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Abstract: Smart livestock farming utilizes technology to enhance production and meet food demand
sustainably. This study employs surveys and case studies to gather data and information, subse-
quently analyzing it to identify opportunities and challenges. The proposed solutions encompass
remote sensing, technology integration, farmer education, and stakeholder engagement. The re-
search delves into smart technologies in animal production, addressing opportunities, challenges,
and potential solutions. Smart agriculture employs modern technology to improve efficiency, sus-
tainability, and animal welfare in livestock farming. This includes remote monitoring, GPS-based
animal care, robotic milking, smart health collars, predictive disease control, and other innovations.
Despite the great promise of smart animal production, there are existing challenges such as cost, data
management, and connectivity. To overcome these challenges, potential solutions involve remote
sensing, technology integration, and farmer education. Smart agriculture provides opportunities for
increased efficiency, improved animal welfare, and enhanced environmental conservation. A well-
planned approach is crucial to maximize the benefits of smart livestock production while ensuring its
long-term sustainability. This study confirms the growing adoption of smart agriculture in livestock
production, with the potential to support the sustainable development goals and deliver benefits
such as increased productivity and resource efficiency. To fully realize these benefits and ensure the
sustainability of livestock farming, addressing cost and education challenges is essential. Therefore,
this study recommends promoting a positive outlook among livestock stakeholders and embracing
smart agriculture to enhance farm performance.

Keywords: smart livestock farming; technology integration; sustainable development; stakeholder
engagement

1. Introduction

Smart agriculture employs technology to enhance livestock productivity and efficiency.
It achieves this by enhancing animal health, productivity, feed quality, traceability, and
sustainability in meat and dairy production. Additionally, smart agriculture reduces the
consumption of resources, such as water and land, while enhancing environmental quality.
As a result, smart agriculture effectively enhances livestock management, leading to higher
productivity and efficiency in livestock production, improved animal product quality,
and increased environmental sustainability [1]. Smart agriculture, through technological
advancements, elevates livestock management, resulting in increased productivity, superior
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product quality, and improved environmental sustainability. It signifies a transformative
shift in the livestock industry towards a more efficient and sustainable future.

Smart agriculture blends cutting-edge technology with traditional farming to increase
efficiency and productivity in livestock production. It uses remote sensing, artificial in-
telligence, and data analysis to optimize farm management and maximize production
and quality. Smart agriculture employs technologies such as sensors, robots, drones, and
artificial intelligence to achieve these goals [2–4]. Smart agriculture integrates technology
with traditional farming to optimize livestock production by using sensors, robots, drones,
and AI for improved efficiency and product quality.

Specific applications include monitoring animal health, automating tasks like feeding
and watering, and collecting data on health and feed consumption and analyzing it to
make informed production and management decisions. Smart agriculture greatly boosts
farm efficiency, productivity, and sustainability, ensuring a secure and nutritious supply of
animal products for the future [5–7]. Smart agriculture apps offer animal health monitoring,
automated feeding, and data collection, revolutionizing farming for improved efficiency
and sustainability.

Smart agriculture brings multiple benefits to livestock farms, including improved
animal health and welfare, increased productivity, and reduced environmental impact.
Technological advancements ensure that smart agriculture will be crucial in addressing
livestock production challenges and enhancing production quality and efficiency [8–10].
Smart agriculture is a promising technology with the potential to improve the livestock
industry significantly.

Smart agriculture transforms livestock farms, enhancing animal welfare, productivity,
and sustainability. Ongoing technological advancements ensure it remains a vital solution
for production challenges, paving the way for a more efficient and eco-friendly future in
the livestock industry.

Applying smart agriculture to improve animal production is crucial, as it harnesses
cutting-edge technologies and data-driven methods to revolutionize animal farming. This
topic holds significance in advancing animal welfare, resource efficiency, and agricultural
sustainability. It provides potential solutions to meet the increasing global demand for
food while mitigating environmental impact. Furthermore, it offers opportunities for
farmers and industry stakeholders to elevate their practices and adapt to the ever-changing
landscape of modern agriculture [11–13]. Smart agriculture is the future of animal farming,
with the potential to transform it into a more sustainable, efficient, humane, and productive
industry. It harnesses cutting-edge technologies and data-driven methods to make animal
farming more precise and optimized while reducing its environmental impact.

Smart animal farming enhances welfare, efficiency, and sustainability through technol-
ogy and data, addressing global food demand and environmental concerns with innovative
solutions for a brighter agricultural future.

The problem statement states that unequal access to and affordability of smart farming
tools in livestock production is a barrier to achieving sustainable food production and
animal welfare.

Smart agriculture holds great promise for livestock farming by enhancing efficiency,
sustainability, and animal welfare. Addressing cost, data management, and connectivity
challenges is crucial for its widespread adoption. Implementing the suggested solutions can
help the agricultural sector unlock the full potential of smart livestock farming, contributing
to the sustainable development goals and improving overall farm performance [14].

Research Questions

Question 1: Explore the applications of smart agriculture in livestock farming.
Question 2: Delve into the practical applications of smart animal production technolo-

gies that enhance animal welfare, improve productivity, and promote sustainability.
Question 3: Unravel the potential of Blockchain technology to enhance efficiency and

transparency in livestock production.
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Question 4: Examine the opportunities, challenges, solutions, and benefits associated
with implementing smart livestock production farms.

Question 5: Investigate how smart agriculture technologies can contribute to sustain-
able livestock production practices.

This study aims to improve animal farming for both the environment and farmers.
This benefits both farmers and the broader agriculture industry; it entails a comprehensive
examination of smart technologies in animal production, including an exploration of
their opportunities and challenges. This study offers directions for future research and
development in this field.

2. Materials and Methods

This research delves into cutting-edge animal production technologies, emphasiz-
ing opportunities, challenges, solutions, and benefits, particularly in the realm of smart
agriculture applied to livestock. By scouring databases and peer-reviewed journals, the
researchers pinpointed studies on smart livestock farming using search-specific keywords.
They assessed these studies based on their design, methodology, results, and relevance,
extracting essential findings and concepts from the pool of previous research.

Review of Previous Studies on Smart Animal Production

The researchers conducted a thorough literature review using a systematic approach,
incorporating a range of academic sources. They gathered data from research institution
websites, government agencies, and journals. The data extraction process was meticulous,
paying close attention to the collection of source information. The analysis prioritized
findings supported by strong and consistent evidence from prior studies. Out of the 235
research papers collected, 33 were excluded after scrutinizing their summaries due to their
findings not aligning with the current research objectives. This selective process was crucial
to maintain a focus on relevant evidence and outcomes.

Smart livestock production leverages technology to enhance animal health, nutrition,
monitoring, management, and marketing, resulting in various economic and social benefits
(Figure 1).
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Figure 1. Flowchart of the primary smart agricultural applications in livestock production.

3. Results and Discussion
3.1. Smart Agriculture in Animal Production

Animal healthcare and safety are undergoing a transformative evolution, leveraging
technology to enhance the well-being of animals. The integration of smart devices and
artificial intelligence contributes significantly to monitoring and improving animal health
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by identifying patterns and trends. The benefits of smart animal healthcare and safety are
evident in early disease detection [15,16].

Biotechnology plays a pivotal role in advancing animal health, with its positive impact
extending to the development of new vaccines, drugs, and effective parasite control meth-
ods. The integration of smart systems further enhances animal well-being by monitoring
their health, administering medications, and overall improving welfare and care [17,18].

In the context of farm animals, smart technologies play a crucial role in ensuring safety
and welfare. Sensors, artificial intelligence, virtual fencing, robotic milking, and automatic
feeding collectively contribute to improving farm animal safety and welfare. Additionally,
smart farm technologies not only increase productivity but also reduce environmental
impact, fostering a positive public perception [19,20].

As we look ahead, the role of smart technologies in animal care and health maintenance
is expected to grow significantly [21–23]. These technologies will continue to advance,
further improving animal health and welfare, and contributing to a more sustainable and
compassionate approach to animal care.

Livestock feeding is undergoing a revolutionary transformation through smart feeding
systems. This innovative technology, powered by sensors, data analysis, and automation,
significantly enhances animal feeding precision. The benefits of this high-accuracy approach
extend to improved animal health, increased productivity, and enhanced profitability [24,25].

Smart feeding systems leverage sensors and data analysis to elevate animal feed-
ing programs, actively monitoring for any feeding issues and taking corrective actions
as needed [26,27]. Notably, these systems contribute to heightened productivity while
concurrently reducing labor costs. The integration of data analysis and machine learning
plays a pivotal role in refining feed composition, ultimately boosting feed income and
mitigating adverse environmental impacts [28,29].

The adoption of needs-based feeding is a key strategy in optimizing animal health,
productivity, and environmental impact. Probes and sensors closely monitor feed and
water consumption, ensuring a well-maintained nutritional balance. Additionally, feed
management, coupled with graphical analysis, improves feed efficiency by optimizing
composition, schedules, and water quality, ultimately contributing to heightened resource
efficiency [30,31].

The implementation of smart feeding systems, characterized by the utilization of
sensors, data analysis, and automation, significantly enhances livestock productivity
and profitability.

The field of smart animal monitoring technologies is experiencing significant growth.
These technologies gather real-time data to monitor and enhance both animal productivity
and the overall environment. Revolutionary sensing and tracking technologies play a
key role in animal monitoring, with image analysis and remote sensing allowing for the
assessment and tracking of animal conditions on farms without breeder intervention. This,
in turn, aids in evaluating animal welfare [32,33].

