified in order to obtain a better GSI.



The schema of the algorithm that we used in the application is presented in Figure 7 and it will be presented in the next paragraphs.



Initialize Population


In order to obtain better results and keep the bounds between the values of indicators, the initial population was not initialized with random values. We applied a formula that fills the candidates from the initial population with better values from the start of the algorithm.



The values for each candidate will be based on the impact of each indicator within a domain as follows:




	
If the impact of the indicator is positive, we will use the following formula:



(1-v) * random (0,1) + v, where v is the normalized value from company and random (0,1) is a random number between 0 and 1. The value generated based on this formula will be in range of [1, v];



	
If the impact is negative, we will use the following formula:



v * random (0,1), where v is the normalized value from company and random (0,1) is a random number between 0 and 1. The value generated based on this formula will be in range of [0, v].








In order to continue the algorithm, we need to multiply all the values that we obtained earlier by    2 8  − 1   and the integer part of the result will be transformed in binary (see Table 3). The binary transformation will be performed on 8 bits and this is why the values are multiplied by    2 8  − 1  .



If we want to increase the number of candidates form the population, the representation will become like in Table 4:



The first column of the matrix is used to store the year of the report.




Stop Condition


The stop condition is represented by the value given by the user through the graphic interface. This value represents the total number of generations used by the algorithm. If the value is reached, the program will stop and list the results.




Evaluation


The evaluation of each candidate from the population will be performed based on the arithmetic mean of the sustainability index of each of the six years that are described in the blue zone of Table 4. After calculating the mean of all candidates from the population, we sort by descending all the values.




Crossover


Selected candidates will be grouped by two and the recombination or crossover will be realized with some probability for each element from the candidate matrix. The crossover will use the two-point cutting process that is explained in Figure 8.



The condition to check the probability for crossover will be established by the formula: Random (0,1) > 1/BN, where random (0,1) represent a random floating-point number between 0 and 1 and BN represents the number of bits used, which, in our case, is 8. If this relation is evaluated to be true, the crossover will be realized; if not, the value of current element will not be changed.




Mutation


The mutation process will be applied to each element from all selected candidates as in the recombination phase. The mutation process that we used consists of complementing each bit from each element within an individual, with the same probability condition used for recombination. More precisely, if the condition is fulfilled, we will complement the current bit, otherwise, it will remain untouched.



For each element within a candidate, the probability condition for each of the 8 bits will be tested (Figure 9).




Final Evaluation


This stage evaluates the last generation of algorithm run. The best values for each year obtained by individuals according to the sustainability index are obtained and a higher individual is formed, whose values will be exposed in the report. Its binary values must be converted to real values to be relevant to companies.



The process of converting binary values into real values is made in several stages:



	
Divide the converted binary value into an integer number by    2 8  − 1   and obtain a value in the range [0,1];



	
Calculate the percentage of increase or decrease between the normalized initial value and the new value obtained by the formula:


Percent = (NewValue–NormalizedInitialValue)/NormalizedInitialValue;











	
The real value is obtained using the initial values without normalization as follows:


RealValue = InitialValue + InitialValue * Percent.

















4.4. Software Application


4.4.1. Application Features


At this stage of the project, the application features are the following:




	
Registering a company and logging-in;



	
Adding data for economic, environment, social, external and workspace domains;



	
Possibility to add or eliminate indicators, according to specific needs;



	
Possibility to calculate the sustainability index;



	
Showing and exporting the sustainability results;



	
Optimizing the sustainability index;



	
Viewing a top from sustainability point of view.









4.4.2. Graphic Interface


Being a web application, the graphical interface has been developed to meet the needs of any user. Figure 10 shows some of the forms that will be used by users, namely the registering stage (a) and the data input stage (b). The application contains five of these forms for adding data. This process does not require high digital skills from the user. The other functionalities of the application, specific for different types of users are described in Appendix A.



The aim of this work is to offer decision makers an easy to use instrument to assess sustainability performance by calculating generally accepted or custom indexes to evaluate specific issues. The Global Sustainability Index was developed based on a generic model for the sustainable organization, giving the software application the flexibility to be adapted into any sustainability indicator. According to the literature [47], one of the four reasons for measuring and reporting sustainability progress is decision making and management, and, as shown in [44], for certain areas or industries, custom reports are required. Therefore, an important feature of the tool is allowing the user to add or omit indicators, according to the particularities of the company or the purpose of the reporting process. This feature is illustrated in Figure 10b.





