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Abstract

Today, there is a clear need for companies to change their usual business view. As a
matter of fact, sustainability has never been so important. In general, scientists are
struggling in finding correct methodologies to address the sustainability issues.
Nevertheless, it is not possible to improve without having an idea on what to measure,
how to measure it, how to use the identified data to make decisions, and how to report
the obtained outcomes. As a result, the thesis work aims to propose a novel state-of-
the-art framework able to address each phase of a Sustainable Performance
Management System (PMS). The thesis work aims to guide a generic food business in
enhancing their overall sustainability. Therefore, the proposed sustainable PMS
framework guarantees a holist agri-food business point of view. As such, food supply
chain, competitor, and industry sector perspectives were taken into consideration. The
latter was done critically applying and improving the most relevant findings in the
related scientific literature. The proposal was developed in order to be as much
flexible, user-friendly as possible. In addition, it presents a novel sustainability data
prioritization and correlation procedure as well as an up-to-date sustainability result
reporting approach.

Key-words: Sustainability, Performance Management System, Sustainability Report,
Conceptual Framework.
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Abstract in italiano

Oggigiorno vi e un chiaro bisogno di cambiare il classico modo di pensare al significato
di business. Di fatto, la sostenibilita non e mai stata cosi importante. Gli scienziati di
tutto il mondo si stanno dando da fare per trovare le metodologie piu corretta al fine
di risolvere i problemi riguardanti la sostenibilita. Nonostante cio, per una azienda e
impossibile migliorare senza sapere cosa misurare, come misurarlo, come utilizzare i
dati per intraprendere decisioni e come riportare i risultati ottenuti. Per questo motivo
il lavoro di tesi si pone 1’obbiettivo di proporre un framework all’avanguardia in grado
di eseguire ogni fase del Performance Management System (PMS). In generale,
l’obiettivo e quello di guidare una generica azienda del settore alimentare a migliorare
la loro sostenibilita. Tale modello e in grado di garantire una visione olistica
dell’ambiente agro-alimentare. Di conseguenza, prende in considerazione l'intera
catena di approvvigionamento, i rivali di mercato, e lo specifico settore industriale di
riferimento. Il tutto e stato fatto applicando e migliorando in modo critico le piu
importanti scoperte scientifiche riguardanti l'argomento. Il framework e stato
sviluppato in modo da essere il piti flessibile e semplice possibile. In aggiunta, il lavoro
di tesi presenta una nuova procedura sia per estrarre l'importanza relativa e la
correlazione dei dati sulla sostenibilita, sia per la comunicazione dei risultati ottenuti
in termini ambientali e sociali.

Parole chiave: Sostenibilita, Performance Management System, Sustainability Report,
Conceptual Framework.
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1 Introduction

Nowadays, stakeholders require companies to be more and more sustainable.
Consequently, sustainability has become one of the main competitive leverages in
almost every business field. Even the Pope has stressed out the sustainability problem
in one of his last public events, which gather scientist from all over the world. Here,
under the guide of the bishop of Rome, the various participants signed an agreement
with the aim of open a dialog on sustainability matter between bank institutions,
energy giants, and entrepreneurs. [1]

In recent years, people have acquired awareness of the impact that certain food supply
chains may have on both society and environment. For instance, concerning the
amount of land employed for agriculture, how much food additives may impact on
consumer health, or the amount of food waste generated day by day. Those are only
few of the many aspects which relate sustainability and food supply chain at the same
time. Furthermore, scientific findings do not move freely across poorly connected
sectors. Consequently, the challenge is to align the different point of views, priorities,
and work routines under one big umbrella. Thus, coordination among the various
stakeholders of the food system has never been so important. [2]

In addition, as environmental and societal threats are expected to increase, the need
for public and private investments on the subject will increase as well. However, the
action of such investments could be inhibited by the actual outdated and fragmented
knowledge about the agri-food field and its related sustainability aspects. Indeed, even
if a company decided to implement a set of sustainability practices and projects, their
effectiveness and efficiency could not be evaluated unless the different variables and
results are clearly assessed and reported. [3] Even though, only few food companies
have developed a consistent sustainability assessment and reporting methodology. [4]

As an example, in the study “A roadmap for sustainability assessment in the food
supply chain” [4], the authors created a tool able to identify the sustainability
assessment effort provided by a generic food company. As a result, the following five-
level scale categorization was identified:

=  Conformance

This level represents the combination of practices and assessment that
companies apply to meet regulatory requirements;
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= Initial

The second level involves companies that implement a wider set of
sustainability practices beyond the mandatory ones. Nonetheless, assessment
remains either non-applied or it is done in a non-structured way;

=  Enthusiast

In this level the companies have reached consistent sustainable results. Even
though, assessment is neither implemented nor done in a qualitative manner.

=  Committed:

Here there are all the companies which assess their sustainability practices in a
more structured way;

=  Advanced:

Sustainability practices are consistently evaluated, improved, and usually
certified as well.

In general, the biggest part of the companies lays in the first two categories. Hence, no
sustainability assessment methodology has been developed to measure the
sustainability effort according to modern society requirements. [4]

In conclusion, the forecasted catalyzation of sustainability investment in the food
sector requires great improvements in simplifying sustainability assessment, decision-
making, and reporting processes. Therefore, there is a clear need for a holistic view on
food supply chain triple bottom line. [3] Thus, the creation of a sustainable
Performance Management System (PMS) able to consider the whole supply chain
during the sustainable development process as well as to report the obtained results,
will surely satisfy many of nowadays needs. [5]



2 Research Objectives

This Chapter is intended to convey to the reader the purpose of the thesis work.
Actually, any dissertation work should improve the current scientific environment by
producing new solutions.

First, the research purpose should be highlighted. Considering what has already been
said in Chapter 1, the aim of the dissertation can be expressed as follows: "To identify
how a food company should develop a sustainable PMS and how such a company
should communicate its sustainable results to the external community".

Once the aim of the thesis is clear, it could be broken down into individual objectives.
The latter usually indicate the specific focus and approach related to an academic
project. In general, the thesis objectives guide every step of a scientific work, including
how to gather information and how to support the analysis and conclusion.
Furthermore, they also help to point out the key variables, which are then translated
into keywords

A food business that wants to answer the above statements needs to know what to
measure, how to measure it, and how to use the selected information to make
decisions. In addition, it should also know how to present sustainability results under
its governance, both from an internal and external perspective. Therefore, it is
necessary to study in depth the various sustainability indexes, the sustainability
assessment methods, the sustainable decision-making models, and the sustainability
reporting techniques provided by the scientific community

Furthermore, modern society has already adopted standard accounting tools.
However, these were developed to highlight only the economic performances of a
generic company in a given year. Hence, they do not take the whole sustainability
perspectives into account. [6] Even though there might be a link between these
standard accounting tools and sustainability reporting. Therefore, the academic
literature should also be examined from this point of view.

In summary, the objectives of the thesis could be characterized as follows:
1. Identification of the supply chain sustainability data to be monitored;
2. Definition of the means to collect and updated such data over time;
3. Determination of a way to perform sustainable decisions;
4

Determination of a way to report sustainable decisions results;
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5. Identification of the links between standard accounting tools and sustainability.



3 Concepts and Terminology

The thesis work aims at developing a sustainable PMS framework able to consider the
whole food supply chain when dealing with a generic company usual business
activity. In addition, the proposed framework requires to report all the sustainability
results obtained during the company management process. Therefore, in this Chapter,
the concepts of Food Supply Chain, Sustainability, Sustainability Assessment,
Performance Management System, and Standard Accounting Reports are presented as
the background for this thesis work.



3.1.

| Concepts and Terminology

Food Supply Chain

The food supply chain includes all the steps that food products go through, from

producers to either consumers or customers. According to “The Gower Handbook of
Supply Chain Management [7], the key stages in a food supply chain are:

Production

The food supply starts at the production level. To do so, companies must follow
local and international guidelines to ensure safety and quality;

Handling and Storage
Here, food is prepared to be sent to the next stage;
Processing and Packaging

In this step the food originated from animals or plants is converted into an
edible form. The food must meet all the legal requirements before packaging
and distribution;

Distribution

Once the food has become edible, it is moved and distributed to the next stages
of the chain;

Retailing

This step is used to deliver food from suppliers to consumers. Hence, involving
every activity for supplying and selling it;

Consumption

It takes place after the purchases to the final customer from a retailer.

Over the years, six main models of food supply chains have been identified by
scholars. [8] The latter could be listed as follow:

Continuous flow

It is useful when demand of production is constant, in fact it offers high chain
stability. This makes it ideal for manufacturers who make stable demanded
products;

Fast-chain

This model is suitable for manufacturers which work with shorter life-cycle
products. Hence, it is a flexible design where products can quickly be changed
out;

Efficient

These models are the “go-to” of all supply chains which operates in a
competitive market. Here, high standards and efficiency must be guaranteed;
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= Agile

When a food business deals with special items, they will use agile supply chain
models. This allows repenting changes in volumes and times related issues;

=  Flexible

Flexibility is a huge bonus because it allows businesses to meet easily different
demand patterns;

* Custom configured

The food customization is set during the assembly and production stage. This
type of chain is a hybrid model between the agile and continuous flow types.

In general, a resilient food supply chain is important to make safe products that meet
the consumer’s high-quality requirements. Nonetheless, in recent years the food
supply chain has lived a period of intense growth, which has been inevitably
translated into their increased fragmentation. Hence, it is more difficult for consumers
to easily trace the food origins. [3]
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3.2. Performance Management System (PPMS)

Generally, every company must stay competitive in the market. If the various
performances related to the business’s success do not meet customer requirements,
soon or later the company will fail. Therefore, an organization should always perform
a virtuous cycle of plan, do, check, and act activities to push their business to success.
[9] The most common way to address that issue is by using a “Performance
Management System” (PMS). A PMS aims at identifying what to measure, how to
measure it, and how to make consistent improvements based on the collected data. In
addition, it can focus on the whole organization, a department, or the processes in
place to manage a particular task. The PMS is the instance able to ensure that a set of
activities meets the organizational goals in an effective and efficient way. [10]

As a result, the PMS is closely related to the “Management Theory”, which intends to
identify the objectives and procedures of the company’s strategic management. In
general, the most important management theories related to the PMS are
“Contingency Management Theory” and “Balance Score Card”. [4]

3.2.1. Contingency Management Theory

The theory is based on the concept that no management approach is suitable for every
organization. There are different factors that affect businesses such as size of the
organization, leadership style, and technology. Consequently, every business should
develop its own management approach. In addition, Contingency theory questions the
universal applicability implied by the other management theories. Hence, it points out
that variables such as job design, participation in decision-making, organizational
structure, and leadership style are critical to understand what will lead to a good
managerial outcome [11]

“The main contingency factors are size, task uncertainty, and diversification. Each
organization varies in function of the levels of its contingency factors and their
corresponding structural variables. As a result, Structural contingency theory argues
that the most effective structure for an organization is dependent on the structure
fitting the organization's level of contingency factors. Where the structure fits the
contingencies, it gets high performance results. On the contrary, where the structure
misfits the contingencies, it gets low performance results”. [12]

3.2.2. Balance Score Card

The other important management theory for PMS is the one provided by Kaplan and
Norton, who developed the Balanced Scorecard model in the early 1990s. This was the
tirst attempt to help organizations in measuring business performances using not only
tinancial data but also non-financial ones. Hence, “it aims to align business activities
to the vision and strategy of the business, improve internal and external
communications, and monitor business performance against strategic goals”. [13]



| Concepts and Terminology 9

According to the theory, a wide range of information, which is both financial and non-
financial, supports business success. As such, the implementation of a consistent PMS
based on BSC depends on some heterogeneous pillars. First, a clear picture of an
organization’s health is given by more than one measure. Secondly, it is necessary to
develop a composite scorecard to receive consistent output.

Kaplan and Norton divided their framework into four different perspectives: financial,
customer, internal processes, learning and growth. According to their model, every
organization should select a set of critical measures for each of these perspectives.
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3.3. Sustainability

“From a business perspective, sustainability has been defined as the ability of an
organization to last in time, by looking at its financial performance as well as the
environmental and social assets that compose its capital”. [14] The latter is commonly
referred as the “Triple Bottom Line”, which incorporates the three elements of
economy, society, and environment into one big issue that companies need to address
for their survival. [15]

During the past 40 years, the concepts of sustainability and sustainable development
have been part of a broad political discourse, which have exposed their meanings and
dimensions to manipulations and contestations. [16] Thus, sustainable development
has transitioned from being an interesting idea, to a concept that receives endorsement
by institutions, businesses, and governments. This increasing importance of
institutions towards the reaching of sustainable development have been translated
into the developed of many guidelines, standards, and principles to enhance an
organizations’ sustainability performances.

Furthermore, the public awareness of social and environmental development made
sustainability an inherent challenge for business. [17] Therefore, the future of
sustainability promotes transparent and sustainable business practices, which aims to
provoke responsible corporate sustainable development. Despite that, “different
positions emerged on balancing economic, social, and environmental issues. In
particular, business positions on sustainability varied whether they refer to a weak or
strong approach to sustainability”. [18]

On the one hand, the weak sustainability position does not question the present mode
of economic development and views sustainable development as being compatible
with some modified version of “business-as-usual”. On the other hand, the strong
position about sustainability reveals that technological innovation and human
resources cannot replace aspects that are fundamental for people, such as climate
change, biodiversity protection, or water management. In this position, the economy
is not apart from society and the environment, yet it depends on these elements. [18]
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3.4. Sustainability Assessment

Sustainability assessment is the processes to “direct the planning and decision-making
toward achieving sustainable development” [19] Thus, it is the process which
integrates natural and societal systems considering local and global dimensions as well
as short-term and long-term horizons. Moreover, it also determines whether a decision
is sustainable or not. [20] As a result, it is an evaluation against a set of sustainability
principles. [21]

The sustainability assessment is commonly done thorough the employment of a
customized tool, defined as an instrument used to do a peculiar kind of work. As such,
it helps to get a job done, nevertheless it is not a substitute for the job itself.
Furthermore, their level of complexity is very wide. For instance, a tool could be a
simple checklist or a formally structured methodology. [22]

Sustainability Assessment tools are different techniques used for understanding a
system sustainability features. [23]. Moreover, in the study “Categorising tools for
sustainability assessment” [22], the authors categorized sustainability assessment tools
as indexes, standard, product-related tools, and integrated assessment tools.

3.4.1. Indexes

Indexes are the basic components of each performance measurement. In general, they
are estimable measures composed of metrics. Therefore, indexes are a useful way for
objectively measure and communicate many attributes important for the company. To
sum up, an indicator is a value that allows the organization to measure something
relevant for its activities.

3.4.2. Standards

A standard may be defined as an agreed, repeatable, harmonized way of doing
something. Hence, it contains specifications and criteria to be implemented as a
guideline, rule, or definition. Standards are the result of a collective consensus work
in a field of study. When standards are established in the international area, they
represent something which is agreed by all the involved stakeholders. There are also
different types of standards. On the one hand, some standards are developed by
external bodies to be implemented by the whole stakeholder sample looking at an
international point of view. On the other hand, each organization could establish its
own standards, which may be used either internally or externally their environment.
Nevertheless, a standard should ensure that the delivered product or service
specifications are met in a reliable, safe, and durable manner.



12 | Concepts and Terminology

3.4.3. Product Related Tools

In general, the product related tools perform sustainability assessment considering a
specific product overall impact. There are various techniques to perform such kind of
assessment methodology. Even though, the most frequently used are “Life Cycle
Assessment” (LCA), “Life Cycle Costing” (LCC), “Material and Energy Analysis”,
“Systems Dynamics”, “Risk Analysis”, “Multi-Criteria Decision Analysis” (MCDA),
“Cost-Benefit Analysis” (CBA) and “Impact Assessment”. [22]

LCA is a very widespread tool. Hence, it is increasingly used by consultants, public
authorities, and researchers to support the sustainable decision-making process. In
addition, it is also present in the ISO 14040 series. This method could also be integrated
with Input-Output Analysis, which gives life to the hybrid Input-Output LCA. [24]

Furthermore, Multi Criteria Decision Analysis is one of the most employed analytical
tools in business application. The latter is mainly due to the fact that it could include
both monetary and non-monetary aspects when assessing a decision. Hence, it is a
procedure which aims at giving qualitative and quantitative data comparison at the
same time. Therefore, it allows decision-makers to include a full set of economic,
environmental, social, and technical criteria. [22]

3.4.4. Integrated Assesment Tools

These tools divide the sustainability assessment into various phases. For each of them
a predefined set of actions/techniques is employed. In general, the integrated
assessment tools may be divided into frameworks and models. [22]

On the one hand, a framework is the structure of concepts and ideas. As such, it is
employed to describe the consistency and the relationships among physical things and
abstract ideas. Consequently, it is used to give a holistic view to a set of potential
actions to be implemented. As an example, almost every scientific work is provided
with a conceptual framework, which is called Research Framework. The latter is used
to highlight the interlinkage of the research field in terms of problems, goals, methods,
data, analyses, and resources. Moreover, a framework aims to communicate the tasks
and expected performances to other people. [22]

On the other hand, a model is slightly different from a framework; indeed, it is
something used to explain a set of pre-defined mechanism of operations. Whereas a
framework is a way of representing the relationships between aspects to inquire. In
general, there are many types of models. For instance, a conceptual model is a
construct which shows through a set of variables, both logical and quantitative, the
linkage among them. Furthermore, models usually provide to the reader important
concepts, and investigations into a selected phenomenon. As a result, it gives body to
the situation represented by the framework making some sort of assumptions. [22]
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3.5. Standard Accounting Reports

Financial Statements are reports of the financial activities of a business, a person, or
another entity. The target of such reports is to provide information about the financial
position, performances, and changes of an enterprise. In general, financial statements
should be understandable, reliable, relevant, and comparable. In fact, they may be
used by different actors such as employees, management, investors, stakeholders, and
many others. The standard accounting reports typically include three different
statements, which are “Balance Sheet”, “Income Statement”, and “Financial
Statement”. However, for the thesis’ purposes only two of them need to be described.
Furthermore, the concept of “Integrated Report” should be explained as well.

