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UNIFIED PARADIGM OF INDUSTRY 5.0, CITY 5.0 AND AGRICULTURE 5.0 FOR
ENVIRONMENTAL SUSTAINABILITY

Abstract

This study adopts a holistic perspective to examine the approaches of Industry 5.0, City 5.0, and Agriculture 5.0, which hold
potential for contributing to environmental sustainability goals, and aims to propose the Al-supported ICA 5.0 model as an
integrated framework for these three domains. In this context, the study seeks to answer the research question: “How can
the paradigms of Industry 5.0, Agriculture 5.0, and City 5.0 be structured within a holistic model to support environmental
sustainability goals?” Within the proposed ICA 5.0 model, it is demonstrated that all three domains are structured on the
basis of transferring data from physical environments to digital platforms via sensors and analyzing these data using Al-driven
techniques. At the core of the model, it is proposed that data obtained through this process be analyzed within a
public cloud infrastructure alongside strategies developed by policymakers, through an interdisciplinary app

supports the formulation of environmentally conscious policies. In addition, the use of blockchain technolo data
collection infrastructure is emphasized to ensure data security and transparency. The study employs esearch
methods, combining document analysis, descriptive content analysis and case study method. ThegCA¢5. odel has been

between 01.01.2021 and 31.12.2024 in the Scopus database that are relevant to the research,topic. on the findings,
the study discusses how the ICA 5.0 model can be structured and what contributions it in the context of
environmental sustainability.

exemplified through a case study focused on Tirkiye. The sample of the study consists of 49 % icles published
f
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®
CEVRESEL SURDURULEBILIRLIK iCIN ENDUSTRI 5.0, SEHIR @u&n 5.0 BIRLESIK PARADIGMASI
e

Ozet
¢

Bu calisma, gevresel sirdirilebilirlik hedeflerine katki su % siyeli taglyan Endistri 5.0, Kent 5.0 ve Tarim 5.0
ala

yaklasimlarini biitlincil bir perspektiften ele almakta vgh tegre edebilecek yapay zeka destekli bir ¢cergeve olarak
ICA 5.0 modelini ortaya koymayi amaglamaktadir. Bab “Endistri 5.0, Tarim 5.0 ve Kent 5.0 paradigmalari gevresel
surdurdlebilirlik hedeflerini desteklemek Uzere bUtingll model kapsaminda nasil yapilandirilabilir?” sorusuna yanit
aranmaktadir. Onerilen ICA 5.0 modeli kapsamipda, herlic alanin da fiziksel ortamlardan elde edilen verilerin sensérler
araciligiyla dijital ortama aktarilmasi ve bu ve.rix ay zeka temelli analizine dayali olarak yapilandigi ortaya konulmustur.
i
t

Modelin merkezinde, ¢cevre odakl politika g ireclerini desteklemek Gzere, disiplinler arasi bir yaklasimla elde edilen
verilerin politika yapicilar tarafindan Grgti ejilerle birlikte merkezi bir kamu bulutu altyapisinda analiz edilmesi
Onerilmektedir. Ayrica, veri glivenligi In saglanmasi amaciyla veri toplama altyapisinda blockchain teknolojisinin
kullanimina vurgu yapilmistir. Ar: % nitel yontemlerden dokiman analizi, betimleyici igerik analizi ve 6rnek olay
metodu birlikte kullanilmistir. @ y kapsaminda ICA 5.0 modeli Tlrkiye 6rnegi sunulmustur. Calismanin érneklemini,
01.01.2021-31.12.2024 tari da Scopus veri tabaninda yayimlanmis ve arastirma konusuyla iligkili 49 arastirma
makalesi olusturmaktadi ilen bulgular dogrultusunda ICA 5.0 modelinin nasil yapilandirilabilecegi ve bu modelin
cevresel strdirilebilfik nda saglayabilecegi katkilar tartisilmistir.

Anahtar Kelim

Jel Codfé:r\&

ijita¥ doniisiim, Endiistri 5.0, Tarim 5.0, Yapay Zekd, Cevresel Siirdiiriilebilirlik



1. INTRODUCTION

Digital transformation has recently become not only a major driver of technological advancements but also a
leading catalyst for societal, economic, and environmental transformations. As this transformation is grounded
in data and knowledge management, it has emerged as the central focus of interdisciplinary communication and
has elevated decision-making processes to a more effective and predictable level. Through Internet of Things
(loT) technologies, interaction with physical objects has formed the foundation of digitalization across numerous
domains, from manufacturing to public administration, from transportation to healthcare, especially with the
advent of the Fourth Industrial Revolution (Industry 4.0). In this context, it has become possible to obtain real-
time digital data from objects in the physical environment, initiating a bidirectional interaction between physical
and digital domains. However, within the structure of Industry 4.0, concepts such as human-centeredness and
environmental sustainability have remained secondary, as technological progress has predominahgly been
interpreted in terms of efficiency and automation. At this juncture, Industry 5.0 represents a new app
transcends technological innovation by placing human beings and nature at the center. In this p
human—machine collaboration is redefined, it is explicitly emphasized that the ultimate ai
progress is not solely to enhance productivity but also to improve human quality of life and greserve*ecological
balance. With the Industry 5.0 approach, similar transformation processes have begun %hape in other
areas such as agriculture and urbanization. Agriculture 5.0 is being shaped not o im to enhance
productivity in food production but also by environmental objectives such as the prese of water resources,
the recovery of soil, and the reduction of chemical inputs. City 5.0 aims to m4 ithWlifessmarter, more livable,
and more environmentally friendly. Smart infrastructures, sensor networks,reneWable energy systems, and low-
carbon strategies are increasingly integrated into city planning. The digital formation processes in the fields
of industry, agriculture, and cities are not independent from ong t are in fact complementary
components of an integrated structure. These systems, in whic ur% ered solutions and environment-
oriented goals are harmonized in a unified manner, form the foun n of the Society 5.0 vision, which not only
aspires to enhance individual quality of life but also prioritizegsthé€”protection of environmental values. Within
this framework, environmental sustainability has becoge ensable priority in this new paradigm, and
technological systems have started to be restructured ce with environmental considerations across
various areas, including production processes, Ldsba% food supply, and energy use. For instance, soil
degradation caused by pesticide use in agriculture,o on emissions resulting from urbanization can now be
identified earlier with the assistance of digital es, enabling the development of preventive strategies.
At this point, technological tools such.as T, big)data analytics, Al, and decision support systems play a
fundamental role in the collection and a f environmental data and in the formulation of sustainability-
oriented policy recommendations. ”\

