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ABSTRACT

Toensure food security, enhance resilience to climate change, and support rural development, sustainable
livestock farmingis crucial.Barn design benefitsinclude improved resource efficiency; reduced
environmentalimpacts, and enhanced animal welfare.Context-specific solutions are essential for
adopting sustainable practices due to Economic, Environmental, Technological and Social (EETS) factors.
The EETS dimensions of sustainable barn practices were exploredby this review through 67 peer-reviewed
articles (2015-2025), with aprimary focus onreturnoninvestment, climate resilience, smart technologies,
andlife-cycle assessmentsin building materials. Enhancing energy and water efficiency, minimizingwaste,
andimproving animal health are allbenefits that sustainable barns of fer, regardless of farmsize.
Comprehensive extension services, culturally sensitive education, and stronginfrastructure are
essential for adopting technologies such as automated feeding systems, environmental sensors, and
renewable energy. Eco-friendly materials, modular barn designs, rainwater harvesting systems and mobile
advisoryplatforms areallstrategies that canbe used.Asystems-based approach thatintegrates
innovations,infrastructure development, and community engagementis crucial for promoting resilient
and equitable livestock systems. This approach requires effective governance, fair financing mechanisms,
andstrong collaboration amongall stakeholders to ensure a sustainable future for the livestock sector
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Introduction

ABSTRACT

To ensure food security, enhance resilience to climate change, and
support rural development, sustainable livestock farming is crucial.
Barn design benefits include improved resource efficiency, reduced
environmental impacts, and enhanced animal welfare. Context-specific
solutions are essential for adopting sustainable practices due to
Economic, Environmental, Technological and Social (EETS) factors.
The EETS dimensions of sustainable barn practices were explored by
this review through 67 peer-reviewed articles (2015-2025), with a
primary focus on return on investment, climate resilience, smart
technologies, and life-cycle assessments in building materials.
Enhancing energy and water efficiency, minimizing waste, and
improving animal health are all benefits that sustainable barns offer,
regardless of farm size. Comprehensive extension services, culturally
sensitive education, and strong infrastructure are essential for adopting
technologies such as automated feeding systems, environmental
sensors, and renewable energy. Eco-friendly materials, modular barn
designs, rainwater harvesting systems and mobile advisory platforms
are all strategies that can be used. A systems-based approach that
integrates innovations, infrastructure development, and community
engagement is crucial for promoting resilient and equitable livestock
systems. This approach requires effective governance, fair financing
mechanisms, and strong collaboration among all stakeholders to ensure
a sustainable future for the livestock sector.

Keywords: Animal Welfare, Climate-Resilient, Farm-Scale, Life
Cycle, Renewable Energy, Resource Efficiency, Socio-Cultural.

Sustainable agriculture, particularly in the livestock sector, is increasingly recognized as vital for global
food security and climate change mitigating (Balasundram et al., 2022). The integration of innovative and
sustainable practices in livestock farming is an urgent priority due to the increasing environmental
pressures and natural resources scarcity (Yang & Solangi, 2024). To improve resource efficiency, reduce
environmental degradation, and promote animal welfare, sustainable barn design is a critical component
among these practices (Neethirajan, 2023). Implementing sustainable barn systems presents a variety of
challenges across economic, environmental, technological, and social (EETS) dimensions (Neethirajan,
2023). Successful adoption requires context-specific strategies that take into account regional climatic
conditions, farm scale, and operational capacity, while also incorporating advanced technologies to
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enhance system efficiency and resilience (Balasundram et al., 2022). The adoption and long-term
sustainability of these systems are influenced by socio-cultural factors, educational accessibility, and
farmers' perceptions of ROI (Hannus & Sauer, 2020).

Sustainable livestock farming within a bio-economy framework 1is defined by its commitment to
environmental stewardship, economic viability, and social responsibility. Sustainable livestock systems
can only be implemented successfully with coherent governance frameworks, enabling policy
environments, and robust infrastructure, as noted by Tarawneh et al. (2025). To facilitate the adoption of
sustainable agricultural practices, equitable agricultural finance plays a crucial role in providing the
requirements and mechanisms for sustainable practices Tarawneh and Al-Najjar (2023).

This study adopts a comprehensive approach to evaluating sustainable barn systems by calculating the
long-term economic returns on investment (ROI) and assessing the climate resilience of barn designs. The
role of advanced technologies in enhancing resource efficiency and animal welfare was also identified.
The environmental impacts of recycling building materials and the social and cultural factors that
influence farmers' willingness to adopt a sustainability approach were also investigated.

Based on the concept of integrating economic, environmental, technological, and social dimensions, this
study proposes a multidimensional framework for enhancing and developing livestock production
systems to be resilient, inclusive, and sustainable.

Methodology

This study was conducted through a review of peer-reviewed and published literature to illustrate the
importance of sustainable livestock farming, focusing on the economic, environmental, and social
dimensions of barn design and management practices. Literature was sourced from Google Scholar
databases, with a focus on publications published between 2015 and 2025. A targeted search strategy was
implemented using topic-specific keywords to ensure comprehensiveness, coverage, and objectivity.
Which were Environmental factors, economic factors, technological factors, social factors, sustainable
barn design, livestock farming, barn management, sustainability, animal welfare, resource efficiency. The
referenced research was screened by an initial examination of the research titles and then reading the
abstracts to determine their relevance to the research topic. Then, the full paper was read, and all studies
that met the previously defined inclusion criteria were fully aligned with sustainability goals and
published in peer-reviewed, recently published journals. In contrast, studies that lacked a clear link to
sustainable practices or focused exclusively on traditional methods were excluded from the analysis, as
were studies published before 2015.

Our review included 67 peer-reviewed studies, and these studies were analyzed to gather data and
information to identify prevailing research trends and gaps in the published literature. The research
considered in this review included a range of livestock operations, from mechanized systems on large
farms to small, regionally adapted farms, thus providing a comprehensive perspective on the contributions
of livestock to agricultural sustainability through barn design for sustainable development. In addition, the
review examined the evaluation of integrated smart technologies, improved resource use, and enhanced
animal welfare as important strategies for improving the resilience and productivity of livestock systems
in the face of climate change and natural resource depletion.

Limitations

This study relied solely on research published in English within the publication years 2015-2025, limiting
the inclusion of some ideas that may have been published in languages other than English or research
published before 2015. Therefore, sustainability ideas about livestock in excluded research published in
local languages or before 2015 are not represented in this research. Furthermore, relying solely on Google
Scholar has excluded research in other scientific databases and in the grey literature, which may result in
the loss of some valuable information and data related to the sustainability of livestock production.
Despite all the aforementioned limitations, the study relied on a rigorous selection protocol and objective
analysis to ensure the relevance, quality, and credibility of the scientific references used in this study.

