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Abstract: The water–energy–food (WEF) nexus approach is gaining attention due to the challenge of
better managing natural elements. Agro-industrial companies, given their environmental impacts,
need to take sustainability into proper account. However, this sector lacks the novel tools needed
to integrate current methodologies with additional quality frameworks, such as business excellence
models (BEMs). Therefore, the present research aims to propose a sustainability-focused excellence
model by integrating the principles and objectives of the WEF nexus with existing BEM and proposing
its application to agro-industrial companies. For that purpose, a new conceptual model to integrate
sustainability and excellence was built. The proposed novel model can become a decision-support
tool in helping agro-industrial companies transition toward improved sustainability while managing
existing tradeoffs and synergies.

Keywords: Water-Energy-Food nexus; excellence models; agro-industrial companies; decision-
support tool

1. Introduction

Sustainability actions are urgent in the face of the quick depletion of natural resources
that are essential for humankind. There is a lack of adequate access to water, energy, and
food resources for a substantial percentage of the global population: Despite efforts within
the past 15 years, 800 million people are still considered food insecure, an equal number
has no access to safe drinking water, and 1.2 billion people lack access to electricity [1]. In
the face of this reality, new practices are needed transversally, and all industrial sectors
benefit from focusing on impacts on environmental, social, and economic results. Many
industries and sectors recognize the importance of better managing the aforementioned
natural resources [2–4]. Nevertheless, the agro-industrial sector deserves to be highlighted,
as it requires a huge contribution of those natural resources [5,6] and has high pollution
emissions rates [7].

Given that, the good practices of natural resource management should be stimulated
to overcome unsustainable practices in the agro-industrial area. In this sense, quality
management (QM) could be used since it presents a framework that organizations are
already familiar with and has proved to be valuable when adapted to new technologies [8].
Among them, one particular scope is business excellence models (BEMs), a framework that
oversees all activities and tasks needed to maintain the desired level of performance in an
organization and relate it to its external environment [9]. Given that, this approach provides
the methods (tools, processes, metrics, and indicators) to do so [10]. Accordingly, and in
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principle, BEMs offer a useful toolset to also oversee the pursuit of organization-wide
sustainability [8,11].

In this context, one important sustainability management concept used nowadays is
the so-called water–energy–food (WEF) nexus. It means that the aforementioned elements
are intrinsically managed together, and one action in one direction can affect both of the
others [12,13]. As a result, these three issues should be considered in an integrated manner
because they are connected, and their utilization may expose important tradeoffs [14].
Identifying and evaluating tradeoffs and synergies is essential for integrating other per-
spectives. Nevertheless, there is no clear framework to measure and assess the quality
of processes and operations related to the deployment of the principles behind the WEF
nexus [15]. The incorporation of the WEF nexus into an enterprise-level model is essential
for integrating sustainability into efficient planning, development, and monitoring, but
also for policymaking in key WEF-productive sectors of the economy [15,16].

In order to close this gap, our work highlights the use of BEMs as a possible solu-
tion for the integration of productivity and sustainability in such industries. BEMs best
express the summary of different efforts and frameworks to promote the mentality of
quality and continuous improvement in an organization, doing so by highlighting strategic
opportunities and industry best practices [8,17]. Therefore, the objective of this work is to
propose a sustainability-focused business excellence model, integrating the WEF nexus
with BEM, exploring a bridge between sustainability and performance excellence, and
allowing for a more complete management perspective to be made by agro-industrial
companies operating according to WEF nexus principles.

2. Literature Review
2.1. Water, Food, and Energy Systems and the WEF Nexus

Concerns about water, food, and energy systems are rapidly growing due to dif-
fering regional availabilities and their impact on the interdependences amongst them-
selves [15,18]. WEF elements are essential for human life, sustainable development, and
social equality [19]. In this sense, ensuring their security is a crucial activity concerning
every individual worldwide.

Given that, the need for the integrated analysis of natural elements is not a novelty in
the scientific literature. In this sense, some authors affirmed that WEF elements should be
evaluated in an integrated manner. This concept is considered the first attempt at this new
approach [20–23]. However, the WEF nexus concept was only launched in 2011, when it was
incorporated into an international discussion on sustainable development by the Stockholm
Environment Institute [12] and the World Economic Forum [13]. According to Hoff [12],
the WEF nexus implies that water availability, energy production/consumption, and food
security are inextricably linked. Consequently, actions in any one area have impacts on the
others [19]. In addition, the World Economic Forum [13] affirms that focusing on the joint
promotion of food security, in addition to water and energy accessibility, is the meaning of
nexus thinking. These interlinkages, and the criticality of the scarcity of any of the three
resources and its impact on the others, emphasize the need to manage them jointly and
more efficiently [24].