en Industry 5.0, City 5.0, and Agriculture 5.0 and environmental
he literature through various studies, either separately or within the
ry 5.0 on the other domains. For instance, Breque et al. (2021) highlighted
o environmental goals such as energy efficiency, waste reduction, and the
minimization of earb int, emphasizing the critical role of technologies such as loT and artificial
intelligence (Al) i\ ess. Kasinathan et al. (2022) examined the environmental benefits of Industry 5.0,
including the reu@ f water and carbon footprints, improvement in waste management, and protection of
ecological div .%he study demonstrates that technological collaboration supports sustainable development
goals. o z Uzun (2024) investigated the relationship between the Industry 5.0 process and the ESG
(E i ocial Governance) process within the scope of the companies Argelik and Vestel. Talla and

w- 24) analyzed how the integration of digital technologies with the circular economy contributes to
wasteNrgduction. Becker et al. (2023) examined how City 5.0 improves energy efficiency, reduces carbon
emissions, and enhances waste management through IoT and Al. The study underlines that real-time data
analysis increases environmental performance. Ferreira et al. (2023) discussed the impact of smart home
technologies on energy efficiency and environmental awareness, supporting the sustainability potential of City
5.0. Li et al. (2022) explored how loT and big data analytics improve environmental monitoring and resource
management in cities. Martos et al. (2021) investigated the environmental benefits of remote sensing
technologies in terms of water conservation, reduction of pesticide use, and preservation of soil health. Ragazou
et al. (2022) discussed the impact of Agriculture 5.0 on energy efficiency and the reduction of environmental
footprint, emphasizing that technological integration strengthens agricultural sustainability. Polymeni et al.
(2023) addressed the potential of 6G and loT technologies to promote water conservation and reduce chemical
usage through precision agriculture practices. Tombe and Smuts (2023) examined how digitalization supports

In this context, the relations
sustainability has been addre
framework of the influence
the contribution of Ind




agricultural sustainability and emphasized the importance of cross-sectoral integration. Abd Al Ghaffar (2024)
analyzed the strategic advantages of public cloud systems in data collection.

A review of the existing literature reveals that studies on environmental sustainability have predominantly
addressed the domains of industry, agriculture, and urban systems in a fragmented and isolated manner.
However, achieving comprehensive and long-term environmental sustainability requires an integrative approach
that simultaneously considers the interactions and interdependencies among these three domains. This
necessity stems from the fact that adverse environmental practices in one domain can directly or indirectly affect
the others. For instance, industrial waste discharged into natural ecosystems may contaminate water sources
used in agricultural production, thereby compromising the quality and safety of agricultural outputs. Similarly,
urban emissions and land use decisions may exert ecological pressures on adjacent agricultural zones or
industrial districts. Given the interconnected nature of these environmental challenges, there is a growing need

for a unified monitoring and decision-making framework that enables the identification of root c and
facilitates the formulation of coordinated policy responses. Despite this need, no existing study ha nd
that holistically examines the Industry 5.0, City 5.0, and Agriculture 5.0 paradigms in an in anner,

synthesizes their environmental sustainability contributions, and proposes a cohesive m@dehacross these
domains. To address this critical gap, the present study explores how technological adva %{n in industrial,
city, and agricultural domains can be brought together under a unified framework environmental
sustainability goals. In this context, the following research question is posed:

RQ. How can the paradigms of Industry 5.0, Agriculture 5.0, and City 5.0 be &within a holistic model
to support environmental sustainability goals? \'
2. METHODOLOGY %

°
Within the scope of this study, document analysis, descriptive alysis and case study method which
are among qualitative research approaches, were employed. Do; ent analysis can serve as a stand-alone
qualitative method or complement other analytical techniqu s et al., 2021). The population of the research
consists of 401 manuscripts published in the Scopus dat? &een 01.01.2020 and 31.12.2024 that include
the keywords Industry 5.0, City 5.0, and Agriculture 5. al under the categories of Environmental Science
(ENVI), Social Sciences (SOCI), Earth and Planetanf iapceSWEART), Agricultural and Biological Sciences (AGRI),
|%

and Business, Management and Accounting ( ) is population, a total of 50 documents were selected
through purposive sampling. The criterion for these documents was the researcher’s judgment that
they serve the objective of the study.

( TITLE-ABS-KEY ( "industry 5.0" ) *ABS-KEY ( "agriculture 5.0" ) OR TITLE-ABS-KEY ( "city 5.0" ) OR
TITLE-ABS-KEY ( "urban 5.0")) A LIMIT2TO ( SUBJAREA , "SOCI" ) OR LIMIT-TO ( SUBJAREA , "EART" ) OR
LIMIT-TO ( SUBJAREA , "AGRI" OQ‘ -TO ( SUBJAREA , "ENVI" ) OR LIMIT-TO ( SUBJAREA , "BUSI" ) ) AND (
LIMIT-TO ( DOCTYPE , "ar" IT-TO ( PUBYEAR , 2020 ) OR LIMIT-TO ( PUBYEAR , 2021 ) OR LIMIT-TO (

YEAR, 2023 ) OR LIMIT-TO ( PUBYEAR , 2024 ) )

PUBYEAR, 2022 ) OR LIMI
The research p&% study is structured as presented in Figure 1.
.&
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Figure 1. Research Process (Author elab@;)X
° \

rposive Sampling

The manuscripts examined are presented in Table 1.

