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Abstract

Smart technology is improving the agricultural sector with sensors, secure data storage and user-friendly
interfaces for farmers. Animal husbandry uses smart technologies to enhance sustainability and productivity
by improving resource use, remote sensing and the use of drones. Smart technology also supports data-
driven decision-making, accurate resource management, and improved overall efficiency. However,
realizing its full potential requires addressing economic and ethical challenges. Overcoming these
challenges is critical to widespread adoption and long-term success. Collaboration among stakeholders,
investment in agricultural technology, and a focus on sustainability are essential to maximizing the benefits
of smart technology in livestock development. In conclusion, for smart technology to offer great potential
for improving livestock management, addressing the challenges is vital for a resilient livestock future.
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1. INTRODUCTION

Smart technologies (SAT) are revolutionizing the agriculture industry by leveraging cost-
effective sensors, secure data storage, and user-friendly interfaces. These developments
enhance sustainability and profitability by optimizing resource utilization and boosting
productivity. For example, internet-connected sensors and drones allow for continuous
monitoring of animal health, improving animal welfare [1], [2], [3].
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To achieve long-term sustainability, integrating modern technology with traditional
practices is essential. This integration addresses the challenges of climate change and
promotes agricultural sustainability [4], [5], [6]. In addition, SAT attracts young people to
the agriculture sector and provides solutions to economic and environmental challenges
in livestock management [7], [8].

Sustainable agriculture, while offering significant benefits, encounters challenges such as
financial constraints that require economic evaluations and adequate farmer training. In
remote regions, these practices also face communication issues, necessitating targeted
solutions to achieve sustainability objectives [9], [10], [11].

Automated systems, such as automated milking, raise ethical concerns regarding animal
welfare and data privacy [12], [13], [14]. Addressing these issues is critical to ensuring
the ethical and sustainable application of technology.

To address these challenges, clear guidelines and strategies need to be developed to
address substantive and ethical issues. Future research should focus on improving
technology integration with traditional agricultural practices and providing adequate
support for farmers' effective adoption of such technology.

In general, smart technology plays a vital role in promoting sustainability and productivity
in the agricultural sector. To maximize the benefits of ICT and achieve sustainability and
innovation goals, it is necessary to address the financial and ethical challenges that may
hinder its implementation. This research explores the impact of smart technology on
animal welfare efficiency, productivity and sustainability.

2. PROCEDURES

This review studies research in English from 2018 to 2024 to assess the impact of smart
technology on animal welfare. The primary focus is on how smart technology affects
production efficiency, the agricultural economy, and environmental sustainability,
especially in the context of climate change. Initially, 78 studies were reviewed, and after
a rigorous selection process, 50 high-quality studies were selected based on their rigor
and validity. This review included examining titles, summaries, and full articles, and
resolving differences through discussion to ensure accuracy and consistency.

Despite providing valuable insights, the audit has limitations, including selection criteria,
focus on English-language publications, period of studies, and differences in study
quality. Understanding these constraints is crucial to effectively interpret the results and
guide future research in this area.

This review contributed to ongoing research on the impact of smart technology on animal
welfare by highlighting the benefits and limitations of current studies. It also provides the
basis for further investigation and provides valuable insights into how technology shapes
the future of agriculture.
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3. FINDINGS

Smart technologies such as remote sensing and the Internet of Things (loT) greatly
enhance efficiency and productivity in animal welfare. These techniques provide accurate
data on animal health and behavior, enabling early detection of diseases and reduction
of waste, thereby improving production quality and profitability, especially in small farms
[15], [16]. Enhancing efficiency and well-being requires better integration of data and
validation of technology for sustainability. Technology also addresses environmental and
welfare challenges in sheep and goat systems [17], [18].

To make full use of technology, farmers need continued support through research
workshops and partnerships. This support helps them to embrace technology and tailor
farming practices to their local needs, leading to enhanced innovation and improved
production [19], [20].

Animal welfare is challenged by climate change, including rising temperatures and altered
rainfall patterns. To address these challenges, strategies such as enhancing heat
tolerance, sustainable water management, and reducing chemical use are necessary.
These strategies contribute to climate change mitigation and reduce environmental
impact [21], [22]. Effective adaptation to climate change also improves farmers' ability to
utilize technology and increase productivity.

Investing in improved herd size and feed, land and machinery costs is critical to enhancing
productivity and quality. By balancing costs and benefits, farmers can improve financial
performance and ensure long-term success [23], [24]. This investment provides the
financial basis for the application and development of modern technology.

Modern technologies like remote sensing and artificial intelligence enhance agriculture by
providing accurate data that supports decision-making and improves the efficiency of
processes such as precise fertilizer distribution and automated milking systems. These
applications contribute to more effective resource management and improved animal
welfare [25], [26], [27], [28].

