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Abstract: Water, energy, food, and ecosystem (WEFE) components constitute fundamental
dimensions contributing to human well-being, poverty alleviation, and sustainable development.
Despite the prevalent specialization among WEFE professionals, there is a lack of multidisciplinary
approaches in their work, with limited attention given to carbon footprint management. Against this
backdrop, this study aims to explore the potential role of standardization and multi-criteria decision
analysis (MCDA) in implementing the WEFE approach within the food sector. The research entails a
comprehensive examination of ISO 22000 certifications in Balkan countries, coupled with an analysis
of ISO 14067 standard and its alignment with food safety requirements. Finally, the study proposes
a novel MCDA framework for integrating food safety considerations with criteria and indicators
aimed at addressing both food safety and carbon footprint management. A hierarchical structure
composed of influential criteria and factors was used to rank activities in sustainable, preferably
carbon-neutral food production. Group decision-making was applied in the fuzzy domain using
triangular numbers, and the influence of experts was determined based on their experience. Practical
recommendations and an integrative framework are provided, drawing on key insights to identify
critical indicators for addressing biases in food safety and carbon footprint management.

Keywords: WEFE nexus application; standardization; MCDA; model; carbon footprint

1. Introduction

The Water-Energy-Food-Ecosystems (WEFE) Nexus approach is increasingly recognized as vital
for addressing interconnected challenges related to water, energy, food, and ecosystem management
issues. The WEFE Nexus paradigm entails the coordination, integration, and cost-effective planning
and management of interconnected natural resources across these sectors. Strategic collaboration and
synergistic efforts within this approach can yield enhanced overall resource security compared to
conventional fragmented strategies. This methodology facilitates the identification of synergies in
natural resource management to achieve objectives such as ensuring WEFE security, conserving
ecosystems and their functions, bolstering climate resilience, and facilitating the transition to green
economies. However, achieving these objectives necessitates inter-sectoral capacity building and
cooperation among professionals engaged in relevant water, energy, food and ecosystem strategic
and operational initiatives, particularly within food production [1,2]. The adoption of a WEFE Nexus
approach promotes resource efficiency by optimizing the use of water, energy, and food resources.
For instance, improving irrigation efficiency not only conserves water but also saves energy used for
pumping water and enhances agricultural productivity [3]. Similarly, renewable energy technologies
such as solar and wind can reduce water usage compared to fossil fuel-based energy generation [4].
The WEFE Nexus acknowledges the interdependencies and trade-offs between water, energy, food,
and ecosystems. Changes or disruptions in one sector can have cascading effects on others. For
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example, water scarcity can impact energy production (e.g., hydropower), agricultural productivity,
and ecosystem health [5,6]. Understanding these interconnected relationships is also vital for
reaching sustainable development goals (SDGs). With regard to sustainable development, the WEFE
Nexus is closely aligned with several SDGs, particularly Goal 2 (Zero Hunger), Goal 6 (Clean Water
and Sanitation), Goal 7 (Affordable and Clean Energy), Goal 13 (Climate Action), and Goal 15 (Life
on Land) [7].

Adopting a Nexus approach can facilitate the achievement of these goals by promoting
integrated solutions and holistic planning [8]. Consequently, climate change intensifies existing
challenges within the WEFE Nexus. Increased frequency and intensity of extreme weather events,
such as droughts and floods, disrupt water availability, agricultural production, and energy
infrastructure [9]. By adopting a Nexus approach, countries can enhance their resilience to climate
change impacts by integrating adaptation and mitigation strategies across sectors [10]. Hence,
ensuring access to water, energy, and food is essential for human security and socio-economic
stability. The WEFE Nexus approach helps identify vulnerabilities and risks within these systems,
allowing for more effective management and mitigation strategies [11]. By addressing the root causes
of resource scarcity and enhancing resilience, the Nexus approach contributes to reducing conflicts
over natural resources. Of no less importance and in line with the previous statement is the fact that
managing these shared resources effectively requires cooperation and collaboration among countries.
The WEFE Nexus provides a framework for dialogue and cooperation, fostering regional
partnerships and promoting sustainable management of transboundary resources, eventually
leading to improved higher education curricula [12]. The multi-dimensional concept of the WEFE
Nexus approach is important from a global perspective because it recognizes the interconnected
nature of water, energy, food, and ecosystems, promotes resource efficiency, enhances climate
resilience, contributes to security and stability, aligns with sustainable development goals, and
encourages transboundary cooperation [13,14].