Table 1. Examinin !SCI’I ts
)
°
N\\

No Examining (awnts Year
1 Purchase intention of green products follewi \nvironmentally friendly marketing campaign: 2020

Results of a survey of Instagram followers ofi ndonesia
2 Al - Robotic Applications in Logisticglnd(e,try a avings Calculation (2021)
3 Industry 5.0: Ethereum blockchainm o8y based DApp smart contract (2021)
4 Design Culture in the Era of IndMX ReCiew of Skills and Needs (2021)

A J
5 6G Vision: Toward Future Co %ive Cognitive Communication (3C) Systems (2021)
6 Care in dairy farming atic milking systems, identified using an Activity Theory lens (2021)
7 Managing industry,4. }ation for fair ethical business development: A single case study (2021)
8 Trends in s@ Naogy, and innovation in the agri-food sector (2022)
9 Towards N volution 5.0 and Explainable Artificial Intelligence: Challenges and Opportunities | (2022)
10 Cloud Qin: Integrating Industry 4.0 and digital platforms in the “Supply Chain-as-a-Service” (2022)
11 .‘U‘a Agri€ulture 5.0: An Exploratory Approach to the Food System in a Super Smart Society (2022)
]b\ ity $.0° Citizen involvement in the design of future cities (2023)
industry 5.0 advantages address the sustainable development challenges of the renewable energy
13 . (2023)
pply chain?

14 Converging on human-centred industry, resilient processes, and sustainable outcomes in asset (2023)

management frameworks
15 Developing a Skilled Workforce for Future Industry Demand: The Potential of Digital Twin-Based (2023)

Teaching and Learning Practices in Engineering Education
16 Systems-theoretic interdependence analysis in robot-assisted warehouse management (2023)
17 An Industry 5.0 Perspective on Feeding Production Lines (2023)
18 An approach towards demand response optimization at the edge in smart energy systems using local (2023)

clouds
19 ESG and Industry 5.0: The role of technologies in enhancing ESG disclosure (2023)




Society 5.0 versus Industry 5.0: An examination of industrialization models in driving sustainable

20 development from a normative stakeholder theory perspective (2023)

21 Blockchain adoption in sustainable supply chains for Industry 5.0: A multistakeholder perspective (2023)
Does industry 5.0 model optimize sustainable performance of Agri-enterprises? Real-time investigation

22 . (2023)
from the realm of stakeholder theory and domain

23 An loT-based and cloud-assisted Al-driven monitoring platform for smart manufacturing: design (2023)
architecture and experimental validation

24 Adoption Case of lloT and Machine Learning to Improve Energy Consumption at a Process (2023)
Manufacturing Firm, under Industry 5.0 Model

25 Application of Quality 4.0 (Q4.0) and Industrial Internet of Things (lloT) in Agricultural Manufacturing (2023)
Industry

26 The Industry 5.0 framework: viability-based integration of the resilience, sustainability, and human- Nﬂ
centricity perspectives

27 Blockchained smart contract pyramid-driven multi-agent autonomous process control for resilie w
individualised manufacturing towards Industry 5.0 )

)8 Examining Rental House Data With MRL Analysis: An Empirical Approach for Future Persrgect

Business for Smart Cities and Industry 5.0

29 Expediting decarbonization in energy, waste, and water sector through dlgltallzat%\XMdﬂe (2024)
i

smart cities (SSC): Case-studies in Malaysia and China based on Industry 5.0 paradigm_
The relationship between industry 5.0 Process and ESG process: A qualitative

ntext of

30 Turkiye’s BIST Sustainability 25 Index white good sector (2024)

31 From Industry 5.0 to Forestry 5.0: Bridging the gap with Human-Centered AgtificiaNntelligence (2024)
Al-based autonomous UAV swarm system for weed detection and t : Enhancing organic

32 (2024)
orange orchard efficiency with agriculture 5.0

33 Re|nv.|gorat|.ng algal cultivation for biomass production wi (2024)
sustainable infrastructure

34 Technology-Organization-External-Sustainability (TOES) Fra (2024)
Analysis of Models for Industry 4.0 Implementation Rgoj

L)

35 Enabling Industry 5.0-Driven Circular Economy Transf( \A Strategic Roadmap (2024)

36 Integrating human-centric automation anQ% stainability through the NAToRM framework: A (2024)
neuromorphic computing approach for resi i 5.0 supply chains

37 Human-Centered Systems Thinking in Te hanced Sustainable and Inclusive Architectural (2024)
Design P
A path to sustainable development imindustries: Analysis of agriculture 5.0 versus industry 5.0

38 . . (2024)
using stakeholder theory with mo tl nvironmental policy
Digital transition from industry in stry'5.0 in smart manufacturing: A framework for sustainable

39 (2024)
future ()

40 Human-Centered and Susta rtificial Intelligence in Industry 5.0: Challenges and Perspectives (2024)

41 Towards Climate N ity ﬁ]e key role of the Digital Twin in Industry 5.0 (2024)
6G-Enable iable” Low Latency Communication for Industry 5.0: Challenges and Future

42 (2024)
Directions N
Digital h \ d artificial intelligence: the role of emotions beyond the human-machine

43 . (2024)
intera ety 5.0

a4 .Brl try 5.0 and Agriculture 5.0: Historical Perspectives, Opportunities, and Future (2024)

4 Perspectiy

Ah\@.mility analysis of FarmFox loT device towards Agriculture 5.0 (2024)

46 art cities and environmental sustainability: Industry 5.0 applications (2024a)
igital Technologies for Sustainable Development of Agri-Food: Implementation Guidelines Toward
47 (2024)
Industry 5.0
48 Remote Sensing for Agriculture in the Era of 5.0-A Survey (2024)
49 Agricultural and business digitalisation degree in achieving sustainable development goals (2024)
50 Artificial Intelligence and Biodiversity (2024)

All data were manually compiled using Microsoft Excel and Apple Numbers applications. For the illustration
of the figures, Apple Pages and Draw.io were used, and all figures were drawn by the researcher in accordance
with the thematic integrity of the study.