Accordingly, only references published in peer-reviewed and classified journals that explicitly discussed
sustainability in livestock farming and related to the economic, environmental, and social dimensions of
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barn design were used. Thus, this research review provides a foundation for understanding how barn
design contributes to climate change resilience, economic viability, and social responsibility in livestock
farming.

Findings
Exploring Key Dimensions of Sustainable Barn Practices
Long-Term Economic ROI of Sustainable Barns (by Farm Scale)

The initial implementation costs of sustainable barns are often lower than the economic, environmental,
and social benefits of investing in sustainable barn practices (Harrison et al., 2021). The use of energy-
efficient technologies, such as solar panels and mechanical heating and ventilation systems, ultimately
reduces energy consumption and operating expenses (Greco et al., 2021). Similarly, water conservation
strategies, including rainwater harvesting, graywater reuse, and the adoption of modern irrigation systems,
reduce overall water use and associated costs, thereby conserving natural water supplies. (Geetha Varma,
2021). In parallel, waste management, such as composting, anaerobic decomposition, and biofuel
production and management, facilitates the recycling of natural nutrients and the generation of renewable
energy, which are fundamental concepts of sustainability (Ahmed et al., 2020). In addition to promoting
efficient resource use, sustainable practices improve animal health, thus increasing production through
well-ventilated pens and balanced nutrition (Bonizzi et al., 2021).

Raising livestock under sustainable barn conditions results in higher growth rates, improved reproductive
performance, and lower veterinary costs, which ultimately contribute to increased farm profitability and
operational flexibility (De Vries, 2020). Sustainable barn design offers significant economic benefits for
livestock farms of all sizes (Owusu-Sekyere et al., 2023). For small farms, adopting sustainable barns
reduces input costs and accelerates return on investment, creating opportunities for innovation (Johansson
etal., 2023). Large-scale farms benefit from economies of scale, which result in lower production costs per
unit and increased access to premium markets frequented by consumers who prefer sustainable production
(Oliveira et al., 2025). Implementing all of the above enhances livestock farms' market competitiveness,
financial stability, and resilience to extreme climate change. (Agarwala et al., 2021).

Farms that implement sustainable practices will be leaders in livestock production, driven by increased
consumer demand for sustainable and ethically produced products (Arcuri et al., 2023). To achieve
commercial distinction, attention must be paid to animal welfare and environmental conservation to
ensure resource efficiency, thereby enhancing short- and long-term profitability (Vlaicu et al., 2024).
Given the above, it is important to invest sustainably in infrastructure while considering environmental
considerations, including energy and water efficiency technologies, improved waste management
systems, and enhanced animal welfare. In the context of climate change and evolving market demands,
sustainable innovation and adaptability will determine a farmer's ability to consistently meet market
demands through ethical and climate-resilient production.

Climate-Resilient Regional Barn Design Adaptation

To create climate-resilient animal production systems in the face of increasing environmental pressures,
barns must be designed to adapt to regional climatic conditions (Neethirajan, 2023). Climate-responsive
architectural designs take into account temperature, humidity, wind dynamics, and seasonal fluctuations to
optimize the ventilation, insulation, and energy-saving features of barns (Liu et al., 2022). To maintain
animal comfort in arid environments, passive cooling strategies such as natural ventilation, reflective
roofing materials, and shaded enclosures are used to mitigate heat stress (Athmani et al., 2022). In colder
regions, barn design with floor heating systems, barn insulation, and the use of windbreaks helps maintain
indoor warmth and reduce energy demand (Gupta & Chakraborty, 2020). In addition, integrating
renewable energy technologies such as solar panels and windmills with water conservation systems such
as rainwater harvesting and graywater reuse contributes to the sustainability of barn infrastructure and its
operational resilience (Ssekyanzi et al., 2023).

To reduce the environmental impact of barns and enhance resource efficiency and animal welfare,
sustainable barn design must be adopted (Vlaicu et al., 2024). To regulate environmental conditions within
barns while reducing energy consumption and maintaining animal comfort, it is necessary to integrate
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technologies such as ventilation systems and automated environmental control within barns with energy-
efficient infrastructure (Zhang et al., 2024). In addition, the adoption of waste management techniques in
barns through organic composting to enhance soil fertility and anaerobic digestion to generate renewable
energy promotes circular agricultural practices (De Corato, 2020). Reducing the carbon footprint
associated with barn infrastructure requires the use of environmentally sustainable building materials such
as recycled steel, reclaimed wood, and low-impact insulation (Parlato & Porto, 2019). In addition, natural
lighting, adequate space, ventilation, and automated feeding systems must be incorporated, all of which
are linked to improved animal health and, consequently, increased productivity, leading to increased
profitability (Vlaicu et al., 2024). The investment in sustainable barn infrastructure may be substantial, but
the long-term benefits include reduced expenditures on energy, water, and veterinary services, and access
to markets for high-value products. All of this underscores the economic viability of sustainable barns
(Neethirajan, 2023).

In the future, climate-resilient barn design and the incorporation of sustainable technologies should be
prioritized to ensure farmers' sustainability amid worsening climate change. Strategic investments in
energy efficiency, renewable energy, and resource conservation are critical to enhancing livestock
farming. Sustainable barnyard practices represent an effective approach to promoting resilient, efficient,
and ethical livestock production, enhancing long-term environmental and economic management,
supporting animal welfare, and streamlining management processes on livestock farms. To meet the needs
of the livestock sector, a sustainability approach must be supported by addressing the environmental,
social, and economic challenges of each region, while aligning with international sustainability goals and
incorporating adaptive innovations. This contributes to effectively advancing animal food systems
through climate adaptation and, consequently, achieving economic sustainability.

Technology for Optimized Resource Use & Animal Welfare in Barns

To enhance animal welfare and increase production in livestock systems, the effective integration of
advanced technologies is essential because of their vital role in improving resource use (Vlaicu et al.,
2024). To monitor animal behavior, health, and environmental conditions in real-time, smart technologies
such as precision livestock farming, automated feeding, environmental control of barn conditions, and
wearable health monitoring devices are essential. (Kaur et al., 2023). A data-driven management strategy
enables disease detection and timely intervention, thereby improving animal welfare, reducing waste, and
increasing farm efficiency. (Vlaicu et al., 2024). Implementing automated feeding systems is critical
because they ensure accurate nutrient delivery to animals, as well as accurate water delivery to plants
when applying automated irrigation (Somagond et al., 2023). To prevent heat stress and related health
risks in animal, environmental sensors and automated climate control systems must be implemented
within the barns (Torbat Esfahani et al., 2024). They also contribute to reduced infant mortality rates,
increased productivity, and the sustainable use of natural resources (Lovarelli et al., 2024). To achieve
profitability and ensure animal welfare, smart technologies that address economic, ethical, and
environmental challenges must be utilized (Al-Lataifeh et al., 2024). To enhance the capacity of livestock
to adapt to climate and align livestock farming systems with sustainability and welfare standards, it is
necessary to implement automated management and predictive analytics (Dayoub et al. 2024).
Policymakers must enable small and large farms to use agricultural technologies to achieve sustainability
through environmental benefits. Investing in infrastructure is critical, as is providing farmers with the
knowledge and training to effectively adopt the technologies.