3.5.1. The Balance Sheet

The “Balance Sheet” is a mandatory statement which summarizes the yearly assets,
liabilities, and shareholder equity of a company. Overall, it provides a shot of what a
company owns as well as of the amount invested by shareholders. Hence, it provides
the basis for evaluating rates of return and the company’s capital structure in terms of
indexes. Furthermore, it can be used with other statements to make analysis and
calculate various ratios. Nevertheless, it could not be used to sense the business in
terms of longer time and trends. That is why, balance sheets are usually compared
relating one to the previous one. The balance sheet must adhere to an equation with
assets on one side and liabilities plus equity on the other. [25]

As a result, the following Equation (3.1) shows the balance sheet equilibrium formula:
Assets = Liabilities + Equity (3.1)

In addition, both assets and liabilities are divided into long term and current
categories. Therefore, current assets could be cash and cash equivalents, marketable
securities, accounts receivable, goods available for sales, prepaid expenses, whereas
long-term investments are securities, fixed assets, intangible assets. On the other hand,
while current liabilities could include current portion of long-term debt, interest
payable, wages payable, customer prepayments, dividends payable, earned and
unearned premiums, account payable; long-term liabilities could include long-term
debt, deferred tax liabilities, and others. [25]

3.5.2. The Income Statement

The “Income Statement” is part of company performance reports that must be
submitted to an external validation party. The report allows to analyze how a company
chose to invest in a given time frame. As such, it gives information about how revenue
is realized by the company as well as how it is turned into net earnings (profit or loss).
[25]
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The income statement shows four key items: revenue, expenses, gains, and losses.
Furthermore, there is not differentiation between cash and non-cash receipts or cash
and non-cash payments. As a result, the net income is calculated through the Equation
(3.2) which is presented here below:

Net Income = (Revenue + Gains) - (Expenses + Losses) (3.2)

In conclusion, net income statement allows to convey details of profitability and
business activities of the company to the stakeholders, providing detailed insights
about the internal activities of an organization, which could be used to compare the
company governance across competitors and sectors.

3.5.3. Integrated Reporting (IR)

The “Integrated Reporting” (IR) is a well-established sustainability reporting tool,
which aims at providing information about both financial and not-financial
performances, as well as their influence on organizations’ value. Therefore, it includes
qualitative and quantitative variables, which are intended to offer a broad company’s
vision ranging between business model, risk management, strategy, and sustainable
development. [6]

Generally, an integrated report should provide concise information on how an
organization operates in the context of its external environment, leading to the creation
of stakeholder value over the short, medium and long term. [26] In addition, the study
“Sustainability management and reporting: the role of integrated reporting for
communicating corporate sustainability management” [27] argues that integrated
reporting aims to extend the short-term focus of traditional corporate reporting to deal
with a broad range of issues, resources, and relationships considering the business
long-term success and viability.

In conclusion, the integrated reporting is a mean to provide information which satisfy
nowadays stakeholders requests and needs. Thus, it is not a set of isolated pieces of
information about economic instances. The IR it demonstrates how a company creates
value according to the different capital sources focusing on social, environmental, and
economic issues at the same time. [28]
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4 Research Methodology

This Chapter explains how the work on the dissertation is carried out. In other words,
it lists all the steps, procedures, and considerations that led to the writing of the text.

A research paper can be either empirical or desk-based. The empirical research is a
hands-on experiment where data is usually collected directly from the field. Desk-
based research, on the other hand, involves collecting existing data. Consequently, the
first type of work requires approval, while the other does not need to be approved.
[29]

For the present work, a desk-based research framework was used. In particular, the
systematic literature review approach was adopted. The latter can be defined as "a
systematic, explicit, and reproducible method of identifying, evaluating and
synthesizing the existing body of completed and recorded work by researchers,
scholars and practitioners.” [30] In general, a simple collection or summary of articles
is not enough in conducting such a review; the systematic literature review must also
include elements of analytical critique. Therefore, it should contribute to the scientific
community by summarizing the available material and providing a critical view of
current theory. [29] Moreover, a systematic literature review is not very suitable for
completely new research topics. When only a few studies are available, consistent
knowledge of a topic could naturally take more time.

In summary, the systematic literature review is a very rigorous approach that uses a
predefined step-by-step procedure. The following Table 4.1 shows the main steps of
such methodology applied in this work, which comes from the paper "A Guide to
Conducting a Systematic Literature Review of Information Systems Research" [30]
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Table 4.1: Systematic Literature Review Phases [30].

Stage | Key Feature
Problem Formulation | Clarify your Research Objectives
Data Collection | Literature search using selected data base
Data Evaluation | Assessing study inclusion/exclusion criteria

Data Analysis and | Analysis and interpretation of data,
Interpretation | integrating the implications

Final Stage | Exploration of the bias in terms of gaps.
Recommendations to the final research user

In Chapter 2, the main objectives of the thesis were the identified. The latter aims to
propose a novel framework that could help food companies to develop a sustainable
PMS that takes into account the entire supply chain. Therefore, all existing literature
on the subject should be examined. For this purpose, the concept of sustainable PMS
was divided into two different categories. The first category deals with how the
scientific community has addressed the different phases of PMS taking into account
sustainability aspects in the context of the food supply chain, while the second
category aimed to investigate whether scientists have tried to combine standard
accounting tools with sustainability considerations. As a result, the following
keywords were derived to achieve the research objectives described in the previous
Chapter:

* First category: “food, supply chain, sustainability, KPI, index, evaluation,
measure, report”;

* Second category: “sustainability, connection, balance sheet, income statement,
financial statement”.

Even if there are evident differences among the two categories, both of them were
studied almost on the same way. As such, a step-by-step pre-defined procedure was
employed to get all the relevant information about the thesis topics.

The academic literature was downloaded from SCOPUS, which “is an abstract and
citation register of peer-reviewed literature including scientific journals, books, and
conference proceedings. Scopus provides a comprehensive overview of the worldwide
research output in fields like science, technology, medicine, social sciences, arts, and
humanities”. [31] Consequently, only peer-reviewed articles were considered. Thus,
there may be some missing points related to the grey literature, which sometimes can
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provide additional contexts and information. Nevertheless, the obtained knowledge
was more than enough to develop a consistent set of research questions to be
answered.

The following research strings were launched on SCOPUS scientific data base to get
all the required information:

1) “Supply AND chain AND sustainab* AND kpi OR index* OR assess* OR evaluat*
OR measur* OR report* AND food”;

2) “Sustainability AND Connection AND Balance Sheet OR Income Statement OR
Financial Statement”

At first, the search for the sustainable PMS database was performed considering
“Article Title, Abstract, and Keywords”, however the obtained output was too big.
Therefore, only the “Keywords” were used to assess the scientific documents. As a
result, an initial output page of 266 documents was identified as the bases to create the
first set of papers to be studied. On the other hand, a sample of 29 documents was
initially identified for the second data base. Even if sustainability matter is becoming
more important for the scientific community, the research interest about the
sustainability accounting is very poor. For example, in the year of the maximum
publication effort only 7 papers were published for such topic.

Here below, Figure 4.1 and Figure 4.2 show the number of scientific documents
published each year according to the just explained searching methodology for the
first and second data base respectively. As it might be seen from Figure 4.1, the number
of published documents in the Sustainable PMS database is exponentially increasing
since 2012. Nevertheless, it is not only until 2014 that the amount of yearly published
document reached a considerable level. This type of trend could be explained by the
fact that sustainability matter has become more important for the scientific community
only in recent years. On the contrary, Error! Reference source not found. shows that
the number of publishing papers for the Sustainable Reporting database followed a
fluctuating path. Nevertheless, the overall research interest seems to have a positive
trend.
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Figure 4.1: Number of published papers in the Sustainable PMS Database [31].
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Figure 4.2: Number of published papers in the Sustainable Reporting Database [31].

In addition, the most important publishing countries for both the research strings were
identified as well. As a result, it was found that the two databases showed the same
features for this aspect; indeed, it is clear that the majority of the papers has been
published by Italy, UK, and USA. Furthermore, various EU countries as well as
Chinese and Indian’s institutions have significantly contributed to the literature body.

After that, the most widespread publishing journals were catalogued as well. In
general, the Sustainable PMS data base showed that “Journal of Cleaner Production”,
“Sustainability (Switzerland)”, “Science of the Total Environment”, “Sustainable



| Research Methodology 19

Production & Consumption”, as well as “Resource Conservation & Recycling”
accounted for the biggest part of literature body. On the other hand, the publishing
journals in the sustainable reporting data base are generally different for each of the
searched document. Nevertheless, “Sustainability (Switzerland)” and “Sustainable
Production & Consumption” are still present. Furthermore, the second database
presents much more journals related to the financial and accounting fields in respect
to the previous one; indeed, more than half of the sample was published in such kind
of journals.

Once the initial output was studied, it was ready to be filtered according to the
published year, subject area, source type, and language. In the case of the sustainable
PMS database, this was done to decrease the number of papers in order to have a
manageable number of documents. As showed in Figure 4.1 and Figure 4.2, there were
not any attempt to significantly address the identified sustainability issues until 2014.
Moreover, the subject areas were selected according to the thesis objectives. For
instance, the scientific documents assigned to the Immunology or Microbiology field
were not relevant for this research, therefore, they were excluded. It was also decided
to consider only papers written in English and published inside scientific journals. As
a result, the following filters were employed:

*  Year: 2014-2022;
* Subject Area:
o Engineering;
o Business, Management and Accounting;
o Social Science;
o Agricultural and Biological Science;
o Economics, Econometrics and Finance;
o Decision Science;
o Multidisciplinary;
* Source Type: Journal;
* Language: English.

After that, the number of papers considerably reduced to 134 documents for the
sustainable PLM database and to 22 documents for the sustainable reporting one.
Consequently, the various scientific documents’ pieces of information were
downloaded into a CSV file, which was then translated into an excel spreadsheet. The
various downloaded features were the following;:

=  Authors;
= Title;



20 | Research Methodology

* Year;

=  (itation Count;

* DOJ;

=  Abstract;

=  Source Title;

* Publication Stage.

The resulting databases included their title, abstract, and conclusions. Thus, the most
relevant papers were identified according to the following criteria. As a result, the
following criteria were identified according to each database.

Table 4.2: Inclusion/Exclusion Criteria for each Database

Sustainable PMS Database Sustainable Reporting Database
Inclusion Criteria: Inclusion Criteria:
* Food Sustainable Multicriteria * Highlight the Connection
Decision Methods; between Standards Accounting
= TFood Sustainable KPIs; Tools Sustainability Issues;
= Food Sustainable KPI . Stafldard Accounting.tool‘s.
Assessment/Evaluation: Adjustment for Sustainability
Considerations;
* Food Sustainable KPI Weighting;
* Food Sustainable Composite
Index;
* Food Sustainable Assessment
Framework/Model/Instruments;
= LCA Studies;
* Food Sustainability Traceability;
* Every document which claims
the need for my thesis objectives
(Research Interest).
Exclusion Criteria: Exclusion Criteria:
» Not Available (N/A); »= Not Available (N/A);
* Food Sustainability * Public Sector Balance Sheet;
Driver/Barrers; * Purely Financial Studies;
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* Food Sustainability Practices. * Pension System Studies.

In total, 86 papers out of 134 met the selection criteria for the Sustainable PMS data
base; however, 24 documents were not available. Even after this final skimming, the
most general characteristics of the Sustainable PMS database were preserved. Thus,
the most important publishing journals are almost the same. As a result, the “Journal
of Cleaner Production”, “Sustainability (Switzerland)”, “Resource Conservation and
Recycling”, as well as “Sustainable Production and Consumption” are still in the top-
ranking. Moreover, the same is true considering the countries in which the various
studies were carried out. As such, Italy, UK, and USA are still the most relevant
geographical areas. Nevertheless, in this final sample the number of international
studies is comparable with the above cited countries. On the other hand, only 8 papers
out of 22 were selected after the second skimming in the Sustainable Reporting
database; nevertheless, two documents were not available. Hence, only 6 research
works were picked. As a result, the data base changed considerably; in fact, the
scientific journals related to sustainability field surpassed by a great percentage the
ones about the financial-accounting domain. Moreover, the publishing nations of the
scientific papers became only European.

The various literature pieces of information were examined and interpreted with a
content analysis aiming at gathering consistent knowledge about the topic. In general,
the content analysis is "the longest established method of text analysis among the set
of empirical methods of social investigation". As such, it uses both quantitative and
qualitative text interpretation. [32] Furthermore, Grounded Theory was employed as
well. The latter is a methodical approach for constructing theory from data analysis.
In general, the methodology is particularly advantageous for examining a
contemporary issue over which the scientific world has little or no knowledge. [33]
Consequently, it was perfectly suited for answering the thesis objectives.

A pre-determined data extraction form was used to facilitate the assessment of the
relevant information for each paper. As such, the following pieces of information
were reordered for each database:

Table 4.3: Extracted Information for each Database

Sustainable PMS Database Sustainable Reporting Database
Extracted Information: Extracted Information:
» Contribution (Inclusion Criteria » Contribution (Inclusion Criteria
Category) of the study; Category) of the study;
* Objective/Aim of the study; * Objective/Aim of the study;
* Findings of the study; * Findings of the study;
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Notes (everything interesting for
the thesis purpose);

Methodology of the study;
Supply Chain Stage addressed in

Notes (everything interesting for
the thesis purpose);

Methodology of the study;

Location of the performed study;

the study; * Limitations of the study.
* Location of the performed study;
* Type of Food studied;

=  Discordances with other authors;

* Limitations of the study.

Thanks to the literature analysis, the next phase of the thesis work aims at developing
an easy to employ framework able to perform all the PMS phases considering at the
same time both supply chain and single actor perspectives. The latter could advance
the state-of-the-art scientific works by answering to the identified gaps and missing
points.
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5 Literature Review Results

This Chapter presents the various results of the literature review divided into two
main parts. The first Section presents the various statistics of the two samples, while
the second Section contains the results of the content analysis. Furthermore, in the
section of content analysis, the different relevant aspects that could be found in the
literature are presented individually. Thus, there is a paragraph for each phase of the
sustainable PMS as well as for the different state-of-the-art techniques for sustainable
reporting.
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5.1. Data Analysis Results

Once the final sample of the databases was available, the contribution of each paper
was determined using the selection criteria mentioned in Chapter 4.

As it might be seen from Figure 5.1, most of the studies related to the Sustainable PMS
database focused on "Food Sustainable Assessment Framework/Model", "Food
Sustainable Multi Criteria Decision Making" and "LCA Studies". Furthermore, the
development of a "Composite Index" for food business sustainability has received little
attention from researchers; in fact, only 5 papers have attempted to address this issue.
Nevertheless, 4 of them have combined the development of such a composite index
with other techniques. For instance, the study "A novel life cycle-based Principal
Component Analysis framework for eco-efficiency analysis: case of the U.S.
manufacturing and transportation nexus" [34] showed a way to assess sustainability
in transportation that combines a LCA study with a composite indicator. The latter
clearly suggests that the composite index is a very flexible tool that could be combined
with other techniques. Finally, there were hardly any studies related to "Food
Traceability" or "Food Sustainable KPIs".

As shown in Figure 5.2, in the Sustainability Reporting database, 4 out of 6 papers
focused on "Standard Accounting Tools Adjustment for Sustainability
Considerations". On the other hand, only the studies "Fundamental ratios as predictors
of ESG scores: a machine learning approach” [35] and "A framework to measure eco-
efficiency performance of firms through EMAS reports" [36] attempted to "Highlight
the Connection between Standards Accounting Tools Sustainability Issues". In
particular, these studies tried to couple balance sheet ratios and sustainability
outcomes. In conclusion, Figure 5.1 and Figure 5.2 show the main contributions for
each database.
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Figure 5.1: Main Contributions identified in the Sustainable PMS Database.
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Figure 5.2: Main Contributions identified in the Sustainable Reporting Database.
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Drawing attention to the different methodologies used in the literature, some
interesting aspects could be highlighted. First of all, in both databases, more than one
type of methodology was used in a very large proportion of the papers. For instance,
in the Sustainable PMS database it is common to find frameworks that contain
analytical models and LCA at the same time. For this reason, the sum of the relative
percentages of the employed methodologies in both Figure 5.3 and Figure 5.4 is higher
than 100%. In addition, approximately half of the studies have conducted an empirical
work in the form of a "Case Study" in both samples. These case studies were usually
conducted either through a survey or a series of interviews.

In general, the most commonly used methods in the first sample are Analytical
Models, Frameworks, LCA, and Literature Reviews. On the other hand, it was found
that the main methods in the Sustainable Reporting database were "Natural Capital
Accounting" (NCA), "Environmental Profit & Loss" (EP &L), Analytical Models, and
Literature Reviews. In summary, Figure 5.3 and Figure 5.4 show the characteristics of
the two databases in terms of methodology.
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Figure 5.3: Research Methodologies Employed in the Sustainable PMS Database.
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Figure 5.4: Research Methodologies Employed in the Sustainable Reporting Database.

As shown in Figure 5.5, almost half of the papers analyzed in the Sustainable PMS
database address the research problem considering generic food stuff rather than a
specific food product. However, many types of individual food products have also
been studied in the literature; in fact, adding up the studies on individual foods gives
a relative percentage comparable to that of the studies on generic food stuff. Even if
animal products and dairy products are the ones which afflicts climate change [37],
Fruit & Vegetable and Processed Food represent the majority of the study effort. There
have also been some attempts to approach the problem of sustainability from unusual
angles. For example, the study "Pollinators in life cycle assessment: towards a
framework for impact assessment" [38] aims to assess environmental impacts with a
focus on pollinator populations, while the study "Combining Quantitative Risk
Assessment of Human Health, Food Waste, and Energy Consumption: The Next Step
in the Development of the Food Cold Chain?" [39] decided to focus on colonies of food
bacteria. Figure 5.5 below shows the characteristics of the whole sample in relation to
the studied food products.
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Figure 5.5: Foodstuff types analyzed in the Sustainable PMS Database.