Such a nexus approach can support the transition to implement the Sustainable De-
velopment Goals (SDGs)—Agenda 2030 [25]. In this sense, scientific literature has plenty
of studies linking WEF nexus implementation with the SDGs, performing better in re-
gional sustainability [26], for legal challenges [27], and for rural communities [28], among
other uses. Furthermore, this addition should reduce environmental impacts and generate
additional benefits that outweigh the integration across sectors, enhancing, for instance,
circular economy implementation [29]. Such gains should appeal to national interest and
encourage governments, private sectors, and civil society to engage [30]. In practical terms,
this approach can represent the action required in bioeconomy to implement real solutions
in sustainability actions [31].
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Many scientific articles have tried to express some practical examples of how to
implement this methodology. Saladini et al. [26] selected 12 indicators to monitor the
Mediterranean area called the Partnership for Research and Innovation in the Mediter-
ranean Area, based on the Sustainable Development Goals, which can be directly related
to boosting sustainable business innovation [32]. Hussien et al. [33] assessed the impact
of WEF elements using a risk-based method. Bijl et al. [34] showed differences in phys-
ical trade production, distance, and volume using indicators. Karan et al. [35] created
indices based on the UN-Habitat’s City Prosperity Index that specifically integrate the
nexus-relevant indices into a weighted equity index. El-Gafy [36] proposed six indicators
in order to quantify the nexus as a strategic tool applied to crop production. AbdelHady
et al. [37] proposed three output indicators, agriculture, aquaculture, and net energy pro-
duction, to assess the value of different ecosystem health conditions under three water
management scenarios.

Additionally, managing water, energy, and food without efficient and synergistic
actions may increase the risk of shortages. Consequently, one opportunity to improve the
sustainable use of these sources is investigating the integration of the water–energy–food
nexus with quality and business excellence initiatives.

2.2. Quality, Excellence, and Sustainability

Given the mentioned scientific gap in integrating the WEF nexus with the principles
of quality and excellence, the use of BEMs has been considered. This decision is based on
the understanding that these frameworks offer a clear opportunity for the development of
a quality and continuous improvement mindset that can be aligned with needs and the
best sustainability practices [8,38,39]. Regarding the agro-industrial sector, they are aligned
with a major impact [40], and their actions can be responsible for proper natural resource
management [41]. In this sense, excellence initiatives center on meeting stakeholders’
needs and expectations, widening previous scopes of quality-oriented initiatives [42]
and focusing on creating sustainable value for all “interested” parties. They have been
used by organizations worldwide to improve their performance and achieve improved
business results.

Excellence models are most widely used by organizations for self-assessment and
improvement, including targeting sustainability [39], with companies opting to adapt and
customize them in search of competitive advantages [17]. They promote a longitudinal
management philosophy, highlighting a set of principles that orient managers’ and asso-
ciates’ behaviors in the long-term, fostering continuous improvement [43]. BEMs focus
on offering insights for organizations to manage processes, tools, or techniques, both old
or new, with the goal of building value from new opportunities and achieving superior
organizational results [44].

However, and regardless of their extensive use, there is still limited integration of
the topic of environmental sustainability in excellence frameworks, in this particular case
tackling the use of the WEF nexus approach. Despite other scientific authors cited in this
research showing a growing pressure for the development of new models, the truth is
that economic, social, and environmental sustainability are still often left outside of the
scope of some major excellence models [45], although this situation is also changing. Thus,
research on business and operational excellence does not usually include a clear focus on
environmental sustainability.

Accordingly, there is a clear aim for promoting specific models for the deployment
of sustainability-focused excellence in different industrial sectors. In the specific scope of
this work—focusing on water, energy, and food as critical issues and looking specifically at
the agro-industrial sector—this model proposes to integrate excellence and sustainability
because of the WEF nexus.

Thus, in summary, the contributions of the present article are:

• Exploring possibilities and criteria for the use and selection of BEMs concerning WEF
nexus elements.
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• Proposing and showing the use of a theoretical and novel model to integrate the BEM
and the WEF nexus approaches for agro-industrial companies.

• Stimulating and validating agro-industrial companies to perform more sustainable actions.

3. Research Methods

In the face of the interdisciplinary challenge to build a sustainability-focused excellence
model, this article adopted the conceptual analysis methodology described by Jabareen [46].
This approach was extensively applied in the scientific literature, providing a compre-
hensive understanding of the researched phenomenon [47–51]. To this end, the criteria
relationship interactions were highlighted throughout the following adapted steps: Selec-
tion and description of business excellence (BE) models (reading and categorizing of data);
highlighting of the criteria used to evaluate them (identifying concepts); integration of the
previous items, performed based on similarities that were found (deconstructivity, catego-
rizing, synthesizing, and integrating concepts); and constructing a new conceptual model to
integrate sustainability and excellence (presenting and validating the final framework) [46].
For that purpose, the researched keywords included synonyms dealing with combinations
of the terms “water–energy–food nexus” or “water energy food nexus” (“WEF nexus”;
“FEW nexus”), “WEF nexus analysis” (“WEF nexus”, “WEF nexus model”, “WEF nexus
tools”, “WEF nexus approaches”), “Agroindustrial WEF nexus”, and “Agrifood industries
WEF nexus”, resulting in a database with 241 articles (with duplicates).

Therefore, we begin by describing and selecting the major BEMs, justifying their selec-
tion and relevance to provide context and reliability to the research process, as mentioned
by Silverman [52], and Yin [53]. We also looked into criteria that may be used to evaluate
the aforementioned BEMs. Finally, based on the former results, the integrated models
were built and presented considering their applications in the agro-industrial area. For
that purpose, indicators were grouped by using the similarity analysis method to form
indices [54]. In the end, similar criteria were disposed into a conceptual model. A detailed
explanation will be provided assessing sustainability standards that can be applied to WEF
nexus approaches targeting agro-industrial production companies [55]. Additionally, we
will highlight the differences between the proposed model and the existing ones found in
the scientific literature.