Scaling up smart livestock farming requires unified collaboration between governments, the private
sector, and research institutions. This will foster innovation in industrial partnerships and data analysis to
achieve smart agriculture with the required efficiency. This cooperation contributes to helping build a
sustainable agricultural future and the ability to adapt to climate change, thus supporting food security and
environmental conservation (Al-Lataifeh et al., 2024; Dayoub et al., 2024).

Social & Cultural Factors in Sustainable Practice Adoption by Farmers

Farmers' willingness and ability to adopt sustainable practices are linked to sociocultural factors. (Balzani
& Hanlon, 2020). These influences may go beyond economic or technical factors to include traditional
social beliefs, intergenerational customs, and trust in service institutions such as agricultural extension
services. (John et al., 2023). In developing rural areas, knowledge is passed down from generation to
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generation. Older farmers often prefer traditional methods over innovations that are hampered by the
customs and traditions of rural communities and may be linked to negative past experiences (Bisht et al.,
2019; Ano & Bent, 2022). Limited access to education, particularly among youth and marginalized
groups, hinders the adoption of sustainable practices (Abu Harb et al., 2024a). Therefore, there is a need
for culturally appropriate education programs that build on existing local traditions to promote awareness
of the long-term benefits of sustainability.

Agricultural extension services must be compatible with local cultures and specifically meet the needs of
small farmers (Tarawneh et al., 2022). Effective extension strategies include participatory learning
models, peer-to-peer knowledge exchange, communication with local leaders, use of local dialects,
practical demonstrations, and accessible communication methods, all of which contribute to enhancing
trust and understanding among individuals within communities.

Empowering youth to lead contributes to bridging the generation gap, revitalizing the rural agricultural
economy, and making agriculture a more attractive profession. Therefore, engaging youth is critical to
achieving sustainable agriculture (Al-Barakeh et al. 2024).

Young farmers may possess new insights and technical skills that align with sustainability goals while
respecting traditions and customs. To achieve sustainability, youth initiatives must be integrated into
farming communities. This requires joint programs with local stakeholders, investing in culturally
sensitive outreach activities, and fostering shared leadership with marginalized groups.

Intergenerational collaboration is essential for building resilient agricultural systems on a large scale, thus
integrating sustainable agriculture with local social traditions. This may lead agricultural services to
develop trusted, community-centered platforms that emphasize shared ownership and collaborative
learning (Abu Harb et al., 2024b; Tarawneh et al., 2022; Al-Barakeh et al., 2024).

Life Cycle Environmental Impacts of Sustainable Barn Materials

To ensure that livestock barn infrastructure supports long-term environmental sustainability and climate
resilience, it is necessary to assess the ecological impacts of the life cycle of barn building materials
(Hijazi et al., 2020). The environmental footprint of a livestock barn includes all stages, from raw material
acquisition and construction to use, maintenance, and eventual dismantling (Muhit et al., 2024). Life cycle
assessment (LCA) is a comprehensive method for assessing energy use, greenhouse gas emissions, water
consumption, pollution, and waste generation over the life of a barn (Turner et al., 2021). To reduce
greenhouse gas emissions, limit resource depletion, and enhance the durability of a barn, choose
sustainable materials, such as reclaimed wood, rapidly renewable bamboo, recycled steel, and eco-friendly
insulation made from natural or recycled fibers (Singh et al., 2023). In addition, these options improve
economic efficiency by maintaining the barn's infrastructure and extending the operational life of the
barns (Gaworski & Boc¢kowski, 2021; Al-Lataifeh et al., 2024). Reducing operational energy needs and
reliance on fossil fuels is one of the most significant environmental benefits of smart barns when utilizing
solar panels, geothermal heating systems, natural ventilation and lighting, and biogas digesters. (Svazas &
Navickas, 2024; Nagy et al., 2023). In addition, barn orientation and the use of insulation regulate barn
temperatures, reducing seasonal heating or cooling, leading to better animal welfare. (Andrade et al.,
2023; Neethirajan, 2023).

Sustainable infrastructure is a key component of climate change resilience, aligning environmental
conservation, economic profitability, and animal welfare (Dayoub et al. 2024). For barns to achieve
environmental sustainability and economic profitability, they must combine renewable energy, resource
efficiency, and barn designs that focuse on animal welfare.

The government should adopt policies that provide technical and financial support for the implementation
of sustainable barn construction by standardizing standards, investing in bio-based composite materials,
and providing guidelines to help speed up implementation.

To create cost-effective, climate-resilient designs, collaboration between architects, environmental
engineers, and livestock farming is crucial. Therefore, planning and evaluation are improved through
digital tools such as building information modeling and Internet of IoT-enabled monitoring systems.
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Barn design can become a cornerstone of the future, environmentally responsible livestock systems by
integrating sustainability into all phases, from planning and construction to operation, and by combining
emerging technologies with traditional practices. Training programs and pilot projects also help farmers
understand and implement sustainable infrastructure strategies by promoting a lifecycle approach and
providing practical tools. Education and awareness are crucial.

Table 1 provides a comprehensive set of ideas that effectively align with the themes of each section
described in the table, and address the EETS dimensions of sustainable barn practices. The inclusion of
carbon trading and the implementation of blockchain offer promising economic incentives and
transparency mechanisms, which are valuable for building market confidence and enhancing farm yields.
Climate-resilient barn designs, such as modular barns, demonstrate solutions based on natural resource
conservation such as resilience to environmental stressors while enhancing ecosystem services.
Technological innovations are highlighted through the implementation of automated fertilization and
irrigation systems for green fodder production, precision and efficiency in the use of natural resources, and
farm animal welfare for sustainable production. The importance of comprehensive adoption is highlighted
through storytelling, farmer support, and the provision of mobile extension platforms, particularly in
remote rural areas. To promote holistic thinking in sustainable barn construction, circular economy
concepts and biochar materials should be adopted.

Table 1. Shows some innovations to promote sustainable barn practices across key dimensions.
Sustainability
Alignment

Section Innovations

Farmers can reduce carbon emissions through

The long-term economic | sustainable practices (carbon credit trading) and Technology-based market

return on investing in generate additional income. ositionine for both small
sustainable, large-scale To enhance trust and transparency in sustainably p a1 ?
barns produced livestock products, a blockchain supply and fafge farms.

chain should be adopted.