The different stages of the food supply chain assessed by the researchers in the
Sustainable PMS database were also recorded. As shown in Figure 5.6, the majority of
studies focused on Distribution, Agri Food System (in general), or the whole Supply
Chain. In addition, approximately 20% of the studies dealt with at least two stages at
the same time. Therefore, the sum of the relative percentages in the graph is higher
than 100%. For example, in "Economic and environmental assessment of reusable
plastic containers: A food catering supply chain case study" [40], the authors decided
to analyze packaging reuse focusing simultaneously on Hotel-Restaurant-Café sectors
and Distribution system. In addition, about 30% of the work was carried out with a
view to a specific finished product rather than a clear stage of the supply chain. This
is probably due to the high presence of LCA studies in the sample. Nevertheless,
looking at all processing steps of a food product in a LCA study, is the same as
analyzing the whole supply chain. Finally, the cumulative proportion of papers
focusing on either a generic company or an external validation party accounts for 30%
of the total literature. Here below, Figure 5.6 presents the characteristics of the sample
in relation to the covered stages of the supply chain.
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Figure 5.6: Supply Chain Stages studied in the Sustainable PMS Database.

In general, the first database has showed more interest by scholars. As a result,
different methodologies were employed to contribute to the research field.
Furthermore, the sustainable PMS database revealed that almost every food product
as well as supply chain actor were analyzed in the literature. On the other hand, the
second database was much poorer. Nevertheless, it pointed out that researchers have
tried to couple standard accounting tools and sustainability using different techniques.

In the next Section 5.2, the main literature review results in terms of contents, findings,
and limitations of the selected papers are presented.
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5.2. Content Analysis Results

After the data analysis, it was time to elaborate on the various insights provided by
the scientific community. In general, the literature on the sustainable PMS is
heterogeneous. There are no clear-cut ways to address the different phases of PMS;
therefore, many authors have proposed their own perspective. Nevertheless, there are
some common paths that have been followed by the majority of researchers.

First of all, considering that every PMS have the same set of goals. [10] The same might
be true for a sustainable PMS, which is a specific case of PMS. As a result, the main
objectives of a sustainable PMS may be defined as follows:

* Exploit improvement baseline;

* Monitor performances;

* Identifies hotspot for improvement;
* Identifies best improvement options;

Furthermore, once the content of the literature was clear, it was found that the
sustainable PMS design may be divided into the following steps:

1. Selection of the attributes to be monitored;
. Development of the indexes to measure the attributes;
. Indexes quantitative/qualitative assessment;

2
3
4. Indexes prioritization and correlation;
5. Multi criteria decision making;

6

Sustainable Results reporting.
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5.2.1. Sustainable PMS Minimum Requirements

A generic food supply chain is considered competitive only if it could ensure a
consistent level of robustness, responsiveness, flexibility, and adaptability. Therefore,
every food business should monitor these supply chain's characteristics to understand
their strengths and weaknesses at a macro level point of view. Moreover, this could
enable an assessment of the various improvement points that could ensure smooth
business operations. In general, Graph Theory and Network Theory are used to obtain
such outputs. [41]

In addition, the literature showed that there are a number of minimum requirements
that need to be met in order to implement a sustainable PMS. Some of these aspects
have been listed in the paper "Development and Validation of a Measurement
Instrument for Sustainability in Food Supply Chains". [42]

Table 5.1: Supply Chain Critical Aspects for Sustainability [42].

Supply Chain Critical Aspects

Supply | Partners Technical Integration
Chain
Collaboration | Partner Monitoring

Know-How, Information, and Resource Sharing

Sustainability Training

Supply | Sustainable Strategic Goal Setting

Chain
Strategic Environment, Social, and Economic Importance

Orientation

Sustainable Development Issue

The strategic orientation to sustainability is clearly the first step in order to address the
sustainability issues. In addition, many authors support the fact that it is mandatory
to have implemented consolidated collaborations among the various food supply
chain actors for achieving consistent results; in fact, without any well-developed
relationships, there is no way to assess consumption and production decisions in an
integrated and global manner. Hence, it is not possible to develop a sustainable PMS.
[43] Moreover, the inventory data need to be reliable and up to date to ensure any
quantitative assessment based on environmental performance for every product
category. [44]
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If a company wants to implement a sustainable PMS, it needs a tool that guarantees
the availability and reliability of data in real time. In practice, this problem is now often
solved with the help of blockchain technology. The latter can be defined as a tool that
can improve traceability, system policies, and the flow and success of any supply
chain. Blockchain thus increases consumer trust, production speed and product
efficiency. It could also help global food supply chains deliver products faster and
more cost-effectively. [45]

With this in mind, the European Food Safety Authority (EFSA) has developed the Food
Safety Market (FSM) program, which aims to transform the European food
certification market using Big Data and the support of blockchain technology. The EU-
funded FSM project will develop an industrial data platform to give a digital boost to
food certification in Europe. In particular, it will build on cutting-edge Blockchain
technologies to create an open and collaborative virtual environment that facilitates
the exchange and connection of data between different food safety stakeholders
interested in sharing information relevant to certification" [46]

Consequently, blockchain technology enables the food system to verify any kind of
fraud, product tampering or waste generation points within a supply chain. It could
also detect food contamination issues, contributing to quick product recalls, improving
transportation safety and reducing food spoilage. For these reasons, many companies
in the food supply chain are using BC technology. Nestlé, for example, uses a
blockchain system to certify the origins of all its coffee brands under Zoégas analyzing
the various movement and conditions of the food product.

A sustainable performance management system should be as flexible as possible. In
other words, it must be able to cover different assessment scenarios. It should also be
applicable to different actors in the supply chain, products and geographical areas.
The last aspect is particularly important as many food products are imported from
abroad. [47] Furthermore, a sustainable PMS must be able to compare different units
of measurement at the same time. Therefore, it should carry out some kind of
normalization procedure. Objectivity and user-friendliness are other general
requirements that a sustainable PMS system should fulfil. [48]
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5.2.2. Sustainability Standards

In the examined literature, authors usually start their research with one or more
sustainability standards provided by external non-profit organizations. On this way,
they have been guided in deriving consistent sustainability indexes for their purposes.

Some of the best-known standards are provided by the International Organization for
Standardization (ISO). As a matter of facts, many sustainability standards are also
provided by the ISO. Consequently, research papers such as "Embedding
sustainability analysis in new food product development" [49] or "Assessing Energy
and Environmental Efficiency of the Spanish Agri-Food System Using the LCA /DEA
Methodology" [50] have used the ISO sustainability guidelines to develop their works.

Another widely used sustainability standard is the Environmental, Social, and
Corporate Governance (ESG) framework, which was created to transform the concept
of corporate value. The latter aims to incorporate the identification, assessment, and
management of sustainability, taking into account all stakeholders of the company. In
addition, many organizations and financial institutions have created ways to measure
the alignment of corporate ESG goals. Consequently, many works, such as the paper
"The Effect of Blockchain Technology on Supply Chain Sustainability Performances"
[45], have used ESG concepts as the main reference template.

In 2015, the United Nations General Assembly developed a standard based on ESG
principles. The goal was to "create "shared blueprint for peace and prosperity for
people and the planet, now and into the future". [51] The SDG standard consists of a
collection of 17 Sustainable Development Goals (SDGs) to be achieved by the
international community by 2030. These SDGs were developed to clarify the
interconnections between environmental, social, and economic aspects. Therefore,
they could easily be used to set specific targets for businesses sustainability issues;
indeed, for each of these SDGs there is a set of sub-targets that could be translated into
consistent measurements. Many scholars have used this approach as the basis for their
work. For example, "Mapping the food waste-energy-water-emissions nexus at
commercial kitchens: A systems approach for a more sustainable food service sector"
[52], "Embedding sustainability analysis in new food product development" [49],
"Sustainability assessment and modeling based on supervised machine learning
techniques: The case for food consumption" [53], "Sustainable Agri-Food Supply Chain
Performance Measurement Model for GMO and Non-GMO Using Data Envelopment
Analysis Method" [54], and "Nexus Resources Efficiency Assessment and
Management towards Transition to Sustainable Bioeconomy in Thailand" [55].

The Global Reporting Initiative (GRI), which is an international independent standard-
setting organization, aims to help companies to understand and communicate various
sustainability issues such as corruption, human rights, or climate change. The GRI
standard is modular; thus, it could be easily updated and adapted to the specific
situation. Today, it is definitely one of the most widely used sustainability standards.
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As a result, both "Sustainability Performance in Food Supply Networks: Insights from
the UK Industry" [56] and "Sustainability impact assessments of different urban short
food supply chains: examples from London, UK" [57] developed their studies based
on this standard.

The Food and Agriculture Organization of the United Nations (FAO) has developed
another famous sustainability standard, which is specific to the food sector; indeed,
the organization offers the Sustainable Assessment of Food and Agriculture (SAFA).
This standard provides a clear reference point for establishing a sustainability
assessment framework. In addition, the SAFA framework has been used to guide the
creation of other standards. For example, the Response Inducing Sustainability
Evaluation (RISE) was developed in this way.

The SAFA framework is divided into four distinct steps. First, the concept of
sustainability must be stated. Then, a set of general objectives should be defined. The
challenge here is to move from the concept of sustainability to concrete problems that
need to be addressed. Once the second step is completed, themes and sub-themes are
assessed and specified. The SAFA standard defines themes and sub-themes as the
sustainable action area, principles or criteria. At this point, a comprehensive
knowledge of the system is a compelling aspect; indeed, this is the most critical step of
the process. Finally, specific indicators could be developed based on the results of the
previous phases. [58] Some of the works that use the SAFA approach are "Measuring
the Economic, Environmental, and Social Sustainability of Short Food Supply Chains"
[59], "Domestic or imported? An assessment of carbon footprints and sustainability of
seafood consumed in Australia" [60], "Sustainable Agri-Food Systems: Environment,
Economy, Society, and Policy" [61], and "A comparative analysis of the social
performance of global and local berry supply chains" [3].
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5.2.3. Sustainability Attributes

The identification of the sustainability issues in the food supply chain is one of the
most important steps in defining a sustainable PMS. The identified aspects, also
referred to as attributes, form the basis for developing a set of consistent indexes to be
monitored.

In the Appendix A.1, a summary of the different attributes identified in the literature
is presented. For simplicity, the different elements have been divided according to
their triple bottom line perspective. As such, A.1 Economic, A.2 Environmental, and
A.3 Social

Some papers such as "Are Local Food Chains More Sustainable than Global Food
Chains? Considerations for Assessment" [62] and "Acknowledging complexity in food
supply chains when assessing their performance and sustainability" [63] assign the
“Health” and “Ethical” aspects to a distinct category. Nevertheless, the majority of
authors assigned these two aspects to the social class. As such, when this type of
distinction occurred, the latter classification was made.

In the identified literature, the attributes’ assignment and identification is a case-
specific process rather than an objective and standardized one. For example, the
studies "Analyzing Alternative Food Networks sustainability in Italy: a proposal for
an assessment framework" [64] and "Evaluating the Sustainability in Complex Agri-
Food Systems: The SAEMETH Framework" [65] examined the agri-food system in
relation to the first actor in the chain. They identified highly specific attributes for
livestock, agriculture, rural and tourism development. In contrast, the other studies
that examined the food supply chain in a broader point of view, which identified more
general elements.

Furthermore, in the study "Sustainability assessment of food supply chains: an
application to local and global bread in Italy" [66], the Technological Innovation was
described as an economic issue, while in "Are Local Food Chains More Sustainable
than Global Food Chains? Considerations for Assessment" [62] the authors decided to
identify it as an environmental attribute.

The attribute Waste Management followed almost the same path. On the one hand, in
"Sustainability assessment of food chain logistics" [67], this aspect is purely economic.
On the other hand, in "Are Local Food Chains More Sustainable than Global Food
Chains? Considerations for Assessment" [62] and "Sustainability impact assessments
of different urban short food supply chains: examples from London, UK" [57] it is
referred only to the environment. Furthermore, to overcome this confusion in category
assignment, the studies "Sustainability assessment of food supply chains: an
application to local and global bread in Italy" [64] and "Acknowledging complexity in
food supply chains when assessing their performance and sustainability” [61] have
assigned this attribute simultaneously to the categories’ economy and environment.
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The attribute Efficiency is also affected by this kind of confusion. Even if the study
"Are Local Food Chains More Sustainable than Global Food Chains? Considerations
for Assessment" [60] identifies this attribute as an economic aspect, both
"Sustainability assessment of food supply chains: an application to local and global
bread in Italy" [66] and "Acknowledging complexity in food supply chains when
assessing their performance and sustainability” [63] have decided to assign this
attribute simultaneously to the categories economy and environment.

On the same line, in the studies "Sustainability assessment of food supply chains: an
application to local and global bread in Italy" [66] and "Acknowledging complexity in
food supply chains when assessing their performance and sustainability” [63] the
attribute Governance is defined as economic, however the paper "Are Local Food
Chains More Sustainable than Global Food Chains? Considerations for Assessment"
[60] identifies it as a social aspect.

Finally, the attribute Certification is classified as an environmental attribute by
"Evaluating the Sustainability in Complex Agri-Food Systems: The SAEMETH
Framework " [65]. However, in "Sustainability impact assessments of different urban
short food supply chains: examples from London, UK" [57] it is defined as a social
issue.

This type of uncertainty could be explained by the fact that if a company decides to
improve aspects such as Governance, Innovation, Efficiency, Waste management, or
Certification; it may achieve benefits in more than one triple bottom line perspective.

In summary, the boundaries between the different groups of attributes are not very
clear. Nevertheless, some common points could be identified in the identification and
categorization of such attributes. As a result, the following Table 5.2 highlights the
most important attributes to be monitored according to the scientific community
divided for each triple bottom line perspective.

Table 5.2: Identified Common Attributes to be Monitored in literature.

Sustainability Attributes

Economic | Profitability, Value Added Sharing, Productivity, Growth,
Cost, Income, Efficiency, Investment, Technology, Product

Quality

Environment | Loss & Waste, Pollution, Resource Consumption, Biodiversity

Social | Health & Safety, Employment Practices, Human Rights,
Collaboration & Information Sharing, Traceability,
Certifications
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5.2.4. Sustainable Key Performance Indexes

Once the attributes to be measured are identified, the next step is to translate the
selected attributes into consistent indexes. An indicator becomes a key point to
monitor only when it is linked to either a strategic or an operational outcome.
Therefore, a Key Performance Indicator or KPI is a performance measure that relates
to a specific goal. The purpose of KPIs is to set targets and help organizations to make
better decisions. As such, they are of strategic use to any business unit. [68]

In general, the concept of KPI is related to the concept of metrics, yet they are not the
same. While KPIs define the targets, metrics measure the targets of a business activity
supported by KPIs. In addition, KPIs are useful to support the development of
business objectives; in fact, they keep management focused on its goals. Furthermore,
they could provide an up-to-date health check of the business and allow a realistic
assessment from different perspectives. [68] As such, they are commonly used to
measure business performance in terms of medium or long-term direction. Thus, they
are used to monitor strategic goals. According to “A taxonomy for key performance
indicators management" [68] , KPIs may be classified as:

* Strategic: they monitor organizational goals;

* Operational: they measure performance in a short-time horizon and are
commonly focused on processes efficiency;

* Functional: they are customized according to a specific business function;

* Leading or Lagging: they help in predicting and tracking various types of
outcomes.

Every time a company develops a set of KPIs, it needs to be sure that it is measuring
only the most important strategic aspects that are directly linked to business success.
It must also avoid measuring too many instances. If these points are not followed, the
company will lose a lot of time and money. Therefore, when defining a KPI, it is
necessary to create something that is specific, measurable, achievable, realistic, time-
bounded, and comprehensible. [68] In summary, a KPI is a quantitative value that
management could use to measure what is going on from a strategic point of view.
Consequently, they help companies make competitive decisions by indicating the
quantity and quality of the expected results.

In general, looking at the identified databases, the phenomenon of case-specificity
related to the sustainability KPIs becomes even more evident than in sub-Section 5.2.3.
Even if the attributes to be measured might be the same, the way they are expressed
varies greatly depending on the supply chain actor under study. This is especially true
for logistics service providers or farms. Nevertheless, some researchers have chosen to
create indexes that allow monitoring the different actors in the supply chain in a very
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flexible way. As an example, “Sustainability assessment and modeling based on
supervised machine learning techniques: The case for food consumption” [53].

Moreover, the economic aspects are usually missing in the various selected studies.
This tendency could be due to the fact that economic or financial indices have already
been extensively studied by the scientific community. However, in "Evaluating
Partnerships in Sustainability-Oriented Food Supply Chain: A Five-Stage Performance
Measurement Model" [69], the authors decided to list the main economic indices for
each stage of the food supply chain. The latter aimed to highlight the interrelationships
between the different actors in the supply chain from an economic point of view. In
Table 5.3, here below, the results of the study are shown.

Table 5.3: Economic Indexes for each Actor in the Food Supply Chain [69].