The integration of intelligent sensing and analysis technologies holds great promise
for transforming animal welfare. This has positive implications for both animal farm
management and conservation initiatives. The rapid advancement of bio-sensing and
analysis technologies is giving rise to innovative applications that can contribute to the
improvement of animal production. These applications cover a spectrum of enhancements
in animal health and welfare [34–36]. In essence, smart animal monitoring technologies are
driving a revolution in animal welfare, offering benefits to both animal farm management
and conservation efforts.

Technological advancements in smart animal management and reproduction aim
to enhance animal productivity, well-being, and promote sustainable farming practices.
Sensors and data analytics play a crucial role in refining animal monitoring, breeding,
and genomic selection. The integration of robotics and smart technology contributes to
increased farm efficiency, productivity, and improved animal welfare [37,38]. Moreover,
artificial insemination and selective breeding are employed to enhance animal production,



Ruminants 2024, 4 26

quality, and welfare. The implementation of smart chips and electronic tracking systems
further refines animal monitoring and herd management [39,40].

Anticipated growth in animal identification systems within livestock production
is expected to amplify productivity and quality. It is essential to consider the ethical
and privacy implications associated with animal identification systems to ensure ethical
treatment and compliance with local laws [41,42]. Overall, smart animal management and
reproduction technologies utilize sensors, data analytics, robotics, and other technologies
to advance animal productivity, well-being, and sustainable farming practices.

Smart farming applications play a crucial role in improving livestock marketing and
distribution. They achieve this through various features such as tracking, data analysis,
remote monitoring, and effective marketing and branding strategies. These applications
offer real-time information to both farmers and retailers, ensuring the safety and traceability
of produce.

By facilitating instant access to relevant data, smart farming applications empower
farmers and retailers to make informed decisions. These decisions extend to crop planning,
livestock management, and overall logistical operations. The result is a significant enhance-
ment in efficiency within the animal production industry, ultimately leading to increased
sales and profits [43–45].

To effectively market smart animal products, it is essential to highlight the benefits
for both the animals and their owners, making care more convenient. Employing paid
advertisements that focus on product benefits and visuals can be an impactful strategy.
Additionally, creating high-quality content that educates and attracts customers is crucial.
Staying abreast of industry trends ensures that marketing efforts remain relevant and effective.

Successful marketing of smart animal products plays a pivotal role in raising aware-
ness of their quality [46–48]. In summary, smart farming applications contribute to livestock
marketing and distribution improvements by providing real-time information and facilitat-
ing enhanced decision-making processes.

Smart animal production farms use technology to advance agriculture economically
and socially. Smart farms use the internet of things (IoT), data analytics, and automation to
improve operations and animal well-being, saving money and boosting efficiency. Smart
farms also improve animal welfare, labor conditions, and sustainability, using technology
and data to create a more sustainable and socially responsible future for agriculture [49–
51]. Smart animal production farms use technology to improve agriculture economically,
socially, and environmentally.

3.2. Practical Examples of Smart Animal Production

Smart healthcare solutions for animals, such as remote monitoring and treatments,
can improve timely care and reduce the need for physical veterinary visits, making the
process more sustainable and efficient [52]. Smart healthcare solutions for animals are in
their early stages of development but have the potential to revolutionize animal care by
providing the early detection of health problems. Smart healthcare solutions for animals
are still in their early stages of development, they have the potential to make a significant
positive impact on the lives of pets and their owners.

Utilizing facial recognition and machine vision technologies for observing animal
behavior and well-being is crucial for ensuring animal welfare. This approach aids in
identifying nutritional requirements and detecting potential productivity issues [53,54]. It
is essential to emphasize that these technologies are not intended to substitute human inter-
action with animals. Humans should remain actively engaged in the care and monitoring
of all animals, including those being observed through these technological means.

Radio-frequency identification (RFID) and the Global Positioning System (GPS) play
a crucial role in livestock tracking, enhancing traceability, improving food safety, and
supporting sustainable practices by facilitating precise resource allocation [55,56]. The
utilization of RFID and GPS livestock tracking represents positive advancements for the
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industry, with the potential to enhance efficiency, promote humane practices, and contribute
to overall sustainability.

Milking machines, when used to milk cows at a set time each day, contribute to
enhanced efficiency, milk quality, and sustainability, leading to energy savings [57]. These
machines serve as valuable tools for dairy farmers, positively impacting efficiency, milk
quality, and sustainability.

Smart livestock collars monitor activity levels, body temperature, and signs of illness
or distress for animal well-being [58]. Smart livestock collars have the potential to play a
significant role in improving animal well-being. By providing farmers and ranchers with
real-time data about the health and behavior of their animals, smart livestock collars can
help to identify and address potential problems early on, before they become more serious.

Farmers track animal veterinary history, growth rates, and performance metrics to
make data-driven decisions for improved animal health and productivity [59]. Tracking and
analyzing data can help farmers make better decisions about animal care, leading to healthier
and more productive animals, reduced costs, and a more sustainable agricultural system.

The use of data analytics and machine learning algorithms aids farmers in minimiz-
ing resource wastage, optimizing breeding practices, and promoting sustainable animal
husbandry by predicting diseases and devising effective breeding strategies [60]. This appli-
cation of data analytics and machine learning has the potential to revolutionize agriculture,
fostering a more sustainable, ethical, and profitable environment for farmers.

Smart fencing solutions can control animal movement remotely or independently,
enhancing animal management and promoting resource conservation [61,62]. Smart fencing
solutions have the potential to revolutionize animal farming, making it more sustainable
and profitable.

3.3. Developments in Smart Animal Agriculture

Advancements in ensuring the health and safety of animals have made significant
strides, incorporating innovations such as wearable sensors, AI-driven disease diagnosis,
predictive analytics, IoT applications for livestock, virtual reality training for veterinari-
ans, satellite tracking, wildlife drones, biometrics for tracking, robotic surgery, and gene
editing [63,64]. These remarkable progressions in animal healthcare seamlessly blend tech-
nology with compassion, offering a promising outlook for the well-being and conservation
of animals, spanning from sensor technologies to gene editing.

Smart feeding systems use sensors, data analysis, and automation to improve ani-
mal feeding, benefiting feed efficiency, sustainability, and animal welfare. They employ
RFID tagging, sensor analysis, automation, robotic feeders, and precision feeding. Future
advances include AI-driven decisions, personalized feeding, and blockchain-based feed
tracking [65,66]. Smart feeding systems are revolutionizing animal nutrition by optimizing
efficiency and welfare through data-driven automation. The potential integration of AI and
blockchain promises even more personalized and sustainable approaches in the future.

Revolutionary smart monitoring and control techniques for animals are reshaping the
landscape of animal care. This integration of sensors, AI, robotics, and precision agriculture
is not only enhancing welfare and boosting productivity but is also fostering sustainability.
The result is a transformative impact on both animal agriculture and animal ownership.
This amalgamation of smart technology with animal care is a game-changer, paving the way
for a future where animals thrive, and their caregivers excel [67,68]. These advancements
hold the key to improved welfare and productivity, from agriculture to animal ownership.

Advanced animal management and breeding techniques are transforming the industry
through the incorporation of sensors, robotics, AI, and genomics. These technologies
aim to boost animal productivity, welfare, and sustainability by offering real-time data,
automating tasks, analyzing patterns, identifying genes, and optimizing breeding practices.
This transformation of animal husbandry is heralding a brighter future [69]. The fusion of
technology with animal management is redefining the industry, ensuring a more sustainable
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and welfare-focused future. From instantaneous data to genetic insights, these innovations
are paving the way for enhanced animal husbandry practices.

The advent of smart animal production technology has ignited a revolution in product
marketing and distribution, enhancing efficiency, traceability, and consumer awareness.
Real-time data enables precise feeding and data-driven decision-making. Brand visi-
bility and customer engagement are amplified through social media, direct sales, and
partnerships. Crucial pillars in this transformation include sustainability and regulatory
compliance. The industry is poised for further advancement with the promise of AI, ML,
and VR [70,71]. In essence, smart animal production technology is reshaping the landscape
of product marketing and distribution, elevating efficiency, traceability, and consumer en-
gagement. The industry’s ongoing transformation is anticipated to reach new heights with
the integration of AI, ML, and VR, all the while emphasizing sustainability and compliance.

Precision livestock farming (PLF) utilizes advanced technology to enhance animal
welfare, increase productivity, and foster sustainability in agriculture. This approach yields
economic and societal benefits. Precision livestock farming incorporates various tools such
as individual animal monitoring, precise feeding systems, disease detection algorithms,
robotic milking, and automated feed distribution. These tools collectively reshape animal
farming, resulting in greater efficiency and consideration for animal well-being [72–74]. The
transformative impact of precision livestock farming is evident in its ability to revolutionize
agriculture by seamlessly integrating technology with animal welfare and sustainability.
This ranges from individual monitoring to the implementation of robotic milking, ultimately
molding the future of farming towards increased efficiency and humanity.

3.4. Technological Devices in Animal Production

Contemporary livestock management seeks to boost productivity, optimize operations,
and promote animal welfare. In the domain of animal management, diverse smart tech-
nologies cater to specific needs, as detailed in Table 1. These technologies can be broadly
classified into distinct categories.

The integration of smart agriculture and animal management technologies is trans-
forming the way we manage livestock. As technology continues to evolve, we can expect
even more innovative solutions that will further revolutionize the animal management
industry and contribute to a more sustainable and efficient agricultural sector.