. . Ad(?pt adaptable, egpan(.iable, or reconﬁgurable pen Adopt ecosystem
Adaptation of regional designs based on climatic pressures or herd size. conservation aloneside
barn design to climate To organize the environment, green roofs should be livestock care to ei hance
change integrated into the pen construction to ensure

Y o S resilience.
biodiversity is maintained.

Barn conditions can be tested and optimized prior to

To ensure accurate,

Smart technologies for implementation through virtual simulation models .
) S . efficient and
optimal use of natural (digital twins of barns). .
. .. . environmentally
resources and animal Methane emissions are reduced through improved .
o . controlled operation of
welfare sanitation and waste removal and recycling (automated the barn

compost management).

Sharing farmers' success stories to build trust and
Sociocultural factors in instill concepts of sustainable practices.

adopting sustainable Providing culturally relevant training to farmers in
practices remote or underserved areas through SMS services or
extension apps.

Environmental Impacts Designing demountable, reassembled, and reusable
of the Life Cycle of sheds within the concept of circular economy models.
Sustainable Barn The carbon footprint is reduced and thermal insulation
Building Materials is enhanced by using biochar-rich building materials.
Technology, Social, and Infrastructure in Sustainable Livestock Farming

Supports change and
reaches groups that are
excluded from traditional
mentoring programs.

Helps think and innovate
about barn building
materials.

Livestock farming has many challenges. But it also offers significant opportunities for innovation and
adaptation to climate change (Neethirajan, 2023). Key focus areas include technology use, social change,
and sustainable infrastructure, all which must be coordinated efforts and specific strategies to address
climate change. A key challenge in sustainable livestock farming is improving the use of natural resources
while enhancing animal welfare. This can be achieved through the implementation of technologies such as
automated feeding systems, environmental monitoring sensors, wearable health devices, and ethical
livestock management. All these contribute to reducing resource waste. Integrating smart agriculture tools
improves environmental and economic sustainability, promotes ethical standards in livestock farming,
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and enhances the resilience of the agricultural sector to climate change (Al-Lataifeh et al. 2024; and
Dayoub et al. 2024).

Social barriers such as generational knowledge gaps, traditional agricultural practices, and limited
educational opportunities in rural areas can limit the adoption of sustainable technologies and practices,
especially among women, youth, and marginalized communities. Educational extension services can
address some of these barriers by supporting peer learning, building trust through local leaders, and
engaging youth in agricultural innovation (Abu Harb et al. 2024b; Tarawneh et al., 2022; Al-Barakeh et
al., 2024).

To reduce operating costs and the environmental impact of barns, smart barn designs should be adopted,
incorporating renewable energy systems, natural ventilation, and animal welfare-focused designs.
Infrastructure choices play a crucial role in achieving sustainability. Choosing environmentally friendly
materials, such as recycled wood and steel, and natural insulation, all help reduce construction emissions
and extend the life of barns (Dayoub et al., 2024; Al-Lataifeh et al., 2024). Table 2 summarizes the
opportunities, challenges, and proposed solutions for the sustainability of barns.

Table 2: Key challenges, opportunities and solutions for sustainable livestock

Challenge Opportunities Solutions References
Waste i Cpmp osting . ) Use‘advance.d corppostmg Elsaid and Aghezzaf
- Biofuel production - Design efficient biogas systems
Management T . . (2015)
- Anaerobic digestion | - Develop recycling programs
Water - Rainwater harvesting | - Large-scale rainwater storage
. - Greywater reuse - Greywater purification Heinke et al., (2020)
Consumption AN S
- Drip irrigation - Use advanced drip irrigation
- Install solar panels
Corlillller;g)tlion i S\;)IISZ{ ffghemal, - Geothermal heating/cooling Samad et al., (2024)
P gy - Wind turbines in suitable areas
- Effective ventilation | - Advanced ventilation systems
Air Quality - Tree planting - Plant air-purifying vegetation Kumar et al., (2023)
- Biofilters - Install biofilters
: ;I; ?S;Zﬁihﬁ?;lriig - Build welfare-centric barns
Animal Welfare airflow & - Prioritize natural living conditions Buller et al., (2020)
_ Veterinary care - Ensure regular vet support
Climate - Efficient feed use i Kn prlovflifflz(tiec-l:ril:lgmanure
- Manure management PPy Martin (2024)
Impacts - Sustainable farmin practices
£ - Adopt organic/no-till methods
- Use real-time monitoring
Smart - Sensors, Al, - Al for barn optimization ,
Technologies blockchain - Blockchain for supply chain Agregan ctal., (2020)
traceability

The success of sustainable livestock farming depends on adopting smart technologies, advancing
agricultural education, creating environmentally friendly infrastructure, and developing extension
services. This requires a multifaceted approach encompassing environmental, technological, and social
dimensions. However, challenges remain, including resource inefficiencies and the impact of climate
change, and these present significant opportunities for innovation and resilience (Al-Lataifeh et al. 2024;
Dayoub et al. 2024 ; Abu Harb et al. 2024b).

Designing climate-smart infrastructure that balances environmental goals with animal welfare is critical to
building resilient agricultural systems. Therefore, extension programs tailored to local cultures,
addressing local needs, and engaging youth must be expanded, ensuring intergenerational continuity and
fostering innovation. Consequently, efforts should focus on developing affordable and usable tools, such
as artificial intelligence and accurate monitoring, to improve the efficiency and sustainability of livestock
farming.
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By adopting technological tools, sustainable livestock farming can evolve into a model of environmental,
economic, and social sustainability, meeting nutritional needs while preserving community health.
Supportive policies and financial incentives encourage the adoption of technology to ensure long-term
impact. Collaboration between farmers, researchers, and policymakers is also crucial to driving
innovation.

Integrating Factors EETS for Sustainable Livestock Farming

The interplay of environmental, economic, technological, and social factors influences the adoption of
sustainable livestock farming (Ryschawy et al., 2019). Return on Investment varies depending on the size
of the farm, requiring energy-efficient systems, waste management strategies, smart technologies, and
natural resource conservation to ensure animal welfare and increase productivity (Vlaicu et al., 2024; Ellis
etal., 2020). To improve the effectiveness of mechanical feeding and ventilation systems, it is necessary to
adopt regionally adapted barn designs that take local climates into account, such as cooling systems for dry
and arid regions or insulation for cold climates (Neethirajan, 2023). To reduce the environmental footprint
and support long-term economic efficiency, sustainable barn building materials must be chosen (Gaworski
& Bockowski, 2021). The adoption of sustainability-related innovations is influenced by traditional
practices, intergenerational attitudes, social factors, and access to education and extension services
(Kalakoski & Thorgrimsdottir, 2023). Therefore, achieving sustainability requires comprehensive
strategies that respond to local culture and effectively engage communities, taking into account financial
or technical solutions. An approach based on integrating these interconnected elements is important for
creating livestock systems that are resilient to climate change, socially embedded, and economically
sustainable (Shams Al-Dhaha and Nasser, 2025). Based on the above, livestock farming can play a pivotal
role in enhancing sustainability and food security through the alignment of infrastructure, innovation, and
community engagement.