4.5. Dataset


After reviewing the literature and analyzing multiple sustainability and economic annual reports, we selected five companies to generate the results presented in paragraph 5 of this paper. All the selected reports are publicly available and can be provided by the authors upon request, therefore, are not included in this paper. Finding the same type of reported data for all the companies was a challenge, as there is not a standardized format for sustainability reports, but, as explained, the software application allows adding or omitting indicators to calculate the specific GSI of each company.



Table 5 shows general characteristics of the five companies that were analyzed. As shown by the industry, number of employees, revenue, areas served and locations of their production and distribution facilities, according to the data presented in their annual sustainability reports, we have chosen these companies to demonstrate the versatility of the software application, regardless of the industry, size or location. The data are publicly available, and we used the sustainability reports generated annually by each of the companies, to calculate the Global Sustainability Index, in order to show that the proposed tool can provide an integrative numeric output to easily assess the sustainability of the organization and to allow a comprehensive track of progress.





5. Results


5.1. Standard Results Based on Data from Reports


Figure 11 shows the results obtained using the operational indicators presented in the model of the sustainable organization (Figure 1). The operational index is the most complex because it contains indicators from three big domains (economic, environmental and societal). As indicated in Figure 11, companies 1, 2 and 3 show a growth of operational sustainability over the five years, while company 4 has a relative constant performance. According to the sustainability reports of company 5, its evolution showed a negative trend.



The score generated by the company’s relationship with its external community is presented in Figure 12. The indicators that were considered to calculate the external index are presented in the model of the sustainable organization (Figure 1).



The internal index is presented in Figure 13. It has been calculated by considering the indicators related to the workspace, as shown in Figure 1.



Figure 14 shows the inclusion of the three mentioned indices in a Global Sustainability Index.



As shown in the charts presented in Figure 11, Figure 12 and Figure 13, the sustainability indexes may vary between 0 and 100%, as they are calculated after normalizing every indicator considered when calculating the final result. The variations from one year to another can be explained by different values of the indicators that were analyzed. Figure 13 shows the least variation as the internal index considers indicators related to the workplace and the premises of the organization, and may include indicators related to water and energy efficiency, accessibility for disabled, ergonomics, dining services, etc. These are indicators that have typically a small or sometimes no variation from one year to another.




5.2. Optimized Results Using Genetic Algorithm


Figure 15, Figure 16, Figure 17 and Figure 18 present the optimized results using our genetic algorithm approach. The same steps have been taken in order to obtain a Global Sustainability Index.



The values obtained after applying the genetic algorithm show predictive sustainability performance of the organization. The input data was taken from reports published up to the year 2016, and the application generated predictions for the following six years based on statistical data and the evolutionary algorithm presented in Section 4.3.2.





6. Discussion


6.1. Interpretation of Results


The results show that the software application proposed in this paper can generate a numeric value by aggregating different indicators that companies usually present in their annual sustainability reports. Considering the challenges related to measuring and reporting sustainability progress, [40,41,42,43,44], we aimed to offer decision makers and managers an instrument that can assist them in this endeavor. The data used for generating the results presented in Section 5 were manually extracted from public sustainability reports. Since there is not a standard for sustainability reporting [40], there is a wide variety of reports [41], both in terms of format and content, and, therefore, the data input process was not automatized. We decided to present the results from five different companies, two of them from the automotive industry, and the others from fashion, electronics, and courier domain, in order to demonstrate the potential of the application to show an integrative view, regardless of the industry, size and geographic location of the company.



The results cannot be interpreted in a global way and must be interpreted separately, for each company, yearly. The results generated from standard data, presented in Section 5.1, illustrate the evolution of each company from one year to another. The behavior of the analyzed companies over a period of five years can be observed in Figure 11, Figure 12 and Figure 13. Figure 14 shows the variation of the Global Sustainability Index—the composite indicator that includes all the indicators reported by the company. The scores are relevant only when a company is compared against itself, as the GSI aims to illustrate the progress of the organization in time. As seen in Figure 14, company 1 shows relative constant results over time, or little variation, while companies 2, 3 and 4 show positive evolutionary trends, demonstrating progress in implementing sustainable practices. Company 5 has a sinusoidal variation with a slightly negative trend. The managers might have explanations for these variations, that can be translated into expanding on new markets, increasing production or greening the supply chain.