In order to ensure the reliability of the study, the research method, process, and analytical techniques were
evaluated by three field experts. During this evaluation process, each expert was asked five questions covering
the scope of the study, its methodology, the criteria for document selection, the approach adopted in the
analysis, and an overall assessment, resulting in a total of fifteen evaluations. Consensus was achieved among
the experts in thirteen of these evaluations, while two evaluations revealed disagreement. Both experts
expressed differing views regarding the inclusion of the Web of Science (WoS) database in addition to Scopus.
However, considering that the inclusion of WoS would significantly expand the scope of the study and complicate
the research process, these suggestions were not taken into account. Accordingly, the reliability of the study was
calculated using the formula proposed by Miles and Huberman (1994, p. 64), as follows: Reliability = Agreements
/ (Agreements + Disagreements) = 13 / (13 + 2) = 0.86 (86%).

3. FINDINGS AND DISCUSSIONS

This study is structured in two phases in order to comprehensively address the research questio irst
phase, technological developments related to the monitoring of the physical environment iq t cesses of
Industry 5.0, City 5.0, and Agriculture 5.0, the transfer of this data to the cyber domain, an S uring of

. . . . °® .
decision-making processes based on the obtained data are examined. In the second phase .0 model is
proposed, aiming to integrate these technological developments into a single, plat rough public
collaboration, and the configuration of the required software infrastructure for thei tion of this model
is explained.

In the study conducted by Yosumaz and Uzun (2024), the Industry 5,0 pro€ess is expressed through the
following equation: “Industry 4.0 + Environmental Sustainability + Resilie &:ci y.” This formulation clearly
demonstrates that the Industry 5.0 approach is built upon the tegh i frastructure developed under
Industry 4.0 and incorporates components such as environmenta ilify, organizational resilience against
various threats, and societal well-being. The reflection of this appr imMthe agricultural sector is referred to as
Agriculture 5.0, while its counterpart in the field of urbanizatien @nd\urban governance is defined as City 5.0.
Within this framework, it can be stated that eachqof eNdomains is structured to incorporate the
environmental sustainability dimension of Industry 5.0 ingly, the configuration of an uninterrupted data
communication infrastructure among industrial, agric.%X d city systems is described below.

3.1. Establishing a continuous data moniforing, i tructure through the implementation of digital
transformation solutions in industry, agriculture, ity areas

Y
At the core of the infrastructures of I%.O, City 5.0, and Agriculture 5.0 lies the transmission of data

obtained from machines, equipment, rces, and environmental conditions in physical environments
into digital format through sensor téd by the loT infrastructure (Caiazzo et al., 2023; Das et al., 2024).
e

This data transmission enables co nsive and real-time monitoring of ecosystems; the collected data are
stored in cloud computing ipfia res (Caiazzo et al., 2023; Ivanov et al., 2022; Javed et al., 2023) and
subjected to Al-supporte processes (Taj & Jhanjhi, 2022). These analyses produce critical knowledge
for decision support anisms and play a decisive role in the management of operational and strategic
processes across a antsectors. The data-driven system architecture, which is commonly adopted in the
applications of | t "0, City 5.0, and Agriculture 5.0, facilitates continuous monitoring of ecosystems and
enables the d t of real-time interventions, particularly in areas related to environmental sustainability.

analyzed 4 digital domain to enhance the efficiency of decision-making processes. This integrated
di %approach not only enhances operational efficiency but also lays the groundwork for the

: ent of environmental monitoring systems that contribute to sustainable development goals (Bairagi et
al., 20287 Hazrat et al., 2023; Osello et al., 2024; Rastogi, 2023).

Consquer%di italization approach emerges, wherein knowledge derived from the physical environment is

The Industry 5.0 process provides significant contributions to environmental sustainability by reduction of
water and carbon footprints in industrial production, enhancement of waste management, preservation of
ecological diversity, prevention of marine pollution (Breque et al., 2021; Kasinathan et al., 2022), improvement
of energy efficiency, increase in labor productivity, and extension of the operational lifespan of machinery and
equipment through predictive maintenance practices (Goh et al., 2024). The realization of these environmental
contributions is directly dependent on the structuring of data- and knowledge-based digital transformation
processes by industries. In this context, digital transformation for an industry requires the establishment of an
infrastructure in which all objects within the production environment (machines, equipment, workers, etc.) can
operate in an integrated and collaborative manner through a software system (lvanov, 2023). Today, such



software infrastructures can be developed specifically for the industry in question or can be configured by
adapting off-the-shelf software such as SAP to industrial business processes. In industrial settings, it is possible
to manage all processes with a single software system or to operate each process through separate software
systems. Communication between these different software systems is enabled by interfaces known as
Application Programming Interfaces (APIs). APIs function similarly to translators who mediate between speakers
of different languages, allowing software systems with different protocols and functions to operate together in
a coordinated manner (Yosumaz & Uzun, 2024).

The City 5.0 process provides significant contributions to environmental sustainability by enhancing energy
efficiency in city areas, improving waste management, reducing carbon emissions, preserving green spaces, and
minimizing environmental impacts through smart transportation systems. Achieving these contributions is
contingent upon the integration of Al-assisted city management applications, sensor technologies, ‘and data-

driven decision support systems into city infrastructures. Within this framework, prominent solutio lude
sensors monitoring air quality and traffic density, smart grids balancing energy consump tric
transportation vehicles, waste collection systems optimized for recycling, and digital twin tec med at

mitigating city heat island effects (Becker et al., 2023; Goh et al., 2024; Lata et al., 2024). As iff Industry 5.0, City
5.0 also necessitates equipping devices and systems within city infrastructures with sensofs,aihd o} technologies,
enabling continuous monitoring of environmental and city data and converting this h Al algorithms
into policy and action recommendations (Yosumaz & Uzun, 2024). For example, updating of public
transportation schedules based on traffic data, automatic dimming of lightin igh, ehergy-demand areas, or
restricting vehicle access based on air quality data are decisions grounded jn, th analytical processes (Becker
et al., 2023; Lata et al., 2024). Effective execution of this process depends %d elopment and deployment
of City 5.0-focused software infrastructures. To ensure these systemg o %\ armony with city management
systems and to process knowledge from various data sources on niNla orm, APl technologies are utilized
(Yosumaz & Uzun, 2024). These API-based systems enable continue@ls ahd meaningful data exchange between
different municipal departments, environmental monitori yStetns, and citizen engagement platforms,
thereby contributing to the development of sustainabls.liv angd resilient city systems.