Discussion

Designing and managing sustainable barn requires the integration of environmental, economic,
technological, and social dimensions. Practices such as efficient water use, waste management, and
adaptive responses to climate variability are essential to protecting environmental resources (Tarawneh et
al., 2025; Khashroum et al., 2025). Sustainability is enhanced through strategic interventions, including
improved use of antibiotics to protect animals and the implementation of genetic selection to enhance
productivity and economic efficiency (Alkadri et al., 2025; Al-Najjar et al., 2025). The use of
technological techniques in the fields of precision agriculture, biotechnology, and bio-food processing
contributes significantly to improving the sustainability of livestock farming (Obeidat and Al-Najjar,
2025; Al-Tarawneh and Al-Najjar, 2025).

At the traditional and social levels, factors such as animal breeder education, health education initiatives,
and integrated parasite management play a vital role in building capacity to ensure the sustainability of
livestock (Obeidat & Al-Najjar, 2025, Ayasrah et al., 2025). Al-Mithqal et al. (2024) emphasize the
importance of sustainable water resources, soil conservation, and practices to mitigate climate change.
Abo Znemah et al. (2023) highlight the impact of household economic conditions and agricultural
sustainability on food security. Additionally, Kaskous et al. (2023) demonstrate how the adoption of
innovative technologies, such as the SSL teat cup liner, enhances animal welfare and thus increases milk
yield. Based on all of the above, there is a need for a comprehensive and multidisciplinary approach to the
development of sustainable barn and farm management systems.

To address the challenges of sustainable livestock farming, priority must be given to developing a
comprehensive framework for environmental management and resource efficiency. Key challenges
require specific strategies based on waste management, water and energy consumption, air quality, animal
welfare, climate change impacts, and the integration of advanced technologies.

To reduce pollution and improve nutrient recovery, organic waste should be recycled through methods
such as composting and anaerobic digestion. In arid regions experiencing water scarcity, water
conservation measures such as rainwater harvesting, graywater reuse, and micro-irrigation systems are
essential for sustainable water management. Renewable energy technologies, such as solar, geothermal,
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and wind power, should also provide alternatives to reduce greenhouse gas emissions and reliance on
fossil fuels.

Animal welfare is an essential component of sustainable livestock systems and can be supported by
providing adequate space, natural ventilation and lighting, and veterinary care. Air quality within
livestock pens should be improved through advanced ventilation systems, strategic plantations as
windbreaks, and the use of biofiltration mechanisms. To mitigate the effects of climate change, farmers
must adopt practices such as efficient feed use, responsible manure management, and regenerative
farming techniques such as no-till and organic farming.

To improve operational efficiency, transparency, and animal health monitoring, digital tools such as
sensor networks, artificial intelligence for farm management, and blockchain technology for product
traceability must be integrated. Successful implementation of these strategies depends on coordinated
efforts among farmers, research centers, policymakers, and technology developers, as well as educational
initiatives and improved accessibility.

By combining technological innovations with ethical and environmentally responsible practices, the
livestock sector can transition to a more adaptive, efficient, and sustainable model aligned with
international sustainability goals. Sustainable livestock farming is therefore not only a necessity for
environmental conservation, but also a foundation for long-term food security and economic resilience.

Conclusion remarks

Adopting sustainable livestock farming practices and barn management requires a multi-dimensional
approach that includes, in order of importance, social responsiveness, environmental resource
management, and the adoption of technological advancements, thereby achieving economic viability. To
enhance profitability and long-term sustainability, barn designs must be improved, adopt energy-efficient
systems, and address smart technologies for resource efficiency, animal welfare, and climate change
adaptation. Social dynamics influence the effectiveness of these solutions and vary depending on the size
of the farm, underscoring the need to adopt comprehensive strategies tailored to different cultures.

Environmental resources must be preserved by adopting sustainable, climate-resilient barns, using
demountable and reusable building materials, and integrating renewable energy systems. Successful
implementation of sustainable practices requires investment in improving key strategies, including waste
management, water conservation, and the adoption of digital tools and blockchain technology to achieve
transparency and increase operational efficiency. It also requires collaboration between farmers, technical
research centers, and policymakers, along with comprehensive education and community engagement.

Finally, aligning technological developments with local social values enable the livestock sector to meet
the demand for livestock products while ensuring environmental and economic sustainability. This
approach contributes to achieving international sustainability goals.

Acknowledgments

The authors extend their sincere gratitude to Jerash University and the General Commission for Scientific
Agricultural Research for their research support. They also extend special thanks to the Jordanian Ministry
of Agriculture for its valuable insights into livestock farming practices. They also thank the Faculty of
Architecture at the University of Aleppo for its contributions to sustainable barn design.

Conflicts of Interest
The authors declare that they have no conflicts of interest to disclose.

References

[1]JAbo Znemah, S., Tarawneh R., Shnaigat S., Al-Najjar K. (2023). Estimating Some Indicators of Food
Security for Rural Households. Asian Journal of Agriculture and Food Sciences. Volume 11 —
Issue 1. https://doi.org/10.24203/ ajafs.v11i2.7171

[2]  Abu harb, S., Dayoub, M. and Al-Najjar, K. (2024b). The impact of agricultural extension program
effectiveness on sustainable farming: A survey article. International Journal of Agricultural
Technology 20 (2): 477-492. http://www.ijat-aatsea.com/pdf/v20 n2 2024 March/2 1JAT
20(2) 2024  Abu%?20harb,%20S.(Maomar).pdf



Jerash for Research and Studies | <l all 5 &ysall (s Alaa | Vol. 25, No. 1, pp. X-X | December 2025

[3]Abu harb, S., Tarawneh R., Abu Hantash K., Altarawneh M., Al-Najjar K. (2024a). Empowering rural
youth through sustainable innovation, entrepreneurship and peer learning in agriculture. Hunan
Daxue Xuebao/Journal of Hunan University Natural Sciences. Vol: 61 | Issue: 11.
https://doi.org/10.5281/zenodo.14058869

[4]Agarwala M, Burke M, Klusak P, Mohaddes K, Volz U, Zenghelis D. (2021). Climate Change and
Fiscal Sustainability: Risks and Opportunities. National Institute Economic Review. 258: 28-46.
https://doi.org/10.1017/nie.2021.37

[5]Agregan, R., Munekata, P.E.S., Feng, X., Gullon, B., Dominguez, R., & Lorenzo, J.M. (2020).
Technological Advances for Sustainable Livestock Production. Sustainable Production
Technology in Food, 37-47. https://doi.org/10.1016/B978-0-12-821233-2.00005-8