SC Stages | Economic Indexes

Farmer | Productivity rate, Product Quality, Labor & Machining
Cost, Raw Material Cost, Transport Cost, Labor
Productivity, Post-Harvest Rate

Supplier | Collection Cost, Cooling Cost, Quality, Delivery
Flexibility, Lead Time, Distribution Cost

Processor | Stakeholders Value, Order Fill Rate, Raw material Cost,
Employee Performance Evaluation System, Employee
Turnover, Process Flexibility, Process Cost, Lead Time,
Query Time, Value Added Cost, Waste Evaluation,
Customer Retention, Customer Compliance, ROI, Cooling
Cost, Processing Errors, Training Cost, Information
Sharing, Recycling Rate, Stock Value

Distributor | Product Quality, Order Return Rate, Lead Time,
Distribution Cost, Order Fulfillment Rate, Product
Varieties

Retailer | Customer Entrance, Average Product Varieties, Product
Quality, Average purchased Value, Lost Sales, Sales
Growth, Sales Area, Waste & Theft, Billing Accounting,
Customer Satisfaction

As it might be seen from Annex Error! Reference source not found., only distributors
and farmers were evaluated individually from an economic point of view. This is
probably due to the fact that these actors require ad-hoc measurements due to their
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uniqueness. The latter is especially true for the farms; indeed, this type of enterprise is
usually affected by financial crises due to the low economic competencies of its
entrepreneurs. Therefore, capital management should be consistently measured and
managed. [41]

Furthermore, Annex Error! Reference source not found. shows that almost all
researchers, who have developed a list of economic indicators, have chosen to include
at least one item or ratio from a standard accounting report i.e., Balance Sheet, Net
Income Statement, and Financial Statement. For example, ROI, Income, Sales, and
Profit were commonly assessed. On this way, the profitability and efficiency of a
company can be measured. However, none of the various agribusiness indices listed
in the literature uses this kind of quantification.

In addition, the volatility of the company in terms of risk and market stability was also
taken into account, using different sub-indices in combination with qualitative scales.
Thus, depending on how a company acts in relation to the measured aspect, it receives
a whole number representing its attitude. [58]

Attempts were also made to express innovation, which is highly associated with the
attribute of Technology Innovation, as well as Marketing Effectiveness. This was done
through qualitative scales based on the level perceived by the company. [70] However,
it would be possible to capture these aspects in a more quantitative way. For example,
Innovation could be assessed on the basis of the various patents the company owns
and has acquired. [71]

Some authors have chosen to shed light on the distribution of price and value along
the supply chain. To this end, "Comparing the Sustainability of Local and Global Food
Chains: A Case Study of Cheese Products in Switzerland and the UK" [72] used a
qualitative benchmarking scale, while the papers "Measuring the Economic
Performance of Small Ruminant Farms Using Balanced Scorecard and Importance-
Performance Analysis: A European Case Study" [70] and "Measuring the Economic,
Environmental, and Social Sustainability of Short Food Supply Chains" [59] opted for
quantitative measures based on relative shared value along the chain.

In addition, both "Development and Validation of a Measurement Instrument for
Sustainability in Food Supply Chains" [42] and "Measuring the Economic Performance
of Small Ruminant Farms Using Balanced Scorecard and Importance-Performance
Analysis: A European Case Study" [70] showed interest in Business Growth measures.
In the first study, this aspect was attributed to Profit, while in the other study the focus
was on Sales.

Even though cost was identified as an important economic attribute in Subsection
5.2.3,, only the study "Assessing the economic and environmental impacts of urban
food systems for public school canteens: case study of Great Lyon region" [47], which
focused on retail actors, chose to develop indices based on both variable and fixed
costs.
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The Annex B.2 shows the class of environmental indices. This category includes
studies that address all actors of the food supply chain. Consequently, the
sustainability literature has obviously focused more on this aspect than on the
economic one. In this case, the researchers showed many inconsistencies as well.

Most studies assessed Resource Utilization looking at the different consumptions in a
quantitative way. Nevertheless, "Development and Validation of a Measurement
Instrument for Sustainability in Food Supply Chains" [42] found a way to assess
consumptions using a quality scale benchmarking. Furthermore, only the study
"Enhancing Corporate Environmental Performance Through Reporting and
Roadmaps" [73], which analyzed the retailer, broke down energy consumption into
electricity, heating and cooling consumption.

In the study "Sustainability assessment and modeling based on supervised machine
learning techniques: The case for food consumption" [53], the authors decided to
express all air pollutants emissions in tons. They were calculated using a software
based on the LCA methodology. The different emissions were then converted into
equivalent CO2 units. The same procedure has been used by many other scientific
papers, such as "Assessing the economic and environmental impacts of urban food
systems for public school canteens: case study of Great Lyon region" [47] and
"Subnational mobility and consumption-based environmental accounting of US corn
in animal protein and ethanol supply chains" [74].

The attribute loss and waste was also assessed through different measurement
procedures. While "Enhancing Corporate Environmental Performance Through
Reporting and Roadmaps" [73] and "Sustainability assessment of food chain logistics"
[67] analyzed the above parameters focusing on the different consumption levels,
"Comparing the Sustainability of Local and Global Food Chains: A Case Study of
Cheese Products in Switzerland and the UK" [72] used a qualitative scale to measure
waste and loss reduction practices

The attribute biodiversity was usually assessed with either yes/no questions,
qualitative scales, or relative percentages. Most of the work on this type of indicator
focused either on the farm or on the whole supply chain. In addition, the studies that
addressed the farm ecosystem such as “Framework for sustainability assessment of
the value chain of flowering potted plants for the German market” [58] or “From the
farm to the agri-food system: A multiple criteria framework to evaluate extended
multi-functional value” [75], generally developed ad- hoc indexes related to rural
conservation and land preservation.

Finally, in "Assessing regional and global environmental footprints and value added
of the largest food producers in the world" [76], it was decided to relate the various
quantitative environmental indexes to the economic aspect. This was done simply by
dividing them by the company's sales.
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As it might be seen in Annex B.3, the social indexes are usually measured either by
yes/no questions or by qualitative scales. The only exceptions are the indexes on
Employment Practices and Gender Equality. The latter are usually estimated
quantitatively. For example, "Sustainability assessment and modeling based on
supervised machine learning techniques: The case for food consumption" [53] used the
number of employees dived per gender, while "Sustainability assessment of food chain
logistics" [67] and "The Bad Labor Footprint: Quantifying the Social Impacts of
Globalization" [77] calculated the relative employment share of women and men.
Nevertheless, in the study "Framework for sustainability assessment of the value chain
of flowering potted plants for the German market" [58], the authors assessed Gender
Equality using a yes/no question based on the company's pregnancy policy.

In addition, many other indexes related to employment practices were developed;
indeed, parameters such as Wage Levels, Workload, Training Time, and Absenteeism
were assessed by many authors. The attribute safety was evaluated by counting the
number of accidents or using qualitative scales to measure the different risks to
consumers, employees, or the environment. On the other hand, the attribute health
was assessed in only one paper. As a result, in the paper "Comparing the Sustainability
of Local and Global Food Chains: A Case Study of Cheese Products in Switzerland and
the UK " [72] the authors decided to create a benchmark based on nutritional values.
At this point, it is important to point out that all the work that has been done on health
and Safety assessment has been on the whole supply chain

Furthermore, Ethical aspects have been little explored in the literature. Thus, only "The
Bad Labor Footprint: Quantifying the Social Impacts of Globalization" [77] analyzed
an aspect related to Human Rights; and only "Comparing the Sustainability of Local
and Global Food Chains: A Case Study of Cheese Products in Switzerland and the UK"
[72] chose to measure Animal Welfare through a quantitative benchmark. This
tendency is probably due to the fact that the majority of sustainability studies have
been conducted in developed countries. Here, aspects such as Human Rights and
Health & Safety are usually mandatory aspects that companies are already used to
monitor.

In summary, the various sustainability indices are evenly split between quantitative
and qualitative indices. In addition, economic and environmental indices are usually
assessed quantitatively, whereas almost all social indices are measured in a qualitative
way. Therefore, several dimensions need to be compared when assessing
sustainability. Moreover, in the context of social indicators, there is a high degree of
disagreement about what should be measured and how it should be measured. As a
result, scholars struggle to find a consistent method of measurement, mainly because
few quantitative measurement procedures have been developed. [3] Furthermore, the
studies that look at the whole supply chain have developed more general units of
measurement and have usually listed a larger number of indexes. In contrast, the
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works that have focused on a single supply chain actor have generally developed
fewer units of measurement.

Furthermore, the yield is certainly one of the most important indicators for farms.
However, there is not a clear category to classify it; in fact, "Systemic Sustainability of
the French Organic Rice and PGI Einkorn Value Chains: A Preliminary Assessment
Based on Network Analysis" [41] describes it as an economic aspect, while "From the
farm to the agri-food system: A multiple criteria framework to evaluate extended
multi-functional value" [75] assessed it as an environmental attribute. This confusion
could be due to the fact that increasing Yields would lead to better economic
performance and lower waste production.

Another interesting point is the Toxicity Index (TI). Even though it is clearly an index
related to the Health and Safety attribute, the only paper that lists some indices that
could measure this aspect, which is "Systemic Sustainability of the French Organic Rice
and PGI Einkorn Value Chains: A Preliminary Assessment Based on Network
Analysis" [41],, assigned it to the environmental class.

In addition, the attributes of traceability were usually assigned to the social category.
However, in "Framework for sustainability assessment of the value chain of flowering
potted plants for the German market" [58] a traceability index was developed and
included in the economic dimension.

All these discrepancies encountered in the literature make it clear that the
development of KPIs follows a case-specific procedure. Nevertheless, identifying
consistent indices for measurement is more important than assigning them to the right
category. Finally, it is worth to note that the use of benchmark procedures, either
qualitative or quantitative, have proved to be a powerful tool in the index evaluation
process. For example, “Comparing the Sustainability of Local and Global Food Chains:
A Case Study of Cheese Products in Switzerland and the UK” [72] based all his
economic measurements on this technique.
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5.2.5. Sustainability Assessment Procedures

As shown in the previous Subsection 5.2.4, scholars have developed numerous ways
to express the various sustainability attributes in terms of indexes. Even though, once
what to measure is known, there is need to know how to measure it. This next step of
the sustainable PMS has proven to be difficult; indeed, developing consistent methods
to assess the various indexes is a process that requires time, money, and technological
development. As a matter of fact, almost all methods for assessing sustainability
indicators are primarily linked to the environmental aspect. Thus, numerous
assessment methods, which could be used to easily calculate environmental attributes
could be found in the literature. [78] Nevertheless, there is still room for improvement
in the development of quantitative tools to assess the social aspects of sustainability.

Furthermore, a sustainability assessment method should fulfil some desired
characteristics in order to be used effectively by companies. For example, it should be
able to analyze different geographical areas and time periods simultaneously.
Moreover, it should also ensure the assessment of all triple bottom line perspectives.
[79]

In general, it is possible to measure energy use, water use and air emissions using
different technology solutions. The most accurate option is to equip the different actors
in the supply chain with sensors that could collect these data. However, this solution
is usually very expensive. Therefore, other less costly methods could be used. On the
one hand, it is possible to make estimates based on samples. On the other hand, it is
also possible to derive the different measurements by looking at input/output ratios,
equipment performance, or time of use. [58]

In the study "Embedding sustainability analysis in new food product development"
[49], a solid systematic literature review of the different methods for sustainability
assessment was conducted. The study shows the most widely used quantification
methods used in estimating sustainability indices. The Table 5.4 shows the results of
the study.

Table 5.4: Most Widespread Sustainability Assessment Methodologies [49].

Methodology Objective Attributes

Carbon Footprint (CF) | Quantify greenhouse gas | GHG
emission of the food
product considering its
whole life cycle
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Water Footprint (WF)

Quantify the whole
amount of fresh water
use to manufacture a
food product

Water usage

Ecological Footprint

(EF)

Compare planet’s
biocapacity with resource
consumption and waste
generation of a food
product

Percentage that ecological
footprint exceeds
biocapacity, measured in
biologically productive land
and water needed to
produce resources and
absorb waste

Product Environmental
Footprint (PEF)

Measure all quantifiable
environmental impacts
over the lifecycle of the

food product

global warming, freshwater
ecotoxicity, acidification,
terrestrial eutrophication,
marine eutrophication,
freshwater eutrophication,
land use, mineral and
resource depletion, non-
renewable energy resource
depletion, water scarcity
footprint, human toxicity,
particulate matter, ionizing
radiation, photochemical
ozone formation, ozone
depletion

Nutritional Footprint
(NFI)

Assess the main health
and environmental
indicator of a food

product

material footprint, carbon
footprint, water use, land

use. Social: energy intake,
sodium intake, content of
dietary fiber, saturated fat
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Life Cycle Assessment
(LCA)

Determine the

environmental impact of

a food product
throughout its lifecycle

global warming, freshwater
ecotoxicity, acidification,
terrestrial eutrophication,
marine eutrophication,
freshwater eutrophication,
land use, mineral and
resource depletion, non-
renewable energy resource
depletion, water scarcity
footprint, human toxicity,
particulate matter, ionizing
radiation, photochemical
ozone formation, ozone
depletion

Agri-Balance

Analyze ecological,
economic, and social
sustainability of food

products

Biodiversity, soil, land use,
water use, energy
consumption, resource
consumption, emissions,
ecotoxicity potential.

Fixed costs, variable costs,
macroeconomy

Farmer and entrepreneurs,
consumer, local & national
community, future
generations, international
community




46 | Literature Review Results

5.2.6. Sustainability Data Prioritization and Correlation

The next stage of the sustainable PMS is to understand the relative importance of each
indicator. In the selected literature, scholars have mainly tried to solve this problem by
creating and analyzing surveys. As an example, “Sustainability impact assessments of
different urban short food supply chains: examples from London, UK” [57].

On this way, the weights of the various indicators are revealed on the basis of the
responses received. Even though the different indices are calculated according to a
quantitative procedure, the entire comparison between them is only done qualitatively
by experts in the field. Therefore, a false generalization of the results may occur. For
example, if a survey is presented to a farmer, it will receive different answers in
comparison to the ones of a retailer.

For these reasons, it is possible that the different answers will contradict each other.
Therefore, every survey should go through some kind of validation step. The latter is
usually done through well-known statistical analysis techniques such as Cronbach
Alpha or Confirmatory Factor Analysis (CFA). These methods were developed to find
out whether the data fit a hypothesized measurement model. [69]

Once the validation of the determined weights is complete, the various relationships
between the measurements must also be extracted. Again, researchers have typically
used a similar set of analytical tools based on network analysis. [41]

In general, the two families of Data Envelopment Analysis (DEA) and Structural
Equation Modelling (SEM) have found to be the most commonly used methods in the
literature to either assess sustainability indexes or their relationships between supply
chain actors. For example, the first technique was employed in "How to evaluate
sustainability of supply chains? A dynamic network DEA approach" [80], while the
second method was used in "Investigation of Food Supply Chain Sustainability
Performance for Turkey's Food Sector" [43]. However, such methods require high
mathematical skills. Therefore, they could be challenging to be applied by every actor
in the food supply chain.

In addition, there have also been some attempts to determine the relative importance
of the indices through a sort of matrix classification. Here, the sustainability indexes
are compared on the basis of two different dimensions. In particular, the study
"Measuring the Economic Performance of Small Ruminant Farms Using Balanced
Scorecard and Importance-Performance Analysis: A European Case Study" [70] uses
this kind of approach. In truth, matrix categorization is a very intuitive and
understandable tool. Thus, it could be an interesting way to assess the different
priorities of actors.

Scientists have also found other ways to assess the overall sustainability of the food
system in terms of priorities and correlation. One of the most promising techniques is
to calculate a composite index that expresses all triple bottom line perspectives in a
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compact form. Only a few papers have attempted to implement this approach. For
example, "Analyzing Alternative Food Networks sustainability in Italy: a proposal for
an assessment framework" [64] introduced the Global Sustainability Index, which is
the weighted sum of the different sustainability dimensions in terms of priority and
severity. In addition, in "Mapping the food waste-energy-water-emissions nexus at
commercial kitchens: A systems approach for a more sustainable food service sector”
[52], "Assessing Energy and Environmental Efficiency of the Spanish Agri-Food
System Using the LCA /DEA Methodology" [50], and "A novel life cycle-based
Principal Component Analysis framework for eco-efficiency analysis: case of the U.S.
manufacturing and transportation nexus" [34], other types of composite
measurements were developed to assess the sustainability of food systems.
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5.2.7. Sustainability Data Utilization

The final step of a sustainable PMS addressed in the literature is to use all the
information gathered in the previous phases to make sustainable decisions. Here, the
literature is very broad; indeed, the Multi-Criteria Decision Making is a very old field
of study.

Multiple-Criteria Decision-Making (MCDM) or Multiple-Criteria Decision Analysis
(MCDA) is a discipline of operations research that deals with multiple conflicting
criteria for decision making in daily life, business, and other fields. They are often used
to evaluate alternative options. This is mainly because the different criteria may be in
conflict with each other. The MCDA allows the user to break down the decision into
smaller parts, integrate them, and come up with a consistent solution. The most critical
phase of a MCDM problem is the assignment of weights. This process affects the whole
MCDM result. Therefore, it must be as accurate as possible. [81]

In general, an MCDM model could be represented in the Criterion Space or Decision
Space. According to "A Review of Multi-Criteria Decision-Making Methods for
Enhanced Maintenance Delivery" [82], MCDM generally follows six steps:

1. problem formulation;

2. identify the requirements;

3. set goals;

4. identify various alternatives;

5. develop criteria;

6. identify and apply decision-making technique.

In addition, many mathematical techniques could be used for the MCDM process.
However, the choice of technique used depends on the nature of the problem and the
degree of complexity assigned to the decision-making process. Each MCDM method
has its own advantages and disadvantages. [83]

Considering that the choice of the MCDM technique to solve a particular problem may
vary depending on the context, it is necessary to understand the classification of
decision-making tools. As a result, MCDM techniques are categorized as follows:

* Compensatory and non-compensatory;
= Discrete and continuous;
* Individual and group decision-making.

The classification of MCDM based on discrete and continuous data is the most
commonly used. The latter divides the MCDM techniques according to the data
perspective. Thus, the MCDM is categorized as either multi-attribute decision making
(MADM) or multi-objective decision making (MODM). [82] While MADM considers
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the problems under an inherent discrete decision space, MODM is based on
mathematical theory and deals with the problems under a continuous decision space.
[84]

Table 5.5 shows how the different MCDM models are distributed in the sustainability
literature. As it could be inferred, Optimization techniques are the most widely used
along with Analytics for the sustainable decision-making process. However, both of
these approaches require considerable mathematical skills. The same is true for
PROMETHEE, ELECTRE III, and Morphological Analysis. The only exception to this
trend is the AHP method, which uses simple linear algebra. [85] For this reason, the
AHP seems very suitable for a sustainable PMS framework.