The Agriculture 5.0 process provides significant c i1dns to environmental sustainability by reducing
pesticide use in agricultural activities, optimizing‘i igatio® fertilization, and energy consumption, managing
biological waste efficiently, and preserving od@. The realization of these contributions requires the
integration of advanced digital and technolo infrastructures into agricultural practices. In this context,
solutions such as smart irrigation systemis eqQuippedwith sensors capable of monitoring weather conditions and
soil moisture in real time, electric tract \St mous spraying and seeding drones, and green energy systems
that convert biological waste into e 'e cOme to the fore (Catala-Roman et al., 2024; Das et al., 2024;
Zhang, 2024). Similar to Industry ulture 5.0 also relies on equipping machines and equipment with
sensors and loT infrastructure %ct environmental data, which are then analyzed and transformed into
inputs for decision-making %s (Yosumaz & Uzun, 2024). For example, decisions such as postponing
irrigation based on we itions and soil moisture levels, applying minimal irrigation, or optimizing
fertilizer quantity bas e'mineral content of the soil are made possible through such analyses. The effective
management of thi necessitates the use of software infrastructures specific to Agriculture 5.0. To ensure
the interoperabi ese software systems with different platforms, APl technologies are employed. APIs

facilitate data hange among diverse software systems, enabling the agricultural digital transformation to
functigft i i rated manner.

es of Industry 5.0, City 5.0, and Agriculture 5.0 can be continuously monitored through loT
infr tures, sensors, and computer software, and the interoperability of these systems can be ensured
through”API-based features. This makes it possible to develop shared policies for environmental sustainability.
However, the establishment of such an infrastructure is not feasible through the efforts of the private sector
alone. Due to both the high costs involved and the collection of personal data during data acquisition, it is
essential for the public sector to play a central role in this process. In this regard, the recommended model is the
ICA 5.0 model, which is explained below.

3.2.1CA 5.0 Model

In line with the information presented in Section 3.1, the effective structuring of Industry 5.0, City 5.0, and
Agriculture 5.0 processes necessitates the presence of one or more software infrastructures capable of
holistically monitoring and managing these processes. These software systems can operate in an integrated
manner through API features that enable compatible data sharing. In this context, a state-supported public cloud



infrastructure is proposed to consolidate and evaluate data generated across the relevant sectors. The ICA 5.0
model, developed accordingly, offers an Al-supported system architecture that enables the integrated
monitoring and management of the components of Industry 5.0, Agriculture 5.0, and City 5.0 from an
environmental sustainability perspective. When supported by public policies, this infrastructure may contribute
to the interdisciplinary analysis of environmental impacts, the optimization of resource use, and the
reinforcement of data-driven public decision-making mechanisms. The primary objective of the model is to
support data-based decision-making processes through public cooperation, to ensure that environmental
impacts are monitored through an integrated approach, and to render sustainability policies manageable via
digital systems. To achieve this objective, a specialized Al model aligned with public policy priorities must be
embedded into the system architecture. The general framework of this process and operational structure is
presented in detail in Figure 2.

As illustrated in Figure 2, all data generated from the processes of Industry 5.0, Agriculture 5.0, a
are evaluated by Al infrastructures alongside government-developed policies. Based on this evaluati
produced by Al systems are subject to human oversight (human acknowledgement) before baidg\ ented
in industrial, city, and agricultural applications related to environmental sustainability. Thes€ imglementations
may be structured either autonomously or manually. In this regard, examples of both a ws%s and manual
applications are provided:

d soil moisture data
pehded for farmers engaging
tically.

a. Autonomous application example: Based on the evaluation of weather
derived from Agriculture 5.0 processes, irrigation services may be automaticall
in excessive water use, or the fees for the water provided may be increase%)g
indi

b. Manual application example: When data from City 5.0 prage % te that the waste in garbage
containers in a specific city area consists predominantly of che al\ ridls, the corresponding municipality

may be tasked with investigating the situation.

ﬁlection and monitoring structure related to
in-based infrastructure (Rupaetal., 2021; Wang
d integrity of the collected data. This structure
ation for the development of digital twins in the

As illustrated in Figure 2, the design of a three-layered
the domains of Industry, City, and Agriculture through a8l
et al., 2023) emerges as a mechanism to ensure the a
not only provides data security but also establishe
domains of Industry 5.0, City 5.0, and Agricultdre ital twin refers to the real-time digital reconstruction
of a physical object by continuously generati hrough sensors and transmitting this data to a cyber
environment. In this context, the proposed odel offers the potential to enhance decision-making processes
aimed at environmental sustainability %t%g the real-time monitoring of physical objects and the timely
implementation of necessary action al’, 2024; Sheik et al., 2024).
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.&
3.2.1. The Requirements for the Establishment of the ICA 5.0 infrastructure

The requirements for the establishment of the ICA 5.0 infrastructure are outlined below;

a. Establishment of infrastructures capable of data acquisition in the domains of industry, city, and
agriculture. These infrastructures consist of sensors within the scope of loT and communication infrastructures
through which the data collected by these sensors can be transmitted to the ICA 5.0 infrastructure (Hazra et al.,
2024). In this context, the costs associated with the infrastructures to be deployed in industry, city, and
agriculture may vary. In particular, landowners or cultivators in agricultural areas may face financial difficulties
in covering these costs. Therefore, it is crucial for the public sector to offer payment facilities and to provide
interest-free, long-term credit arrangements for those affected.