The use of technological devices in livestock farming offers numerous benefits. First, it
contributes to improving productivity by enhancing production efficiency and maximizing
growth rates. Secondly, these devices enhance efficiency by reducing the need for labor
and increasing production levels. Technological devices also play a vital role in improving
animal care by ensuring the provision of proper nutrition and necessary health care [93,94].

In terms of increasing productivity, these technologies contribute to enhancing live-
stock production by improving feed quality and providing superior health care. Addition-
ally, technological devices play a role in improving efficiency by reducing manual work
and making better use of resources. Finally, these technologies enhance animal welfare by
creating an improved environment and providing improved health care, contributing to
the overall quality of life of livestock [95,96].

The adoption of technological devices in livestock farming presents various chal-
lenges. Firstly, the high cost of these devices can be a significant obstacle for some breeders.
Moreover, the need for frequent maintenance adds to the already demanding workload
of breeders. Another issue is the reliance on energy, especially in areas with an unreliable
electricity supply. Additionally, the vulnerability of these devices to breakage or malfunc-
tions raises concerns about their reliability, potentially affecting the overall productivity of
livestock farming operations [97–99].

In the realm of livestock farming, technological devices present a plethora of advan-
tages, outweighing any potential drawbacks by improving productivity, efficiency, and
animal welfare. While these devices bring about significant benefits, it is imperative to
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thoughtfully evaluate factors such as costs, maintenance, and energy dependence before
integrating them into farming practices.

Table 1. A comprehensive overview of animal technology devices in animal care.

Category Technology Description

Health Monitoring

Health Wearables

This device continuously monitors and improves animal well-being by gathering and interpreting
a range of health-related data. These tools employ technology to provide valuable insights into an
animal’s physical condition, behavior, and overall well-being. In addition, they are used to track
animal health parameters such as heart rate and activity levels, enabling the early detection of
potential health problems [75].

Real-time Monitoring Devices
State-of-the-art animal monitoring devices continuously observe and analyze animal welfare data,
providing real-time insights into their health and well-being. It delivers instant data on animal
health, enabling timely interventions and improved care [76].

Livestock Sensors
Livestock sensor devices are used to monitor and manage the health of animals in agricultural
settings. They collect data on animal health and behavior, which can be used to make informed
decisions about animal care [77].

Advantages Key aspects include real-time data tracking, early detection of diseases, analysis of vital signs, and
proactive health management for both livestock and companion animals.

Disadvantages
Challenges include limited accuracy in early disease detection, potential errors in data
interpretation, issues with device accessibility, and difficulties in the continuous monitoring of
free-ranging animals.

Feeding Management

Automated Feeding Systems

Automated feeding systems (AFS) are innovative devices that streamline and enhance animal
feeding using automation technology. AFS provides precise and scheduled feedings, ensuring
optimal nutrition and resource management. They play a crucial role in modern animal husbandry
by promoting consistency and improving efficiency [78].

Smart Feeders

Smart feeders are cutting-edge devices that revolutionize animal feeding using advanced
technology. These innovative feeders provide intelligent and automated feeding solutions, offering
convenience, precision, and remote control. They enhance animal care and well-being while
optimizing nutrition [79].

Advantages Key elements include precise feeding, strategic nutritional planning, quality-controlled feeds, and
automated feeding systems to enhance the health and performance of animals.

Disadvantages Challenges may include imprecise feeding, nutritional imbalances, feed quality variations, and
automated system issues.

Welfare Monitoring

Behavior Sensors

Animal behavior sensor devices are sophisticated tools that use advanced sensor technology to
observe and analyze animal behavior. These devices provide real-time insights into animal
behavior, helping researchers, caretakers, and anyone involved in animal management better
understand their well-being [80].

Robotic Herding

Robotic herding devices represent a technological leap in livestock management, autonomously
guiding animals using sensors and intelligent algorithms. They streamline herding, minimize
stress, and optimize overall herd management, combining the precision of robotics with practical
herding for a modern approach to animal husbandry [81].

Advantages Continuous monitoring involves real-time data collection, behavior analysis, and tracking of health
indicators.

Disadvantages Necessitate constrained precision, risk of sensor-induced stress, and difficulties in interpreting
behavioral data.

Decision Support

AI Equipment

AI-equipped animal devices integrate artificial intelligence into animal care, employing advanced
algorithms to analyze health, behavior, and overall well-being data. These devices provide
valuable insights and personalized solutions for individual animals or groups, contributing to
enhanced decision-making and proactive health monitoring in animal care, improving overall
efficiency in animal management [82].

Advantages Provide data-driven insights, predictive analytics, personalized recommendations, and optimizes
health.

Disadvantages Necessitate restricted data precision, susceptibility to algorithmic biases, and reliance on accurate
input data.

Remote Monitoring

Remote Monitoring Systems

Animal remote monitoring systems employ remote sensing technologies to comprehensively track
and analyze various aspects of animal health, behavior, and environmental conditions. Equipped
with sensors and communication capabilities, these devices enable real-time monitoring and data
transmission from a distance. Whether used in wildlife conservation or animal care, they provide
researchers and caretakers with valuable, timely information for proactive management and swift
responses to changes in an animal’s conditions [83].

Advantages Provide real-time tracking, environmental sensing, health parameter monitoring, and automated
alerts.

Disadvantages Require addressing connectivity issues, mitigating data security concerns, ensuring device
reliability, and minimizing the potential for false alarms.

Security

Remote Cameras

Animal remote camera systems are advanced devices for observing animal activities. With
high-quality cameras, motion detection, and night vision, these systems provide continuous
monitoring in various environments. Transmitting live or recorded footage remotely, they offer
insights into animal behavior, habitat use, and interactions. Whether in wildlife research, livestock
management, or animal observation, these systems provide an efficient and non-intrusive way to
study animals in their natural or domestic settings [84].

Advantages Provide high-resolution imaging, infrared night vision, motion detection, and capabilities for
remote viewing.

Disadvantages Require addressing limited battery life, weather vulnerability, potential for signal interference, and
upfront cost.
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Table 1. Cont.

Category Technology Description

Inventory Management

RFID-tagged Systems

Animal RFID-tagged systems use specialized devices for animal identification and tracking
through radio-frequency identification (RFID) technology. With RFID tags containing unique codes
attached to animals, RFID readers wirelessly collect and process information for efficient and
accurate identification. Widely used in livestock management, wildlife research, and animal
tracking, these systems streamline data collection, enhance security, and contribute to the overall
management and well-being of animals [85].

Livestock Trackers

Animal livestock trackers are specialized devices that utilize GPS or other tracking technologies to
provide real-time location information for individual animals within a herd. With features like
geofencing and activity monitoring, these trackers enhance overall herd management, prevent loss,
and optimize grazing patterns, ensuring efficient livestock monitoring in various
environments [86].

GPS Management

Animal GPS management devices use GPS technology for monitoring and controlling animal
movements. Equipped with GPS modules, they enable real-time tracking and location
identification of individual animals. With applications in wildlife research, and animal
management, these devices contribute to enhanced security, efficient herd management, and the
overall well-being of animals by providing valuable insights into their locations and
movements [87].

Advantages Provide automated record keeping, RFID tracking, real-time data updates, and analytics for
inventory management.

Disadvantages Require addressing the potential for RFID malfunctions, minimizing data entry errors, simplifying
system complexity, and managing initial setup costs.

Farm Management

Livestock Management Software

Livestock management software devices generally simplify and improve livestock care through
advanced applications for health monitoring, breeding records, and feeding schedules. Featuring
user-friendly interfaces, these devices enable efficient data entry, analysis, and decision-making for
ranchers. By centralizing information and automating tasks, they enhance productivity, resource
utilization, and the overall well-being of the livestock. Whether on small-scale farms or large
agricultural operations, these devices are crucial for modern livestock management [88].

Advantages Provide livestock health tracking, feed optimization, breeding management, and analytics for
production.

Disadvantages Require addressing data security risks, reducing equipment dependency, and mitigating the
potential for inaccurate data entry.

Environmental Control

Environmental Controls

Animal environmental controls devices optimize environmental conditions for animals, regulating
factors like temperature, humidity, ventilation, and lighting within enclosures. By ensuring a
comfortable environment, these devices contribute to the well-being, health, and productivity of
animals, playing a crucial role in creating optimal living conditions in places such as livestock
barns, poultry houses, or animal habitats [89].

Advantages Ensure animals’ well-being through temperature control, humidity management, ventilation, and
optimal lighting for comfort.

Disadvantages Limited precision in environmental settings, adaptability issues across various species, potential
energy inefficiency, and difficulty accommodating individual animal preferences.

Reproductive Management

Hormone Monitors

Animal hormone monitor devices track and analyze hormonal levels in animals, utilizing
advanced technology to measure concentrations of various hormones. They provide insights into
reproductive cycles, stress levels, and overall health, aiding in fertility management, breeding
programs, and overall well-being. Whether in wildlife research, or veterinary care, these devices
play a pivotal role in optimizing hormonal balance for improved animal health and
reproduction [90].

Advantages Key aspects include synchronizing estrus, implementing artificial insemination, optimizing
breeding programs, and monitoring reproductive health.

Disadvantages
Challenges encompass fluctuating success rates in artificial insemination, precision concerns in
estrus synchronization, limited adaptability across species, and potential health risks linked to
intensive reproductive interventions.

Supply Chain Management

Smart Distribution Systems

Animal smart distribution systems devices use smart technology to optimize resource distribution,
automating dispensing based on schedules or conditions for efficient delivery. Whether in zoos or
animal care, they provide a technologically advanced solution for animal resource management.
They also optimize the flow of animal products from farm to consumer, reducing costs and
improving efficiency [91].