[6]Ahmed, M., Ahmad, S., Tariq, M., Fatima, Z., Aslam, Z., Raza, M.A., Hayat, R. (2020). Wastes to be
the source of nutrients and energy to mitigate climate change and ensure future sustainability:
options and strategies. Journal of Plant Nutrition, 43(6), 896-920.
https://doi.org/10.1080/01904167.2020.1711944

[7] Al-Barakeh, F.; Khashroum, A.O.; Tarawneh, R.A.; Al-Lataifeh, F.A.; Al-Yacoub, A.N.; Dayoub,
M.; Al-Najjar, K. (2024). Sustainable Sheep and Goat Farming in Arid Regions of
Jordan. Ruminants, 4, 241-255. https://doi.org/10.3390/ruminants4020017

[8]Alkadri, D., Alrabadi, N., Aljahmany, A. A., & Al-Najjar, K. (2025). Food Safety Implications of
Antibiotic-Resistant Staphylococcus aureus in Raw Milk from Northern Jordan. Hunan Daxue
Xuebao/Journal  of  Hunan University ~ Natural  Sciences, 62(05), 78-90.
https://doi.org/10.528 1/zenodo.15386274

[9]Al-lataifeh, F., Radi a. Tarawneh, Ebraheem s. Al-taha'at, Moammar Dayoub, Erkki Sutinen, & Khaled
Al-Najjar. (2024). Smart Technologies For Livestock Sustainability And Overcoming Challenges:
A Review. Xi'an Shiyou Daxue Xuebao (Ziran Kexue Ban)/ Journal of Xi'an Shiyou University,
Natural Sciences Edition. (67, 09, 196-204). Zenodo. https://doi.org/10.5281/zenodo. 13744058

[10]Al-Mithqal, H.A.H.H., Khashroum A.O., Al-Najjar K. (2024). Using Fishpond Water To Enhance
Soil Fertility And Reduce Climate Change Impacts. Vol: 67, Issue 10, Xi'an Shiyou Daxue Xuebao
(Ziran Kexue Ban)/Journal of Xi'an Shiyou University, Natural Sciences Edition.
https://doi.org/10.5281/zenodo. 13969898

[11]Al-Najjar K., Al Yasin A.O., Alshdaifat M.M., Dayoub M., et al. (2025). Genetic and Environmental
Influences on Awassi Lamb Weights with Implications for Breeding and Management in Jordan.
Qeios. https://doi.org/10.32388/14ZVQT.3

[12]Al-Tarawneh N.H. and Al-Najjar K. (2025). Enhancing the potential of probiotic bacteria to improve
labneh's nutritional value. Vol: 58 Issue. Tianjin Daxue Xuebao (Ziran Kexue yu Gongcheng Jishu
Ban)/Journal of Tianjin University Science and Technology. https://doi.org/10.5281/
zenodo.14630684

[13]JAndrade, R.R., Tin6co, I.D., Damasceno, F.A., Oliveira, C.E., Concha, M.S., Zacaroni, O.D., Bambi,
G., & Barbari, M. (2023). Understanding Compost-Bedded Pack Barn Systems in Regions with a
Tropical Climate: A Review of the Current State of the Art. Animals, 14(12), 1755.
https://doi.org/10.3390/ani14121755

[14]Ano, B. and Bent, R. (2022), "Human determinants influencing the digital transformation strategy of
multigenerational family businesses: a multiple-case study of five French growth-oriented family
firms", Journal of Family Business Management, Vol. 12 No. 4, pp. 876-
891. https://doi.org/10.1108/JFBM-12-2020-0117

[15]Arcuri, S., Cavicchi, A., Galli, F., Brunori, G., & Vergamini, D. (2023). Can alternative wine
networks foster sustainable business model innovation and value creation? The case of organic and
biodynamic wine in Tuscany. Frontiers in Sustainable Food Systems, 7, 1241062.
https://doi.org/10.3389/fsufs.2023.1241062

[16]Athmani, W., Sriti, L., Dabaieh, M., & Younsi, Z. (2022). The Potential of Using Passive Cooling
Roof Techniques to Improve Thermal Performance and Energy Efficiency of Residential
Buildings in Hot Arid Regions. Buildings, 13(1), 21. https://doi.org/10.3390/buildings13010021

[17]Ayasrah, A.LL, Shnaigat S.F., Obeidat H.M., Al-Najjar K.A. (2025). Demographic, Health, And
Socioeconomic Determinants of Food Insecurity and its Association with Osteoporosis. Journal of

10



MULTIDIMENSIONAL FACTORS FOR SUSTAINABLE LIVESTOCK BARN DESIGN AND MANAGEMENT

Tianjin University Science and Technology. Vol: 58 Issue: 03.
https://doi.org/10.5281/zenodo.15123550

[18]Balasundram, S. K., Shamshiri, R. R., Sridhara, S., & Rizan, N. (2022). The Role of Digital
Agriculture in Mitigating Climate Change and Ensuring Food Security: An Overview.
Sustainability, 15(6), 5325. https://doi.org/10.3390/sul15065325

[19]Balzani, A., & Hanlon, A. (2020). Factors that Influence Farmers’ Views on Farm Animal Welfare: A
Semi-Systematic ~ Review  and  Thematic = Analysis.  Animals,  10(9), 1524.
https://doi.org/10.3390/ani10091524

[20]Bisht, 1.S., Rana, J.C., & Pal Ahlawat, S. (2019). The Future of Smallholder Farming in India: Some
Sustainability Considerations. Sustainability, 12(9), 3751. https://doi.org/10.3390/su12093751

[21]Bonizzi, S., Gislon, G., Brasca, M., Morandi, S., Sandrucci, A., & Zucali, M. (2021). Air Quality,
Management Practices and Calf Health in Italian Dairy Cattle Farms. Animals, 12(17), 2286.
https://doi.org/10.3390/ani12172286

[22]Buller, H., Blokhuis, H., Lokhorst, K., Silberberg, M., & Veissier, 1. (2020). Animal Welfare
Management in a Digital World. Animals, 10(10), 1779. https://doi.org/10.3390/ani10101779

[23]Dayoub, M, Shnaigat S, Tarawneh RA, Al-Yacoub AN, Al-Barakeh F, Al-Najjar K. (2024).
Enhancing Animal Production through Smart Agriculture: Possibilities, Hurdles, Resolutions, and
Advantages. Ruminants. 4(1):22-46. https://doi.org/10.3390/ruminants4010003

[24]De Corato, U. (2020). Agricultural waste recycling in horticultural intensive farming systems by on-
farm composting and compost-based tea application improves soil quality and plant health: 4
review under the perspective of a circular economy. Science of The Total Environment, 738,
139840. https://doi.org/10.1016/j.scitotenv.2020.139840