Having calculated the Global Sustainability Index for different companies that choose different indicators to include in their annual sustainability reports, we demonstrated the versatility of the instrument that can be adapted to any context, by adding or subtracting indicators, thus, the user of the software application can choose the perspective to focus on, according to the reasons of the sustainability performance assessment. Parris and Kates [47] identify four major reasons why sustainability performance is evaluated: building participation and consensus, research, advocacy, and management and decision making.



We tried to optimize the GSI, and Figure 15, Figure 16 and Figure 17 show that our genetic algorithm managed to find improvable indicators that could bring better sustainability indexes for the companies. We can observe a high increase of the indexes for all companies, which means that the managers now know the potential of their organization to improve its sustainability performance and which are the indicators that need to be addressed in order to achieve the desired outcomes.




6.2. Implications for Practice


The software application can help organizations to calculate their sustainability index and this may help them to focus more on sustainable development. The application not only helps to calculate the Global Sustainability Index, but also offers the calculation of the sub-indexes that can be customized to highlight perspectives chosen by the user. Viewpoints defined by composite indicators such as Human Development Index (HDI), Environmental Vulnerability Index (EVI), Ecological Footprint (EF), Environmental Sustainability Index (ESI), Welfare Index, Genuine Progress Indicator (GPI), Index of Sustainable Economic Welfare, Environmental Policy Index (EPI), and more, can be highlighted by adapting the proposed software application.



The application could be useful for banks. In order to provide a credit to a company, a bank needs some economic data about the company, data that could be found in the reports generated by our application; also, the bank can see how sustainable the company is and based on this factor, can decide if the credit is approved or not. Companies can see the results of the market competitors in a top generated by the application, based on public sustainability reports, and, thus, they can decide where they have to concentrate the investments in order to keep a good position on the market from a sustainable point of view, or they can decide with whom to collaborate in order to reduce some costs and become more sustainable while helping each other.



The mathematic algorithm that allows a variable number of indicators, and the approach of calculating sub-indexes by normalizing and aggregating clusters of indicators, assures the versatility of our instrument, which can be adapted to performance assessment in areas that are not necessarily related to sustainability. The users can introduce new indicators and calculate their own custom index without being influenced by the indicators proposed by us in the generic model illustrated in Figure 1.




6.3. Limitations and Future Research Directions


Some of the limits of our approach are related to the fact that we started this research by studying different sustainability reports of companies from different industries in order to see if we can find relevant data for our algorithm. Therefore, one limit of this study is that we did not test the application on multiple companies from a single domain of activity in order to perform a benchmarking analysis. Since we did not define a set of rules for the rising or dropping values on the genetic algorithm, we aim to equip this algorithm with a set of rules from experts in the field to limit sudden increases of some parameters.



The predicted values did not consider unexpected scenarios, such as the global crisis caused by COVID-19. For the calculation of the GSI, and especially for the workplace index, binary indicators have been used. For example, if the company has accessibility for people with disabilities, the indicator has the value 1, and if it does not have accessibility, the value of the indicator will be 0. Therefore, the values of the GSI could be more accurate if the binary indicators are transformed into continuous ones. The algorithm offers the user the possibility to define each indicator, but this will increase the time and difficulty to input the data.





7. Conclusions


Sustainability performance assessment is a challenge for many companies, as various sustainability indicators have different measurement units and there is not a standardized reporting framework. The proposed tool, based on a mathematic algorithm that combines several sustainability indicators, can be a valuable instrument for organizations that need to evaluate their sustainability performance. The software solution described in this paper simplifies the sustainability reporting process and allows decision makers to use the presented mathematical algorithm, without being required to calculate or even understand the mathematical grounds of generating a global index to highlight the progress of the organization regarding its sustainability objectives.