b. Implementation of necessary legal regulations. The integration of modern technologies such as intelligent
systems and Al must encourage and support sustainable energy and production policies (Lu et al., 2020; Lv, 2023).
Public policies should incorporate demarketing strategies to restrict the use of natural resources, establish
recycling networks, and design waste management systems tailored to technological requirements (Lu et al.,
2020; Lv, 2023).

c. Development of a public cloud infrastructure capable of storing data generated from industry, city, and
agriculture processes (Abd Al Ghaffar, 2024).

d. Establishment of an Al infrastructure for the analysis of data stored in the public cloud and for ensuring
the alignment of data-driven outcomes with public policy priorities (Abd Al Ghaffar, 2024; Martini et 3

e. Development of management software to oversee the entire process. When all processes arg,integhated
through a blockchain-based infrastructure, both enhanced data security and verifiability of d@
ro

achieved (Lv, 2023).

f. Design of a human acknowledgement mechanism to enable human verification an \ )a of decisions
derived from the Al infrastructure. This structure will also enable the emergenc ¢ intelligence by
ensuring collaboration between human and Al (Jarrahi et al., 2022; Liu & Zeng, ZOZ%Q

il to the general public.

L}

g. Preparation of public service announcements to explain the process in
In this context, the use of effective visuals that present the process inac reh@psible manner is essential. A

brief visual of the ICA 5.0 model suitable for this purpose is illustrated in Rigur
°
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Figure 3. ICA 5.0 Digital transformation concept (Source: Author elaboration)
3.2.2. tributions of the model

The contributions of the ICA 5.0 model can be explained as follows;
a. In the Industry 5.0 Domain

- With the collection of resource usage data in a public cloud infrastructure, energy and water consumption
will become traceable across the sector, enabling savings in resource use during production processes based on
these data (Bairagi et al., 2023).

- As waste gas emissions and production-based carbon emissions of industrial facilities can be monitored
through sensors, regulatory measures and sectoral targets for reducing the carbon footprint will become more
tangible and auditable (Goh et al., 2024).



- By requiring all industrial facilities to transmit data to the public through a unified software infrastructure,
enterprises that fail to meet sustainable production criteria can be identified, allowing the development of public
policies that promote environmentally responsible production. For instance, penalties such as higher taxes or
exclusion from public incentives may be applied to enterprises that fail to meet environmental sustainability
standards, while rewards such as tax reductions or access to incentives may be granted to those that comply.

b. In the City 5.0 Domain

- The collection of environmental data, such as energy consumption, waste generation, and carbon emissions,
in city areas through public infrastructure will support the development of environmentally conscious city
policies (Goh et al., 2024).

- When city transportation, parking usage, and energy consumption in buildings are monitore®through

sensors, emissions from traffic can be reduced, and city carbon management can be supported structu Lata
et al, 2024).
- The availability of publicly accessible data on the type and volume of city waste will facili m ffective

planning of waste management and recycling policies, helping to prevent environmen*\\ (Goh et al.,

2024).

- Central government budget allocations may be increased for municip I&t actively support
environmental sustainability initiatives, while reductions in such allocations ied to those that fail to
demonstrate adequate commitment to these efforts.

c. In the Agricultural 5.0 Domain
° :g
- Real-time monitoring of soil moisture, temperature, i residue levels through public
infrastructure will ensure that irrigation and fertilization practices@re applied only when necessary, thereby

minimizing water consumption and chemical use (Victor et al. g&024).
- When pesticide and fertilizer residues are contth | nitored in public systems, regionally and
seasonally targeted intervention strategies can be dev et to protect soil health (Varol & Tokatli, 2022).

L)
. ) - . .
- Data collected from agricultural producti ;% s can be holistically analyzed to direct public support

toward farmers engaged in environmentally roduction. To promote the effective management of
natural resources, providing landowners and,agricultural workers who comply with environmental sustainability

policies with access to water and energy a ed costs can serve as an incentive mechanism. This practice will
not only facilitate the achievement i ntal targets but also enhance the practical applicability and
sustainability of the proposed mod eld level.

Moreover, the model’s hybridgint
oversight, ensures that deci

These integrated output

igence structure, combining Al-generated recommendations with human
uts are not only data-driven but also ethically and contextually grounded.
rt’public agencies in transitioning from reactive to anticipatory environmental

governance. %
All these con% re detailed in Table 2 below, presenting the benefits, functionalities, and expected
(o)

outputs withirQ exts of industry, urban, and agricultural sectors.
.&



Table 2. Contributions of the ICA 5.0 Model

Benefit / Functionality

| Expected Outputs

Industry 5.0

Energy and water consumption, along with
waste gas and carbon emissions, can be
monitored through sensor-based systems
integrated into a public cloud infrastructure,
enabling comprehensive tracking of industrial
environmental performance (Bairagi et al., 2023;
Goh et al., 2024).

Sector-wide data on resource use and real-time emission
monitoring support the enforcement of carbon reduction targets and
environmental regulations, while also enabling the identification of
non-compliant enterprises and the implementation of incentive or
penalty mechanisms based on environmental performance (Bairagi
et al., 2023; Goh et al., 2024).

City environmental data, including energy,
waste, and carbon, are collected alongside
sensor-based monitoring of traffic, parking, and
energy consumption in buildings (Goh et al., 2024;
Lata et al., 2024).

«
City 5.0
Data that supports the formulation of envir ment%i ted
urban strategies and infrastructure planning provide tional
insights for optimizing mobility systems, i rgy balance,

and managing urban carbon emissions (Goh 4; Lata et al.,

2§E§?§p

Agriculture 5.0

2024).

Real-time  monitoring of soil  moisture,
temperature, and chemical residues, along with
continuous tracking of pesticide and fertilizer
residue (Victor et al., 2024; Varol & Tokath, 2022).

SOi oisture, temperature, and
ntinuous tracking of pesticide and
ironmental metrics for optimizing
ort reduced water and chemical use

Real-time monitoring
chemical residues, along wij
fertilizer residues, pgovi
irrigation and fertili
policies, as well
accumulation t
(Victor et al.