The integration of sensing technologies, the Internet, and artificial intelligence has led to
the development of integrated sensing systems for real-time decision-making. These
systems are used in applications such as animal health monitoring, smart management,
and nutrition [29]. Additionally, smart technologies are transforming livestock extension
and rural livelihood services through innovations like artificial intelligence, mobile
applications, and radio wave identification technology, creating an "information network"
that supports improved livestock management [30].

4. DISCUSSION

Advanced technologies, including sensors, data analytics, and precision agriculture, are
crucial for modernizing animal welfare practices. These technologies enhance
productivity and resource efficiency while minimizing environmental impact, making them
essential tools in addressing challenges such as climate change and water scarcity [31].
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However, their successful implementation depends on accurate economic assessments
and the resolution of issues related to technology access and data privacy [32]. This
highlights the interconnected nature of technological progress with the economic and
social challenges that accompany it.

The increasing adoption of automation in agriculture has the potential to affect
significantly the labor market in this sector. While automation can improve efficiency and
productivity, it may also lead to job displacement, particularly in tasks that can be
automated easily. This could contribute to widening economic disparities between
farmers who can afford to invest in new technology and those who cannot. Additionally,
the loss of jobs in agriculture could have broader economic implications, such as affecting
related industries and communities [33], [34]. To address these challenges, it is crucial to
develop strategies that promote the equitable distribution of the benefits of technological
advancements and support those who may be impacted negatively by automation.

Barriers like high costs, limited accessibility in rural regions, and privacy concerns hinder
the widespread adoption of technology [35], [36]. These challenges underscore the need
for innovative approaches, such as combining traditional practices with modern
technology and creating scalable solutions.

Smart technology promises to improve efficiency and productivity, but its effectiveness
varies depending on crop types and environmental conditions. This link between
technology and its impact on productivity highlights the need for accurate assessments
to ensure positive contributions without adverse environmental impacts such as high
energy consumption and potential food security issues [33], [37].

To overcome the challenges associated with technology adoption, it is necessary to
explore funding opportunities and develop scalable technological solutions. Such
strategies should be in line with efforts to address economic and social barriers, including
enhancing security and privacy and integrating traditional practices with modern
technology [38]. Cooperation between farmers, technology providers and researchers is
critical to the success of these strategies.

The integration of smart technology into agriculture, while offering potential benefits, can
also lead to increased energy consumption and electronic waste. To mitigate these
environmental impacts, it is essential to develop simultaneously strategies for sustainable
technology adoption [39]. Additionally, ethical concerns such as privacy rights, economic
inequality, and the displacement of traditional skills must be considered carefully to
ensure that the environmental and ethical benefits of technology are balanced.

In some studies, Bouali et al., [40] disregard critical environmental impacts such as solar
efficiency and storage, which require further assessment. Vishnoi and Goel [41]
emphasize technology integration but lack actionable recommendations. Kumari et al.,
[31] offer a broad overview but they offer no specific strategies to increase acceptance of
meat substitutes. Al-Barakeh [32] discusses future improvements in sheep and goat
farming without providing concrete strategies for effectiveness.
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Smart agriculture promotes animal health and disease detection through effective
resource management [42], [43]. However, challenges such as high costs, limited access
and data security issues remain [44], [45]. Future research should focus on enhancing
data security, integrating smart technologies and addressing ethical surveillance
concerns [46], [47]. Specific studies reveal gaps: Alshehri [42] lacks practical examples;
Ellahi et al., [43] limit details about blockchain challenges; Ahamed et al., [44] need a
deeper analysis of aquatic feed; Idoje et al., [45] lack practical smart technology
strategies; Klerkx et al., [47] require analysis that is more systematic; Dara et al., [46]
require an expansion of legal and ethical solutions. Predictive analysis, blockchain and
digital platforms are essential to managing market volatility and enhancing sustainability
by reducing emissions and improving resource management [48]. Close collaboration
between farmers and researchers is needed to ensure that technological benefits extend
to all farms, including small farms [49], [50].

Moran and Blair [48] analyze the environmental and health impacts of meat consumption
but need to explore deeper potential solutions. Jakku et al., [50] discuss farmers' role in
smart farming but lack practical guidance and strategies. Shepherd et al., [49] offer a
positive view of digital transformation but they need more practical details and critical
analysis. To enhance agricultural efficiency, productivity, and sustainability, future
initiatives should prioritize the adoption of Internet of Things (IoT) technologies, invest in
research and development, foster collaboration among stakeholders, and provide
targeted training programs for breeders.

5. CONCLUSIONS

This research highlights the transformative potential of smart technology to revolutionize
livestock farming. While these technologies provide significant benefits, such as
enhancing efficiency, productivity and sustainability, their adoption is hampered by
economic barriers, ethical concerns and environmental impacts. Therefore, to fully realize
the potential of smart farming, it is crucial to address these challenges through strategic
approaches. For instance, fostering collaboration, investing in development, and
promoting sustainable practices are essential steps. By implementing these strategies,
livestock farmers can harness the power of technology to improve their operations,
contribute to environmental sustainability, and ensure a more resilient and ethical
agricultural sector.
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