Table 5.5: Most Employed MCDM Techniques in the Sustainable PMS Data Base.

Method Reference
Optimization | [86] [871 [47] [88] [89] [39]
Analytics | 53] (761 [34] [90]
App | 19111391
PROMETHEE | /11 [92]
ELCTRE 11 | (2]
Morphological Analysis [751[93]
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5.2.8. Natural Capital Accounting (NCA)

The Natural Capital (NC) concept refers to the biotic (living) and abiotic (physical
condition and non-living) assets which underpin all the economic activities done by
an organization. As a result, NC could be defined as the elements of nature that
directly and indirectly produce value or benefits to people; such elements may include
ecosystems, species, freshwater, land, minerals, air, oceans, as well as natural process
and functions. [94] The NC paradigm could be understood by the various
stakeholders. In addition, it enables to consider the dependencies of an activity on
natural capital and its related impacts.

The Natural Capital Accounting (NCA) is the process to assess the NC value of a given
company. “In practice, NCA deconstructs the impacts and dependencies on the
environment in terms of annual (biotic and abiotic) flows, which when considered over
time, can then be capitalized into an “asset” value to represent the stock of natural
capital. This framing as stocks and flows is the backbone of the different natural capital
methods”. [94]

The NCA has been already implemented considering many geographical scales such
as global, national, and regional. Furthermore, it could be performed using both
quantitative and qualitative methods. The most common way to perform the NCA is
to mirror the traditional financial statements i.e., the Balance Sheet and the Profit &
Loss statement. On this way, companies are able to express in monetary terms all the
externalities own/used in the various business cycles. [94]

The main drawback of this methodology is that it focuses only on a single company
without any consideration about the whole supply chain. Consequently, many
upstream and downstream considerations are missing in the evaluation process.
Furthermore, it does not include social aspects. [94]
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5.2.9. Environmental Profit and Loss (EP&L)

In 2011, the well-known sport brand Puma, in collaboration with the consultancy firm
PwC, was the first company to develop and publish an Environmental Profit & Loss
(EP&L) report. Since then, the recognition of the model validity has pursued many
other large companies, like Gucci and Phillips, to follow Puma in the development of
such statement. [95]

The traditional Profit and Loss (P&L) statement underlines improvement point for
operations’ cost issues. On the same wavelength, the EP&L accounting aspire in doing
the same. However, from an environmental point of view. Thus, EP&L tries to address
a money value at the environmental impacts derived from the whole supply chain
business operations. Therefore, the approach aims at describing the global impacts of
business activities in their supply chain involving both external and internal
stakeholders. [96]

According to the study “Assessment of potentials and limitations in valuation of
externalities” [97], a company needs at first to develop an LCA study based on the
whole supply chain in order to create an EP&L statement. After that, the resulting
environmental impacts are translated into economic values, which enables
organizations to compare different types of environmental impacts using money as
the reference unit of measure. The environmental impacts included in the EP&L cases
are to a large extent quantified using economic Input Output (IO) tables; indeed, 10
tables capture the monetary movements between industries and sectors. The
environmental extended input-output tables describe how much energy, water, and
emissions a particular industry use or causes based on both its direct and indirect
pollution. Consequently, Environmental IO methods assess the environmental
impacts of a supply chains by combining economic flows and environmental data.
Thus, making possible to calculate the relative emission per Euro spend for each
industry.

In general, the EP&L is a sort of combination between different techniques which are
measurement methodologies, data manipulation, and standards/principles for
calculating inventory monetary value. According to “Accounting and Reporting for
Externalities: Balance of Externalities” [96], preparing an EP&L will follow a series of
steps:

1. Select environmental impacts;

2. Make an inventory of most meaningful environmental impacts;
3. Make an evaluation of environmental impacts;

4. Translate the environmental impacts into monetary values.

To sum up, EP&L analysis is a valuation of the environmental impacts created by an
organization. The document is used to monetize the cost of business to nature as well
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as to internalize the various externalities. Consequently, the EP&L statement help the
decision-makers to assess the impacts relative importance according to each supply
chain stage. Furthermore, it generates awareness of the role of nature in business
activities. In conclusion, the EP&L document gives a holistic and integrated view of a
company’s performances.

Even if the methodology is very promising, it has some weaknesses as well. The latter
have been listed in “Accounting and Reporting for Externalities: Balance of
Externalities” [96] as follows:

* It does not consider social attributes in its evaluation procedure;
* [t counts only for negative environmental impacts;
* [trequires a lot of time and money to be implemented.

Therefore, the actual EP&L statement requires some improvement actions in order to
effectively report the whole company’s sustainable governance. There have been some
attempts in expanding the classical EP&L statement in order to overcome these
concerns. However, they are only general concept rather than actual improvements.
[98]
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Research Gaps and Questions

The following step of a systematic literature review is the definition of the research
gaps. The latter may be defined as the relevant topics which have not been treated yet
by the scientific community in a research field. Hence, they express the specific area of
improvement in the literature body. As an example, a research gap exists when there
is a new concept or population which has not been addressed by scholars. In general,
the existing literature body need to be update according to the current scientific
situation. Therefore, the research gaps are the foundation to center any scientific work.

Looking at the literature review in Chapter 5, the following gaps have been identified:

There is no common agreement on the standard to be used when dealing with food
supply chain sustainability

There is no common agreement related to the various indexes to be used in order to
assess sustainability

Social indexes are assessed almost only qualitatively, no quantitative measurements
exist

There is no way to account for positive environmental performances in state-of-the-art
integrated reporting techniques

There is no way to account for social performances in state-of-the-art integrated
reporting techniques.

These gaps together with the thesis objectives could be translated into specific

research questions:

1.
2.
3.

What sustainability standards are more suitable for a food supply chain point of view?
What sustainability data should be monitored in a food supply chain?

How should food supply chain’s sustainability data be assessed and updated over time,
and how could social performances be measured in a quantitative manner?

How should a food company weights and links the various supply-chain sustainability
variables?

How should a food company implement the best sustainable decision among a set of
possible ones?
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6. How should a food company account for positive and social related sustainability
instances in their integrated reports?

For addressing those research questions, a novel framework for sustainable PMS was
developed aiming at outlining even more the research ground.
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7 Sustainable PMS Framework Proposal

This Chapter proposes a novel framework able to fill the various gaps encountered in
the literature. Certainly, all the identified minimum requirements in Subsection 5.2.1
should be met in order to correctly apply the presented model. Hence, sustainability
strategic orientation, collaboration among partners, and traceability should already be
implemented at a consistent level. Furthermore, the proposed framework has been
designed to be as much flexible, easy to use, and objective as possible.

As a result, the proposal is applicable to different product types and actors in the food
supply chain. Thus, it could help Small Medium Enterprises (SMEs) as well as larger
integrated companies. Moreover, it uses simple algebra and provides graphical
information to the user. On this way, almost any office worker could use, update, and
understand it. Finally, the objectivity of the results is ensured by the intensive use of
quantitative measurements, techniques, and comparisons.

The framework proposed in this work was built on the basis of a number of
assumptions. First, all upstream and downstream correlations are considered from an
environmental perspective. This was done because the supply chain global
environmental issues need to be known; without them it is not possible to identify the
specific hotspots for improvement. [47] Secondly, the social and economic attributes
were characterized by a completely different perspective. This is mainly because the
entire modern economy is based on competition, while social impacts are dealt with
national governments taking into account individual industrial sectors. Consequently,
social and economic performances should be assessed either in terms of competition
or in terms of the sector-specific environment.

Before going deeper into the explanation of the proposed framework, it is necessary to
answer the first research question. As explained in Chapter 5.2.2, there is no common
standard to follow when developing a sustainable PMS. However, once the concept of
sustainability is clear, it makes no difference whether one standard or the other is taken
up. In fact, any standard provided by external bodies is a flexible instance that can be
applied and modified depending on the specific situation. Nevertheless, both the
SDGs, the FAO-SAFA, ISO 14040 guidelines have proven to be the most popular
standards when it comes to food supply chain sustainability. Therefore, when
developing consistent attributes and indexes to be monitored, more standards should
be used in relation to all others. In addition, the use of standards helps to harmonize
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processes between different companies. Thus, the proposed framework applies some
of them.

In the following, the different phases of the proposed framework for sustainable PMS
are described:

Identified attributes and KPIs

Identified assessment methodology;

Proposed data prioritization and correlation model;
Identified decision making tool;

A IR

Proposed approach to report sustainability outcomes.

Phases 1, 2 and 4 critically address key findings from the literature, whereas Phases 3
and 5 are characterized by the development of a completely new approach.
Furthermore, the different steps of the proposal have been designed to answer the
remaining research questions from Chapter 6.
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7.1. Identified set of attributes & KPIs

This Sub Chapter addressed research questions number two and three of Chapter 6. It
thus presents a set of sustainability attributes that every food business should monitor
and manage, taking into account its supply chain, in order to achieve sustainable
outcomes. Once the different attributes were identified, a set of sustainable KPIs was
derived from them. Furthermore, the proposed KPIs extend the current scientific
literature by providing a set of exclusively quantitative social indexes. On this way,
companies will be able to objectively review and address their social performance.

At first, observing Table 5.2; the most common sustainability attributes to be
monitored according to the scientific community were listed in function of their triple
bottom line perspective. As it could be seen, there are many factors that need to be
monitored for a company's sustainable development. However, the more the
attributes and indices that need to be reviewed in the framework, the more complex
and time-consuming the framework becomes. Therefore, the identified group of
attributes and indexes represents a relatively small set of instances that aims to unify
the different scholars' opinions.

Considering the economic attributes, every company needs to know its situation in
terms of Profitability, Productivity, Costs, and Product Quality. Thus, the above
attributes have been identified as the ones to be evaluated in the proposed framework.
Nevertheless, a particular actor in the chain might also have some specific economic
problems that need to be addressed. [42] As a consequence, it is recommended for
these actors to extend the proposed set of economic attributes to consider such cases
as well. Thus, the economic attributes of the developed framework are composed of a
fixed and a variable part.

The analysis of environmental attributes in Annex A.2 shows that Loss & Waste,
Pollution, Resource Consumption, and Biodiversity are the most common factors to be
measured. Furthermore, Subsection 5.2.4 has shown that Productivity is closely related
to the company's performances on Loss & Waste. Nevertheless, not all the Loss &
Waste reduction practices, such as recycling and the use of renewable materials, could
be assessed only in terms of Productivity. Therefore, the proposed framework will
assess the different parameters for the Loss & Waste attribute using both Productivity
measurements and ad-hoc indicators. In addition, it was decided to consider
Biodiversity as an effect of sustainable development rather than an aspect that needs
to be monitored in order to achieve sustainability. The latter may not apply to the first
actor in the chain, which is the farm. However, monitoring biodiversity is linked to the
economic success of such businesses. For instance, think about the importance of the
harvesting crop cycles. As such, farmers might consider this aspect as an extension of
economic attributes.

According to the literature, Health & Safety, Employment Practices, Social Practices,
Human Rights & Law Compliance, Traceability, and Certifications have proven to be
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the most important social attributes to be assessed. Nevertheless, Certifications could
be considered as a tool to demonstrate sustainable practices rather than a specific
entity to be monitored in order to achieve sustainable development. As a result, the
Certification attribute has been omitted by the list of social attributes to be verified by
food businesses. Furthermore, the definition of social attributes is determined by
culture. [99] Therefore, the extracted social KPIs will be as much general as possible.
On this way, each company could set specific targets depending on where it operates.
Thus, all cultural issues could be addressed without any problem.

In conclusion, the following Table 7.1 shows the identified set of sustainability
attributes of the proposed sustainable PMS framework.

Table 7.1: Identified Set of Sustainability Attributes in the Proposed Framework.

Sustainability Attributes

Economic | Profitability, Productivity/Efficiency, Cost,
Technology/Innovation, Product Quality, OTHER SPECIFIC

Environmental | Pollution, Resource Consumption, Loss & Waste

Social | Health & Safety, Employment Practices, Society Practices, Law
Compliance, Traceability




| Sustainable PMS Framework Proposal 59

7.1.1. Economic KPIs selected for the framework

Once the attributes were identified, it was time to translate them into consistent
indexes. In general, the various KPIs have been developed to be easily assessable and
comparable among companies. On this way, a benchmarking procedure, which is
explained in Section 7.3 could help the company in understanding their specific
situation in function of their supply chain, competitor, or sector environments.

The development of the economic indexes was done focusing on the various standard
accounting reports, which are compulsorily edited by companies. Thus, the proposed
profitability and productivity measures are well known balance sheet ratios. In
addition, the selected cost indexes could be assessed reclassifying the net income
statement and the innovation indicator is a common balance sheet item. Despite that,
during the framework development it became clear that all the indexes about product
quality could not be assessed in such way. As a result, the proposed set of quality
indexes have been selected following another logic; indeed, the proposed sustainable
PMS framework is intended to be applied for food supply chain. Consequently, only
food stuff quality characteristics have been proposed. The latter are usually internally
monitored by food companies and could be benchmarked trough experiments.

In general, the proposed set of economic indexes enables the various food companies
to analyze their economic performances as well as to look at the various competitors’
behaviors. Thus, the economic strengths and weaknesses could be pointed out. The
resulting economic indicators are shown in the following Table 7.2.

Table 7.2: Identified Set of Economic KPlIs.

Economic KPIs

Attributes Index | Formula/Assessment Methodology | unit

Profitability | [25]

ROE NetIncome %
ShareholderEquity
ROI NetProfit %
Investment
ROA NetIncome %

Av.TOT_Asset

[100]
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Gross Profit Sales — CostOfGoodsSold %
Margin Sales
Net Margin Netincome %
Sales
Productivity | [101]
Global Sales + AW harehousegp.yip
Productivity Y. InputCost
Labor Sales %
Productivity CostEmployees
Material Sales %
Productivity CostMaterials
Innovation | [102]
Patents | Mortgage Purchased & Own Patents | M$
Cost | [47]
Variable Cost Z VarCost, M$
Fixed Cost Z FixedCost, M$
Product | [103]
Quality
Shelf Life Length of time that a food days
commodity may be stored
[72]
Taste-ability Focus Group 1-5
Nutritional 2. STDcoef f; * mass; kcal/hg
Value 100g
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7.1.2. Environmental KPIs selected for the framework

After the selection of the economic KPIs, it was time to select the indicators about
environmental performances. As already explained at the beginning of Chapter 7, in
the proposed framework the environmental KPIs have been designed to analyze the
specific food supply chain of interest. Thus, they could be evaluated only having a
general view of the global environmental issues for each actor in the chain, which
could be identified employing one of the methodologies of Table 5.4. The identified
environmental indexes have been developed for covering all the environmental
attributes of Table 7.1.

The pollution attribute has been divided considering air or water releases. For the
former, the extraction of CO2, PMioz25, NOX, and SOX air emissions are recommended.
[53] As a result, the air emission index could be calculated summing up the equivalent
CO2 units of each air pollutant to give the Global Warning Potential (GWP) of a generic
actor in the chain. Certainly, if the specific business characteristics are taken into
consideration, various classes of air pollutants may be added or deleted. For the latter,
wastewater quality has been identified as the index to measure the water pollution level.
As such, every actor in the chain should have an idea of the water releases in terms of
N, P, and S, which could be evaluated looking at the various components
concentrations inside the company wastewater system. [58] The wastewater quality
indicator is especially important for the farm business sector; in fact, every farmer
usually employ fertilizers, which are rich in those components, to run their business
activities.

The resource utilization attribute has been divided in three different sub-indexes. The
latter was done to account for every resource type employed by the companies. As a
result, energy, land, water, and material consumptions have been identified as the most
relevant impact categories; indeed, every actor in the food supply chain uses these
types of resources. In general, the Energy and Water use indexes could be evaluated
looking at the company utilities bills, which enables the company to decide whether
to account or not for Renewable Energy sources. On the other hand, the Material Use
indicator could be extracted inspecting the various material purchasing bills. Finally,
the amount of land occupied by the business is reordered either in the long-term active
voices of the balance sheet or in the purchasing/rental contracts signed with the

landlords.

All the proposed indexes related to the loss & waste attribute have to be monitored and
assessed throughout the internal accounting system. Generally, organizations keep
track of the purchased material characteristics as well as the amount of waste delivered
to the landfill. In addition, the type of material which could be reconverted from the
landfills are well-known. Consequently, even if nowadays the proposed loss & waste
indexes could not be assessed by a particular assessment tool, they could be estimated
by common data gathering. As an example, the garbage delivery bills provide every
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information necessary to compute both the loss & waste rate index. The whole set of
identified environmental indexes is shown in the table below.

Table 7.3: Identified Environmental KPIs.

Pollution | [53]
GWP Z airPoll; Ton_CO2e
q
[58]
Wastewater P, N, S Concentrations M
Quality
Resource Use | [73]
Energy Use Energy Consumption MWh
[67]
Land Use Employed Surface Hectares
[58]
Material Use TOTAL employed Material Ton
Water Use Water Consumption m3
Loss & | [73]
Waste _
Loss & TOTLandfillDelivery - LandflllReconversion %
Waste Rate TOT Material
[58]
Recycling renewableORrecycled materials %
Rate Total Material
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7.1.3. Social KPIs selected for the framework

As already explained in Subsection 5.2.4, scholars have regularly addressed the social
indexes evaluation using qualitative measurements in terms of either qualitative scales
or yes/no questions. [61] In order to address this literature gap, the proposed social
indexes are measured in a quantitative manner. The latter enables to respect the
condition of objectivity required by the proposed sustainable PMS framework. In
addition, the identified social indexes have been selected to account for the whole set
of social attributes in Table 7.1.