®

ICA 5.0 model enab datory data

transmission and§ h nitoring across
industry, city, and a @ sectors.
.&

pf

Integrated Holistic % {
'
The % odel establishes an integrated and cross-sectoral
< 0

C

that enables mandatory data transmission and holistic
ing within the domains of industry, urban governance, and
agridulture. Through this framework, non-compliant enterprises,
municipalities, and environmentally sensitive agricultural actors can
systematically identified based on measurable environmental
performance. The model facilitates the implementation of
differentiated incentive and sanction mechanisms aimed at
promoting sustainable practices while discouraging environmentally
detrimental behaviors. It incorporates real-time monitoring of key
urban environmental indicators, such as energy consumption, waste
separation, and pollution levels, alongside agricultural metrics
including soil moisture levels and residual agrochemical
concentrations. This comprehensive monitoring architecture
enhances resource optimization and ecological protection. By
synthesizing operational data from all three sectors, the model
supports evidence-based policy development and the provision of
targeted interventions, thereby advancing environmental
sustainability, regulatory compliance, and efficient resource use.
Moreover, its hybrid intelligence infrastructure, integrating Al-based
analytics with human oversight, ensures that decisions are both data-
informed and contextually grounded. This approach enables public
institutions to transition from reactive environmental management
toward a more anticipatory and strategic mode of governance (Goh
et al., 2024; Lata et al., 2024; Victor et al., 2024; Yosumaz & Uzun,
2024).




3.3. Implementation of ICA 5.0

ICA 5.0 has been designed independently of any specific country context. However, due to varying political,
cultural, and social structures, its implementation will inevitably differ from country to country. Within the scope
of this study, an example implementation framework that could be adopted across Tirkiye is presented.

3.3.1. The Case of Tiirkiye

The implementation of the ICA 5.0 model in Tirkiye should be supported by a centralized yet multi-
stakeholder and multi-level governance structure. In this context, applications to be developed in the fields of
industry, city management, and agriculture should be coordinated centrally and executed within sector-specific
institutional structures. In order to ensure a holistic and synchronized implementation, it is recommended to
establish specialized units focused on these three key sectors under the Presidency’s Digital Transf@rmation
Office. These units would coordinate with relevant public institutions, local authorities, private sector a and
professional organizations to guide and supervise the implementation process. The required compc% his

process are outlined below. %
a. Public Cloud Architecture N C.)

One of the core components of the model is the establishment of a public cloud \re. Rather than
establishing a wholly new infrastructure, it is proposed that underutilized IT capaciti thin existing public
institutions be leveraged to support scalability and redundancy. In particular ization infrastructures and

data centers at universities may be used for city-scale data storage and analysté. A regionally clustered cloud
architecture, where neighboring cities back up each other’s infrastructure be developed.

This structure would not only provide a practical short-term sg/8 '&J-‘t Iso lay a strategic foundation for
the long-term development of a national and sovereign cloud architegtgeNin Turkiye.
This infrastructure should be established in the short term, shilé i

term.
.Q

apacity is gradually scaled over the long

b. Development of ICA 5.0 Management Software

&ed software infrastructure. The development process
should be supported through public-private c ioh, especially via TUBITAK-funded projects. The software
must be capable of managing the entire ICA.5.0 cydle, including data collection, analysis, and decision support
mechanisms. A mobile application sho be developed to ensure active engagement from factory
managers, municipal officers, farmers i

The digital governance of the model requir

Furthermore, integration wit ional e-Government portal (e-Devlet) would facilitate transparent
feedback mechanisms, thereb nging the model’s transparency and accountability.

This software, togethe public cloud infrastructure, should be prioritized and developed in the short
term.
c. Sectoral Implenh&' Strategies

In the industgi ain, implementation can be coordinated by the Ministry of Industry and Technology.

and s&ct ociations. These organizations will play a key role in establishing systems for collecting
ata (e.g., carbon emissions, waste generation, energy consumption), implementing traceability
nd promoting environmentally responsible production strategies.

Sub-imgle%g encies may include Organized Industrial Zones, exporters’ unions, chambers of industry,
I
ntal'd

sys

While the data collection infrastructure may differ between industries and institutions, the primary objective
is to standardize collected data and enable integration through APIs to the public cloud system. A comparable
example exists in hospital information systems, where different public and private hospitals use distinct systems,
yet all transmit uniform data to the Ministry of Health.

In the city domain, implementation should be planned under the coordination of the Ministry of Environment,
Urbanization and Climate Change, along with the Ministry of Transport and Infrastructure. Municipalities,
metropolitan transportation departments, and infrastructure service providers should serve as implementing
actors. The goal should be to deploy digital systems for real-time monitoring of parameters such as building
energy use, waste generation, traffic congestion, and air quality. Data on parking occupancy, mobility flows, and



emissions can be integrated into digital public infrastructure to support data-driven spatial decision-making
processes.

In the agricultural domain, the Ministry of Agriculture and Forestry should serve as the primary coordinator.
Key implementing institutions may include the State Hydraulic Works (DSI), chambers of agriculture, agricultural
cooperatives, and local producer organizations. The collection of data on soil health, moisture levels, and
pesticide residues via sensors will enhance traceability in environmentally sustainable production.

To ensure participation from small-scale farmers, it is critical that the necessary equipment be provided free
of charge or at minimal cost. In this regard, regional support programs should be developed and managed
through agricultural cooperatives.

d. Implementation Phases and Planning

implementation plan. This plan must clearly outline short-, medium-, and long-term objectives, acti teps,
and responsible stakeholders. The plan should also provide distinct listings of the re(luir qUipMment and
software for the industrial, city, and agricultural domains. In particular, mechanisms to sup Il producers

The first step in operationalizing the model should be the preparation of a comprehensj 'naI
Qlf

and farmers should be proactively designed.
Institutions such as KOSGEB and TUBITAK should not only serve as financiemlso as partners in
technology development throughout the implementation process. Q

4. CONCLUSION AND EVOLUTIONS

Industry 5.0, City 5.0, and Agriculture 5.0 approaches represgen %aradigm in which the digital
transformation process is integrated with a focus on human afid % ental sustainability. Within this
paradigm, technologies such as Al, |oT, and cloud computing are in%%& y discussed in the literature in terms
of their contributions to human and environmental sustainahility#The ICA 5.0 model proposed in this study is
recommended as a model that enables the integrated ngonj nd management of these three approaches
from the perspective of environmental sustainability. T ms to establish a data collection infrastructure

based on blockchain across the domains of industry, city, griculture, and to develop integrated solutions by
subjecting the collected data to an analysis progess s ted by public policies.