4. Sustainability-Focused Model Development
4.1. Benchmarked Excellence Models

Our development of a sustainability-oriented excellence model followed the logic of
aligning the different needs and concerns related to sustainability (in particular, those in
the agro-industrial sector and pertaining to the WEF nexus) with the different enablers
of excellence. Four different BEMs were considered for this purpose. The selection of
these BEMs was based on their use, reach, and proximity to areas where agro-industrial
companies have important production or sales volume. Additionally, the scientific literature
connects them with sustainability [8,56–58].

Accordingly, the European Foundation for Quality Management (EFQM) excellence
model was selected due to its widespread adoption by European companies, as well as for
its results in improving organizational performance [44]. Similarly, the Malcolm Baldrige
National Quality Award (MBNQA) excellence model was selected due to the fact that it is
the most used in the USA and its proven advantages in promoting productivity in a large
number of companies [59].

The Brazilian National Quality Award Model (BNQA) not only represents one of
the largest and most important economies for the agro-industrial sector in the world but
has also proven to be helpful in improving companies’ performances by identifying their
strengths and driving their improvement actions [60]. Likewise, the ZED Model—Zero
Defect, Zero Effect scheme—from India [61] was selected. Not only is it promoted by the
government, but it is also focused on the specific reality of micro, small, and medium
enterprises in one of the most populated and largest economies of the world.



Sustainability 2022, 14, 9678 5 of 20

To better understand the contributions of each of the selected BEMs, further details
are provided next.

4.1.1. EFQM—European Foundation for Quality Management (EFQM) Excellence Model

The European Foundation for Quality Management (EFQM) excellence model has
been widely adopted in Europe and elsewhere. Efforts have been made to highlight the
connection between the EFQM model and its impact from a management perspective [62].
Later in this article, we will focus on the importance of integration in the implementation
of the EFQM model. Evidence shows that the more integrated this model is, the more
effective and innovative it can be. However, we still lack mechanisms to achieve this
integration [63]. One of the main impacts that is expected to demonstrate an innovation
path for the purposes of its implementation.

There are eight fundamental enablers of excellence considered by the EFQM Model,
which are the following: (1) achieving balanced results; (2) adding value for customers;
(3) leading with vision, (4) inspiration and integrity; (5) managing by processes; (6) suc-
ceeding through people; (7) nurturing creativity and innovation; (8) building partnerships;
and (9) taking responsibility for a sustainable future [44].

4.1.2. ZED—Zero Defect, Zero Effect scheme (Indian Program for MSMEs)

The “Zero Defect, Zero Effect” program was launched in 2014, as the Council of India
established that companies should strive to manufacture their products with both zero
defects and with zero effects on the environment. In this sense, a plan contemplating
50 parameters was designed to help micro, small, and medium enterprises pursue these
objectives [61].

Its implementation includes process assessment and certification considering the
corresponding maturity levels achieved. For that purpose, it includes a maturity model
designed for different organizational areas. Among its specific parameters, the follow-
ing can be found [61]: (1) manufacturing capabilities; (2) design capabilities; (3) qual-
ity/environment/safety assurance systems; (4) people development and engagement
systems for quality and environment; (5) learning and improvement Systems; and (6) legal
compliances (hygiene factors).

4.1.3. Malcolm Baldrige National Quality Award (MBNQA) Excellence Model

The MBNQA and its associated excellence model were launched in 1987 in the United
States of America. It is aimed at increasing the productivity of national and international
companies through the implementation of quality criteria. Indeed, many companies
have improved their quality performance after applying the MBNQA [64]. A significant
difference in terms of quality performance is evident when comparing organizations using
the excellence model and winning the MBNQA with those that do not [65].

Therefore, the excellence model of the MBNQA is built on the following set of interre-
lated enablers: (1) visionary leadership; (2) customer-driven excellence; (3) organizational
and personal learning; (4) valuing workforce members and partners; (5) agility; (6) focus on
the future; (7) managing for innovation; (8) managing by the fact; (9) societal responsibility;
(10) focus on results and creating value; and (11) a systems perspective [59].

4.1.4. Brazilian National Quality Award (BNQA)

Similar to its worldwide counterparts, the Brazilian National Quality Award is aimed
at enhancing the national quality performance of industrial companies [66]. It was launched
by the Brazilian National Quality Foundation (FNQ) around 1992. For the present research,
we considered the following enablers of the BNQA criteria: (1) leadership; (2) strategies
and plans; (3) clients; (4) society; (5) information and knowledge; (6) people; (7) processes;
and, finally, (8) results [60].
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4.2. Sustainability-Focused Model Presentation and Discussion

To build a sustainability-focused excellence model, several evaluation-related items
have been considered. Thus, isolated efforts are no longer effective given the complexity
of such an interdisciplinary research effort. In this sense, quality management systems
have proved to provide a multiscale and holistic view, ranging from product production
to societal challenges defined on a global level [67]. Based on this perspective, and on the
previous excellence model principles explicated in Table 1, the following dimensions were
considered: drivers, agents, process, and outcomes. Based on the previous discussion, our
sustainability-focused model targeting agro-industrial companies is proposed based on the
WEF nexus approach, as illustrated in Figure 1.