Advantages Encompassing inventory tracking, logistics optimization, quality control, and streamlined
distribution for efficient sourcing of animal-related products.

Disadvantages Challenges encompass supply chain disruptions, insufficient temperature control during
transportation, quality assurance issues, and obstacles in real-time inventory tracking.

Packaging

Automated Packaging Systems

Animal automated packaging systems devices use advanced technology to automate packaging,
incorporating features like automated weighing, sorting, and sealing for accuracy and speed.
Whether used in animal food packaging or other animal-related goods, these devices enhance
productivity, reduce labor costs, and improve overall efficiency in the packaging phase of animal
product manufacturing. They streamline the process, saving time and improving efficiency [92].

Advantages Key features of animal product packaging include secure, durable, and hygienic designs to uphold
product integrity, preserve freshness, and comply with safety standards.

Disadvantages
Packaging limitations may involve environmental concerns, inadequate protection against
contamination, limited recyclability, and challenges in balancing cost-effectiveness
with sustainability.

3.5. Revolutionizing Animal Farming

Smart devices for animal health encompass a variety of tools such as activity trackers,
GPS collars, remote monitoring systems, smart feeders, health wearables, pet-access doors,



Ruminants 2024, 4 31

tank regulators, telemedicine services, livestock sensors, and health apps. Collectively,
these devices work to guarantee the safety and well-being of animals [100,101].

In the realm of animal farming, smart feeding technology comprises automated feed-
ers, consumption sensors, nutritional analyzers, RFID-tagged systems, precision equipment,
monitoring software, custom mixers, and real-time monitoring. These technologies stream-
line the feeding process, ensuring precise nutrition and efficient feed management for
animals [102,103].

Smart animal monitoring and control involve a variety of devices, including tracking
collars for location, wearables, remote cameras/sensors, environmental controls, gates/fences
for access, automated feeding systems, livestock trackers, behavior sensors, robotic herding,
and cloud-based management. Collectively, these technologies enhance animal welfare
and streamline care [104,105].

In the realm of intelligent animal breeding and management, a convergence of AI
equipment, genetic testing tools, embryo transfer devices, hormone monitors, smart iden-
tification systems, health monitors, automated feeding, data analytics platforms, and
livestock management software takes place. This integration aims to optimize breeding
practices and improve overall animal care. Collectively, these technologies work together
to ensure the production of healthier offspring and the efficient management of animal
populations [106–108].

The smart distribution of animal farm products integrates diverse technologies, such
as RFID/barcodes and smart packaging sensors for tracking and quality control during
transit, coupled with GPS management and supply chain software for efficient deliv-
ery. IoT sensors monitor product quality, while blockchain ensures transparent tracking,
complemented by automated packaging and cloud-based inventory for real-time track-
ing. Together, these technologies ensure reliable, high-quality distribution throughout the
supply chain [109–111].

The socio-economic impact of smart animal farming revolves around essential tech-
nologies, encompassing data analytics and remote monitoring for informed decision-
making and animal health. This includes automated feeding, health wearables, man-
agement software, genetic testing, and the utilization of supply chain and blockchain
technologies for quality enhancement and transparent tracking. Collectively, these techno-
logical advancements serve to boost productivity, enhance animal welfare, and improve
resource management, thereby fostering positive economic and social outcomes within the
farming sector [112,113].

Smart technologies revolutionize animal farming, transforming health, feeding, moni-
toring, breeding, and distribution. These innovations enhance animal welfare, optimize
resource management, boost productivity, and improve economic outcomes, promising a
more sustainable, efficient, and humane agricultural future.

3.6. Advantages and Disadvantages of Smart Animal Production

Smart healthcare for animals holds promise with its ability to detect diseases early,
enhance nutrition, provide real-time tracking, and improve overall welfare. However,
obstacles such as high costs, privacy concerns, data accuracy, user errors, and social
acceptance must be addressed [114,115]. While there is exciting potential for advancements
in animal health, it is crucial to focus on addressing challenges such as costs, privacy, and
social acceptance to ensure widespread success.

Smart feeding systems present a gamut of technological advantages poised to en-
hance efficiency, productivity, and animal welfare in production farms. Yet, it is crucial to
meticulously weigh the potential downsides—think initial investment costs, maintenance
demands, and the ever-looming specter of data security concerns—before taking the plunge
into adopting these systems [116,117]. Smart feeding systems offer farm benefits, but weigh-
ing initial costs, maintenance, and data security is key for informed adoption decisions.

Implementing smart techniques for animal monitoring and control can yield tech-
nological advantages that enhance health, welfare, and productivity. Nevertheless, it is
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essential to weigh the drawbacks, such as initial expenses, technical expertise, data security
concerns, potential over-reliance, and the acceptance of these technologies by animals.
Achieving success in this endeavor depends on meticulous planning, effective implementa-
tion, and thorough training to optimize benefits and mitigate potential drawbacks [118,119].
While smart animal monitoring contributes to well-being and productivity, successful
implementation requires thoughtful consideration of costs, security, and the adaptability
of animals.

Smart animal management and breeding techniques offer a tech-savvy edge, enhanc-
ing efficiency and outcomes in farming. Potential drawbacks like upfront costs, technical
challenges, data security risks, and the need for animal adaptation may become hurdles.
It is a balancing act between reaping the benefits and managing the potential down-
sides [120,121]. Smart techniques elevate animal management, but navigating upfront
costs, technical challenges, and ensuring animal adaptation is crucial for balanced success.

Smart animal tech offers benefits such as traceability, supply chain, marketing, welfare,
and compliance, and disadvantages such as upfront costs, privacy issues, need for tech
expertise, errors, and public perception [122,123]. Smart animal tech brings valuable
benefits, but upfront costs, privacy concerns, and public perception should be considered
carefully for a well-rounded approach.

Smart animal farming presents a promising strategy to boost agricultural productiv-
ity, enhance animal welfare, and support environmental sustainability. Nevertheless, a
thoughtful examination of potential drawbacks, such as upfront investment costs, data
management challenges, animal welfare concerns, and societal implications, is crucial
for its successful and responsible implementation [124–126]. While smart farming holds
significant potential for productivity and sustainability, addressing costs, data challenges,
and ethical considerations is vital for its responsible implementation.

3.7. Technology Alternatives in Smart Animal Production

In smart animal production, alternatives to technology include traditional methods
like animal husbandry practices, manual record-keeping, and visual inspections. Practices
such as natural grazing management and manual feeding allow farmers to manage live-
stock without electronic monitoring. Traditional expertise is highlighted through selective
breeding and non-digital health monitoring. While these approaches may lack high-tech
efficiency, they emphasize the integration of time-tested methods with modern technologies
for comprehensive livestock management [127].

Smart animal production farms, with their technological advancements, offer signif-
icant benefits. However, ethical and sustainable food production can also be achieved
through alternative methods. Enhancing animal welfare, minimizing environmental im-
pact, and fostering community connections are attainable by incorporating genetic selection
strategies, implementing effective management practices, exploring alternative feedstuffs,
prioritizing local sourcing, and engaging in direct marketing [128–130].

While smart farms bring technological benefits, ethical and sustainable food produc-
tion requires a diverse set of approaches, encompassing genetics, management practices, al-
ternative feedstuffs, and local sourcing for improved welfare and reduced
environmental impact.

3.8. Livestock Accuracy Enhancing Applications

Smart applications have the potential to enhance animal welfare in agriculture through
various functionalities. These include monitoring the health and well-being of animals,
implementing precision feeding and watering systems, overseeing environmental con-
ditions, automating tasks, and collecting and analyzing data. Notable examples of such
applications encompass smart collars, robotic milking systems, precision feeding systems,
and environmental monitoring systems [131].

In the realm of livestock management, smart applications play a crucial role by track-
ing individual animal health, providing personalized feeding and breeding guidance,
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conducting behavior analysis for early issue detection, managing inventory, regulating
environmental conditions, and offering market insights. These tools contribute to the
efficient management of livestock, ensuring their health and productivity, and facilitating
informed decision-making [132,133].

Smart applications bring a technological boost to animal welfare in farming, utilizing
tools such as smart collars and robotic systems to deliver precise care and
data-driven insights.

Precision livestock farming (PLF) utilizes data to enhance animal health, welfare, and
productivity in large-scale and intensive systems. While PLF holds great potential, chal-
lenges like cost, data management, integration, and animal welfare persist. Nevertheless,
progressively PLF is employed for automated milking, precision feeding, environmental
monitoring, and disease detection. Overall, PLF stands as a promising technology with
the potential to revolutionize livestock management [134–136]. Precision livestock farm-
ing has transformative potential in enhancing animal health and productivity, despite
challenges like cost and welfare concerns. Its applications in automated milking, preci-
sion feeding, and disease detection mark it as a promising technology for revolutionizing
livestock management.

As technology continues to develop, we can expect to see even more innovative
livestock accuracy-enhancing applications that will provide even more benefits to farmers,
ranchers, and other stakeholders.

Smart technologies for healthcare and safety in the animal domain are advancing
swiftly, providing various advantages such as enhanced animal welfare, lowered veterinary
expenses, increased productivity, and improved safety. These technologies find application
in remote monitoring, precision medicine, behavioral monitoring, and safety monitoring.
Noteworthy examples include PetPace, a novel pet-related device or service, Tractive, a
GPS animal tracking device, and Cowlar, a smart collar tailored for cows [137,138].