In this context, in the industrial domain, t tion and analysis of environmental indicators such as
carbon emissions, waste generation, an@ erfergy cefi'sumption originating from production processes in publicly
accessible digital infrastructures allow, development of data-driven policies that can accelerate the
transition of industrial enterprises to orfmentally friendly production processes. This approach not only
enhances the visibility of environ imMpacts across the sector but also offers a strategic advantage to public
institutions in monitoring and 'r%ctoral sustainability targets. At the city domain, the real-time monitoring
of variables such as building onsumption, traffic density, waste generation, and air quality enables more
efficient and timely decisij ing in spatial planning to reduce the carbon footprint of cities. Practices such as
y tates and optimizing intra-city transportation not only contribute to the reduction

monitoring parking.oc
of emissions but \il rt the development of environmentally conscious smart city applications. In the

agricultural domain, transfer of indicators related to soil health, such as moisture levels, mineral balance,
and pesticide idues, to public infrastructures through sensors ensures that production processes are
condugte with a focus on productivity but also in alignment with ecological goals (Catala-Roman et al.,
2024,.S rio de la Parte et al., 2024; Varol & Tokatli, 2022). In this framework, for instance, providing
re as water and energy at reduced costs to farmers and workers who comply with environmental
susta lity policies fosters an incentive structure for environmentally friendly agricultural practices and

enhances the applicability of the model at the field level. In this respect, the ICA 5.0 model proposes a multi-
layered, public-supported digital sustainability architecture in which ecological impacts can be identified in
advance, and it enables data-driven, preventive, and inclusive policymaking in the domains of industry, city, and
agriculture. The study contributes to the literature by presenting the conceptual ICA 5.0 model, which enables
the integrated and holistic monitoring of Industry 5.0, Agriculture 5.0, and City 5.0 processes from the
perspective of environmental sustainability. The tripartite structure proposed by the model seeks to address a
significant gap in the literature by approaching environmental monitoring processes within a systematic and
interdisciplinary framework.



In order to illustrate its feasibility, the ICA 5.0 model has been exemplified through a Tiirkiye-specific case in
this study. In this example, it is proposed that the implementation be managed through a centralized but multi-
actor governance structure coordinated under the Digital Transformation Office of the Presidency. Sector-
specific sub-units for industry, city, and agriculture would be established to coordinate implementation across
relevant public institutions, municipalities, organized industrial zones, and cooperatives. A national public cloud
architecture, the development of a dedicated ICA 5.0 management software system, and the phased planning of
short-term, medium-term, and long-term goals are all considered key implementation steps. This case offers a
concrete pathway to operationalize the ICA 5.0 model in practice and demonstrates how a coordinated digital
governance structure can enhance environmental sustainability across key domains.

In light of the findings presented in this study, the ICA 5.0 model is conceptually compatible with the core themes
emphasized in the literature on Industry 5.0, City 5.0, and Agriculture 5.0. This compatibility is particularfly evident
in the areas of real-time environmental monitoring, integrated digital infrastructures, and the use | for

sustainability-oriented decision-making. However, the existing body of research offers fragment ns,
proposing independent models tailored to specific domains. For instance, Bairagi et al. (20 ed the
Smart Factory 5.0 model in the industrial context, focusing on integrating cyber-physicalsyst€ms\in production
environments. In city studies, Lata et al. (2024) emphasized the use of Al-powered digita % real-time city
management and environmental planning. Similarly, Catala-Roman et al. (2024 ictor et al. (2024)
developed smart agriculture frameworks that use sensor-based technologies to optimi ation, fertilization,
and pest control. While these approaches contribute significantly to their r %& ds, they often lack a
comprehensive architecture that addresses the interconnections amopg indUstrial, city, and agricultural
sustainability processes. The ICA 5.0 model fills this gap by proposing %d rchitecture through which
industrial, city, and agricultural systems can be monitored, manage ed under a single, integrated
framework. The integration of blockchain and public cloud infras ct:%u roposed in this study, aligns with
the technological priorities emphasized by Goh et al. (2024) ahd” Osello et al. (2024). These researchers
underscore the necessity of secure, transparent, and interoperakleflatforms for environmental governance. ICA
5.0 design emphasizes not only technical integration but&titutional coordination through centralized

public oversight, an aspect not sufficiently addressed"i odels. Additionally, the model’s emphasis on
hybrid intelligence, where human oversight complemgﬁ ithmic processing, reflects the recommendations

[
of Jarrahi et al. (2022) and Liu & Zeng (2021) that effective sustainability governance necessitates
human-Al collaboration to balance efficiency, athi oning, and contextual judgment. Unlike earlier models
that generally target sector-specific optimi tion, ICA 5.0 offers a holistic, cross-sectoral approach, enhancing

system-level interoperability while suppo»'\h ta-driven public policy implementation.

The main limitation of this stud e“fact that the proposed ICA 5.0 model focuses solely on the
environmental sustainability dimefision, of digital transformation processes. While digitalization practices are
increasingly widespread within amneworks of Industry 4.0 and Industry 5.0 and possess a multidimensional
structure, components suc loyees, society, and resilience remain outside the scope of this study.
Furthermore, due to constraipts,in time and resources, the technical components of the software infrastructure

that could form the b the practical applications of the model have not been examined in detail. Future
studies focusing o}@}alopment of concrete prototypes, system architectures, and technical requirements
of software that’% integrated into the proposed public cloud model will contribute to strengthening the
theoretical f, tfan and enhancing the practical applicability of the model.
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