Table 1. Enablers used by the EFQM [44], ZED [61], MBNQA [59], and BNQA [60] models with their
similar correspondents on the proposed sustainability-focused model.

Sustainability-Focused
Model EFQM ZED MBNQA BNQA

DRIVERS

Legislation Legal compliances

Requirements Manufacturing capabilities Managing by the fact

Operational Managing by process Processes

ESG (Environmental,
Social, and Governance)

Taking responsibility
for a sustainable future

Quality/environment/safety
assurance systems

People development and
engagement systems for
quality and environment

Focus on the future
Societal responsibility Society

Optimization Learning and
improvement systems Agility

Financial Achieving
balanced results

Focus on results and
creating value

Systems perspective
Results

AGENTS

Leaders
Leading with vision,

inspiration, and
integrity

Visionary Leadership Leadership

Workforce Succeeding
through people

People development and
engagement systems for
quality and environment

Valuing workforce
members and partners People

Partners Building partnerships Valuing workforce
members and partners

PROCESS

Learning Design capabilities Organizational and
personal learning

Innovation Nurturing creativity
and innovation

Managing for
innovation

Strategies
and plans

Valorization Adding value
for customers

Customer-driven
excellence

Clients
Information

and knowledge

OUTCOME Quality assurance diagnosis
sustainability recommendations

Source: Own elaboration.
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Figure 1. A novel model for sustainability-focused excellence based on the WEF nexus approach for
agro-industrial companies. Source: Own elaboration.

A comprehensive description of these dimensions is presented in the following topics,
and the similarities between the models can be seen in Table 1.

For the fulfillment of the proposed objective, this article presents this overall con-
ceptual model at the level of its main dimensions and criteria, but in future publications,
additional details about its indicators and guidelines on how it can be used will be provided.

4.2.1. DRIVERS

Drivers guide the actions of organizations. They are the reason behind the need to
change and encourage companies to transition to a more sustainable perspective. Based
on the reality of the agro-industrial sector, the present research proposes a discussion that
includes the following constituents: (1) legislation; (2) requirements; (3) operational drivers;
(4) environmental, social, and governance drivers; (5) optimization; and (6) financial drivers.

Legislation

When it comes to environmental protection, legislation is required in order to control
and limit the use and exploration of resources. In this sense, governments and national
institutions play a significant role in the stimulation of better operational practices. In
fact, legislation has been responsible for a positive impact on organizations regarding
sustainability changes, innovation processes, and even safety and consumer protection [68].
From another perspective, inefficient legislation can cause damage to sustainable operations,
for instance, when low policy measures permit non-circularity actions [69]. In this sense,
many initiatives must be proposed to overcome these problems.

The previous concepts are consonant with what the WEF nexus approach targets when
it calls attention to the need to reduce inequalities in natural resource uses and generate
additional cost–benefit outputs. To illustrate this item, previous examples of legislative
drivers being considered in excellence models can be found in the ZED model under the
“Legal Compliance” criterion.

Requirements

In an agro-industrial activity, requirements rely on many factors, such as finality, food
specificity, and consumer needs, among others. In this sense, for inclusion in our model,
requirements are considered from two perspectives: manufacturing vision and customer
behavior. Regarding the selected BE models, the following were chosen to represent this



Sustainability 2022, 14, 9678 8 of 20

perspective: manufacturing capabilities from the ZED program, managing by the fact, and
society from the MBNQA excellence model

The first consideration is directly connected to the production site, and the second one
is related to the customer relationship management department. Therefore, considering
the aim of the present research, those actions relate to the WEF nexus approach. When
specifying the connection between quality and the management of requirements, quality
management systems (QMS) and the ISO 9001 standard can be useful. ISO 9001 is a
valuable tool to determine, validate, and implement the quality policy, which includes
the management of information and knowledge, thus supporting the management and
development of production capabilities [70].

Regarding customer behavior, it is important to highlight that this may require a
transformation in the organization’s policy. In this sense, companies need to be concerned
with multiple issues, not only from the environmental perspective but also economic and
social ones [71]. Thus, as mentioned before, this article aims to fulfill the knowledge
gap to transform the WEF nexus approach—generally used for macroanalysis—into a
micro-evaluation for, in this specific case, agro-industrial companies.

Operational Drivers

Operational performance is also important when reflected in the company’s compet-
itiveness [72]. It can be measured by many indicators, such as cost and quality, among
others. This research highlights operational drivers as a result of the following excellence
criteria: managing by process from the EFQM model and process from the BNQA model.
Therefore, a major focus on processing activity is highlighted, as well as concerning the
overall quality that will be delivered to the consumers.

We look at operational performance in this model from the point of view of external
processes and operations related to supply chain management (SCM). SCM deals with all
the processes, including how to go from raw material acquisition all the way to packaging
disposal after consumer usage [73]. In this sense, throughout the various food processing
stages, SCM-controlling tools become critical. Therefore, water, energy, and food should
be included in the mentioned tools but, as stated in this research, in an integrated way.
On this subject, it is important to innovate and find new indicators that can quantify the
relationship between these elements [12].