Nevertheless, the WEFE Nexus approach is not an ideal concept and should not be seen as
panacea universalis for all natural resource management challenges. However, the multidimensional
nature of the WEFE Nexus approach allows adjustments, with appropriate focus on emerging
challenges [15]. For instance, the adjusted WEFE Nexus approach is promoted by COST Action
CA20138: Network on water-energy-food Nexus for a low-carbon economy in Europe and beyond,
where the advantages of the adjusted WEF Nexus approach are used to target a low-carbon economy
[16]. This unequivocally suggests that WEFE Nexus approach should be focused on carbon footprint
management, greenhouse gas (GHG) elimination, and climate change mitigation strategies [17]. The
coupling of the relevant ISO sectoral standards requirements, primarily ISO 22000 and ISO 140067,
results in more carbon-sensitive, participatory-based and climate-responsible WEFE Nexus
application [18,19]. This modification reveals a tendency toward more climate resilient societies,
ready to combat greenhouse gas emissions [20-22]. Since later stages of modified WEFE Nexus
approach create the need for an adequate decision-making process in significantly modified
surroundings compared to the initial WEFE Nexus approach, the introduction of multi-criteria
decision analysis backed by expert decisions is more than welcome [23-25].

In accordance with the aforementioned facts, the aim of this paper is to analyze the advantages
of the WEFE Nexus approach, elaborate the intensity of standardization in the field of food safety on
the example of Balkan countries, provide a brief insight into carbon footprint relevant standards, and
provide an adequate MCDA structure, referencing the WEFE Nexus needs and standards
requirements.

The introduction offers an in-depth analysis of the characteristics of the Water-Energy-Food-
Ecosystems (WEFE) Nexus, highlighting its advantages. This includes assessments of the benefits
associated with adopting a WEFE Nexus approach, such as improved resource efficiency, enhanced
resilience to climate change impacts, and greater socio-economic stability.

The second part of the paper delves into the practical aspects of standardization within the
WEFE Nexus domain and carbon footprint management. This involves qualitative evaluations of the
feasibility and effectiveness of implementing standardized protocols and methodologies across
various sectors. It includes discussions on the potential benefits of standardization, such as improved
comparability of data, enhanced transparency, and streamlined decision-making processes. The
paper concludes with the presentation of a robust Multi-Criteria Decision Analysis (MCDA)
hierarchical model. This model is developed based on expert-based assessments of selected relevant
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criteria, factors, and alternatives joined within the WEFE Nexus framework, food safety and carbon
footprint management. Additionally, it includes a detailed example of an expert choice session,
demonstrating the application of the MCDA model in real-world decision-making scenarios. The
quantitative analysis within this section provides insights into the effectiveness and applicability of
the MCDA approach in addressing complex interdependencies within the food safety as a part of the
WEFE Nexus and carbon footprint mitigation.

2. Theoretical Background and Literature Review

Standardization holds immense importance across various fields and industries for several
reasons. Standardization ensures that different systems, products, and processes can work together
seamlessly [26-28]. This is particularly important in sectors such as technology, manufacturing,
healthcare, waste management, education, etc., where compatibility between various components is
essential for efficiency and effectiveness [29]. Standards define best practices and specifications,
helping to maintain and improve the quality of products and services. By adhering to standardized
processes and procedures, organizations can ensure consistency in their output, thereby enhancing
customer satisfaction and trust.

With regard to environment and risk management, standardization can contribute to
environmental sustainability by promoting eco-friendly practices. Standardized risk management
frameworks and practices help organizations identify, assess, and mitigate risks more effectively [30].
By following established protocols, businesses can anticipate and respond to potential threats in a
guided manner, safeguarding their operations and reputation. Environmental standards ensure that
products and materials are sourced, produced, and distributed in an environmentally responsible
manner. Standards for sustainable forestry, water, responsible mining, and fair trade promote
transparency and accountability across supply chains, reducing deforestation, habitat destruction,
and social inequalities [31]. Standards for land use planning, habitat restoration, and biodiversity
management contribute to the conservation of ecosystems and wildlife. By establishing criteria for
sustainable land development and ecosystem restoration, standardization helps preserve
biodiversity/ecosystems. Standardization provides frameworks for environmental monitoring, data
collection, and reporting [32]. Standards for environmental management systems (e.g., ISO 14001)
allow organizations to assess and improve their environmental performance, track progress towards
sustainability goals, and communicate their efforts to stakeholders [33]. Additionally,
standardization is crucial for food safety across various stages of the food supply chain.
Standardization ensures that food products meet established safety requirements, protecting
consumers from health risks associated with foodborne illnesses or any kind of contamination.
Adherence to food safety standards raises confidence in consumers, enhancing trust in the food
supply chain, which is dominantly achieved through implementation of the ISO 22000 standard [34].