Smart feeding systems (SFSs) employ sensors, artificial intelligence (AI), and machine
learning (ML) to automate and enhance livestock feeding processes. These systems have the
potential to enhance feed efficiency, lower feed costs, promote animal health and welfare,
decrease labor expenses, and elevate the quality of meat and milk. Additionally, SFSs
can contribute to the reduction of the environmental footprint associated with animal
production and enhance traceability. With the increasing affordability and sophistication of
SFSs, a broader adoption in the animal production industry is anticipated [139].

Advanced techniques for the monitoring and controlling of animals are on the rise,
employing sensors, actuators, and AI to collect data on behavior, health, and the envi-
ronment. These methods provide real-time insights into health, behavior, environmental
conditions, predator protection, and location tracking. The advantages include improved
animal welfare, decreased caretaker workload, and heightened efficiency. However, there
are existing challenges such as cost, data privacy, and stakeholder acceptance. Despite
these obstacles, these technologies have the potential to bring about significant positive
impacts on animals [140,141].

Utilizing advanced technology in animal care enhances welfare, productivity, and
sustainability by incorporating AI, data analytics, and sensors. Precision feeding, health
monitoring, and managing reproductive and behavioral aspects contribute to the well-being
of animals, resulting in increased yields, cost efficiencies, and environmental friendliness.
Despite challenges related to costs and standardization, there is the potential to revolution-
ize animal agriculture, paving the way for a more humane and sustainable future for food.
Leading the charge in this technological transformation are key players such as Allflex,
Daftras, Delphi Animal Health, Elysis, and Zoetis [142,143].

Smart animal production farms use technology to automate and optimize livestock
production processes. This can lead to more sustainable, healthier, and more nutritious
animal products. Marketing and distributing smart animal products can be challenging,
but producers can overcome these challenges by focusing on the benefits of these products
to consumers and educating them about smart farming technologies. Smart farming
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technologies can be used to market and distribute smart animal products through real-
time data monitoring, traceability, e-commerce, social media, content marketing, and
partnerships [144].

Smart animal farming is a rapidly evolving field poised to revolutionize the live-
stock industry by boosting efficiency, reducing costs, improving profitability, enhancing
animal welfare, mitigating environmental impact, and ensuring food security. As these
technologies become more affordable, they are likely to be widely adopted, fostering a
more sustainable, efficient, and humane livestock industry globally [145–147].

The use of smart technological applications in animal production has the potential
to revolutionize the industry, leading to increased productivity, improved animal welfare,
enhanced environmental sustainability, and greater profitability for farmers.

3.9. Blockchain in Animal Production Farms

Blockchain has the potential to revolutionize the livestock sector, enhancing its effi-
ciency, transparency, and sustainability, providing numerous opportunities and benefits
for farmers, consumers, and other stakeholders. Nevertheless, it is crucial to acknowledge
the challenges associated with this technology, including high initial investment costs,
cybersecurity risks, a shortage of skilled labor, and regulatory hurdles [148]. Investing
in research and development is essential to tackle these challenges, and collaboration is
key to establishing a supportive environment for the widespread adoption of Blockchain
technology. As technology continues to develop and mature, these challenges will likely be
addressed, paving the way for Blockchain to play a transformative role in the livestock sec-
tor. The potential advantages of Blockchain technology in the live-stock sector far surpass
the challenges [149,150].

In the future, we anticipate expanded uses of blockchain in animal production,
blockchain enhances traceability, prevents disease, and streamlines supply chains, benefit-
ing both producers and consumers. It fosters sustainability, aids disease prevention, and
supports financial inclusion for farmers in developing nations. This technology has the
potential to significantly improve the efficiency and transparency of the livestock industry,
with ongoing innovations expected.

3.10. Opportunities, Challenges, Solutions, and Benefits for Smart Animal Production Farms
3.10.1. Opportunities

The emergence of smart animal production farms is on the rise, bringing the promise
of heightened efficiency, increased yields, and minimized waste [151,152]. These farms
not only enhance animal welfare through data-driven monitoring and management but also
contribute to environmental conservation by adopting sustainable farming
practices [153,154]. The integration of technology into agriculture not only creates job
opportunities in tech development, maintenance, and farm management, thereby bol-
stering local economies but also enables informed decision-making and optimal resource
allocation through the use of big data from smart farms [155–157].

Automation and technology play a pivotal role in improving farm labor conditions,
while the implementation of smart farming practices can enhance quality and traceability,
meeting the demands of safety-conscious consumers. Furthermore, smart farms act as
catalysts for research and innovation, bridging the gap between agriculture and technol-
ogy [158–160]. By emphasizing their environmentally friendly and socially responsible
practices, farms can establish themselves as sustainable and responsible brands, appealing
to conscious consumers.

Governments and regulatory bodies may incentivize and provide support for smart
farming initiatives, thereby propelling growth and influencing the future of
agriculture [161,162]. Smart livestock production farms present opportunities to enhance
the efficiency, sustainability, and ethical standards of animal agriculture, addressing key
challenges in 21st-century agriculture. Ultimately, these opportunities empower farmers to
improve animal welfare, increase productivity, and mitigate environmental impact.
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3.10.2. Challenges

While smart agriculture techniques hold immense potential to boost animal pro-
duction, their widespread adoption faces several challenges. The high cost of advanced
technologies can hinder their accessibility to smallholder farmers, who often operate on
limited budgets. Data management and privacy concerns, as documented in various
studies [163–165], pose additional barriers to smart agriculture adoption. Moreover, com-
munication and infrastructure gaps in remote or underdeveloped areas further impede the
implementation of technology-driven agricultural practices.

Education and training for farmers are crucial for successful smart agriculture in-
tegration, but resource scarcity and low literacy rates in certain regions limit access to
such programs [166,167]. Furthermore, integrating and matching smart farming tools with
existing agricultural systems can be a complex and resource-intensive endeavor, requiring
careful planning and coordination.

To ensure the long-term sustainability and ethical implementation of smart agriculture,
environmental considerations must be prioritized [168,169]. This includes minimizing the
environmental footprint of agricultural technologies and ensuring that animal welfare is
not compromised in the pursuit of increased productivity.

Specific to smart livestock farming, regulatory, data, and integration challenges de-
mand attention. The establishment of standardized regulations, clarification of data own-
ership rules, and the facilitation of smart practice adoption among farmers are essential
steps towards overcoming these hurdles [170,171]. Additionally, adapting to environmental
variability, particularly in the face of climate change, is critical for the success of smart
livestock farming.

Effectively addressing the multifaceted challenges of smart agriculture is paramount to
unlocking its full potential for enhanced animal production, sustainability, ethical practices,
and equitable access [172–174]. By devising strategies to overcome these barriers, we can
pave the way for a more productive, sustainable, and equitable agricultural future.

Establishing smart animal production farms requires a comprehensive and well-
organized approach that takes into consideration economic, technological, educational, and
ethical factors. Common challenges include costs, usability issues, and concerns related to
data privacy and security. Successfully overcoming these obstacles is vital for the successful
implementation of these farms, emphasizing the importance of addressing these diverse
elements within a cohesive strategy.

Drone farming on livestock farms can incur costs ranging from hundreds to tens
of thousands of dollars, contingent on the farm’s size and available equipment. These
expenses encompass drones, data processing equipment, support, maintenance, power,
storage, backup, internet, and network infrastructure. Despite the initial investment, the
adoption of drones and digital data processing can yield numerous advantages, including
increased productivity and enhanced decision-making.

It is essential to evaluate the precise costs and potential benefits in alignment with
the unique requirements and objectives of the farm [175–178]. The cost of implementing
smart techniques on livestock farms varies, offering significant potential benefits. Farmers
should carefully assess costs and benefits to align with their unique needs and goals when
integrating smart techniques on livestock farms.

The lifespan of smart farming technologies on livestock production farms ranges
from 3 to 7 years, indicating a relatively short lifespan. To extend their longevity, several
measures can be taken, such as providing proper maintenance and support, shielding them
from harsh environmental conditions, and upgrading them to the latest versions [179,180].

Smart technologies in animal production offer opportunities for operational efficiency,
animal welfare, environmental impact, economics, employment, and decision-making, but
there are also challenges related to cost, data, privacy, connectivity, infrastructure, and
education. The benefits of smart technologies in animal production include increased
profitability, sustainability, and animal welfare while reducing environmental damage
(Figure 2).
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3.10.3. Solutions and Benefits

The enhancement of livestock productivity can be achieved through the utilization of
remote sensing, farm management systems, and technology. Smart nutrition and artificial
intelligence also play vital roles, but the key factor is farmer training [181]. Moreover, the
integration of smart technologies in animal production not only enhances profitability but
also contributes to sustainability, animal welfare, and environmental considerations. How-
ever, it is imperative to carefully consider ethical aspects [182]. Solutions to challenges in
smart agriculture for animal production involve making these technologies more affordable,
offering training and support, and establishing standards for data privacy and security.

Smart livestock farms use technology to monitor and manage livestock remotely,
providing farmers with a number of benefits, including improved animal health and
welfare, increased productivity, reduced costs, improved sustainability, and increased
profits [183]. In addition, smart livestock farms can help to improve food safety, increase
transparency, and create jobs. Smart livestock farm applications offer a variety of solutions
to improve the efficiency, sustainability, and welfare of livestock operations. By using these
applications, farmers can make better decisions about their operations and produce more
food with fewer resources.