Environmental, Social, and Governance (ESG)

Over the last few decades, environmental, social, and governance aspects have re-
ceived increasing interest from a company perspective. Elements such as consumer behav-
ior, policy, and emerging technologies are driving these concerns worldwide. In this scope,
and in our proposition, this reflects a novel sustainability-focused excellence model; many
ESG perspectives must be considered. To that end, the following excellence criteria are
emphasized: taking responsibility for a sustainable future from the EFQM excellence model;
quality/environment/safety assurance, people development, and engagement systems for quality
and environment from the ZED program; focus on the future and societal responsibility from
the MBNQA excellence model; and society from the BNQA model.

Most excellence models already have a perspective that considers environmental, so-
cial, and governance concerns. This is a consequence of the increasing interest in corporate
social responsibility [74]. Agro-industrial companies are increasingly exposed to social
responsibility concerns, as their operations contribute to natural resource depletion and
face huge challenges to avoid and reduce waste [75]. This exposure is reinforced by changes
in consumer behavior, with growing expectations for companies to adopt alternatives with
less environmental damage, as well as to create the possibility for social inclusion along the
production chain [76].

In the scope of the agro-industrial sector, the role of the environmental, social, and
governance concerns promoted in driving the transition to a greener and more sustainable
state can be easily connected to the United Nation’s Sustainable Development Goals (SDGs),
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whose use presents great potential. The SDGs adopted by the United Nations, and propelled
by the United Nations Sustainable Development Solution Network [25], offer a suitable
framework for concerns about ESGs.

It is strongly recommended that agro-industrial companies relate all of this evidence
to daily production, building, for instance, indicators that are consolidated and included in
their quality management systems.

Optimization

The scientific literature has a wide variety of articles tackling optimization in the
agro-industrial chain. They concern important challenges, such as aiming to monitor food
production [77] or the development of new products [78,79]. Nevertheless, optimization
efforts are mostly concerned with a productivity perspective. In this sense, implementing
integrated quality systems helps to better standardize the operational activities, with
recognized positive effects on financial gains and product quality [80,81].

In our sustainability-focused excellence model, the inclusion of the optimization
perspective follows criteria from the ZED program—learning and improvement systems—
and the MBNQA excellence model—agility.

Financial Drivers

Financial performance is, obviously, a driver beyond any agro-industrial company.
For that reason, in the present research, the inclusion of financial drivers is supported by
the following criteria: Achieving balanced results from the EFQM model; focus on results and
creating value and the systems perspective from the MBNQA excellence model; and, finally,
results from the BNQA model. Under this scope, for the present research, two concepts will
be highlighted: the production chain cost analysis and the green finance perspective.

Financial analysis is a well-known challenge in the agro-industrial production chain
due to the need for a proper definition of the cost method, investments, and other economic
indicators [82]. In this sense, the WEF nexus approach aims to quantify the relationship
among natural elements, and one of those numbers can be expressed using cost analy-
sis [83]. Thus, this point is a driver of sustainable change because it can stimulate more
agro-industrial companies to make their own investments, considering the mentioned
costs. Consequently, this action needs to be considered in the definition of a com-
pany’s subsequent steps, guiding the best ecofriendly decision and balancing it with
financial imperatives.

4.2.2. AGENTS

Agents are change promoters that significantly impact the transition to sustainability.
In the scope of this work, they are the stakeholders of agro-industrial companies. Agents
will be divided here into the following categories: leaders, the workforce, and partners.

Leaders

Undoubtedly, sustainability driving change is a challenge typically faced by leaders,
especially targeting social aspects [84]. Hence, they are responsible for promoting good
conditions from which the whole organization can advance. In the present research, support
for the attention given to leaders is based on the criteria leading with vision, inspiration, and
integrity from the EFQM excellence model; visionary leadership from the MBNQA excellence
model; and leadership from the model of the BNQA.

Organizations rely on the responsibility and impact that the leader’s vision has on
the transition path. For the proposed model, this research highlights the importance of
leadership in two different perspectives: climate governance leadership and leadership
under the quality management systems approach.

According to Carvalho et al. [85], leaders need to make decisions based on climate
governance. This means that the sustainability implications of each decision should be
considered. To that end, leaders need to use diverse information and knowledge to decide
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what is best in the context of transitioning to sustainability. Recent studies on the WEF
nexus indicate that internal policies should include, among other issues, how to deal with
wastage in the production chain, as well as guidance to implement a circular economy
perspective in agro-industrial companies [86].

Workforce

As in the previous agent, the workforce is also an important driver to change behavior.
Efforts should be made to include more productivity by enhancing people’s knowledge.
For that purpose, in the present research, this topic will be represented by the following con-
cerns: succeeding through People (EFQM excellence model); people development and engagement
systems for quality and environment (ZED program); valuing workforce members and partners
(MBNQA excellence model); and people (BNQA). In practice, the proposed model will focus
on evaluating the promotion of increased workforce skills, tools, and capabilities that can
support the pursuit of both increased productivity and sustainability. According to In-
gram [87], these skills, tools, and capabilities are aimed at improving workforce knowledge
of the food processing chain’s impact on topics such as food security and safety, sustain-
ability, and health. WEF nexus approaches should be presented from a comprehensive and
educational perspective. Workforce knowledge proved to be beneficial, with evidence that
it impacts the collaborators’ environmental mindset, as well as consumer behavior [88]. In
this sense, continued training constitutes a critical action to help agro-industrial companies
become more sustainable.