In line with the previous statement, food production, particularly agriculture, contributes to
greenhouse gas emissions through activities such as land use change, livestock rearing, fertilizer
application, and machinery use. The carbon footprint of food production varies depending on factors
such as production methods, inputs used, and transportation. The carbon footprint of food
production contributes to climate change by releasing greenhouse gases such as carbon dioxide
(CO2), methane (CHs), and nitrous oxide (N20) into the atmosphere [35]. Climate change, in turn,
affects food production through changes in temperature, precipitation patterns, and extreme weather
events, leading to disruptions in agricultural productivity and food security. So, addressing the
carbon footprint of food production is essential for promoting sustainable agriculture practices
minimizing environmental impact while ensuring food security and livelihoods [36].

Sustainable agriculture emphasizes resource efficiency, biodiversity conservation, soil health,
and resilience to climate change, aiming to balance economic, social, and environmental objectives.
Efforts to reduce the carbon footprint of food production involve implementing mitigation strategies
such as improving agricultural practices, enhancing soil carbon sequestration, reducing fertilizer and
pesticide use, increasing energy efficiency, and transitioning to low-carbon technologies [37]. These
strategies can help mitigate greenhouse gas emissions, enhance carbon storage, and promote
environmental sustainability in food systems [38]. Consequently, the answer in the context of
searching for an appropriate carbon footprint mitigation strategy is to apply the corresponding sector
standard, in this case ISO 14067:2018 [35].
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Indeed, the comprehensive ISO 14060 series aims to offer clarity and uniformity concerning the
measurement, tracking, declaration, and authentication or confirmation of GHG emissions or
removals, with the goal of fortifying sustainable development within economies striving for low
carbon footprints [39]. ISO 14064-1 provides counsel to entities on how to measure and declare their
GHG emissions and removals, encompassing the principles, prerequisites, and guidelines for
conducting GHG inventories. This involves delineating boundaries, selecting emission sources,
quantifying emissions, and reporting outcomes. ISO 14064-1 is applicable to organizations of various
sizes and types [20]. ISO 14064-2 is centered on GHG projects, offering guidance on quantifying,
monitoring, and reporting emission reductions or enhancements achieved through specific projects.
It stipulates requirements for project design, establishing baselines, monitoring, reporting, and
verifying. ISO 14064-2 is especially pertinent for organizations executing GHG reduction projects,
such as those related to renewable energy or energy efficiency enhancements [21]. ISO 14064-3 sets
forth requirements and guidance for the validation and verification of GHG assertions, spanning
GHG inventories and project emission reductions. It delineates the roles and responsibilities of
validators and verifiers, along with the procedures and criteria for validation and verification
activities. ISO 14064-3 aims to ensure the trustworthiness, precision, and openness of GHG
information reported by organizations and projects [22].

Finally, ISO 14067 specifies principles, prerequisites, and guidelines for quantifying and
communicating the carbon footprint of products, encompassing goods and services. It applies to all
organizations engaged in product production, distribution, and consumption, regardless of the size,
sector, or location. This standard outlines methodologies and procedures for computing the carbon
footprint of products across their life cycles, covering stages such as raw material extraction,
production, transportation, use, and disposal or recycling. It provides guidance on data collection,
emission factors, allocation methods, and calculation tools to ensure consistency and accuracy in
carbon footprint assessments. ISO 14067 necessitates defining a functional unit for the product,
serving as a benchmark for comparing different products and assessing their carbon footprints
relative to their intended purpose. The standard also specifies the system boundary for carbon
footprint assessments, requiring organizations to justify their choices regarding included or excluded
life cycle stages or emission sources based on relevance, materiality, and consistency with established
methodologies. ISO 14067 offers guidance on the allocation of GHG emissions among co-products or
multi-functional processes within the product system, recommending transparent and scientifically
sound allocation methods while emphasizing the importance of data quality and uncertainty
assessment in carbon footprint calculations. Furthermore, ISO 14067 advocates for clear, transparent,
and understandable communication of carbon footprint results to stakeholders, promoting informed
decision-making and sustainable consumption and production patterns [35].

To conclude, in terms of food safety requirements, ISO 22000:2018 requires the establishment of
a food safety management system (FSMS). Furthermore, in the domain of standardization, detailed
insight on carbon footprint management is provided by the ISO 14067:2018 standard. Yet, what is
common to all the standards mentioned here is that they do not offer methods for selecting priority
measures (although they define the obligation to plan and define goals — for instance, organizations
must establish procedures to manage food safety hazards during production, storage, and
distribution but there is no guidance on how to identify procedure priorities), so in the decision-
making phase, it is desirable to establish straight decision-making mechanisms, which are given
below through the proposed MCDA model.