Smart livestock technology can be beneficial for increasing farm efficiency and sustain-
ability. Smart livestock farms use technology for solutions to remotely monitor, enhance
animal welfare, increase productivity, improve cost efficiency, enhance sustainability, and
increase profits. In addition, this technology enhances food safety, transparency, and
employment opportunities (Figure 3).

While the adoption of smart agriculture technologies holds great promise for sustain-
able livestock production, it is essential to ensure that these technologies are accessible and
affordable to a wide range of farmers, regardless of their scale of operation. Training and
education are also key components to help farmers make the most of these innovations
while promoting sustainable practices in the livestock industry [184–187]. The focus on
smart agriculture for sustainable livestock, along with accessible tech and farmer education,
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is key for inclusive and effective adoption. A holistic approach does not just address
technology but also its integration and sustainability in farming practices.
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3.11. Holistic Economic Approaches to Smart Livestock Farms

Holistic economic strategies for intelligent livestock farming prioritize the integration
of technological advancements and data-informed decision-making. The goal is to enhance
productivity while simultaneously addressing environmental and social considerations.
These methods emphasize resource efficiency, sustainability, and principles of the circular
economy. They seek to diversify income through the creation of value-added products,
leveraging data analytics for informed decisions, ensuring financial stability, and actively
engaging with local communities.

By focusing on reducing environmental impact, staying responsive to market trends,
and fostering a culture of continuous improvement, these approaches aim to create eco-
nomically viable, environmentally responsible, and socially beneficial livestock farming
systems. Recognizing the interconnectedness of these elements is crucial for the long-term
sustainability and resilience of the agricultural sector [188–192].

In smart livestock farming, holistic strategies integrate technology and data to en-
hance productivity, promote sustainability, and diversify income streams. The overarching
emphasis remains on achieving financial stability, fostering community engagement, and
upholding environmental responsibility, all to ensure the long-term sustainability and
resilience of agriculture.

Precision dairy monitoring technology on farms, influenced by IoT advancements,
offers a means to choose cost-effective and strategic technology alternatives. An evaluation
of existing livestock decision support systems (DSSs) reveals their focus on economic
and environmental factors, with limited consideration for social aspects and governance.
Additionally, there are unaddressed challenges related to IoT data management. Closing
these gaps is essential for advancing economically sustainable livestock farming through
DSS development [193–196]. Precision dairy technology and the IoT enable cost-effective
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choices, yet current DSS systems overlook social and governance aspects. Addressing these
gaps is crucial for the sustainability of livestock farming.

Agricultural industrialization is essential in advancing livestock production farms due
to its capacity to drive efficiency and scale in operations, integrate cutting-edge technology
for better management, ensure standardization and quality control, stimulate economic
growth through job creation and market expansion, and, when managed responsibly, ad-
dress environmental impact by implementing sustainable practices. This industrial shift
not only meets the increasing demand for animal products but also contributes to global
food security, making it a cornerstone in the evolution and optimization of livestock farm-
ing [197–200]. The agricultural industrialization in livestock production is multifaceted,
encompassing efficiency, technology, quality, economic growth, environmental responsibil-
ity, and its role in global food security and the ongoing evolution of farming practices.

3.12. Future Research and Development Trends in Smart Livestock Farms

The trajectory of smart livestock farming is evolving through a persistent emphasis
on innovation and the advancement of new technologies. These technologies empower
farmers to improve animal welfare, boost productivity, and embrace sustainable practices.
Essential areas for future research and development encompass precision livestock farming,
artificial intelligence, robotics, and automation, along with sustainable practices [201,202].
Additionally, there is a need for continued research and development to seamlessly integrate
diverse smart agriculture technologies. This integration will enable breeders to optimize
their investments in smart farming technologies, fostering the creation of streamlined
and efficient smart livestock farms while enhancing the sustainability of smart livestock
production systems.

4. Conclusions

Smart agriculture is a burgeoning field with vast potential to elevate livestock pro-
duction and contribute to sustainable development goals. The key advantages of this
approach include enhancing animal welfare, improving resource efficiency, and increasing
overall livestock production. However, addressing challenges related to cost, education,
and policy is essential to ensure the success and widespread adoption of smart agriculture
for sustainable livestock practices. By harnessing technology to collect, transmit, store,
and analyze data, this approach has the power to revolutionize livestock management,
providing real-time information, controlling conditions, and automating tasks. As these
technologies continue to advance and gain broader acceptance, we can anticipate witness-
ing even more innovative and transformative applications in the years ahead, fostering a
more efficient and sustainable future for livestock farming.

Smart agriculture technologies stand poised to revolutionize livestock production,
ushering in a future marked by sustainability, efficiency, and profitability. While still
in the nascent stages of development, these technologies encounter challenges such as
cost and training. Despite these obstacles, the significant potential benefits indicate that
smart agriculture technologies will play an increasingly vital role in the future of livestock
farming. Offering a promising approach to addressing the challenges of sustainably feeding
a growing population, smart livestock farming holds the key to transforming the sector.
This research maintains an optimistic perspective on its capacity to revolutionize the
livestock industry, contributing significantly to the enhancement of food security.

Smart animal production emerges as a promising solution to tackle the economic and
environmental challenges inherent in traditional livestock production methods. Through
the strategic application of technology, we have the capacity to optimize production effi-
ciency, mitigate environmental impact, and secure the sustainability of livestock production
for the benefit of future generations.

It is crucial to recognize that the economic and environmental outcomes of smart
animal production are contingent upon factors such as the specific technologies adopted,
the scale of operation, and the management practices employed. Thoughtful planning and
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meticulous implementation are imperative to maximize the advantages and mitigate any
potential drawbacks associated with this approach.

The findings of this research highlight that the integration of advanced smart agri-
cultural practices, such as disease management, tracking, automated milking, and pre-
dictive analytics, has the potential to significantly improve the sustainability and growth
of livestock.

5. Recommendations

Stakeholders in livestock production are advised to embrace the integration of smart
agriculture with a positive mindset. The potential advantages of improving productivity
and ensuring animal welfare through technological devices are significant. Nevertheless, it
is essential to thoroughly assess the economic implications, considering both initial costs
and ongoing maintenance expenses. Informed decision-making plays a crucial role in
the successful integration of smart technologies into livestock operations. This research
suggests that breeders should incorporate smart technology on their livestock farms, care-
fully considering all aspects, with a particular emphasis on economic factors. A compre-
hensive approach to adoption will contribute to optimizing the performance of animal
production farms.
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Welfare Health and Productivity in Commercial Pig Herds. Animals 2021, 11, 1176. [CrossRef] [PubMed]

120. Hedley, C. The role of precision agriculture for improved nutrient management on farms. J. Sci. Food Agric. 2015, 95, 12–19.
[CrossRef]

121. Barnes, A.; Soto, I.; Eory, V.; Beck, B.; Balafoutis, A.; Sánchez, B.; Vangeyte, J.; Fountas, S.; van der Wal, T.; Gómez-Barbero, M.
Exploring the adoption of precision agricultural technologies: A cross regional study of EU farmers. Land Use Policy 2019, 80, 163–174.
[CrossRef]

122. Lezoche, M.; Hernandez, J.E.; Díaz, M.d.M.E.A.; Panetto, H.; Kacprzyk, J. Agri-food 4.0: A survey of the supply chains and
technologies for the future agriculture. Comput. Ind. 2020, 117, 103187. [CrossRef]

https://doi.org/10.1016/j.eap.2018.11.002
https://doi.org/10.1016/j.japr.2021.100226
https://doi.org/10.3382/japr.2008-00133
https://doi.org/10.1016/j.ress.2008.06.002
https://doi.org/10.1016/j.ress.2021.107550
https://doi.org/10.1186/s13075-015-0702-6
https://www.ncbi.nlm.nih.gov/pubmed/26189728
https://doi.org/10.3390/ani11092665
https://www.ncbi.nlm.nih.gov/pubmed/34573631
https://doi.org/10.2196/43871
https://www.ncbi.nlm.nih.gov/pubmed/36305540
https://doi.org/10.1017/S1751731118002288
https://www.ncbi.nlm.nih.gov/pubmed/30277175
https://doi.org/10.1016/j.anifeedsci.2020.114611
https://doi.org/10.7120/09627286.25.4.395
https://doi.org/10.24925/turjaf.v8i2.457-463.3159
https://doi.org/10.3389/fgene.2020.00793
https://doi.org/10.1098/rstb.2007.2171
https://doi.org/10.1186/s12711-016-0217-x
https://doi.org/10.1016/j.future.2018.04.051
https://doi.org/10.1109/ACCESS.2019.2935873
https://doi.org/10.1016/j.landusepol.2023.106869
https://doi.org/10.1177/22779779221103611
https://doi.org/10.3389/fanim.2021.639678
https://doi.org/10.3390/ani9040133
https://www.ncbi.nlm.nih.gov/pubmed/30935123
https://doi.org/10.3389/fvets.2022.889623
https://doi.org/10.1016/j.scitotenv.2018.10.018
https://doi.org/10.1093/jas/skac160
https://www.ncbi.nlm.nih.gov/pubmed/35511692
https://doi.org/10.3390/ani11041176
https://www.ncbi.nlm.nih.gov/pubmed/33924224
https://doi.org/10.1002/jsfa.6734
https://doi.org/10.1016/j.landusepol.2018.10.004
https://doi.org/10.1016/j.compind.2020.103187


Ruminants 2024, 4 44

123. Costa, C.; Antonucci, F.; Pallottino, F.; Aguzzi, J.; Sarriá, D.; Menesatti, P. A Review on Agri-Food Supply Chain Traceability by
Means of RFID Technology. Food Bioprocess Technol. 2013, 6, 353–366. [CrossRef]