An optimal solution is very rare in the transition towards the sustainable organization and compromises are required most frequently between environmental, economic and social aspects on the one hand, and the expectations of the stakeholders on the other hand [77]. The proposed tool helps users to cope with these challenges and also takes into consideration that information is not always available and precise. Another feature offered by the tool is that besides simplifying sustainability performance assessment, it highlights low performance indicators and offers suggestions for improvement. The implementation of the sustainability performance assessment tool should be incremental and should follow a continuous improvement approach for each of the three dimensions of sustainability.



According to Merad et al. [77], sustainability performance assessment through a set of performance indicators is difficult and it implies a double challenge. First, the heterogeneity of the indicators that represent different entities (physical, economical, subjective, etc.), such as weight, size, price, color, etc., and whether it may be quantitative or not. This implies a difficulty to quantify or measure the indicators. The second challenge is that some of the indicators that are measured and reported might be conflicting or interacting in some way and it is difficult for decision makers to aggregate them to reach an overall perspective.



In this current phase of this project, we managed to extract data from the sustainability reports and calculate the GSI for five companies. We also applied a genetic algorithm containing the same data and we observed the evolution of the GSI in time.



For the future development of the instrument, we have, in plan, to introduce the following features:




	
Correlate the values of the indicators during the implementation of the genetic algorithm;



	
Release of green certificates based on the GSI of the company;



	
Build a graph with different future trends for each indicator;



	
Mapping sustainability with different colors so that one can see if the current or potential business partners of the analyzed company are sustainable and how doing business with them would affect the company’s sustainability index;



	
Improve the granulation on certain indicators;



	
Include the possibility to simulate the future GSI if different hazards occur;



	
Collect data for the period 2017–2022 and make a comparison between the (optimal) values predicted by the implemented genetic algorithm and the sustainability index, obtained by applying the calculation model of sustainability on concrete data reported by companies in order to notice how far from an ideal optimal sustainability index companies are;



	
Automatic loading data from different file formats like Excel, Json, XML, XBRL, etc.
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Appendix A


Use case description
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Figure A1. Application use case diagram. 






Figure A1. Application use case diagram.
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In the case of the application case, we define the following actors:



1. Guest



This user role can be assigned to a company delegate or a simple citizen who wants to find out how this platform is used, without being registered. With this role, one can view details about the application by visiting Home, About Us, New Features, Security, Help, Privacy Policy, Recent Questions, and can opt for the registration process. It is also possible to contact the administrator to provide feedback, questions, or anything else that cannot be answered within the existing pages.



2. Company Management



The decision maker is the user who has completed the registration process, now having full access to the application’s features such as:




	¯

	
View the details of the application in the same way as the visitor;




	¯

	
Log in with a company unique code that has been registered and a password for this process;




	¯

	
View or modify the profile, i.e., the data entered in the registration process can be changed if there are any ongoing changes. The password can also be changed for security;




	¯

	
Data may be input for sustainability calculations; this process is divided into five steps across the indicator ranges presented in the previous chapters. The company has a standard set of data to be entered but additional indicators can be added if the company decides that the standard is not enough;




	¯

	
Can contact the administrator to send feedback, ask questions or request customized features;




	¯

	
Can view the Global Sustainability Index, calculated with the data he/she entered, and the spreadsheet will produce results of the normalizations described in Section 2.3 and will provide a report that can be viewed and exported;




	¯

	
Sustainability calculations can be made by opting for a Genetic Calculator that will deliver results for which the company should aim for during the next six years, providing a report for that purpose which can be viewed and exported.









3. Administrator



Administrator is a special account type because it has access to the database and can modify information within the database. The functionalities available for this account are:




	¯

	
Can log in to application;




	¯

	
View or change a profile in the company;




	¯

	
Receives emails from visitors and companies;




	¯

	
Manages the database by deleting or modifying data in the database based on requests from companies.
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Figure 1. Model of the sustainable organization [60]. 
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Figure 2. Development stages: (a) Data collecting; (b) Building graphic interface to save data; (c) Data saved into the database; (d) Algorithmic stage; (e) Knowledge extraction. 
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Figure 3. Thales Theorem for similar triangles (positive impact indicators). 
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Figure 4. Thales Theorem for similar triangles (negative impact indicators). 
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Figure 5. Aggregation of the external, internal and operational indexes into Global Sustainability Index [60]. 
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Figure 6. Full process of calculation of the Global Sustainability Index. 
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Figure 7. Schema of genetic algorithm that is used in the application. 
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Figure 8. Crossover with two-point cutting. 
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Figure 9. Process of mutation. 