3. Materials and Methods

For the purpose of this research, a comprehensive literature research approach was employed,
coupled with relevant standards requirements analysis and ISO survey data usage [40]. Initial ISO
survey data were used to assess the level of standardization on the level of Balkan countries, with
addition of the two new indicators: number of ISO 22000 certificates per one billion of the GDP
(Cert/BGDP) and number of ISO 22000 certificates per one hundred thousand inhabitants (Cert/kinh)
[41,42]. A similar approach in the creation of derived meta-indicators can be found in recent literature
[43]. This involved amalgamating and collaborating on pertinent academic literature related to the
Water-Energy-Food-Ecosystem (WEFE) Nexus, along with utilizing accessible online databases.
Additionally, a comparative analysis of the rate of implementation of various system standards at
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the global level was conducted, where, in the first part of the research, ISO Survey data are used to
present the quantitative data on the total count of system standard certificates [44].

The second part of the research is aimed at descriptive analysis of the ISO 22000:2018 system
standard requirements and its connections with the WEFE Nexus approach, food safety, and
environmental aspects. Given that the focus of the ISO 22000:2018 standard is the production of
health-safe food, but also the establishment of a mutually beneficial relationship with stakeholders
and environmentally responsible businesses, as a supplement to this system standard in the context
of sustainable management of the carbon footprint and greenhouse gases, the ISO 14067:2018
standard was identified which targets the inventory of GHG sources as well as specific areas for
carbon footprint mitigation.

What is common to all system standards and what is also found in ISO 14067:2018 is the fact that
these types of standards provide an extremely high-quality conceptual framework and standardized,
highly traceable procedures. The fact is that the requirements of the standard are clearly definable,
that the organization that applies them is obliged to define a related, relevant policy, to analyze the
relevant aspects (in the case of 14067, carbon footprint), carry out a planning process and define the
methods, resources and activities with which it intends to reach the desired goals.

Regarding the definition of goals and methods of achieving them, the system standards do not
define the methodology for choosing priority goals in the specific case of carbon footprint mitigation,
so for the purpose of prioritization as well as the analysis of the level of influence of different
alternatives, the multi-criteria decision-making method was applied in [45]. A defined decision-
making hierarchy in the selection of priority areas of carbon footprint mitigation was created with
reference to the requirements of ISO 22000:2018, ISO 14067:2018, as well as the guidelines of the BREF
document for the production of food, drink and milk, which provides a significant level of
identification of environmental risks in the food production process [46].

The created hierarchical decision-making model represents a unique combination of the
requirements of one system and one technical standard as well as one BREF document, and thus
follows the integrative nature of the WEFE Nexus approach to a proper extent [47,48]. Considering
the importance of the input data, adequate online surveys were used. The relevant institutions that
observe the standardization process are primarily ISO and IAF, followed by CEN and OECD.

4. Results and Discussion

Table 1 displays the quantitative data on the total count of certificates issued annually (Year 2022
in this case) for each system standard, sourced from the International Accreditation Forum (IAF),
available as ISO survey documents [40]. Additionally, it presents the percentage distribution of
individual system standards relative to the overall count of issued certificates across all system
standards. Similarly, an examination of the number of registered locations where these certificates
are utilized is provided as a percentage share. The variance between the number of issued certificates
and the places of application arises due to the possibility of one economic entity possessing a single
certificate applicable across multiple locations or work units.

Table 1. System standards: number of certificates, sites, and share of each standard.

Standard TOtE.ll .Valid Total n.umber of % (Tf.total % of total sites
certificates sites certificates
. 1509001:2015 1265216 1666172 5257 5128
180 14001:2015 ~ 529.853 744428 2202 229
_.18045001:2018  397.339 ! 512.069 . 651 1576
ISOIEC 27002:2013 71549 120128 297 370
__15022000:2018 45459 51585 189 15
150 13485:2016 29543 40208 123 124
__15050001:2018 27765 . 53708 s 165
15020000-1:2018 27009 29616 iz 091
_18037001:2016 . 599 1287 | 025 040
150 3.200 10.658 0.13 0.33
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150390012012 1550 3662 006 1 011

180550012014 %7 249 004 008
1SO 28000:2007 521 973 0.02 0.03

180201212012 w7 56 001 002

180290012020 7o 253 0007 0008

180440012017 us 66 0005 0005
Sum 2.406.512 3.249.383 100 100

In the context of the analysis of the data obtained using the calculation presented in Table 1, it is
noticeable that the so-called key system standards have the largest number of confirmed certificates
in 2022, namely ISO 9001 (about 52%), ISO 14001 (about 23%) and ISO 45001 (about 16%), and that
together they make up 90% of all certified certificates. Another interesting fact is that these standards
often form the basis of most integrated management systems.