Partners

Building partnerships is required to control the agro-industrial production chain.
One of the main reasons for that is the need for traceability, which is essential to ensure
final product quality. Thus, it needs to be constructed with records from all processes,
including origin and production processes, but also from product characteristics such as
temperature, size, and color, among others. These can have a positive impact on standards
audits, and, finally, they can also potentially avoid sanitary barriers [89]. According to
Tomich et al. [90], partnerships are more effective when they have multiple stakeholders.
In the case of the agro-industrial sector, this means that the production chain should be
built upon partnerships. Specific to the present research, in order to lead to a successful
implementation, all food transformation paths should be aware of the WEF nexus approach
information. Quality control should become the responsibility of every actor, and all
partners can become agents of sustainable change by using audits, requirements, and other
requests in agro-industrial companies.

The inclusion of partners in this model is inspired by the EFQM excellence crite-
rion building partnerships and the MBNQA excellence criterion valuing workforce members
and partners.

PROCESS

In the context of sustainable excellence, continuous improvement should be a high-
lighted aim of any process. Agro-industrial companies should look for process improve-
ments that can be translated into more agility, fewer costs, and, finally, more sustainability.
Under this scope, the process improvement presented is based on three main objectives in
the present research: learning, innovation, and valorization.

Learning

Organizational learning is required to transform the process, both in terms of pro-
ductivity and sustainability. It can be defined as the recognition that society changes
and that organizations should change accordingly [91]. It can also lead to more sustain-
able practices. The development of learning process classes is critical. In the case of the
proposed model, continuous organizational learning regarding both the WEF nexus and
quality and excellence are required. According to Moore et al. [92] learning those issues can
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avoid biased decisions, and pieces of evidence indicate that the results positively impact
organizational improvement.

The focus on organizational learning is helpful for the following uses: Design capabilities
in the ZED program and organizational and personal learning in the MBNQA model.

Innovation

Innovation has a strong link to excellent performance and can also support the pursuit
of greener, more sustainable solutions. According to Kafetzopoulos and Gotzamani [93]
enablers from some excellence models are intrinsically linked to innovation. In this sense,
it is essential to provide conditions to develop such activities. In the specific case of
agro-industrial companies, all actors are expected to be able to contribute to innovation,
regardless of their jobs. For that purpose, it is important to highlight that there is a huge
challenge in transforming the WEF nexus perspective into a feasible methodology that can
be used by a company since this concept has mainly been applied at the macro level, for
instance, to cities, regions, and countries, among other similar analyses [94]. Therefore, to
address this concern, it is strongly recommended that the companies should include in
their innovative actions the three nexus elements combined together.

In this present research, the innovation issue mainly has to do with joining the follow-
ing criteria: nurturing creativity and innovation (from the excellence model of the EFQM);
managing for innovation (MBNQA excellence model); and strategies and plans (from the model
of the BNQA).

Valorization

Increasing the valorization of resources, as a social aspect, is a growing concern for
organizations. Customers are willing to pay for differentiation in some products and then
valorize them. In the specific case of agro-industrial companies, sustainability valorization
is highlighted [95]. Changing customer behavior is responsible for several companies
promoting a transition to greener products. Likewise, the perception that the quality of a
product depends on how it is produced is changing.

In the present research, this topic is supported by covering the following topics: adding
value for customers (EFQM excellence model); customer-driven excellence (MBNQA); and
clients (BNQA).

4.2.3. OUTCOMES

In the context of sustainable excellence, continuous improvement should be high-
lighted as a major aim for any process. In particular, agro-industrial companies should
look for process improvements that can be translated into more agility, fewer costs, and,
finally, more sustainability. In this scope, process improvement in our present research can
be related to the following main objectives: quality assurance diagnosis and sustainabil-
ity recommendations.

Quality Assurance Diagnosis

One of the outcomes that is expected from the proposed model is a quality assurance
diagnosis (QAD). In practical terms, companies using the model should be able to describe
actual conformities and nonconformities according to an evaluation made according to
an integrated vision analysis. As stated by Thrän et al. [96], environmentally integrated
analysis can positively impact final products. In this case, the result will be translated
into a more cost-competitive final product. Therefore, the mentioned QAD can be used
as a control tool to establish indicators that should be followed. In the specific case of
agro-industrial companies, it should help in the identification of impacts that deal directly
with WEF nexus elements.
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Sustainability Recommendations

Based on the previous QAD, recommendations should guide an action plan re-
garding the definition and implementation of proper corrective actions. According to
Sharma et al. [73] an action plan is one of the required tools to implement sustainable
performance in agro-industrial companies. The mentioned action plan should capture the
experienced model results and transform the suggestions into practical terms.