124. Eastwood, C.; Edwards, J.; Turner, J. Review: Anticipating alternative trajectories for responsible Agriculture 4.0 innovation in
livestock systems. Animal 2021, 15, 100296. [CrossRef]

125. Molnár, M. Transforming Intensive Animal Production: Challenges and Opportunities for Farm Animal Welfare in the European
Union. Animals 2021, 12, 2086. [CrossRef]

126. Pfeiffer, J.; Gabriel, A.; Gandorfer, M. Understanding the public attitudinal acceptance of digital farming technologies: A
nationwide survey in Germany. Agric. Hum. Values 2021, 38, 107–128. [CrossRef]

127. Mu, R.; Mu, R.; Wang, H.; Wang, H. A systematic literature review of open innovation in the public sector: Comparing barriers
and governance strategies of digital and non-digital open innovation. Public Manag. Rev. 2022, 24, 489–511. [CrossRef]

128. Olesen, I.; Groen, A.F.; Gjerde, B. Definition of animal breeding goals for sustainable production systems. J. Anim. Sci. 2000, 78,
570–582. [CrossRef] [PubMed]

129. McEachern, M.G.; McClean, P. Organic purchasing motivations and attitudes: Are they ethical? Int. J. Consum. Stud. 2002, 26,
85–92. [CrossRef]

130. Buller, H.; Morris, C. Farm Animal Welfare: A New Repertoire of Nature-Society Relations or Modernism Re-Embedded ? Sociol.
Rural. 2003, 43, 216–237. [CrossRef]

131. Paunova-Hubenova, E.; Trichkova-Kashamova, E. Smart Solutions for Control and Management in Livestock Farms. In
Proceedings of the 2021 Big Data, Knowledge and Control Systems Engineering (BdKCSE), Sofia, Bulgaria, 28–29 October 2021;
pp. 1–7.

132. Matthews, S.G.; Miller, A.L.; Clapp, J.; Plötz, T.; Kyriazakis, I. Early detection of health and welfare compromises through
automated detection of behavioural changes in pigs. Vet. J. 2016, 217, 43–51. [CrossRef] [PubMed]

133. Shu, H.; Wang, W.; Guo, L.; Bindelle, J. Recent Advances on Early Detection of Heat Strain in Dairy Cows Using Animal-Based
Indicators: A Review. Animals 2021, 11, 980. [CrossRef] [PubMed]

134. Vaintrub, M.O.; Levit, H.; Chincarini, M.; Fusaro, I.; Giammarco, M.; Vignola, G. Review: Precision livestock farming, automats
and new technologies: Possible applications in extensive dairy sheep farming. Animal 2020, 15, 100143. [CrossRef]

135. Morrone, S.; Dimauro, C.; Gambella, F.; Cappai, M.G. Industry 4.0 and Precision Livestock Farming (PLF): An up to Date
Overview across Animal Productions. Sensors 2021, 22, 4319. [CrossRef]

136. Tzanidakis, C.; Tzamaloukas, O.; Simitzis, P.; Panagakis, P. Precision Livestock Farming Applications (PLF) for Grazing Animals.
Agriculture 2023, 13, 288. [CrossRef]

137. Kleen, J.L.; Guatteo, R. Precision Livestock Farming: What Does It Contain and What Are the Perspectives? Animals 2022, 13, 779.
[CrossRef] [PubMed]

138. Bortoluzzi, E.M.; Goering, M.J.; Ochoa, S.J.; Holliday, A.J.; Mumm, J.M.; Nelson, C.E.; Wu, H.; Mote, B.E.; Psota, E.T.;
Schmidt, T.B.; et al. Evaluation of Precision Livestock Technology and Human Scoring of Nursery Pigs in a Controlled Im-
mune Challenge Experiment. Animals 2022, 13, 246. [CrossRef] [PubMed]

139. Lovarelli, D.; Bacenetti, J.; Guarino, M. A review on dairy cattle farming: Is precision livestock farming the compromise for an
environmental, economic and social sustainable production? J. Clean. Prod. 2020, 262, 121409. [CrossRef]

140. Egon, K.; Oloyede, J.O. Advancements in Sensor Technologies for Precision Livestock Farming. 31 October 2023. Available online:
https://osf.io/preprints/osf/av68m (accessed on 10 November 2023).

141. Ahmad, M.; Abbas, S.; Fatima, A.; Ghazal, T.M.; Alharbi, M.; Khan, M.A.; Elmitwally, N.S. AI-Driven livestock identification and
insurance management system. Egypt. Inform. J. 2023, 24, 100390. [CrossRef]

142. Wathes, C.; Kristensen, H.; Aerts, J.-M.; Berckmans, D. Is precision livestock farming an engineer’s daydream or nightmare, an
animal’s friend or foe, and a farmer’s panacea or pitfall? Comput. Electron. Agric. 2008, 64, 2–10. [CrossRef]

143. Neethirajan, S.; Kemp, B. Digital Twins in Livestock Farming. Animals 2021, 11, 1008. [CrossRef]
144. Davies, F.T.; Garrett, B. Technology for Sustainable Urban Food Ecosystems in the Developing World: Strengthening the Nexus of

Food–Water–Energy–Nutrition. Front. Sustain. Food Syst. 2018, 2, 420758. [CrossRef]
145. Yahya, N. Agricultural 4.0: It’s Implementation Toward Future Sustainability. In Green Urea: Green Energy and Technology; Springer:

Singapore, 2018. [CrossRef]
146. De Rosa, M.; Di Pasquale, J.; Adinolfi, F. The Root towards More Circularized Animal Production Systems: From Animal to

Territorial Metabolism. Animals 2021, 11, 1540. [CrossRef]
147. Sassenrath, G.; Heilman, P.; Luschei, E.; Bennett, G.; Fitzgerald, G.; Klesius, P.; Tracy, W.; Williford, J.; Zimba, P. Technology,

complexity and change in agricultural production systems. Renew. Agric. Food Syst. 2008, 23, 285–295. [CrossRef]
148. Sendros, A.; Drosatos, G.; Efraimidis, P.S.; Tsirliganis, N.C. Blockchain Applications in Agriculture: A Scoping Review. Appl. Sci.

2022, 12, 8061. [CrossRef]
149. Shen, L.; Zhang, Z.; Zhou, Y.; Xu, Y. Applying Blockchain Technology and the Internet of Things to Improve the Data Reliability

for Livestock Insurance. Sensors 2023, 23, 6290. [CrossRef] [PubMed]
150. Kampan, K.; Tsusaka, T.W.; Anal, A.K. Adoption of Blockchain Technology for Enhanced Traceability of Livestock-Based Products.

Sustainability 2021, 14, 13148. [CrossRef]
151. Micle, D.E.; Deiac, F.; Olar, A.; Drent,a, R.F.; Florean, C.; Coman, I.G.; Arion, F.H. Research on Innovative Business Plan. Smart

Cattle Farming Using Artificial Intelligent Robotic Process Automation. Agriculture 2021, 11, 430. [CrossRef]

https://doi.org/10.1007/s11947-012-0958-7
https://doi.org/10.1016/j.animal.2021.100296
https://doi.org/10.3390/ani12162086
https://doi.org/10.1007/s10460-020-10145-2
https://doi.org/10.1080/14719037.2020.1838787
https://doi.org/10.2527/2000.783570x
https://www.ncbi.nlm.nih.gov/pubmed/10764063
https://doi.org/10.1046/j.1470-6431.2002.00199.x
https://doi.org/10.1111/1467-9523.00242
https://doi.org/10.1016/j.tvjl.2016.09.005
https://www.ncbi.nlm.nih.gov/pubmed/27810210
https://doi.org/10.3390/ani11040980
https://www.ncbi.nlm.nih.gov/pubmed/33915761
https://doi.org/10.1016/j.animal.2020.100143
https://doi.org/10.3390/s22124319
https://doi.org/10.3390/agriculture13020288
https://doi.org/10.3390/ani13050779
https://www.ncbi.nlm.nih.gov/pubmed/36899636
https://doi.org/10.3390/ani13020246
https://www.ncbi.nlm.nih.gov/pubmed/36670787
https://doi.org/10.1016/j.jclepro.2020.121409
https://osf.io/preprints/osf/av68m
https://doi.org/10.1016/j.eij.2023.100390
https://doi.org/10.1016/j.compag.2008.05.005
https://doi.org/10.3390/ani11041008
https://doi.org/10.3389/fsufs.2018.00084
https://doi.org/10.1007/978-981-10-7578-0_5
https://doi.org/10.3390/ani11061540
https://doi.org/10.1017/S174217050700213X
https://doi.org/10.3390/app12168061
https://doi.org/10.3390/s23146290
https://www.ncbi.nlm.nih.gov/pubmed/37514585
https://doi.org/10.3390/su142013148
https://doi.org/10.3390/agriculture11050430


Ruminants 2024, 4 45

152. Banhazi, T.M.; Lehr, H.; Black, J.L.; Crabtree, H.; Schofield, P.; Tscharke, M.; Berckmans, D. Precision Livestock Farming:
An International Review of Scientific and Commercial Aspects. Int. J. Agric. Biol. Eng. 2012, 5, 1. Available online: https:
//ijabe.org/index.php/ijabe/article/view/599/0 (accessed on 25 March 2022).