Considering the fact that standardization follows trends in society and the economy, it is not
surprising that ISO 27001 is represented by approximately 3% of the total certificates issued in 2022.
Concerning the WEFE Nexus and the safe food production system, the share of the total number of
issued ISO 22000 certificates is almost 2%, with a steady growth trend, which indicates the relevance
of this standard.

In a similar way, Figure 1 shows the world’s ten leading countries in issued certificates while
Figure 2 shows the distribution of ISO 22000:2018 certificates among Balkan countries.

20000 18970 [~ 18988

18000
16000
14000
12000
10000
8000
6000
4000 3346
3094 2800 N
19
1555 1533 2059
o 1833 1716 1471 1457 1095 1076
I I I 1011 1001 923 838866
0 B 0R nl mE mE mn

Taiwan, Korea (Republic

China India Japan Province of Greece ; Italy Viet Nam Turkey SriLanka
China of
mcertificates 18970 3094 1833 1716 1471 1457 1011 1001 923 838
u sites 18988 3346 2800 1904 1555 1533 2059 1095 1076 866

m certificates  m sites

Figure 1. Leading countries by ISO 22000:2018 standard application.

In the context of the analysis of the number of certificates issued by the countries of the world,
it is interesting to note that there is a huge difference between the two most populous countries in
the world, China and India, since the number of issued certificates is 6 times higher in China (18,970
versus 3,094). In addition to this non-compliance, it is interesting that Japan, South Korea, and Taiwan
have a significant number of registered certificates, while from Europe, Greece and Italy are among
the ten countries with the largest number of certificates issued. It is also worth noting that the
countries that are considered as synonyms for quality (Germany, France, Great Britain, USA...) are
not ranked among the top ten countries.


https://doi.org/10.20944/preprints202502.0211.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 4 February 2025 d0i:10.20944/preprints202502.0211.v1

7 of 14

Montenegro | 33

Bosnia and Herzegovina H

. 22
Slovenia 50

i 35
Albania e

) 2
Croatia 38

North Macedonia [ 106

Serbia 177

195

Bulgaria 333359
creece [

200 400 600 800 1000 1200 1400 1600 1800

S}

Nortt B
Greece Romania Bulgaria Hungary Serbia onth Croatia Albania Slovenia osniaand |y negro
Macedonia Herzegovina

W sites 1555 843 369 274 177 106 41 35 22 1 13
m certificates 1471 677 333 241 195 65 38 35 20 1 9

H sites M certificates

Figure 2. Distribution of ISO 22000:2018 certificates among Balkan countries.

In the context of the analysis of the number of ISO 22000 certificates issued among Balkan
countries, Greece takes the first place with by far the largest number of certificates, followed by
Romania, Bulgaria, and Hungary. Interestingly, Serbia and North Macedonia, although not members
of the EU, have a respectable number of registered certificates, while Croatia and Slovenia, as
members of the EU, do not have a significant number of certificates issued in this area. Somewhat
unexpectedly, Montenegro and Bosnia and Herzegovina are at the bottom of the list.

Given that the nominal number of certificates issued provides only a rough insight into the level
of standardization in a certain area, for the purpose of a more detailed assessment of the intensity of
standardization and for the purpose of this paper, two new meta-indicators were created, specifically
the number of issued certificates per one billion GDP (Cert/BGDP) and the number of issued
certificates per 100 thousand inhabitants (Cert/100kinh). Data on GDP and population were taken
from Eurostat databases. After creating new indicators and applying them to the Balkan countries, it
is possible to conclude the following (Figure 3):

e Greece is the absolute leader in the field of standardization, with 6.85 Cert/BGDP and 13.80
Cert/100kinh, followed by Romania, Bulgaria, and Hungary, creating the same order as in the
example of the total number of certificates issued.

e Itisinteresting to note that, on the example of Serbia and North Macedonia, a difference can be
observed in the comparison between the total number of certificates issued and the number of
certificates issued. Namely, North Macedonia has more certificates issued per one billion GDP
than Serbia (4.71 versus 3.1), as well as in the category of the number of certificates issued per
100 thousand inhabitants (3.10 versus 2.80). In a similar way, the difference is observed between
Albania and Croatia (1.91 vs. 0.55) or Montenegro and Slovenia (1.53 vs. 0.32).
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Figure 3. Radar chart depicting the correlation between two derived indicators.

Based on the given analyses, it is possible to conclude that there is a significant but not linear
correlation between the number of certificates issued and the development of the national economy,
i.e., the number of inhabitants of a certain country. This confirms the view that the intensity of
standardization is the result of several factors, starting from the development and diversification of
the economy, historical heritage, quality culture, international connections, as well as stimulation and
incentives in the field of standardization.