In general, the health & safety attribute have been translated into two distinct KPIs. The
index about Health is the Toxicity Index (TI), it focuses on the food product
characteristics. On the other hand, the index about safety accident is related to the
company operating procedures. In general, both of them have been developed
considering that a company must be legally compliant to many international laws in
order to operate in the market. Thus, it must record the amount of hazardous material
provided by the food product in its label as well as register the information about any
accident happened during the operating year. [104] For these reasons, the proposed
Health & Safety KPIs could be calculated looking at mandatory information which
companies are already used to publish.

The selected Employment Commitment Practices KPIs cover a wide range of social
issues. Nevertheless, all of them is clearly related to how a company behave in terms
of its employees form an internal point of view. As such, the gender gap, salary range,
training intensity are analyzed; indeed, an enhancement of these performance could
push business to success. In addition, the selected set of indicators requires
information already available in company documents. [105] On the contrary, the social
commitment practices KPIs aims at depicting how a company operates in function of
its employees outside the working environment. Thus, the employees coverage index
expresses all the money spent for employment taxes, insurances, and medical care;
whereas the Benefit/Incentive index relates all the money spent for employee’s well-
being and community development. In addition, the work-life balance indicator aims
at showing the average percentage of time which employees spend for reasons outside
their work. As a matter of facts, an enhancement of these indexes will lead to a higher
living standard for the personnel.

On the same line of the health & safety attribute, the human rights & law compliance
indexes are based on the analysis of the business commitment to international laws; in
fact, they focus on the hypothetical use of child labor, forced labor, and irregular labor.
Certainly, a company should never publish such set of data because it will create many
problems between both customer and institutions. Nevertheless, having positive
values of these instances could be considered as problematic. Hence, actions for
improvement should be undertaken to minimize these criticalities.
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In Subsection 5.2.2, Traceability has been identified as a minimum requirement to
guarantee a consistent level of sustainability as well as product quality. [46]
Nevertheless, once a traceability system has been implemented, it needs to be
monitored in terms of its effectiveness and efficiency. As such, the accountability KPI
aims at showing the traceability implementation level, whereas the Traceability Index
was designed to account for the number of customer compliances avoided thanks to
the implemented traceability system. As a result, the following Table 7.4 depicts all the
identified social KPIs.

Table 7.4: Identified Social KPIs.

Health & | [53]

Safety
Accident n° of Employee Accidents Number
[41]
Tl AppliedDose %
LegalDose
Employment | [77]
Commitment
Practices Gender Gap | Woman Share in respect to the | %
sector
[3]
Salary Range | %£Employees Salary over Regional | %
Level
[105]
Training Intensity | Total money spent for employees | M$
training
Society [58]
Commitment
Practices Employees Total Expenses for Employees | M$

Coverage | /Insurances, Medical Care, Taxes
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Incentives/Benefits | Money Reinvested for Employees | M$
well-being, community
development, charity etc.
Work-Life Balance 5 Workingtime %
TOTtime
n°Employees
Human | [77]
Rights & Law
Compliances | Regular Employees Regular Worker Share %
Child Labor Number of Working Children Number
Forced Labor Number of non-Intentional Number
Workers
Traceability | [58]
Accountability TracedProduction %
TotalProduction
[75]

Traceability Index

N°CustomerCompliances

N°AlertsBeforeConsumer

%
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7.2. Assessment process suggested for the
environmental dimension

Even if the majority of the selected environmental indicators could be assessed
internally looking at different company documents, it is recommended to employ a
specific environmental assessment methodology in order to guarantee a holistic
supply chain point of view of the results, which is necessary to perform a consistent
environmental assessment. [44]

The Life Cycle Assessment (LCA) methodology was chosen as the reference tool for
the thesis proposed framework. In general, the LCA could be defines as “a systematic,
standardized approach to quantify the potential environmental impact of a product or
process that occur from raw materials extraction to the end of life”. [106] The
methodology was selected as the most suitable because it has been widely applied in
many situations, it could be performed in different ways, it enables to determine
environmental hotspot for improvement, and there exist many open-source software
to guide its implementation. [5] As such, it is a high flexible and efficient methodology.
Furthermore, there have been attempt in implementing LCA techniques able to
consider both social and economic as well as to use Machine Learning algorithms to
provide automatic results. [106] The ISO 1040 guidelines [107] define all the steps to
perform an LCA study, which could be listed as:

1. Goal and Scope Definition

An LCA methodology needs to identify a goal, which determines the system
object of the study, the results usage intention, and the identified target. Thus,
it needs to point out the scope of the study. First of all, it is necessary to set the
system’s boundary limits. The latter are defined according to the scale of the
unit processes. For example, high-level unit processes are fertilizer production,
pasture farming, crop, raising, slaughter, cattle raising. After that, the system
specifications must be identified in terms of a functional unit, which is the
quantified performance of a production system used as a reference. Identifying
a functional unit is one of the most critical phases in an LCA study because it
allows to compare the impacts of a product considering its whole supply chain.
[107]

2. Inventory Analysis

Life Cycle Inventory (LCI) aims at identifying the inputs and outputs of the
analyzed system. For the sake of simplicity, inputs and outputs are quantified
according to the system unit process. The LCA inventory inputs and outputs
assessment is a hard work. Fortunately, databases of unit processes and related
input and outputs have been already built by scholar. Even though, it is always
necessary to consider the scope and age of a process dataset. [107]
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3. Impact Assessment

This step converts the LCI data into relevant environmental impacts, which are
related to the standard unit of each assessed impact category. In addition, the
LCIA computations could be improved using an impact assessment tool, which
uses a characterization factors (CF) database. As a matter of facts, each
compound in an LCIA database is paired with its own impact category CF; [107]

4. Interpretation and Analysis;

In this phase, the various results of the impact assessment are analyzed in order
to understand the overall system sustainability as well as the wvarious
improvement points and options.

5. Reporting the Results.

In this last step, all the results are reported in order to share the obtained results
to the various companies and employees.

The implementation of an LCA study requires collaboration and data sharing among
all the actors in the chain as well as considerable competences to be performed. As a
result, it is the most difficult and critical step of the proposed sustainable PMS
framework. Nevertheless, the LCA study may be outsourced to an external company.
In general, the total cost spread among the various supply chain actors could be
manageable. [5]
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7.3. Proposed Data Prioritization and Correlation
Model

After assessing the data to monitor, it is time to understand how these data correlate
with each other. Therefore, the upstream and downstream links in the supply chain
should be highlighted. In addition, the relative importance between one measure and
another should also be identified. [43] Moreover, each actor in the chain may have
some specific issues. For example, while farmers need to pay attention to water
management, retailers need to pay attention to their energy consumption. Therefore,
each company should have a clear overview of its sustainability performances in
relation to the market in which it operates. Thus, it should be able to prioritize the
different areas that need to be improved in order to consistently make sustainable
choices. [41] This is the main reason under the employment of benchmarking in the
proposed prioritization model.

As explained at the beginning of Chapter 7, economic activities are usually assessed
by analyzing standard accounting reports that companies are obliged to publish for
the external community. In this procedure, the company under investigation is
compared with its direct competitors. On this way, it is possible to show the various
economic strengths and weaknesses of the company under investigation. [25] In
contrast, social performance is usually monitored and kept internal. [104] However,
the increasing use of integrated reporting is pushing companies to change this trend.
It is expected that more and more companies will publish their results related to social
issues in the near future. [6] In addition, industry associations and national statistical
offices usually record and publish some of the aspects related to corporate social
behaviors, depending on their industry-specific perspective. Therefore, some of the
social indexes proposed in Subsection 7.3.3 could be adapted for the external
environment. For example, the index TI could be compared with the analysis of the
different competitors' labels, while the employment rate could be included in the
integrated balance sheet notes. In addition, further information on gender gap,
training intensity and Incentives/Benefits could be included in the integrated reports.
Finally, environmental performance should be considered primarily from a supply
chain perspective; indeed, environmental problems are characterized more by the
specific product processing steps than by the competitive or industry environment.

Subsection 5.2.7 showed that various analytical tools have been used in the literature
to address the problem of prioritizing sustainability indexes, however they are usually
difficult to perform and interpret. Therefore, they are not suitable for the proposed
prioritization model, which is intended to be as simple as possible. Thus, a new state-
of-the-art prioritization and correlation procedure was developed as part of this thesis
work. The latter differentiates the prioritization process according to the different
triple bottom line perspectives. Furthermore, it provides efficiency indicators between
one and zero for each of them, namely “Economic Efficiency” (EcoE), “Environmental
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Efficiency” (EnvE) and “Social Efficiency” (SocE). The three efficiency indicators could
be multiplied together to obtain a composite index expressing the “Overall
Sustainability Efficiency” (OSE) of a generic food supply chain actor. The composite
measure could be calculated with the following Equation (7.1):

OSE = EcoE * EnvE * SocE (7.1)

In the next sections, the various prioritization techniques, composite indexes, and
calculation procedures are presented according to each triple bottom line point of
view.
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7.3.1. Economic KPIs Prioritization

Once the various economic indexes have been computed, it is time to compare the
overall economic performance with the competitor’s behavior. Thus, each economic
KPI should be assessed for each of the identified competitors. To do this, their
mandatory accounting reports should be downloaded and analyzed. In addition, the
various Product Quality KPIs, if not yet known or published, should be assessed
through experimentation. As a result, Figure 4.1 shows the set of economic indexes in
used as input for the economic benchmark procedure.

— ROE
—— ROI
ROA

Profitability

Gross Margin
Net Margin
—— Global
Productivity 1 Labour

Material

Patents

Innovation Depreciation

Fixed
Cost
Variable

—— Shelf Life
Quality 1 Taste-ability
—— NI

Figure 7.1: Benchmarked Economic KPIs

The benchmarking process would provide some descriptive statistics on the different
economic performances in the business sector. Therefore, a scale of 1-n could be
created for each of the economic KPIs analyzed. On this way, a number between 1 and
n could be used to describe each of the business performances related to the
competitive environment. In general, any value below the minimum is rated 1, any
value equal to the median is rated n/2, and any value above the maximum is rated n.
Thus, any performance between 1-n/2 is a high priority for the company and should
be improved to exceed the median of the market. In contrast, all performance values
between n/2-n are not very important for the company's economic success. However,
these indicators should be kept at least at the same level to guarantee positive results.
Moreover, assuming equal importance of the different economic attributes could
ensure an objective comparison between the different economic KPIs.

Once the scale values for each KPI have been extracted, it is possible to use them for
other purposes besides extracting the relative priorities. For example, the proposed
sustainable PMS framework uses them to calculate the Economic Efficiency (EcoE)
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index. The latter may be defined as a composite measure that shows the economic
performance of a company compared to its competitive environment. The following
Equation (7.2) shows how the “EcoE” is calculated:

EcoE = Y AssignedValuelndex; (7.2)

NumberOfIndexes*n

In general, if a company has the maximum assigned score among each variable, it gets
1. On the other hand, if a company has the minimum assigned score among each
variable, it gets a number close to 1/n. Therefore, the higher the “EcoE”, the better the
company is operating from an economic point of view. The proposed prioritization
methodology scheme is presented in the following Figure 7.2.

Benchmark
Competitors

1

Scale [1-n]
for each Index

v v
Aggregate Index |mR:<I)ar»:;V:ce
Computation .
Extraction

Figure 7.2: Proposed Economic KPIs Prioritization Scheme.
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7.3.2. Environmental KPIs Prioritization

The procedure for prioritizing environmental indexes was developed in a completely
different way; in fact, it aims to relate the different categories of environmental impacts
from both a supply chain and an individual actor perspective. The latter has been made
tilling a cartesian plan with a set of pre-defined environmental indexes. Here, the y-
axis represents the relative percentage share of the different instances in the company's
Cost of Goods Sold (COGS), while the x-axis shows the relative percentage shares of
each impact taken from a hypothetical LCA study based on the whole supply chain.
As it could be deduced, some assumptions have been made to ensure a smooth
implementation of the prioritization process.

First of all, the relative priorities for the single actor perspective are assessed taking
into account only COGS. The latter is an instance of the net income statement, which
is used to show the amount of money a company spends on selling its products.
Therefore, it is possible to assess how much an environmental impact category costs a
particular business actor by separating the different COGS components.

In addition, almost all environmental KPIs from Chapter 7.1.2 have been moved to the
resource use attribute. As such, the KPI for air pollution GWP has been directly linked
to the emissions generated by the consumption of Raw Materials (RM) and energy. In
general, any use of Recycled Materials or Renewable Energy sources could be
evaluated without considering their GHG emissions. Thus, it is possible to consider
the attribute Loss & Waste. On the other hand, the percentage of Land Utilization is
calculated based on the total area claimed by each actor in the supply chain.

The only exception to the aggregation within the attribute resource use is the KPI
wastewater quality, which is estimated based on the relative wastewater toxicity
enhancement provided by each actor in the chain. Therefore, global N, P, and S water
release need to be assessed. In conclusion, the following scheme was processed to
present the characteristics of the cartesian plan for the environmental prioritization
process.
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Figure 7.3: Proposed Cartesian Plan for Environmental KPIs Prioritization.

Once the different points of the cartesian plan are presented, the relative priorities
between the different environmental indexes could be assessed. At first, it is necessary
to normalize the two percentage scales. As such, it is possible to use the following
Equations (7.3) and (7.4) assuming equal importance among the variables.

%y; (7.3)
YYnorm = 3 %;i
%x; (7.4)
YoXNorm = Z %;_
i

After that, the relative importance of each index could be identified multiply the
percentages on the y-axis by the percentages on the x-axis dived by the sum-product
of the various indexes. The following Equation (7.5) shows this procedure:

%xi,Norm * %yi,Norm (7-5)

2 %xi,Norm * %Yi,Norm

rellmp; =

In addition, the definition of the y and x values for each environmental indicator could
be used to calculate the Environmental Efficiency (EnvE), which is a composite index
showing the contribution of the studied actor to environmental issues within an
identified supply chain. The latter could be calculated by subtracting 1 from the sum-
product of the normalized percentages of each x and y indicators, which is divided by
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the number of assessed environmental indexes. The calculation methodology is shown
below in Equation (7.6):

EnvE = 1 — Yrellmp_i (7.6)

NumberOfIndexes

As a result, a number between one and zero could be used to represent the company's
environmental performance in relation to its supply chain. In general, the higher the
number, the better the company is performing from an environmental perspective.
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7.3.3. Social KPIs Prioritization

As mentioned at the beginning of Section 7.3 the social dimension is difficult to be
compared between different companies. Certainly, some of the proposed KPIs, such
as the attribute human rights & law compliance, will hardly be shared externally.
However, it is recommended that all of the proposed social KPIs in Section 7.1.3 are
calculated and shared internally. Moreover, nowadays the some social indexes such as
TI, Gender Gap, Training Intensity, Incentives/Benefits, and Employees Coverage may
be externally published in the various reports of the companies. As a result, Figure 7.4
shows the set of social KPIs that may be benchmarked.

Health & T
Safety
Gender Gap
Employment
Commitment
Practices
Training
Intensity
Incentive/Benefits
Society
Commitment
Practices Employees
Coverage

Figure 7.4: Benchmarked Social KPIs

Once the social indexes are benchmarked, it is possible to apply the same prioritization
methodology of Chapter 7.3.1. First, a benchmarking procedure would provide some
descriptive statistics on the different social attitudes in the business sector. As a
consequence, a scale of 1-n could be created for each of the analyzed social KPIs. On
this way, a number between 1 and n could be used to describe each of the company's
performances in terms of social behavior. In general, any value below the minimum is
rated 1, any value equal to the median is rated n/2, and any value above the maximum
is rated n. Thus, any performance between 1-n/2 is a high priority for the company and
should be improved to exceed the median of the sector. In contrast, all performance
values between n/2-n are not very important for the company's social enhancement.
However, these indicators should be kept at least at the same level to guarantee
positive results. Furthermore, assuming equal importance of the different social
attributes could ensure an objective comparison between the different KPIs.
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Once the scale values for each KPI have been extracted, it is possible to use them for
other purposes besides extracting relative importance. For example, the proposed
sustainable PMS framework uses them to calculate the Social Efficiency (SocE) index.
The latter could be defined as a composite measure that highlights the social
performance of a company in relation to its business sector. The following Equation
(7.7) shows how the “SocE” is calculated:

SocE = Y. AssignedValuelndex; (7.7)

NumberOfIndexes*n

In general, a company receives a score of 1 if it has the highest assigned score among
all the individual variables. On the other hand, if a company has the lowest score
among the individual variables, it receives a number that is close to 1/n. Thus, the
higher the "SocE”, the better the company is performing from a social point of view.
The proposed scheme for the prioritization methodology is shown in Figure 7.5.
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Figure 7.5: Proposed Social KPIs Prioritization Scheme.

In summary, the proposed phase of the framework is able to prioritize and relate
almost all the sustainability indexes identified in Section 7.1 in a flexible, fast, objective,
and simple way. Hence, it fulfills all the minimum requirements for the proposal
described in Subsection 5.2.1.

The procedures for prioritizing the economic and social KPIs are almost identical. The
latter are entirely based on benchmarking of competitors and industry sector. As a
result, Figure 7.2 and Figure 7.5 have been used to illustrate the different stages of the
prioritization and correlation process. As it could be inferred by the graphs, the only
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difference between the two methodologies is the selection of the benchmarking set of
KPIs. The extraction of relative importance for the environmental KPIs, on the other
hand, is structured differently. Here, filling in an ad-hoc developed cartesian plan,
which is shown in Figure 7.3, provides all the data needed for the priority’s assessment

Moreover, thanks to Equations (7.2), (7.6), and (7.7) the proposed sustainable PMS
framework is able to clearly represent the sustainability situation of a given company;
these equations could be used to outline global performance according to each triple
bottom line perspective. On the same line, Equation (7.1) provides a composite index
calculated by multiplying the previous results. In general, the proposed composite
measure shows the overall sustainability status of a given company in terms of its
supply chain, competitive environment, and specific industry sector. Thus, it is able to
correlate all relevant business management point of views.
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7.4. Decision Making Technique

As explained in Subsection 5.2.7, the scientific literature body have found to be very
wide also in terms of sustainable decision-making methodologies. In general, the
majority of the scholars suggested techniques which require complex math
capabilities. Hence, they are not suited for the proposed sustainable PMS framework.
Nevertheless, many authors employed the Analytic Hierarchy Process (AHP), which
a relatively simple MCDM methodology. Furthermore, once the AHP parameters are
defined in a customized excel file, the decision-making procedure could be made
filling its matrices without the needs of any mathematical background. Therefore, the
proposed framework decision-making procedure is done through the AHP
methodology.