Additionally, those recommendations should reflect the WEF nexus concept, which is
to manage the elements in a joint manner. Likewise, those actions should enhance efforts to
overcome the tradeoff in order to take the concept from a macro-perspective to a micro-
perspective applied, in this case, to agro-industrial companies. These recommendations are
expected to result in actions such as increases in productivity, decreases in costs, and, most
critically, greener, more effective, and more sustainable production.

4.3. How Agro-Industrial Companies and WEF Nexus Aspects Can Be Targeted in the
Proposed Model

The agro-industrial sector plays a significant role in feeding mankind in relation to
the WEF nexus approach. However, this sector is very energy intensive, with important
negative environmental impacts. In this sense, for the purpose of reducing GHG emis-
sions, alternative energy sources (solar and wind energy for instance) and water resources
(sustainable water production) should be employed [97].

Additionally, water pollution owing to agro-industrial activities is a crucial problem to
human beings and the ecosystem [98]. Approximately 85% of global water consumption is
used for irrigation, and the demand is still increasing [99]. In order to avoid wastage, ade-
quate water treatment and reuse through non-pollutant methodologies are suggested [100].

The food scenario is no different. One out of nine people in the world go hungry every
day according to the “State of Food Insecurity” section in the World Report [101]. Annually,
one-third of food produced for human consumption is wasted in the food production
chain [102]. Thus, it is a major challenge for all agro-industrial chains to produce food
while avoiding food wastage.

Therefore, to implement the WEF nexus in the agro-industrial sector, these aspects
should be evaluated during the model’s implementation. It means, that during its imple-
mentation, these aspects should be evaluated in each of the following aspects: drivers,
agents, processes, and outcomes. In this sense, problems such as the implementation of
renewable energy sources [29], the treatment of water sources [103], and actions to avoid
food wastage [104] should be ranked in an evaluation model. Regarding the particular
aspects of this sector, it is good to integrate with quality global standards such as the Hazard
Analysis Critical Control Point (HACCP) [105], ISO 22.000 [106], and good manufacturing
practices [107], among others.

5. Model Verification and Validation

To verify and validate the model, the proposed results were validated by experts.
Thus, based on the citation of Carvalho et al. [108], the presented model was discussed by
researchers and agro-industrial producers from Portugal, the United States of America,
Italy, Brazil, and Kenya. Following that, to clarify possible uncertainties, this article
highlights how to use the proposed model and a benchmark study on the diversity of
evaluation models.

5.1. How to Use the Proposed Sustainability-Focused Model

Integrated management approaches have proved that organizations can become more
effective, more efficient, more responsive, and enjoy better performance outcomes [109]. In
this scope, the integration of productivity and sustainability also manages the perceived
tradeoff that is felt by organizations regarding the need to have a superior level of business
performance and the need to promote social, economic, and environmental sustainabil-
ity [110]. Additionally, the proposed model has synergies spawning from this integration,
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and it shows that a proper balance is essential to achieve the mentioned goals. Thus,
the practical deployment of this integrative vision’s model represents a well-structured
approach, promoting two main visions: a framework promoting performance assessment
and improvement while also ensuring an increased focus on the sustainability demanded
by multiple stakeholders.

To practically apply the proposed model, it is important to highlight its constituents
and interdependencies. Beginning with the drivers, these elements should be discussed
after the evaluation with respect to the reasons that connections between the WEF elements
are not occurring. After that, based on the previous results, agents must show how commit-
ted they are to leading these organizational changes. Following this path, the process must
be evaluated from a sustainability perspective; in this sense, it could bring some ideas on
how to promote innovation in agro-industrial companies by solving problems with the
underscored evaluation. Finally, summarizing all the insights, the outcomes should bring,
firstly, a diagnosis of the real situation; after that, it should find suggestions on how to
perform better, with indications for an action plan (ideally with changing actions, employee
responsibility, and dates to implement these suggestions). Accordingly, it is possible to
see the interdependence between the elements completing the proposed analysis made by
this model.

Following the previous discussion, with respect to many quality management models
(ISO standards, Food Safety System Certification (FSSC), and national legislations, among
others), the presented novel model can be integrated within the sequence of the Plan, Do,
Check, and Act (PDCA) cycle program. The first part is represented by the driver and
agent dimensions so that every analyzed item should be included in the planning stage.
The application part of the program—relative to the “do part”—focuses on the process.
In this case, every issue discussed before should be implemented. The check components
will be credited to the quality assurance diagnosis from the outcome, highlighting the
non-conformities that should be targeted. Finally, the Act part should try to overcome
the previous diagnosis, thus finishing the quality cycle and restarting the evaluation.
Therefore, the proposed model should be responsible for the sustainability transition that
was discussed in this article. An illustrated overview can be seen in Figure 2.

Figure 2. Illustrated overview of the sustainability-focused excellence model integrated with the
PDCA cycle. Source: Own elaboration.

5.2. Benchmarking with other Evaluation Models

The scientific literature covers plenty of articles relying on the connection between
quality management systems and sustainability concerns [111–117]. Additionally, accord-
ing to Zink [113], the concept of quality management implicitly brings a sustainability
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perspective, especially when considering total quality management principles. In this
sense, some studies rely on the efficiency of indicators, expressing items relative to these
concerns [112,115]. However, a major novelty in our proposed sustainability-focused model
is the fact that it aims to unite the WEF nexus approach with quality management systems
models, specifically BE models. Thus, BE models can be integrated with an increasing
variety of other subsystems implemented according to other standards and subsystems
raised from specific standards designed for specific activity sectors [70,118]. Finally, it is
important to consider that, in 2020, the EFQM model adopted a new version that reinforces
sustainability indicators [92], although it is not customized to agro-industrial companies,
as is the case of our suggested model.