The performed analysis points to the fact that there is a well-developed practice of applying
standards for the production of health-safe food (a typical example is Greece) and that it is necessary
to think about a harmonized decision-making model in the context of creating a balance between the
requirements for the production of health-safe food and the minimization of the carbon footprint,
wherein the following MCDA decision-making model should be seen as a proactive component.

The proposed ISO 22000/ISO 14067 balanced hierarchical structure consists of three levels, as
shown in Table 2. Factors at the second level influence each individual criterion at the first level, while
the alternatives describe the individual factors in more detail.

Table 2. Influential criteria, factors and alternatives in sustainable food production addressing carbon footprint

management.
Criteria Factors Alternatives
F1. Production (P) Land 1.13‘e (P1), Crop d1.VF3r51ty (P2),
Fertilizers (P3), Pesticides (P4)
F2: Transport (T) Distance (T1), Route optlons (T2),
Fuel usage (T3), Machinery (T4)
OHS (PR1), Emission to water (PR2),
C1: Environment F3: Processing (PR) Emission to air (PR3), Processing
C2: Society waste (PR4), Noise/odors (PR5)
C3: Economy Warehouse (S1), Cooling and heating
F4: Storage (S) (52), Package (S3), Internal transport
(54)

Collection (W1), Transport (W2),
F5: Waste/disposal (W) ~ Treatment and reuse (W3), Disposal
(W4)
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The analytic hierarchy process is used for ranking. It is applied in the fuzzy domain, using
triangular fuzzy numbers [49]. The standard fuzzified Saaty scale is used, with values from (1,1,3) to
(7,7,9). The influence of expert i is described by the coefficient 8i, which is determined based on the
expert's work experience (ei), experience in food production (fi), and sustainability in general (s:), as
follows:

b= zf;% @
j=11j % € %5
where n is the total number of experts (1<i<n), while f; fj, e;, ¢j, si, and sj are from the set {1,3,5}, which
represents the quantitative values of the experts’ experience [22]. A value of 5 represents more than
10 years of experience, while a value of 1 represents a maximum of 5 years of experience.

Five experts participated in determining the weights of influential criteria and factors. Their
influence on the final decision is defined by the set ©={0.12,0.18,0.18,0.26,0.26}. All expert matrices
were consistent, and the CCI index for group decision-making had acceptable values [45]. The
aggregate matrix for the criteria was

(1,1,1) 0.74,1.64,1.99 0.62,1.37,2.21
€ =0.50,0.61,1.35 1,1,1 0.56,0.69,1.68, 2)
0.47,0.73,1.62 0.60,1.44,1.79 1,11

on the basis of which the fuzzy weights of criteria wci=(0.18,0.43,0.78), wc2=(0.18,0.43,0.78), and
wcs=(0.18,0.43,0.78) were determined. Crisp values of criteria weights, obtained by defuzzification,
are presented by the vector Wc={0.386, 0.287, 0.327}.

The elements of aggregate matrices of factors in relation to criteria (Ci) and fuzzy weights (FWs)
are shown in Table 3.

Table 3. Influential criteria, factors, and alternatives in sustainable food production.

Ci Fi P F Fi Fs FWs
(1.08,
Fi 1,1,1) (0.89,1.64,2.56)  (0.68,1.39,2.04) (0.62,0.94,1.85)  (0.10,0.26,0.61)
2.07,3.55)

F (0.39,0.61,1.12) 1,1,1) (0.45,0.82,1.34) (0.82,147,2.47) (0.37,0.62,1.11)  (0.07,0.16,0.40)
F5 (049,0.72,147) (0.75,1.23,2.24) 1,1,1) (1.01,1.66,2.99) (0.37,0.70,1.11)  (0.08,0.19,0.48)
Fi (0.28,0.48,092) (0.40,0.68,1.21) (0.33,0.60,1.01) 1,1,1) (0.32,0.49,093)  (0.05,0.12,0.30)
Fs  (0.54,1.06,1.62) (0.90,1.62,2.67) (0.90,1.44,2.67) (1.07,2.04,3.16) 1,1,1) (0.11,0.27,0.61)
C Fi P F Fi Fs FWs

Fi 1,1,1) (0.62,1.20,1.85) (0.54,1.29,1.78) (0.69,1.10,2.20) (0.48,0.92,1.54)  (0.08,0.22,0.52)
P (0.54,0.83,1.62) 1,1,1) (0.49,0.78,1.47) (0.51,0.87,1.74) (0.52,0.88,1.75)  (0.07,0.17,0.48)
F5 (0.56,0.77,1.85) (0.68,1.28,2.04) 1,1,1) (0.35,0.73,1.14)  (0.46,0.81,1.74)  (0.07,0.18,0.48)
Fi (0.45,091,145) (0.57,1.151.97) (0.88,1.37,2.88) 1,1,1) (0.47,1.01,1.45)  (0.08,0.21,0.53)
F5  (0.651.09,2.07) (0.58,1.16,1.98) (0.57,1.23,2.16) (0.69,1.01,2.13) 1,1,1) (0.08,0.22,0.58)
G Fi P F Fi Fs FWs