The AHP was firstly introduced by Saaty in the 1970’s. In general, the method is a
ranking process used for making group decision based on judgments and paired
comparisons. Nowadays, AHP is widely used around the world in various fields such
as business, government, industry, education, health, and others. The latter is mainly
due to the fact that AHP has nice mathematical properties as well as easy input data
gathering; in fact, the scales of ratio are derived from the principal Eigen vectors and
Eigen values of the identified linear system. As such, it works with simple linear
algebra. In addition, the methodology enables the users to compare both qualitative
and quantitative indexes at the same time as well as to check the consistency of the
selected parameters. [108]

According to “MCDM-AHP METHOD IN DECISION MAKINGS” [108] ,the AHP is
commonly divided into sequential steps, these include:

1. problem modelling;
2. weight evaluation;
3. weight aggregation;
4. sensitivity analysis.

At first, the hierarchy need to be constructed. Here, the objective is highlighted, and
the various criteria and alternatives are identified. Then, a peer-to-peer comparison of
each criterion and alternative is made. The latter aims at getting the relative ranking
for the two instances. Hence, the KPIs weights and the alternative selection.

For the proposed sustainable PMS framework, the various paired-wise comparisons
of the AHP matrix should be assigned considering the results of Section 7.3. In
addition, the relative importance between economy, environment, and social
perspectives for the decision-making process could be defined according to the
company’s specific objectives. On this way, the company is sure to make profitable
decisions which take sustainability issues into account.
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7.5. Sustainability Results Reporting

The final step of the proposed sustainable PMS framework aims to report on all the
sustainable outcomes achieved during the yearly company governance. This is
intended to extend the current state-of-the-art integrated reporting techniques
explained in Subsections 5.2.8 and 5.2.9. Therefore, the proposed reporting
methodology will convert into monetary terms a set of identified social and
environmental impacts caused by a generic food company, regardless of whether they
result in positive or negative contributions to the overall sustainability of the business.
On this way, a company in the food industry will be able to provide a document called
“Environmental-Social Profit and Loss statement” (ES-P&L), which could quantitively
account for every sustainable development practices.

The suggested reporting methodology could take into account each environmental
attribute mentioned in Section 7.1. Thus, both Pollution of air and water as well as any
Resource Use are reported. In addition, all the considerations of improvement
practices for the Loss and Waste attribute were included in the Resource Use item. The
latter was done by incorporating the use of either Recyclable Material or Renewable
Energy sources as a positive sustainable activity. As a result, the Resource Use items
were evaluated focusing on the different COGS parameters, which are Energy cost
(non-renewable minus renewable), Raw Material cost (non-recyclable minus
recyclable), Water cost, and Fixed Asset Depreciation cost (for the land usage). In
general, the positive environmental results could be assessed computing the yearly
difference of both Pollution and Resource Use values. Thus, if a company pollutes or
consumes less, it receives an environmental revenue. If, on the other hand, a company
performs worse compared to the previous year, it incurs in environmental costs. It is
clear that the summation of all the environmental voices could result either in an
environmental profit or loss. Therefore, the sum of the above-mentioned instances is
able to show weather a company has globally improved or worsen its environmental
performances.

When the attention is drawn to social performance accounting, some aspects need to
be highlighted. First of all, it is not possible to include every social attribute in the
proposed reporting technique. Therefore, only the indexes about Employment
Commitment Practices and part of the Social Commitment Practices KPIs could be
accounted. Nevertheless, the ability to objectively account for some of the company's
social outcomes is a clear addition to the current academic literature. In general, the
proposed social reporting could only be done according to a consistent sector
benchmark under the above-mentioned attributes; indeed, the positive or negative
contribution is assessed either by looking at the specific industrial sector median
values or by looking at the difference between the values of the last year of operation.
Since the information about the reported social instances, which require the
benchmark, could be gathered from the web; the social reporting procedure, for the
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selected social KPIs, is always feasible. On the same line of the environmental point,
the summation of the various social values shows if a company performed better or
worse from the social perspective.

Furthermore, summing the environmental results with the social ones would give the
overall environmental and social profit or loss. The latter outlines either the increasing
or decreasing in the yearly company sustainability effort. The following Equation (7.8)
shows how to compute the ES-P&L.

ES_P&L = + Environmental Profit OR Loss (7.8)
+ Social Profit OR Loss

Thus, if a company performed worse in one of the two aspects, it could enhance the
other in order to get a positive sustainability outcome. The resulting ES-P&L statement
is depicted in the following Table 7.5Table 7.6.

Table 7.5: Proposed Environmental Results Accounting.

* Air Pollution (GWPyear—l - GWPyear) * COZAverageCost M$ (7.9)
+ Water z:(QuantityPollm,ear_1 M$ (7.10)
Pollution ;
— QuantityPoll; yeqar)

* AverageCost;

+ Resource Use Z[(ResoruceCosti)year_l M$ (7.11)
i

— (ResourceC osti)year]

Environmental + Air Pollution + Water Pollution M$ (7.12)
Profit or Loss + Resource Use
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Table 7.6: Proposed Social Results Accounting.

Social Accounting

Item Formula Unit | Reference

+ Gender Gap (%FemaleEmployeesCompany M$ (7.13)
— %FemaleEmployeesSector)yeq,

* Av.SectorWomanSalary

+ Salary Range | (%Salarysgegionaisev M$ (7.14)
- %Salary<RegionalLev)

* Av.SectorSalary

year

+ Training Effort (TotalTrainingExpenses)yeqr—1 M$ (7.15)
— (TotalTrainingExpenses)yeqr

+ Incentives (TotIncentive&Benefits)yeqr—1 M$ (7.16)
/Benefits — (TotIncentives&Benefits),eqr
+ Employment (TotEmploymentCoverage)yeqr—1 M$ (7.17)
Coverage — (TotEmploymentCoverage)yeq,
Social Profitor | =+ Gender Gap * Salary Range M$ (7.18)
Loss + Training Ef fort

+ Incentives\Benefits
+ Employment Coverage

In summary, the proposed framework for a sustainable PMS was developed to expand
the current academic literature by answering the research questions in Chapter 6. In
addition, the entire framework has been designed to meet the minimum requirements
mentioned in Subsection 5.2.1.

First, at the beginning of Chapter 7, the most appropriate sustainability standards to
follow from a food supply chain perspective were identified. Then, a manageable
number of sustainability attributes were identified in Section 7.1. The latter was done
by analyzing the results of the literature review in Subsection 5.2.3 and resulted in
Table 7.1. Once the instances to be measured were clear, it was time to translate them
into consistent KPIs. Therefore, a set of indexes was proposed for each triple bottom
line perspective. As a result, Table 7.2, Table 7.3, and Table 7.4 were completed. In
addition, it is important to highlight that all social KPIs from Subsection 7.1.3 are
quantitative measurements. On this way, the framework is able to fill one of the most
important gaps in the literature. In general, the identified KPIs have been developed
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in a way that makes them easy to interpret and evaluate. Nevertheless, some of the
environmental KPIs require a specific assessment methodology, which was identified
as LCA and explained in Section 7.2. After that, in Section 7.3, a new state-of-the-art
methodology is presented to determine the sustainability of the overall system as well
as the relative importance and correlation among the KPIs previously assessed.
Subsequently, a well-known MCDM method was explained in Section 7.4. The latter
aims to support the sustainable decision-making process by considering all triple
bottom line perspectives simultaneously. Finally, Section 7.5 presents an extension of
the current state-of-the art integrated reporting techniques. The reporting
methodology has been designed to consider both positive sustainable outcomes and
social impacts.

In conclusion, the proposed sustainable PMS framework is able to address all phases
of the Plan-Do-Check-Act cycle [9], taking into account the whole possible
management perspective. Thus, it analyses and correlates supply chain, competitor
and industry sector point of views. Furthermore, the suggested framework could also
assist in reporting to the external community the hypothetical social and
environmental outcomes of annual corporate governance.
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8 Conclusions

This chapter presents a summary the most important results and contribution of the
thesis work. Furthermore, both the limitations and future improvements points of the
study have been reported as well.

Chapter 1 showed the main motivations under the thesis work. As a result, it was
found that food supply chains are characterized by a high level of social and
environmental impacts. Nevertheless, the action to enhance the food supply chain
sustainability could be inhibited by the actual inconsistent knowledge about the agri-
food field. [3] Therefore, the creation of a sustainable PMS able to consider the whole
supply chain during the sustainable development process as well as to report the
obtained results could clearly satisfy many of the nowadays needs. [5]

In Chapter 2 the thesis objectives were highlighted. Thus, it was defined that a food
company should know what to measure, how to measure it, how to use the selected
information to make decisions as well as how to report the obtained sustainability
outcomes under its government.

The methodology for conducting the thesis work was presented in Chapter 4. A
systematic literature review was conducted, and the main data collection and
evaluation procedures have been described in detail. The SCOPUS scientific database
[31] was used to gather all the required information. Thus, two set of keywords were
launched to create two distinct databases, one for the Sustainable PMS and for
Sustainable Reporting up-to-date techniques. After a general overview of the
identified samples, the latter have been filtered according to their respective
inclusion/exclusion criteria. As a result, a comparison in terms of number of papers,
publishing journals, and nations was made considering both databases before and
after the filtration. In addition, it was decided to use content analysis and grounded
theory to extract empirical knowledge from the literature. Hence, the main
contributions, methodologies, findings, addressed supply chain stages, addressed
food products, and limitations of the documents were studied and reordered.

In Chapter 5 the main findings of the literature review were listed. Thus, Section 5.1
listed the main statistics of the two databases, while Section 5.2 reported the main
contents of the literature review. As a result, Section 5.2.1 outlined that a sustainable
PMS should satisfy some minimum requirements. The latter are mainly objectivity and
easiness of employment. Furthermore, collaboration among partners and management
strategic orientation towards sustainable development are mandatory aspects to be
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respected. [42] After that, Subsection 5.2.2 listed the main sustainability standards
followed by scholars in their sustainability framework. Hence, it was found that SDGs,
FAO-SAFA, and ISO guidelines are the most employed ones. Then, the main
sustainability attributes to be measured according to the literature were recorder in
Subsection 5.2.3 It was found that even if the majority of the attributes have a clear
triple bottom line perspective, there are some which do not. In addition, scholars have
usually used the identified attributes to translate them into sustainability KPIs. The
latter are used to describe and measure a specific sustainability attribute to be
monitored. Thus, Subsection 5.2.4 showed the main common points and discordances
for the sustainable KPIs definition. Once the main sustainability data assessment
methodologies were depicted in Subsection 5.2.5, the most common prioritization and
correlation techniques for sustainability data were listed in Subsection 5.2.6. In
addition, Subsection 5.2.7 aims at showing the different techniques to implement
sustainable decisions according to scientific community. Finally, Subsections 5.2.8 and
5.2.9 described the two most important integrated reporting statements, which are
“Natural Capital Assessment” and “Environmental Profit & Loss” respectively.

In Chapter 6 the main research gaps and questions were listed. Thus, the needs for the
identification of a common set of standards and clear sustainability attribute and
derived KPIs definition has been pointed out. The latter is especially true for social
KPIs which lack of quantitative measures. Furthermore, it was found that there is no
way to account for both social and positive sustainability outcomes in state-of-the-art
integrated reporting techniques. As a result, the above considerations were employed
as the foundation for the proposed Sustainable PMS.

In Chapter 7 the conceptualized framework was presented. As such, every Section
showed each phase of the suggested Sustainable PMS framework. In Section 7.1 a
manageable number of sustainability attributes were identified in. Once the instances
to be measured were clear, it was time to translate them into consistent KPIs.
Therefore, a set of indexes was proposed for each triple bottom line perspective. As a
result, Subsections 7.1.1,7.1.2, and 7.1.3 were presented. In general, the identified KPIs
have been developed in a way that makes them quantitative and easy to be interpreted
and evaluated. Nevertheless, some of the environmental KPIs evaluation requires a
specific assessment methodology (LCA), which was explained in Section 7.2.
Furthermore, the different sustainable KPIs are not sufficient to have a fully
sustainable PMS framework. Hence, in Section 7.3, a new state-of-the-art methodology
is presented. The latter aims to determine the sustainability of the overall system of
analysis as well as the relative importance among the KPIs previously assessed.
Subsequently, a well-known MCDM method (AHP) was explained in Section 7.4. The
AHP selection was done because the tool is user-friendly and is able to consider all
triple bottom line perspectives. Finally, Section 7.5 presents an extension of the current
state-of-the-art integrated reporting techniques. The proposed reporting methodology
has been designed to consider both positive sustainable outcomes and social impacts.
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Moreover, if a company chooses to implement the proposed sustainable PMS
framework, almost all the drawbacks of the modern integrated reporting techniques
may be overcome; in fact, many of the stages to implement such an accounting
procedure, such as conducting an LCA study, have already been addressed in the
previous steps of the framework. This reduces the time and cost of preparing the
proposed integrated report.

To sum up, the proposed sustainable PMS framework is able to address all phases of
the Plan-Do-Check-Act cycle, taking into account the whole possible management
perspective. Thus, it analyses and correlates supply chain, competitor and industry
sector point of views. Furthermore, the suggested framework could also assist in
reporting to the external community the hypothetical social and environmental
outcomes of annual corporate governance. As a result, the proposed model is able to
fill the various gaps encountered in the literature. Thus, it employs the three most
widespread standards in the literature about food sustainability. The latter was done
in order to reconcile the different scholars” opinions. Consequently, SDGs, FAO-SAFA,
and ISO 14040 guidelines were employed. Furthermore, the whole set of social KPIs
was designed to be only quantitative. As a result, the scientific body was expanded.
Finally, the proposed reporting methodology could fill the main limitations of the
state-of-the-art sustainability reporting techniques. As such, it is able to account for
positive sustainability results as well as social instances.

Nevertheless, the thesis work has also clear limitations. First of all, it does not provide
any empirical work. In general, a PMS framework should be applied in a real case
study. On this way, it may be adapted and improved to be not only useful from a
theoretical perspective but also from the practice one. As such, the main future
improvements would be highlighted after the employment of the conceptualized
framework in a generic food company.

As highlighted in Section 7.2, even if the model has been designed as easiest as
possible, the proposed environmental accounting procedure require a high level of
competences. Even though this phase could be outsourced, the empirical application
of the framework and technique is still to be tested. Furthermore, the proposed social
benchmark procedure is not able to assess all the proposed social KPIs in Subsection
7.1.3.

Finally, sustainability requires the help of national governments and external parties
to be addressed by companies. A company in the food industry could set many
sustainable targets. However, without any guide and incentives in pursuing such
objectives by institutions, the sustainable development is a utopia. In modern society,
businesses must make money and sustainability is a cost. To concise, there will be an
exchange of course only if society and environment enhancements will be considered
as making money.
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A Appendix

This Appendix provides all the identified attributes in the literature according to their
triple bottom line perspective.

A.1l. Literature Economic Attributes

Table A.1: Identified Economic Attributes in the Literature.

Affordability

VA Creation & Distribution

Economic Development

Efficiency

Profitability

Revenue

Employment

Production Cost

Loss & Waste

Productivity

Raw Material Cost
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Capital Cost

Operation & Maintenance Cost

Sales Revenue

Utilities Cost

Government Subsidies/Incentive

Net Present Value

[57]

Production Cost

Materials

Investments

[66]

Affordability

Efficiency

Income & Value Added

Governance Power

Profitability

Resilience & Local Development

Technological Innovation

Waste

[63]

Affordability

VA Distribution

Economic Development
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Governance

Efficiency

Profitability

Connection

Technological Innovation

Resilience

Waste

[64]

Consumer Relationship

Agri-Tourism Activities

Growth Prospect

Sales Channels Diversification

Price

Local Economy

Business Income

[65]

Area

Number of Producers

Quantity Produced

Product Quality

Business Growth

Employment

Market Diversification
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Commercial Channels

Bargain Power

Price

Long-Term Partnerships
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A.2. Literature Environmental Attributes

Table A.2: Identified Environmental Attributes in the Literature.

[62]

Resource Use

Pollution

Biodiversity

Technological Innovation

Food Waste

Energy Consumption

Land Use

Water Production

Food Miles

Environment Monitor System

Hazardous Material

Emissions (GHG)

[49]

Ozone Depletion

Terrestrial Acidification

Freshwater Eutrophication

Marine Eutrophication
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Human Toxicity

Photochemical/Oxidant

Particulate Matter

Terrestrial Ecotoxicity

Freshwater Ecotoxicity

Marine Ecotoxicity

lonizing Radiation

Agricultural Land Occupation

Urban Land Occupation

Natural Land Transformation

Water Depletion

Mineral Resource Depletion

Abiotic Resource Depletion

[54]
Biodiversity
Water Use
Atmosphere Release

[57]
Energy
Waste
Resources

[66]

Biodiversity
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Efficiency

Resource Use & Pollution

Waste

[63]

Resource Use

Pollution

Biodiversity

Efficiency

Technological Innovation

Waste

[64]

Product Travelled Distance

Organic Production

Woodland Protection

Farming Choice

Woodland & Protected Areas

Resource Usage

Packaging Minimization

Local Production

[65]

Product Diversification

Transformation Technique

Landscape
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Seeds

Inter-Cropping

Product Varieties

Restoration & Requalification

Rotation

Fertilization

Irrigation

Organic Fertilizer

Weed Control

Post-Harvest Treatment

Certification

Renewable Energy

Packaging

A.3. Literature Social Attributes

Table A.3: Identified Social Attributes in the Literature.