Following the previous discussion, agro-industrial companies have been implementing
many greener actions, not just because of environmental concerns, but also because of
the benefits deriving from sustainable initiatives [119–123]. In this case, it is important to
highlight that the mentioned actions are independent of company size and are trying to
overcome situations such as the provision of natural resources [119]. Thus, demands for
WEF nexus resources, in this sector, are increasing rapidly [124]. In this context, it is a major
challenge for the overall agro-industrial chain to produce food while avoiding the excessive
use of energy and water and preventing food waste. For that purpose, Table 2 lists five
articles that involve WEF nexus approaches for agro-industrial companies, highlighting
their objectives and evaluation methods, as well as the major differences and advantages
connected with our suggested conceptual model.

Table 2. Articles discussing the implementation of the WEF nexus approach in the agro-industrial
production chain, highlighting their objectives and evaluation methods, as well as their main contri-
butions to our sustainability-focused excellence model.

Reference Objective Evaluation Method Sustainability-Focused Excellence
(SFE) Model

[124]
This article aims to mitigate

climate change in the
agri-food sector.

Construction of a method to
evaluate the WEF nexus and

energy use through the agri-food
production chain.

SFE model aims to build a model based
on BE model approaches and,

additionally, focuses on a specific
company, not in a sector.

[125]
Analyzes the WEF nexus

approach in rice production on
a watershed scale.

Material flow analysis using a
Sankey diagram.

SFE model applies QMS approaches and
is focused on process operational phases.

[126]
Improving water governance in

a farm operation in
South Africa.

Use of the WEF nexus approach
integrated to financial indicators,
enhancing the farm’s profitability.

SFE model uses the WEF nexus approach
for food supply chain transformation, not

only in the farm component.
Additionally, the impact can be viewed in

three aspects, not just with respect to
water concerns.

[127]
Improving the offer of WEF

resources in beef
cattle production.

Model development based on the
WEF nexus that focuses on water
reuse, greener energy resources,
and improving food production.

SFE model focuses on a food
transformation process and is based on

the QMS models, specifically
benchmarked with BE models.

[128]
Improving biorefinery processes

according to the WEF
nexus approach.

Integration between the WEF
nexus approach and sustainable

biorefinery processes.

SFE model focuses on agro-industrial
processes, also dealing with productivity

indicators using BE models
as benchmarks.

Source: Own elaboration.

Table 2 shows the important contribution of the sustainability-focused excellence (SFE)
model to the present discussion. Thus, existent WEF nexus models focus on a macro-
perspective, and, in this case, we propose to focus on a microanalysis, namely, with respect
to agro-industrial companies. The contents of Table 2 underscore that the use of BE models
should bring other evident novelties to the system. We believe that the use of this model
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will be an important tool for leaders, academics, decisionmakers, and lawmakers, as well
as for guiding new policies.

6. Conclusions and Future Work

This article presents a sustainability-focused excellence model by integrating the
principles and objectives of the water–energy–food (WEF) nexus with existing excellence
models and proposing its application for agro-industrial companies. The development of
this model was based on the conceptual links between productivity and sustainability and
the need to transition from one perspective together with the other. Accordingly, the novel
model is presented with a focus on change, being constituted by the following dimensions
(and respective evaluation criteria): drivers (legislation, requirements, operational drivers,
ESG drivers, optimization, and financial drivers); agents (leaders, workforce, and partners);
process (learning, innovation, and valorization); and outcome (quality assurance diagnosis,
and recommendations).

We believe that this novel model can become a decision-support tool to help agro-
industrial companies make the transition toward improved sustainability while managing
existing tradeoffs and synergies. From this perspective, the sustainability-excellence model
can be used in a dynamic and integrated way with the WEF nexus.

In terms of limitations and future research work, it is important to note that this model
has not yet been tested in practice, an essential step toward complete validation. However,
our aim with this publication is to perform a broader validation. Model validation can
be performed in several ways. Although practical validation is often used, the theoretical
validation of models through publication is notably prevalent as a first step in the vali-
dation process, with reviewers’ inputs and insights serving as a basis for improvement
and scientific validation. Some authors, such as Maqsood Ahmad Sandhu and Ahm Sham-
suzzoha [129], and Carvalho et. al. [108], have published their conceptual models before
advancing to empirical validation. Accordingly, our aim is to use this publication to make
the model available to the scientific community, which should be considered the first step
in this validation process, gaining broader acceptance from academics and practitioners
before advancing the model’s applicability validation in practice. Furthermore, during this
time, the model can serve as a basis for the development of other models in this context
of action.

As such, once the evaluation criteria and methods are defined, the next step will be
to consider additional model validation with actual agro-industrial company case studies.
From this perspective, the use of companies in different countries is desired since every
country has different legislation and may provide different perspectives.
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