Fi 1,1,1) (0.51,0.94,152) (0.54,1.18,1.44) (0.88,1.01,2.64) (1.00,1.39,3.00)  (0.10,0.22,0.54)
F (0.66,1.06,1.97) 1,1,1) (0.54,0.83,1.62) (0.75,1.28,2.24) (0.75,1.60,2.69)  (0.09,0.22,0.55)
F5 (0.69,0.84,1.87) (0.62,1.20,1.85) 1,1,1) (0.69,0.95,1.87) (0.79,1.30,2.37)  (0.09,0.21,0.53)
Fi  (0.38,1.00,1.14) (0.45,0.78,1.34) (0.54,1.05,1.44) 1,1,1) (0.75,1.45,2.38)  (0.07,0.21,0.43)
Fs  (0.33,0.72,1.00) (0.37,0.63,1.34) (0.42,0.77,1.27) (0.42,0.69,1.34) 1,1,1) (0.06,0.15,0.36)

Based on the fuzzy weights of the factors, the following crisp weights were determined:
WF={0.229, 0.191, 0.201, 0.168, 0.212}.

The elements of the matrix of alternatives in relation to the criteria are shown in the following
Table 4.
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Expert ranking gave the following results. Among the criteria, Environment (wc=0.386) stands
out as the most important, followed by Society (wc2=0.287) and Economy (wcs=0.327). The factors have
very close weight values, viewed collectively in relation to all three criteria. Among the factors,
Production (wr=0.229), Waste/disposal (wrs=0.212), and Processing (wr=0.201) are more prominent.
Comparing a number of alternatives in relation to factors and criteria can lead to the fact that, if the
factor is not dominant and the alternatives have similar importance, their overall importance for
sustainable food production would be much lower than the real impact. Therefore, without
diminishing the importance of the global ranking, we highlight alternatives in relation to each
individual influencing factor.

Table 4. Elements of matrices of alternatives in relation to criteria, fuzzy weights, and global weights of

alternatives.

F1 P: P Ps Ps FWs

P1 (1,1,1) (1.13,1.98,3.16) (0.74,1.83,2.37) (0.88,1.82,3.02) (0.15,0.38,0.81)
P> (0.32,0.51,0.88) (1,1,1) (0.54,1.00,1.62) (0.68,0.94,2.04) (0.09,0.20,0.49)
Ps (0.42,0.54,1.35) (0.62,1.00,1.85) 1,1,1) (0.51,0.94,1.52) (0.10,0.20,0.52)
P+ (0.33,0.55,1.14) (0.49,1.06,1.47) (0.66,1.06,1.97) 1,1,1) (0.09,0.21,0.50)
wpi 0.080 0.048 0.051 0.049

F2 T1 T2 Ts T4 FWs

T (1,1,1) (0.38,0.65,1.14) (0.31,0.55,0.83) (0.88,1.00,2.64) (0.09,0.19,0.46)
T (0.88,1.53,2.64) (1,1,1) (0.40,0.69,1.21) (1.00,1.53,3.00) (0.12,0.28,0.64)
Ts (1.20,1.82,3.24) (0.82,1.44,2.47) (1,1,1) (0.75,1.28,2.24) (0.15,0.33,0.75)
Ty (0.38,1.00,1.14) (0.33,0.65,1.00) (0.45,0.78,1.34) 1,1,1) (0.08,0.21,0.40)
wri 0.039 0.054 0.063 0.035

Fs PR PR> PR3 PR4 PRs FWs

PR (1,1,1)  (0.33,0.49,1.14) (0.31,0.55,0.83) (0.35,0.49,0.84) (1.00,1.39,3.00) (0.06,0.13,0.35)

PR> (0.88,2.05,3.02) (1,1,1) (0.54,1.20,1.62) (0.75,0.94,2.24) (1.00,2.31,3.59) (0.10,0.26,0.62)
PRs (1.20,1.82,3.24) (0.62,0.83,1.85) (1,1,1) (0.56,0.78,1.68) (1.14,2.25,3.82) (0.10,0.23,0.62)
PR+ (1.19,2.02,2.88) (0.45,1.06,1.34) (0.60,1.28,1.79) (1,1,1) (1.20,2.79,4.31)  (0.10,0.28,0.59)
PRs (0.32,0.73,1.00) (0.28,0.43,1.00) (0.26,0.40,0.88) (0.23,0.36,0.83) (1,1,1) (0.04,0.10,0.28)
TWPRi 0.030 0.054 0.053 0.051 0.024