[62]

Food Security

Consumer Behaviors

Territoriality

External Partnerships

Labor Relations
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Nutrition

Food Safety

Traceability

Animal Welfare

Responsibility

Fair Trade

Information & Communication

Governance

[67]

Employment Possibilities

Food Safety

[49]

Health & Safety

Remuneration

Child Labor

Forced Labor

Discrimination

Freedom of Association

Work-Life Balance

Health & Safety

Responsible Communication

Privacy

Inclusiveness
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Effectiveness & Comfort

Resource Access

Community Engagement

Employment

Basic Needs Satisfaction

Access to Services

Women Power

Fair Trading

Child Labor

Land Rights

[54]

Employment Practice

Product Responsibility

[57]

Health & Safety

Charity

Certification

[66]

Labor Relations

Consumer Behavior

Food Security

Information % Communication

Nutrition
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Responsibility

Safety

Territoriality

Traceability

[63]

Information Sharing

Food Security

Consumer Behaviors

Territoriality

External Connections

Labor Relationships

Nutrition

Safety

Traceability

Animal Welfare

Responsibility

Fair Trade

Food Security

Governance

[64]

Educational-Cultural Activities

Local Community Sales

Nutritional Value
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Work Commitment

Women Workers

Young Workers

Disabled Workers

[65]

Shelf Life

Transformed Product

Organoleptic Quality

Product Consumption

Role of Younger

Role of Woman

Producers Organization

Decision Making Structure

Educational Opportunity

Knowledge Sharing

Institution Relationships

Food Network Relationships

Consumer Relationships

Media & Communication Relationships

Architectural & Cultural Asset

Knowledge Sharing

Regional Production

Tourism Development
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B Appendix

This Appendix provides all the identified sustainable KPIs in the literature provided
according to each triple bottom line perspective as well as supply chain actor point of
view.

B.1. Literature Economic KPIs

Table B.1: Identified Supply Chain Economic KPIs in the Literature.

[42]

Profit | Profit Growth ProfitPAST %
Rate ProfitNOW

Profit Margin | Price,n;; — varCost,,;: | $/unit

ROI Netincome %
TotAsset
[58]
Profitability Net Income | Revenue — Investment | §

Production Z ProductioCost $

Cost
Vulnerability Production | Mechanism to prevent | Scale
Risk disruptions
Product Z Product,ypes ne°

Differentiation
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Market |  Activity for Diversify | Scale
Stability | Marketing Channels
Risk Risk Mitigation Scale
Management Strategies
Financial | CashFlow + av.Credits | %
Liquidity av.WeeklyExpence
Accountability | Traceability | TracedProduction | 9
System TotalProduction
[37]
Finance Price ” $/kg; $/L
Price Share PriceFarm %
PriceRetailer
Sales Growth SalesPAST %
SalesNOW
Gross Margin | Price — VariableCost | $/kg; $/L
Learning & Product Perceived Level 1-n
Growth Innovation
Process Perceived Level 1-n
Innovation
Customer/Market Market Perceived Level 1-n
Knowledge
Customer Perceived Level 1-n
Satisfaction
[53]
Total Output Sales M$
Total wip M$
Intermediate
Tax Tax Payments M$
Gross Surplus | Sales — CostGoodsSold | M$
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Import Cost of Inputs M$
[76]
Gross Margin | Priceyy;; — varCost,;: | $/unit
[72]
Affordability Acceptable Benchmark $/kg
Price
Price Benchmark 0-4
Perception
Value Adding Profit Benchmark M$
Price Sharing Benchmark 0-10
Regional Benchmark fte_jobs/TonPF
Contribution

Table B.2: Identified Farm Economic KPIs in the Literature.

[41]
Net Producer Yield * Price $; $/ha
Margin
Yield Qualitative Assessment %
Capital NetMarg MpocapiTALpay $
Dependence — NetMargincapirarpay
[59]
Price Av. FarmPrice $/kg
Difference — Av.RegionFarmPrice
Farm
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Premium Price PriceDif fFarmgate %
Av.RegionPrice
Chain Value PriceDif f.Farm $/kg
Added — DistributionCost
%Chain Value ChainVA %
Added Av.RegionPrice
[74]
Consumers Number of Consumers n°
Production Production Volume Kg; Bushes

Table B.3: Identified Economic Distributor KPIs in the Literature.

Fixed Cost Platform Use Sales $/m2
FloorArea
Vehicle | Montage/Purchasing/Leasing | $/Vehicle
Leasing/Purcha Cost
sing
Employees “ $
Salary
Other Fixed Balance Sheet Voices $
Variable Cost | Infrastructure | Highways/Intermodal/External | $/km
Use ServiceProviders
Vehicle Use Sales/Distance $/km
Employee Quantitative Assessment $/h
Variable Cost
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| Appendix

Table B.3: Identified Supply Chain Environmental KPIs in the Literature.

Consumption

Total Material

[42]
Water Use Benchmark Qualitative 1-n
Assessment
Waste Benchmark Qualitative 1-n
Reduction Assessment
Energy Benchmark Qualitative 1-n
Efficiency Assessment
[58]
Breeding Share Of SustainableCultivar %
Practices | Sustainable TotalCultivar
Cultivars
Water Use Water Water Consumption m3
Management
Water Supply Regional Watershed Level | m
Fertilizer | Wastewater P & N Concentrations M
Use Quality
Plant Plant Principle Compliance Y/N
Protection Protection
Substrate Material | renewable/recycled materials | o

Material
Choice

CFP Supplier & 3PL
TOT Supplier % 3PL

%
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Waste Implementation of waste Y/N
Reduction reduction practices
Biodiversity Invasive Risk Assessment based on Y/N
Species Invasive Species
Species Monitoring Biodiversity Y/N
Conservation
Insect | InsectSupportingVarieties %
Varieties TotalVarieties
Energy Use Energy Energy Saving Practices Y/N
Saving
Renewable RenewableEnergy %
Energy TotalEnergy
[53]
Emission coO LCA results Ton
NH3 LCA results Ton
PM1o LCA results Ton
PM2s LCA results Ton
SO2 LCA results Ton
VOC LCA results Ton
GHG Quantitative Conversion TonCO2eq
Energy Consumption T)
[76]
Emissions Emission m3CO2eq/$
Sales
Energy Energy T)/$
Sales

[72]
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Resource Soil Qualitative Scale 1-n
Use | Management
Practices

Material Qualitative Scale 1-n
Consumption

Practices

Waste Qualitative Scale 1-n
Reduction &
Disposal

Biodiversity Landscape Qualitative Scale 1-n
Management
Practices

Diversity Of Qualitative Scale 1-n
Production

Table B.4: Identified Farm Environmental KPIs in the Literature.

[41]
TI AppliedDose %
LegalDose
TFI QuantityProduct Unit/Lethal-
DLsy/Land greq Dose/m2

[59]

Food Miles FoodMilesProduct km/kg

+ FoodMilesCustomer
Carbon | fuelConsumption * CFPracror | CO2eq
Footprint




| Appendix 119
[74]
Emission LCA Results CO2eq/kg;
CO2eq/Bushes
Water LCA Results m3;
m3/Bushes
[75]
Safety | Traceability | n°AlertsBeforeConsumer %
Index TotNationalAlert
Rural Style PDO Number Registered PDO n°
Importance
Rural n°RuralBeds %
Tourism TotBeds
Importance
Distance | Number Supply Chain Stages | n°
Final Between Production and
Demand Consumer
Resource Organic | hectarSustainableProduction | %,
Production TOThectar
Biodiversity Z w; Cultivaryy e, ne
Index
Water | Global Wasted Water (Blue + | L
Footprint Grey)
Yield Average Yield Ton/Hec
Landscape Landscape Qualitative Assessment 1-n
Index

Table B.5: Identified Processor Environmental KPIs in the Literature.




120 | Appendix

[67]
Water Use Consumption m3
Energy Use Consumption MW
CO:2 Emission Quantitative Assessment Ton
Total Waste Total Waste Material kg
Production
Recycling & Recycled & Recovered Mat %,
Recovery Rate TOT Waste

Table B.6: Identified Retailer Environmental KPI in the Literature.

[73]
Energy | Electricity from el. Renwable %

Renewable TOT el

Energy Energy Used MWh

Consumption
Energy En.Consumption kWh/m2
Consumption x FloorArea

Floorspace

Energy | Money Invested for Energy | M$

Program Efficiency
Investment
GHG Emission Quantitative Assessment tonCOzeq
GHG Emission GHGemission tonCOrzeq/

FloorArea m2
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GHG emission GHGbaseline tonCO2eq
new store — GHGnewStore
Energy | Number of Refurbished Stores | n°
Efficiency
Program
Stores with | Number of Store with Biomass | n°
Biomass Boiler Boilers
Wind Farm | Number of Wind Operating | n°
Farms
On-Site UsedRenEnergy %
Renewable TOTEnergyDem
Energy
On-Site Quantitative Assessment MWh
Renewable
Energy
Production
Solar Panel | Installed Solar Panel Capacity | MW
Roof
Store Carbon Quantitative Assessment kgCO2/m
Intensity 2
Refrigeration Gases Split %
Composition
Fridge Door | Insulated Door Installation | Y/N
GHG Emission Quantitative Assessment tonCOzeq
GHG Emission Quantitative Assessment tonCOzeq/
m?2
CO2|  Number of Store with CO2 | n°
Refrigeration Refrigeration
Low Carbon | Number of Store with low CO: | n°
Refrigeration Refrigeration
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Natural | Number of Store with Natural | n
Refrigeration Refrigeration
Leakage Rate Percentage of Leakage %
Waste Cardboard Quantity of Cardboard Ton
Processed Packaging
Carrier Bag Number of Carrier Bags Mn°
Carrier Bag CarrierBagiime-1 Mn°®
Reduction — CarrierBagiime
Construction | ConstructionWasteRecycled | 9,
Waste Recycled TOTConstructionWaste
Cooking Oil | Quantity of Collected Oil used | Ton
Collected for for Biofuels
Biofuel
Food Non-Glass PackagingWeight g/ItemSol
Packaging Item d
Food Waste | Quantity of Food Waste used | Ton
diverted to for Energy Production
Energy
GHG emission Quantitative Assessment tonCOzeq
Packaging QuantityPacjagingHomeDeli g/Parcel
Home Delivery NumberHomeDelivery
Packaging Sorted by Material Type Ton
Primary
Material
Packaging Quantity of Primary Ton
Primary Packaging
Packaging Quantity of Secondary & Ton
Secondary & Tertiary Packaging
Tertiary
Paper Use Employed Paper Reams
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Waste to | Quantity of Waste Delivered to | Ton
Landfill Landfill
Waste to | Quantity of Waste Delivered to | Ton/Store
Landfill Landfill for each Store
Waste Diverted | Waste Diverted for each Store | Ton/Store
Waste Diverted | WasteDivertedLandfill %
from Landfill WasteToLandfill
Waste Diverted | Quantity of Waste Diverted to | Ton
to Energy from Energy by Facilities
Facilities
Waste Total Waste Generated Ton
Generated
Waste | Total Waste Generated for each | Ton/Store
Generated Store
Waste Reused | WasteReused/Recycled %
OR Recycled TOTWaste
Waste Reused | Waste Reused OR Recycled | Ton
OR Recycled
Water | GHG Emission Quantitative Assessment tonCOzeq
Water | Quantity of Employed Water | m3
Consumption
Water | Quantity of Employed Water | m3/site
Consumption for each Site
Water | Quantity of Employed Water | m3/ft2
Consumption for Floor Area
Water Saving | Quantity of Harvested Water | m3
Transport | Company Car Supplier Data kgCO:/k
Emission m
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Company Car Supplier Data mpg
Miles per
Gallon
Fuel Used for | Monthly Employed Fuel for | L/store/m
Delivery each Month onth
Fuel Used for Employed Fuel for each L/Product
Merchandise Product Category
GHG emission Quantitative Assessment tonCOzeq
GHG emission tonC0,eq tonCOzeq/
Sales $
GHG emission GHG emission for each tonCOzeq/
Delivery Delivery
Business Travel | Quantity of Miles Traveled for | km
Miles Business Reasons
Company | Quantity of Miles Traveled in | km
Vehicle Miles Company Cars
Miles AmileS ime km
Reduction
Number of n°Flights n°/fte
Flights FullTimeEmployees
Total Miles Total Miles Travelled km
Vehicle euro5 | n°euro5V (orHigher)Vehicle | 9,
TOTn°Vehicle
(Kim D.; 2020)
Surface Area Total Store Area m2
Electricity Electricity | electricEnergy * hoursyeqr | kWh/m2/
Usage Area year
Overhead ElAuxiliaryActivities %

Electricity

TOTelUsed
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Overhead ElAuxiliaryActivity; %
Allocation ElAuxiliaryActivities
Duties |  Refrigeration DutyRefrigeration %
Demand TOT Duty
Natural Gas VolumeNGyeqr m3/m2/ye
Area ar
Overhead | NGxAuxiliaryActivities %
Natural Gas TOT_N Gemployed
Refrigeration Consumed Refrigerant kg
Load
Leak Rate LossRefrigerant %
CosumedRefrigerant
Water Water ConsumedWateryeq, L/m2/year
Consumption Area

Table B.7: Identified Distributor Environmental KPIs in the Literature.

[47]
GWP Directly Linked to Fuel COrzeq
Consumption
PM Software Quantitative kg/km
Assessment
NOX Software Quantitative kg/km
Assessment
VOC Software Quantitative kg/km

Assessment

[67]
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CO:Transport Quantitative Assessment Ton
Emission
Fuel Use Consumption L; kg
CO: Facility Quantitative Assessment Ton
Emission
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B.3. Literature Social KPIs

Table B.8: Identified Supply Chain Social KPIs in the Literature.
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STDworkingy’ STDholydaysy

[42]
Accident per n°Accident %
Employee n°Employee
Environment N° Accident Related to n°
Accident Environment
Health & Safety Qualitative Assessment 1-n
Product Safety Qualitative Assessment 1-n
Hazardous Qualitative Assessment 1-n
Materials
[58]
Employment Employee | Written Agreement/Contract  [N/A
Agreement Relationship
Workload | Working Hours workingy . Holydaysn %

Satisfaction

Development

Possibility

Wages Wage Level n°EmployeeSalary = LivingSTD [y,
n°Employee
Health & |Safety & Health | Existence Of Safety & Health  |Y/N
Safety Training Training Programs
Safety | Safety & Clean Determination N/A
Workplace
Job Capacity Advancement & Formation Y/N
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Gender |Gender Equality | £Enough Money for Pregnancy  Y/N
Equality

Medical Care Health Provision Medjcal Care Y/N
Coverage &
Insurance
Local Community Investments to Meet Local $
Community Investments Community Needs
Employment Regional Local Hiring History %
Workforce
Safety Hazardous Employment of Hazardous Y/N
Pesticides Material (Man & Pollinators)
Transparency Product STD Compliance Labelling Y/N
Labeling
[53]
Men n° of Employed Men n°
Employment
Women n° of Employed Woman n°
Employment
Injuries n° of Employees Accidents n°
Occurred
Compensation Salaries M$
[76]
Labor LaborCost %
Components Sales
[72]
Information Supply Chain Stakeholder Involvement 1-n
Sharing |Communication
Availability | Scale Qualitative Assessment  [1-n
Information
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Product Benchmark 1-n
Labelling
Consumer Cooking Focus Group 1-n
Behavior Practices
Taste Focus Group 1-n
Preference
Convenience Focus Group 1-n
Willingness to Focus Group 1-n
Pay
Health Salt Content Benchmark g/hg
(Nutrition)
Fat Content Benchmark g/hg
Fat Types Benchmark g/hg
Calcium Benchmark mg/hg
Content
Ethical | Animal Density Benchmark Animals/m2
(Animal
Welfare) Lifetime Benchmark Av.Age
Pasture Time Benchmark %
[3]
Labor Wage Level %Employees Salary over %
Regional Level
Employment %Legally Binding Contracts %
Relation
Medical Care Paid Medical Care Y/N
Capacity Access to Training Y/N
Development
Life Quality | National Labor Law Compliance [1-3
Association Trade Unitions Agreements  [1-3
Freedom
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Power Governance Operational Hr Procedures 1-4
Procedure
Conflict | Share of Stakeholder Conflicts %
Resolution Resolution
Legitimacy Traceability Level 1-4
Civic | Law Compliance Supply Chain 1-3
Responsibility Actors
Decision | Level of Stakeholder Integration |1-3
Making
Platform
[77]
Total Labor |  Number Required Employee  n°
Health & | STDpir, — Av.Employees;y. DALY
Damage
Employment Regular Worker Share %
Gender Gap Woman Share %
Child Labor | Number of Working Children  |n°
Forced Labor Number of non-Intentional  |n°
Workers
[37]
Social Labor Force Perceived Level 1-n
Performance Skill
Farmer Life Perceived Level 1-n
Quality
Cooperation Perceived Level 1-n
Quality of Perceived Level 1-n
Veterinary
Services
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Table B.9: Identified Farm Social KPIs in the Literature.
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[41]
Commitment Rank Reasons for Ranking
to Sustainable Sustainability
Production
Farm | Available Herein for the Farm | %
Transmissibility
Quality of Life Qualitative Assessment 0-10
[59]
Labor to TOTmanpoy, h/kg
Product Ratio SalesVolume
Gender Woman,, %
Equality TOTworked),
Bargain Power Qualitative Assessment 1-n
Chain Qualitative Assessment 1-5
Evaluation

Table B.10: Identified Processor Social KPIs in the Literature.

[67]

Male-Female
Ratio

Female
Male + Female
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Trained Time Spent for Training h/fte
Employees
Absence Share of Absenteeism %
Accidents Accident Frequency 1/time

Table B.11: Identified Distributor Social KPIs in the Literature.

[67]
Trained TrainingTime %
Employees TOTWorkingTime
Absenteeism DaysAbscence %

TotOpening

Absenteeism

Total Days of Absence

Days
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