Figure 9. Process of mutation.



[image: Sustainability 12 04435 g009]







[image: Sustainability 12 04435 g010 550] 





Figure 10. Forms: (a) Register form and (b) Add data form. 
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Figure 11. Standard results for operational index. 
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Figure 12. Standard results for external index. 
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Figure 13. Standard results for internal index. 
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Figure 14. Standard results for Global Sustainability Index. 
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Figure 15. Optimized results for operational index. 
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Figure 16. Optimized results for external index. 
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Figure 17. Optimized results for internal index. 
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Figure 18. Optimized results for Global Sustainability Index. 
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Table 1. Selection criteria [60].
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	Selection Criteria
	Code





	Costs
	C1



	Environment impact
	C2



	Social benefits
	C3



	Employee implication
	C4



	Complexity of intervention
	C5
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Table 2. Relationships matrix [60].
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	Section Criteria
	
	C1
	C2
	C3
	C4
	C5





	Costs
	C1
	0.50
	0.50
	0.00
	1.00
	1.00



	Environment impact
	C2
	0.50
	0.50
	0.00
	0.00
	0.00



	Social benefits
	C3
	1.00
	1.00
	0.50
	1.00
	1.00



	Employee implication
	C4
	0.00
	1.00
	0.00
	0.50
	1.00



	Complexity of intervention
	C5
	0.00
	1.00
	0.00
	0.00
	0.50
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Table 3. Representation of a candidate—with generated values (decimal and binary representations).
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Year

	
Candidate






	
2017

	
205

	
85

	
250




	
2018

	
204

	
65

	
245




	
2019

	
230

	
75

	
247




	
2020

	
224

	
72

	
254




	
2021

	
189

	
45

	
242




	
2022

	
225

	
55

	
239




	
Year

	
Candidate




	
2017

	
11001101

	
01010101

	
11111010




	
2018

	
11001100

	
01000001

	
11110101




	
2019

	
11100110

	
01001011

	
11110111




	
2020

	
11100000

	
01001000

	
11111110




	
2021

	
10111101

	
00101101

	
11110010




	
2022

	
11100001

	
00110111

	
11101111
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Table 4. Representation of a population with three candidates.
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Year

	
Candidate 1

	
Candidate 2

	
Candidate 3






	
2017

	
205

	
85

	
250

	
206

	
82

	
196

	
166

	
33

	
173




	
2018

	
204

	
65

	
245

	
155

	
69

	
192

	
220

	
59

	
250




	
2019

	
230

	
75

	
247

	
167

	
30

	
251

	
209

	
100

	
225




	
2020

	
224

	
72

	
254

	
179

	
71

	
253

	
214

	
52

	
181




	
2021

	
189

	
45

	
242

	
161

	
65

	
233

	
240

	
77

	
222




	
2022

	
225

	
55

	
239

	
171

	
48

	
226

	
205

	
31

	
210
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Table 5. Companies’ general characteristics.
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	Company
	Domain
	Employees
	Revenue
	Area Served
	Location of Facilities





	Company 1
	Fashion
	57,016
	€21.915 billion
	Worldwide
	Africa (7 countries), Asia (23 countries), Australia and New Zealand, Europe (24 countries), America (14 countries)



	Company 2
	Automotive
	400,100
	€78.5 billion
	Worldwide
	Africa (35 countries), Asia (55 countries), Australia, French Polynesia, New Zealand, Europe (38 countries), America (14 countries)



	Company 3
	Automotive
	244,582
	€44.40 billion
	Worldwide
	Africa (6 countries), Asia (15 countries), Australia, Europe (28 countries), America (10 countries)



	Company 4
	Mail order
	49,787
	€500,000
	20 countries
	Germany, Spain



	Company 5
	Electronics
	46,000
	$9.56 billion
	Worldwide
	Africa (2 countries), Asia (12 countries), Australia, Europe (10 countries), America (3 countries)











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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