F Si S2 Ss S4 FWs

St (1,1,1) (0.33,0.59,1.14) (0.31,0.66,0.83) (0.66,1.00,1.97) (0.08,0.19,0.43)

S:  (0.88,1.71,3.02) (1,1,1) (0.54,1.00,1.62) (1.00,2.05,3.43) (0.13,0.33,0.74)

Ss (1.20,1.51,3.24) (0.68,1.28,2.04) (1,1,1) (0.35,0.73,1.14) (0.14,0.31,0.78)

S+ (0.51,1.00,1.52) (0.29,0.49,1.00) (0.29,0.59,1.00) (1,1,1) (0.07,0.18,0.41)
wsi 0.031 0.054 0.056 0.029

Fs WD: WD: WD:s WD+ FWs
WD» (1,1,1) (0.38,0.65,1.14) (0.33,0.61,1.00) (0.37,0.55,1.01) (0.08,0.17,0.38)
WD: (0.88,1.53,2.64) (1,1,1) (0.40,0.83,1.21) (0.46,0.78,1.38) (0.10,0.24,0.53)
WDs (1.00,1.63,3.00) (0.82,1.20,2.47) (1,1,1) (0.62,0.83,1.85) (0.14,0.28,0.70)
WDs (0.99,1.82,2.67) (0.72,1.28,2.17) (0.54,1.20,1.62) (1,1,1) (0.13,0.31,0.64)
WWDi 0.035 0.049 0.064 0.059

In relation to factor Fi, alternative Pi1 (Land use) with weight wr=0.080 has the greatest
importance. In relation to factor F», the experts highlighted the importance of alternatives T> (Route
options) and Ts (Fuel usage), with weights wr=0.053 and wrs=0.062.

Regarding factor Fs, described by five alternatives, PR> (Emission to water), PRs (Emission to
air), and PR« (Processing waste) were highlighted as particularly significant alternatives, with
weights wrrz=0.054, wrrs=0.053, and wrre=0.051, respectively. With regard to factor F4, the experts
identified S2 (Cooling and heating) and Ss (Package) as key alternatives, with weights of ws=0.054
and wss=0.056. Finally, a very significant factor for sustainable food production is Fs, with particularly
prominent alternatives WDs (Treatment and reuse) and WDx (Disposal), and their weights wws=0.064
and wwa=0.059.
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The difference between the individual weights of the alternatives, viewed globally, is small.
Sensitivity to changes in weights is much more pronounced globally than locally, as observed within
individual groups of alternatives, where there are always dominant alternatives.

5. Conclusions

This paper presented a research on the integrative nature of the WEFE Nexus approach that may
be observed from different perspectives, namely standardization, carbon neutrality, and safe food
production. The fact is that there is no harmonized implementation model of the WEFE nexus
approach, and thus no appropriate metric of the performance of Nexus actions at different levels.
This can be replaced by an analysis of the degree of standardization in different fields, which is
illustrated in the first part of the paper. A critical review of the combination of applied methods lays
the foundation for improving the used model and for considering limitations. The basic flaw in the
system standards intended for the production of health-safe food is an excessive focus on the delivery
of a health-safe product, with little or no reference to environmental aspects. As standardization in
itself, especially in the domain of system standards, enables the integration of the requirements of
several standards into a single integrated management system, it is desirable in the future to always
recommend the integration of the requirements of ISO 22000 and ISO 14067, with the possibility of
including ISO 14090. This is very important to bear in mind because of the fact that for most
researchers and other stakeholders, integration implies the inclusion of ISO 9001, 14001, or 45001
standards only. In addition, as there are no instructions for the selection of priorities in the
requirements of system and sector standards, the proposed MCDA model is an appropriate scientific
and professional step forward. In the context of objective decision-making as well as the sustainability
of defined decisions, the engagement of a larger number of experts from different backgrounds
enables an additional level of compliance, diverse capacity, and flexibility-adaptability in the
decision-making process. Relevant to the research topic, by viewing the food production process as
part of a larger system, stakeholders can identify feedback loops, interdependencies, and potential
unintended consequences of decisions. Integration of all these concepts — systems thinking, resilience,
resource management, food safety (ISO 22000), and multi-criteria decision-making — creates a
synergistic approach to addressing modern food production challenges. Together, they allow
stakeholders to design adaptive, sustainable, and safe food systems that not only meet present
demands but also preserve resources and resilience for future generations.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.iso.org/the-iso-survey.html.
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