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Abstract
The research problem is the lack of a comprehensive comparative analysis of dairy barn designs, 
making the selection of the optimal model that balances sustainability and animal welfare complex. 
The importance of the study lies in developing an evidence-based analytical framework to support 
the adoption of efficient and sustainable barns that contribute to improving productivity and 
reducing environmental impact. The study aims to identify the optimal barn design model by 
reviewing the literature and conducting a comprehensive comparison between different models 
according to environmental, economic, and technological sustainability criteria. The results 
demonstrate that modern designs tend to achieve a balance between operational efficiency and 
animal welfare by combining simple, economically efficient, low-tech models with advanced models 
that rely on automation and smart monitoring. It also demonstrates that improving bedding and 
space, environmental management, the use of recyclable materials, and the application of smart 
technologies are essential elements for achieving integrated sustainability. The study indicates that 
integrating sustainable architecture with digital technologies enhances the quality of the indoor 
environment in barns and reduces heat stress, which positively impacts animal welfare and 
productivity. The findings recommend that the future direction of dairy barn design should focus on 
flexible models, such as design for disassembly that enable easy maintenance and reuse, along with 
the gradual application of digital control and environmental management to achieve integration 
between economic efficiency, animal welfare, and environmental sustainability.
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Introduction 
Livestock barn design plays a pivotal role in enhancing animal welfare, improving farm 

productivity, and achieving sustainability in modern agricultural systems [1]. With increasing global 
focus on animal welfare, environmental responsibility, and reducing operational costs, choosing the 
optimal barn design is a fundamental pillar of sustainable agriculture [2]. Barns represent primary 
shelter for livestock and directly influence their health, behavior, and on-farm resource management 
efficiency [3]. Therefore, improving barn design is essential for promoting animal health and 
enhancing sustainability of livestock production systems. Developing barn designs contributes to 
integrating sustainability with animal welfare by improving overall health, resource management 
efficiency, and farm productivity within the framework of sustainable agriculture. Sustainable barns 
contribute to improving animal health and productivity by integrating smart technologies, energy-
efficient infrastructure, and biosecurity measures, thus supporting the resilience of agricultural 
systems in face of environmental changes [4, 5]. These designs facilitate parasite control and 
reduce antimicrobial resistance through application of preventive environmental practices [6]. 
Sustainable barns embody bioeconomy principles by using renewable building materials and 
modern technologies [7]. Although smart technologies offer opportunities for real-time monitoring, 
automation, and improved resource allocation, their implementation faces economic and ethical 
challenges [8]. Evidence suggests that farmer awareness, rural support policies, and agricultural 
extension services are key determinants of sustainable design adoption [9, 10]. Sustainable barns 
are an effective means of integrating animal welfare with environmental sustainability by improving 
livestock health and productivity, enhancing resource management efficiency, and supporting farm 
environmental resilience. It is important to emphasize importance of awareness and institutional 
support for successful implementation of these designs.

Despite diversity and development of barn design models, the lack of comparative analysis 
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between different models remains an obstacle to breeders and decision-
makers choosing an optimal design that balances environmental 
sustainability, economic feasibility, and animal welfare. Most 
previous studies focus on one of these aspects without addressing 
them in an integrated framework, calling for a comparative analysis 
that combines technical, economic, and environmental criteria.

This study derives its importance from its presentation of a 
comprehensive analytical framework that evaluates and classifies five 
main livestock barn designs: free-stall barn [FSB], compost bedded 
pack barn [CBP], design for deconstruction [DfD], cow shed barn 
[CSH], and smart cow farms (Cornell Dairy Barn) [CDB]. This 
analysis helps guide agricultural practices toward more sustainable 
and efficient models by providing a knowledge base that supports 
evidence-based design decisions for farmers, agronomists, and 
policymakers. The study's findings support sustainable agricultural 
development approaches in the face of environmental and economic 
challenges. 

This research aims to conduct a comparative analysis of different 
barn design models in terms of the extent to which they achieve 
the principles of environmental, economic, and technological 
sustainability, to determine the optimal model that enhances animal 
welfare and achieves operational efficiency and integrated agricultural 
sustainability.

Procedures
A comprehensive literature review was conducted to compare 

various barn design concepts in terms of sustainability based on 
environmental criteria, economic efficiency, and technological 
integration, with goal of enhancing animal welfare. The review 
included peer-reviewed studies published in English between 2005 
and 2025. Google Scholar was used as primary source for data 
collection, using a set of targeted keywords, including barn design, 
sustainable livestock housing, economically viable barns, smart 
farming techniques, animal welfare, and barn maintenance strategies. 

An initial set of 87 studies was identified and evaluated according 
to pre-defined inclusion criteria, with priority given to research that 
directly addressed barn design characteristics and their impacts on 
sustainability in terms of environmental parameters, economic 
efficiency, and technological application to enhance animal welfare. 
Following an initial screening process, 55 studies were selected for 
review and abstraction. Abstraction included collecting baseline data 
from each study, including research objectives, main findings, and 
documented sustainability impacts in terms of environmental and 
economic performance and level of technological integration.