153. Gebska, M.; Grontkowska, A.; Swiderek, W.; Golebiewska, B. Farmer Awareness and Implementation of Sustainable Agriculture
Practices in Different Types of Farms in Poland. Sustainability 2019, 12, 8022. [CrossRef]

154. Buller, H.; Blokhuis, H.; Jensen, P.; Keeling, L. Towards Farm Animal Welfare and Sustainability. Animals 2018, 8, 81. [CrossRef]
155. Akhigbe, B.I.; Munir, K.; Akinade, O.; Akanbi, L.; Oyedele, L.O. IoT Technologies for Livestock Management: A Review of Present

Status, Opportunities, and Future Trends. Big Data Cogn. Comput. 2021, 5, 10. [CrossRef]
156. Koltes, J.E.; Cole, J.B.; Clemmens, R.; Dilger, R.N.; Kramer, L.M.; Lunney, J.K.; McCue, M.E.; McKay, S.D.; Mateescu, R.G.;

Murdoch, B.M.; et al. A Vision for Development and Utilization of High-Throughput Phenotyping and Big Data Analytics in
Livestock. Front. Genet. 2019, 10, 1197. [CrossRef] [PubMed]

157. Cagnacci, F.; Boitani, L.; Powell, R.A.; Boyce, M.S. Animal ecology meets GPS-based radiotelemetry: A perfect storm of
opportunities and challenges. Philos. Trans. R. Soc. B 2010, 365, 2157–2162. [CrossRef]

158. Singh, A.; Gutub, A.; Nayyar, A.; Khan, M.K. Redefining food safety traceability system through blockchain: Findings, challenges
and open issues. Multimed. Tools Appl. 2023, 82, 21243–21277. [CrossRef]

159. Iftekhar, A.; Cui, X. Blockchain-Based Traceability System That Ensures Food Safety Measures to Protect Consumer Safety and
COVID-19 Free Supply Chains. Foods 2021, 10, 1289. [CrossRef] [PubMed]

160. Lei, M.; Xu, L.; Liu, T.; Liu, S.; Sun, C. Integration of Privacy Protection and Blockchain-Based Food Safety Traceability: Potential
and Challenges. Foods 2021, 11, 2262. [CrossRef] [PubMed]

161. Finger, R.; Swinton, S.M.; El Benni, N.; Walter, A. Precision Farming at the Nexus of Agricultural Production and the Environment.
Annu. Rev. Resour. Econ. 2019, 11, 313–335. [CrossRef]

162. Klerkx, L.; Jakku, E.; Labarthe, P. A review of social science on digital agriculture, smart farming and agriculture 4.0: New
contributions and a future research agenda. NJAS Wagening. J. Life Sci. 2019, 90–91, 100315. [CrossRef]

163. Al-Turjman, F.; Zahmatkesh, H.; Shahroze, R. An overview of security and privacy in smart cities’ IoT communications. Trans.
Emerg. Telecommun. Technol. 2022, 33, e3677. [CrossRef]

164. Debauche, O.; Trani, J.-P.; Mahmoudi, S.; Manneback, P.; Bindelle, J.; Mahmoudi, S.A.; Guttadauria, A.; Lebeau, F. Data
management and internet of things: A methodological review in smart farming. Internet Things 2021, 14, 100378. [CrossRef]

165. Faid, A.; Sadik, M.; Sabir, E. An Agile AI and IoT-Augmented Smart Farming: A Cost-Effective Cognitive Weather Station.
Agriculture 2021, 12, 35. [CrossRef]

166. Kumar, S.K.A.; Ihita, G.V.; Chaudhari, S.; Arumugam, P. A Survey on Rural Internet Connectivity in India. arXiv 2021,
arXiv:2111.10219. [CrossRef]

167. Sims, K. Infrastructure violence and retroliberal development: Connectivity and dispossession in Laos. Third World Q. 2021, 42,
1788–1808. [CrossRef]

168. Roussaki, I.; Doolin, K.; Skarmeta, A.; Routis, G.; Lopez-Morales, J.A.; Claffey, E.; Mora, M.; Martinez, J.A. Building an
interoperable space for smart agriculture. Digit. Commun. Netw. 2023, 9, 183–193. [CrossRef]

169. Kutter, T.; Tiemann, S.; Siebert, R.; Fountas, S. The role of communication and co-operation in the adoption of precision farming.
Precis. Agric. 2011, 12, 2–17. [CrossRef]

170. Reichelt, N.; Nettle, R. Practice insights for the responsible adoption of smart farming technologies using a participatory
technology assessment approach: The case of virtual herding technology in Australia. Agric. Syst. 2023, 206, 103592. [CrossRef]

171. Wiseman, L.; Sanderson, J.; Zhang, A.; Jakku, E. Farmers and their data: An examination of farmers’ reluctance to share their data
through the lens of the laws impacting smart farming. NJAS-Wagening. J. Life Sci. 2019, 90–91, 100301. [CrossRef]

172. Raheem, D.; Dayoub, M.; Birech, R.; Nakiyemba, A. The Contribution of Cereal Grains to Food Security and Sustainability in
Africa: Potential Application of UAV in Ghana, Nigeria, Uganda, and Namibia. Urban Sci. 2021, 5, 8. [CrossRef]

173. Rojas-Downing, M.M.; Nejadhashemi, A.P.; Harrigan, T.; Woznicki, S.A. Climate change and livestock: Impacts, adaptation, and
mitigation. Clim. Risk Manag. 2016, 16, 145–163. [CrossRef]

174. Nardone, A.; Ronchi, B.; Lacetera, N.; Ranieri, M.S.; Bernabucci, U. Effects of climate changes on animal production and
sustainability of livestock systems. Livest. Sci. 2010, 130, 57–69. [CrossRef]

175. Rahman, M.F.F.; Fan, S.; Zhang, Y.; Chen, L. A Comparative Study on Application of Unmanned Aerial Vehicle Systems in
Agriculture. Agriculture 2021, 11, 22. [CrossRef]

176. Späti, K.; Huber, R.; Finger, R. Benefits of Increasing Information Accuracy in Variable Rate Technologies. Ecol. Econ. 2021, 185, 107047.
[CrossRef]

177. Vrchota, J.; Pech, M.; Švepešová, I. Precision Agriculture Technologies for Crop and Livestock Production in the Czech Republic.
Agriculture 2022, 12, 1080. [CrossRef]

178. Behjati, M.; Noh, A.B.M.; Alobaidy, H.A.H.; Zulkifley, M.A.; Nordin, R.; Abdullah, N.F. LoRa Communications as an Enabler for
Internet of Drones towards Large-Scale Livestock Monitoring in Rural Farms. Sensors 2021, 21, 5044. [CrossRef]

179. Khan, M.A.; Mittal, S.; West, S.; Wuest, T. Review on upgradability–A product lifetime extension strategy in the context of product
service systems. J. Clean. Prod. 2018, 204, 1154–1168. [CrossRef]

180. Khan, M.A.; West, S.; Wuest, T. Midlife upgrade of capital equipment: A servitization-enabled, value-adding alternative to
traditional equipment replacement strategies. CIRP J. Manuf. Sci. Technol. 2020, 29, 232–244. [CrossRef]

https://ijabe.org/index.php/ijabe/article/view/599/0
https://ijabe.org/index.php/ijabe/article/view/599/0
https://doi.org/10.3390/su12198022
https://doi.org/10.3390/ani8060081
https://doi.org/10.3390/bdcc5010010
https://doi.org/10.3389/fgene.2019.01197
https://www.ncbi.nlm.nih.gov/pubmed/31921279
https://doi.org/10.1098/rstb.2010.0107
https://doi.org/10.1007/s11042-022-14006-4
https://doi.org/10.3390/foods10061289
https://www.ncbi.nlm.nih.gov/pubmed/34199825
https://doi.org/10.3390/foods11152262
https://www.ncbi.nlm.nih.gov/pubmed/35954029
https://doi.org/10.1146/annurev-resource-100518-093929
https://doi.org/10.1016/j.njas.2019.100315
https://doi.org/10.1002/ett.3677
https://doi.org/10.1016/j.iot.2021.100378
https://doi.org/10.3390/agriculture12010035
https://doi.org/10.48550/arXiv.2111.10219
https://doi.org/10.1080/01436597.2021.1920831
https://doi.org/10.1016/j.dcan.2022.02.004
https://doi.org/10.1007/s11119-009-9150-0
https://doi.org/10.1016/j.agsy.2022.103592
https://doi.org/10.1016/j.njas.2019.04.007
https://doi.org/10.3390/urbansci5010008
https://doi.org/10.1016/j.crm.2017.02.001
https://doi.org/10.1016/j.livsci.2010.02.011
https://doi.org/10.3390/agriculture11010022
https://doi.org/10.1016/j.ecolecon.2021.107047
https://doi.org/10.3390/agriculture12081080
https://doi.org/10.3390/s21155044
https://doi.org/10.1016/j.jclepro.2018.08.329
https://doi.org/10.1016/j.cirpj.2019.09.001


Ruminants 2024, 4 46

181. Gil, J.; Garrett, R.; Berger, T. Determinants of crop-livestock integration in Brazil: Evidence from the household and regional
levels. Land Use Policy 2016, 59, 557–568. [CrossRef]

182. Symeonaki, E.; Arvanitis, K.G.; Piromalis, D.; Tseles, D.; Balafoutis, A.T. Ontology-Based IoT Middleware Approach for Smart
Livestock Farming toward Agriculture 4.0: A Case Study for Controlling Thermal Environment in a Pig Facility. Agronomy 2022,
12, 750. [CrossRef]
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