[25]De Vries, A. (2020). Symposium review: Why revisit dairy cattle productive lifespan? Journal of
Dairy Science, 103(4), 3838-3845. https://doi.org/10.3168/jds.2019-17361

[26]Ellis JL, Jacobs M, Dijkstra J, et al. (2020). Review: Synergy between mechanistic modelling and
data-driven models for modern animal production systems in the era of big data. animal. 4
(S2):s223-s237. https://doi.org/10.1017/S1751731120000312

[27]Elsaid, S. and Aghezzaf, E.-H. (2015), "A framework for sustainable waste management: challenges
and opportunities", Management Research Review, Vol. 38 No. 10, pp. 1086-
1097. https://doi.org/10.1108/MRR-11-2014-0264

[28]Gaworski, M., & Boc¢kowski, M. (2021). Comparison of Cattle Housing Systems Based on the
Criterion of Damage to Barn Equipment and Construction Errors. Animals, 12(19), 2530.
https://doi.org/10.3390/ani12192530

[29]Geetha Varma, V. (2021). Water-efficient technologies for sustainable development. Current
Directions in Water Scarcity Research, 6, 101-128. https://doi.org/10.1016/B978-0-323-91838-
1.00009-9

[30]Greco, A., Gundabattini, E., Solomon, D.G., Singh Rassiah, R., & Masselli, C. (2021). A Review on
Geothermal Renewable Energy Systems for Eco-Friendly Air-Conditioning. Energies, 15(15),
5519. https://doi.org/10.3390/en15155519

[31]Gupta, J., & Chakraborty, M. (2020). Energy efficiency in buildings. Sustainable Fuel Technologies
Handbook, 457-480. https://doi.org/10.1016/B978-0-12-822989-7.00016-0

[32]Hannus, V., & Sauer, J. (2020). Understanding Farmers’ Intention to Use a Sustainability Standard:
The Role of Economic Rewards, Knowledge, and Ease of Use. Sustainability, 13(19), 10788.
https://doi.org/10.3390/su131910788

[33]Harrison, M.T., Cullen, B.R., Mayberry, D.E., Cowie, A.L., Bilotto, F., Badgery, W.B., Liu, K.,
Davison, T., Christie, K.M., Muleke, A., & Eckard, R.J. (2021). Carbon myopia: The urgent need
for integrated social, economic and environmental action in the livestock sector. Global Change
Biology, 27(22), 5726-5761. https://doi.org/10.1111/gcb.15816

[34]Heinke, J., Lannerstad, M., Gerten, D., Havlik, P., Herrero, M., Omer Notenbaert, A. M., Hoff, H., &
Miiller, C. (2020). Water Use in Global Livestock Production — Opportunities and Constraints for
Increasing Water Productivity. Water Resources Research, 56(12), ¢2019WR026995.
https://doi.org/10.1029/2019WR 026995

[35]Hjjazi, O., Haslbeck, M., Maze, M., Samer, M., Treiber, M., & Bernhardt, H. (2020). Life cycle
assessment of different dairy farms considering building materials for barns, milking parlors, and

11



Jerash for Research and Studies | <l all 5 &ysall (s Alaa | Vol. 25, No. 1, pp. X-X | December 2025

milking tanks. In 2020 ASABE Annual International Virtual Meeting (p. 1). American Society of
Agricultural and Biological Engineers. https://doi.org/10.13031/aim.202000516

[36]Johansson, E., Martin, R., & Mapunda, K.M. (2023). Participatory future visions of collaborative
agroecological farmer-pastoralist systems in Tanzania. Agroecology and Sustainable Food
Systems, 47(4), 548—578. https://doi.org/10.1080/21683565.2023.2165592

[37]John, D., Hussin, N., Shahibi, M.S., Ahmad, M., Hashim, H., & Ametefe, D.S. (2023). A systematic
review on the factors governing precision agriculture adoption among small-scale farmers.
Outlook on Agriculture. https://doi.org/10.1177/00307270231205640

[38]Kalakoski, 1., & Thorgrimsdottir, S. (2023). Learning from the secondary: Rethinking architectural
conservation through ‘barn architecture’. Journal  of  Material Culture.
https://doi.org/10.1177/13591835221123953

[39]Kaskous, S., Al-Najjar K., Pfaffl M.W. (2024). Influence of the new wavy teat liner “Stimulor
StressLess” on milk yield performance and its quality in dairy cows: Results of a field study.
Mechanical Engineering Advances. 2(2): 1752. https://doi.org/10.59400/meal752

[40]Kaur, U., Malacco, V.M., Bai, H., Price, T.P., Datta, A., Xin, L., Sen, S., Nawrocki, R.A., Chiu, G.,
Sundaram, S., Min, B., Daniels, K.M., White, R.R., Donkin, S.S., Brito, L.F., & Voyles, R.M.
(2023). Invited review: Integration of technologies and systems for precision animal agriculture —
A case study on precision dairy farming. Journal of Animal Science, 101,
https://doi.org/10.1093/jas/skad206

[41]Khashroum, A. O., Al Omari, Y., Abo Dalo, A., Al-Aloosi, A. A. K., & Al-Najjar, K. A. (2025).
Growth and floral characteristics of three Lilium cultivars under varying levels of treated
wastewater irrigation. Tianjin Daxue Xuebao (Ziran Kexue yu Gongcheng Jishu Ban)/Journal of
Tianjin University Science and Technology, 58(5). https://doi.org/10.5281/zenodo.15515552

[42]Kumar, P., Singh, A., Arora, T., Singh, S., & Singh, R. (2023). Critical review on emerging health
effects associated with the indoor air quality and its sustainable management. Science of The Total
Environment, 872, 162163. https://doi.org/10.1016/j.scitotenv.2023.162163

[43]Liu, S., Yin, S., Hua, J., & Ren, C. (2022). Climate-responsive architectural and urban design
strategies for adapting to extreme hot events. Adapting the Built Environment for Climate Change,
253-272. https://doi.org/10.1016/ B978- 0-323-95336-8.00002-0

[44]Lovarelli, D., Bovo, M., Giannone, C., Santolini, E., Tassinari, P., & Guarino, M. (2024). Reducing
life cycle environmental impacts of milk production through precision livestock farming.
Sustainable Production and Consumption, 51,303-314. https://doi.org/10.1016/j.spc.2024.09.021

[45]Martin, G.B. (2024). Perspective: Science and the future of livestock industries. Frontiers in
Veterinary Science, 11, 1359247, https://doi.org/10.3389/fvets. 2024.1359247

[46]Muhit, [.B., Omairey, E.L., & Pashakolaie, V.G. (2024). A holistic sustainability overview of hemp as
building and highway construction materials. Building and Environment, 256, 111470.
https://doi.org/10.1016/j.buildenv.2024.111470