An objective analysis was conducted to identify the distinctive 
patterns and strategies of each barn design model, enabling a 
comparison of strengths and weaknesses with a focus on practical 
aspects and challenges related to animal welfare. The comparative 
ranking was based on an evaluation system that analyzed barn 
performance across three main criteria: environmental sustainability, 
economic efficiency, and technical integration. Indicators were 
identified for each criterion, including resource efficiency, waste 
management, operating costs, and level of automation and smart 
technologies. Each design was ranked from (1) for best to (5) for 
weakest, and overall ranking was calculated based on sum of three 
scores, with a lower score indicating the most balanced and efficient 
performance.

Limitations
Although scope of review was limited to studies published in 

English within specified period, the methodological framework 
adopted was rigorous and appropriate to research topic. This review 
aimed, overall, to provide evidence-based scientific insights that 
contribute to development of more sustainable barn designs and 
effective housing strategies that enhance the efficiency of livestock 
management and welfare.

Results Notes
Cattle barn designs, particularly dairy barns, are undergoing a 

paradigm shift toward integrating environmental sustainability and 
animal welfare. This shift is driven by architectural innovation and 
smart technologies to develop more efficient and healthier housing 
environments. This trend reflects evolution of contemporary 
agricultural design philosophy, which integrates operational efficiency 
with environmental and social responsibility, achieving a sustainable 
balance in modern livestock production systems. Studies confirm 
that comparing barn designs is a key focus for improving cow welfare 
and enhancing agricultural sustainability. Results from [11, 14] show 
that effective management, agricultural education, and technology 
adoption collectively contribute to increasing productivity, reducing 
environmental impact, and enhancing the resilience of animal 
housing systems.

Cow Barn Designs
Free-stall barns (FSB) are an effective, low-tech design model that 

aims to enhance cow welfare by improving physical and behavioral 
comfort. The sand bedding in this type of barn provides a suitable 
environment that allows free movement and lying, reducing injuries 
and maintaining limb health [15]. Studies indicate that matching 
stall dimensions to morphological and behavioral characteristics of 
cows is a crucial factor in achieving optimal levels of comfort and 
productivity [16]. These barns also feature low operating costs and 
easy maintenance, making them a sustainable option that combines 
operational efficiency with environmental considerations. Proper 
design for the size and needs of cows leads to increased milk 
production and quality, improved udder health, longer productive 
life, and increased animal welfare and farm income [16]. This requires 
careful planning of barn components and consideration of cows' 
natural behavior to ensure a clean, safe, and spacious environment 
that allows for comfort and free movement.

Compost Bedded Pack Barns (CBP) are an advanced model for 
applying circular economy principles to cow housing systems. They 
rely on recycling organic waste and converting it into biodegradable 
bedding, reducing nitrogen emissions and improving housing 
environmental quality [17, 18]. Although animal welfare indicators 
are similar between CBP systems and free-stall barns, studies 
confirm importance of careful environmental management to ensure 
udder health and maintain litter quality [19]. This model embodies 
integration of sustainable management practices and environmental 
considerations to achieve an effective balance between animal 
comfort and reducing environmental impact. Compost bedding 
systems are also adapted to local climatic conditions using mechanical 
ventilation and sprinkler systems to reduce heat stress, and control 
litter temperature and humidity with recyclable organic materials, 
enhancing farm sustainability within the framework of the circular 
economy and supporting production efficiency and animal welfare 
[20].
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The design for decomposition (DfD) approach is one of models 
most compatible with sustainable architecture principles. It relies 
on modular, reusable components, reducing construction waste 
and carbon footprint, while enabling agricultural structures to be 
redesigned to meet development and expansion needs [21, 22]. This 
model is characterized by high operational flexibility, enabling long-
term alignment between structural sustainability and animal welfare, 
along with moderate maintenance requirements that maintain the 
efficiency of detachable connections and the durability of modified 
systems [23]. The DfD concept also shows great potential for reducing 
environmental impact through the reuse of building materials, but 
its application in livestock housing requires the development of 
innovative design solutions that comply with the requirements of 
modern housing systems [21]. Modern dairy barn designs tend to 
combine this approach with technological innovations to achieve 
higher levels of environmental sustainability and animal welfare, 
through optimizing cow space, effective waste management, reduced 
emissions, and use of recyclable materials, as well as use of smart 
climate control and cow movement guidance systems. This enhances 
operational efficiency and economic and social viability of these barns 
[24].

Cow shed barns (CSH) represent a traditional model of cow 
housing systems. Their simple design and reliance on natural 
ventilation and light make them an economical option suitable for 
rural environments and temperate climates [25]. This model aims 
to provide a comfortable and healthy environment that allows cows 
freedom of movement while maintaining low operating costs and 
maintenance requirements. Studies indicate that efficiency of these 
barns depends largely on quality of ventilation, distribution of natural 
light, and layout of the interior spaces, ensuring clean floors and easy 
waste management [26]. Although technical integration is limited 
compared to modern models, they can be improved by introducing 
mechanical ventilation systems and simple monitoring tools to 
improve indoor climate control and increase housing efficiency [25]. 
These barns embody a balance between structural simplicity and 
operational efficiency, making them a basis for applying low-cost 
sustainability principles in livestock production. The findings of [27] 
indicated that structural characteristics of barns, such as floor type, 
bedding, cleanliness, and slope, directly affect cow welfare and can be 
assessed by measuring floor friction coefficient.