[47]Nagy, M., Naik, H., Kano, F., Carlson, N.V., Koblitz, J.C., Wikelski, M., & Couzin, 1.D. (2023).
SMART-BARN: Scalable multimodal arena for real-time tracking behavior of animals in large
numbers. Science Advances. https://doi.org/adf8068

[48]Neethirajan, S. (2023). Innovative Strategies for Sustainable Dairy Farming in Canada amidst
Climate Change. Sustainability, 16(1), 265. https://doi.org/10.3390/sul16010265

[49]0beidat J.M. and Al-Najjar K. (2025). Integrating Biomedical and Sustainable Strategies for
Effective Parasite Control In Livestock: A Review. Hunan Daxue Xuebao/Journal of Hunan
University Natural Sciences, 61(04), 98-105. https://doi.org/10.5281/zenodo.15259217

[50]Oliveira, A.Y., Justo Mendes, J.A., Zanon, L.G., Gerolamo, M.C., & Zuin Zeidler, V.G. (2025).
Sustainable Development: Prioritizing Attributes and Validating Factors for the Success of Green
Startups in Brazilian and German Entrepreneurial Ecosystems. Business Strategy & Development,
8(1), €70083. https://doi.org/10.1002/bsd2.70083

[51]0wusu-Sekyere, E., Hansson, H., Telezhenko, E., Nyman, A.-K. and Ahmed, H. (2023), "Economic
impact of investment in animal welfare—enhancing flooring solutions — Implications for promoting
sustainable dairy production in Sweden", British Food Journal, Vol. 125 No. 12, pp. 4415-
4444, https://doi.org/10.1108/BFJ-06-2022-0523

[52]Parlato, M.C., & Porto, S.M. (2019). Organized Framework of Main Possible Applications of Sheep
Wool Fibers in Building Components. Sustainability, 12(3), 761.
https://doi.org/10.3390/su12030761

12



MULTIDIMENSIONAL FACTORS FOR SUSTAINABLE LIVESTOCK BARN DESIGN AND MANAGEMENT

[53]Ryschawy J, Dumont B, Therond O, et al. (2019). Review: An integrated graphical tool for analysing
impacts and services provided by livestock farming. animal. 13 (8): 1760 - 1772.
https://doi.org/10.1017 /S1751731119000351

[54]Samad, H.A., Kumar Eshwaran, V., Muquit, S.P., Sharma, L., Arumugam, H., Kant, L., Fatima, Z.,
Sharun, K., Aradotlu Parameshwarappa, M., Latheef, S.K., Chouhan, V.S., Maurya, V.P., Singh,
G., & Kaniyamattam, K. (2024). Sustainable Livestock Solutions: Addressing Carbon Footprint
Challenges from Indian and Global Perspectives. Sustainability, 17(5), 2105.
https://doi.org/10.3390/su17052105

[55]Shamsuddoha, M., & Nasir, T. (2025). Smart Practices in Modern Dairy Farming in Bangladesh:
Integrating Technological Transformations for Sustainable Responsibility. Administrative
Sciences, 15(2), 38. https://doi.org/10.3390/admsci15020038

[56]Singh, P., Banarjee, S., Awasthi, S., Agarwal, L., Gera, R., Saxena, A., & Khristina Maksudovna, V.
(2023). Green materials and India: A bibliometric analysis. Materials Today: Proceedings.
https://doi.org/10.1016/j.matpr.2023. 10.086

[57]Somagond, A., Aderao, G.N., Girimal, D., & Singh, M. (2023). Animal feeding and watering
technologies. Engineering Applications in Livestock Production, 37-62.
https://doi.org/10.1016/B978-0-323-98385-3.00009-8

[58]Ssekyanzi, G., Ahmad, M.J., & Choi, K. (2023). Sustainable Solutions for Mitigating Water Scarcity
in Developing Countries: A Comprehensive Review of Innovative Rainwater Storage Systems.
Water, 16(17), 2394. https://doi.org/10.3390/w16172394

[59]Svazas, M., & Navickas, V. (2024). The Synergy Potential of Energy and Agriculture—The Main
Directions of Development. Energies, 18(5), 1031. https://doi.org/10.3390/en18051031

[60]Tarawneh R. and Al-Najjar K. (2023). Assessing the Impacts of Agricultural Loans on Agricultural
Sustainability in Jordan. IOSR Journal of Economics and Finance (IOSR-JEF). Vol. 14, Issue 6
Ser. PP 49-56. https://www.iosrjournals.org/

[61]Tarawneh, R.A., Abu Harb, S., Dayoub, M. and Al-Najjar, K. (2025). Leveraging the bioeconomy to
drive sustainable development: a comprehensive review. International Journal of Agricultural
Technology 21 (1):  327-338.  http://www.ijat-aatsea.com/pdf/v21 nl 2025 January/
26 TJAT 21(1) 2025 Tarawneh, %20R.%20A.pdf

[62]Tarawneh, R.A., Tarawneh, M.S., and Khaled A. Al-Najjar. (2022). Agricultural Policies among
Advisory and Cooperative Indicators in Jordan. International Journal of Research -
GRANTHAALAYAH, 10(2), 10—17. https://doi.org/10.29121/granthaalayah.v10.i2.2022.4489

[63]Torbat Esfahani, M., Awolusi, 1., & Hatipkarasulu, Y. (2024). Heat Stress Prevention in Construction:
A Systematic Review and Meta-Analysis of Risk Factors and Control Strategies. International
Journal  of  Environmental  Research  and  Public  Health, 21(12), 1681.
https://doi.org/10.3390/ijerph21121681

[64]Turner, 1., Heidari, D., & Pelletier, N. (2021). Life cycle assessment of contemporary Canadian egg
production systems during the transition from conventional cage to alternative housing systems:
Update and analysis of trends and conditions. Resources, Conservation and Recycling, 176,
105907. https://doi.org/10.1016/j.resconrec.2021.105907

[65]Vlaicu, P.A., Gras, M.A., Untea, A.E., Lefter, N.A., & Rotar, M.C. (2024). Advancing Livestock
Technology: Intelligent Systemization for Enhanced Productivity, Welfare, and Sustainability.
AgriEngineering, 6(2), 1479-1496. https://doi.org/10.3390/agriengineering6020084

[66]Yang, Z., & Solangi, Y.A. (2024). Analyzing the relationship between natural resource management,
environmental protection, and agricultural economics for sustainable development in China.
Journal of Cleaner Production, 450, 141862. https://doi.org/10.1016/ j.jclepro.2024.141862

[67]Zhang, W., Yang, R., Choi, C.Y., Rong, L., Zhang, G., Wang, K., & Wang, X. (2024). Recent
research and development of individual precision cooling systems for dairy cows — 4 review.
Computers and  Electronics in  Agriculture, 225, 109248. https://doi.org/10.1016/
j.compag.2024.109248

13


http://www.tcpdf.org