Main Design Patterns
Figure 1 illustrates four main design patterns for cattle barns, 

varying in their degree of technology and sustainability: the FSB, 
which focuses on individual organization and comfort. The CBP 
promotes well-being through a flexible floor environment. The DfD 
embodies material sustainability and reusability. The CSH relies on 
simplicity and natural ventilation. These models reflect a variety of 
architectural and environmental strategies for balancing productivity 
and animal welfare within the framework of modern agricultural 
sustainability.

The CDB represents an advanced model that embodies integration 
of sustainable architecture and animal welfare. It employs smart 
ventilation, cooling, and shading systems that reduce heat stress 
and maintain high productivity levels [28, 29]. The barn employs 
advanced technologies to monitor animal behavior and manage 
cow flow according to smart farming standards [30]. Despite high 
construction and operating costs, it represents a practical application 
of concept of integrated sustainability in modern dairy production 

systems [31, 32].

Smart barns reflect a digital transformation in animal housing 
systems, integrating Internet of Things (IoT) technologies to monitor 
indoor climate, analyze operational data, and track cow behavioral 
activities [33]. Recent Canadian models demonstrate a similar 
approach, combining sustainable architectural design with use of 
environmentally friendly materials such as cross-laminated timber, 
while improving natural light distribution and ventilation to reduce 
heat stress and improve cow performance and welfare indicators [23, 
34].

The integration of smart technologies based on the Internet of 
Things, including automated milking, feeding, and monitoring systems, 
is reshaping the dairy industry by enhancing productivity, improving 
animal health, and supporting environmental sustainability, with a 
focus on safe and cost-effective digital transformation [35]. Thus, the 
Cornell barn embodies an integrated model that combines technical 
efficiency and animal welfare in modern housing systems.

Figure 2 shows design of a smart barn that ensures animal 
comfort, improves environmental management, and increases 
production efficiency by facilitating automated monitoring and data 
collection to improve welfare and nutrition in modern dairy industry.

Architectural and Technical Integration 
A comparison of different design models shows that achieving 

Figure 1: Main design models of cow barns in production systems.
Source: [A]=[16]; [B]=[20]; [C]=[24]; [D]=[27].

Figure 2: Smart cow barns (Cornell Dairy Barn).
Source: [35].
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a balance between environmental sustainability and animal 
welfare depends on integration of architectural innovation, smart 
technologies, and data-driven management. Low-tech models focus 
on economic efficiency and reducing energy consumption, while 
high-tech models seek to improve animal welfare through interactive 
digital environments and careful resource management. Awareness-
raising is essential to promoting adoption of sustainable design 
models such as CBP and DfD, as training initiatives contribute to 
increased environmental and management efficiency, improved 
animal welfare quality, and reduced overall environmental impact 
[36, 37]. Raising awareness of smart technologies and modern 
environmental strategies promotes an effective transition to 
sustainable housing systems that balance animal comfort with 
operational efficiency. Recent trends in livestock design indicate 
that integration of environmental sustainability and animal welfare 
is cornerstone of developing sustainable animal production systems. 

This goal requires combining smart architectural solutions, digital 
technologies, data-driven management, and continuous education 
for farmers and professionals. This integrated approach optimizes 
resource use, reduces environmental impact, and enhances animal 
welfare and high productivity within framework of comprehensive 
agricultural sustainability.

Table 1 shows that modern barn designs are moving toward 
environmental sustainability through use of local materials, natural 
ventilation systems, and effective waste management. DfD and FSB 
perform best in reducing their carbon footprint, while CDB presents 
an environmental challenge due to its high-energy consumption, 
despite its superior animal welfare indicators.

Table 2 shows variation in economic efficiency between models, 
with the FSB and DfD hangars achieving the best balance between 
cost and operational efficiency. Meanwhile, the CDB is the most 
costly in the end due to its combination of complex technologies and 
high maintenance requirements, reflecting an inverse relationship 
between technical complexity and economic feasibility.

Table 3 shows that level of technical integration is closely 
related to architectural innovation, with CDB representing the most 
advanced model in terms of automation and smart monitoring. 
Meanwhile, FSB and CBP are low-tech models that can be gradually 
developed toward smart solutions, reflecting a natural progression in 
digital transformation of barn designs. 

Table 4 illustrates clear contrast between barn designs in terms of 
strengths and weaknesses, with a focus on sustainability, economic 
efficiency, and technical integration. The outcomes show that 
low-tech models such as the FSB and CSH achieve high economic 
efficiency and low maintenance requirements, but remain limited 
in their level of technical integration. In contrast, high-tech models 
such as the CDB and DfD offer advanced levels of animal welfare and 
environmental protection, but are associated with high construction 
and operating costs. The comparison underscores importance of 
selecting the optimal design based on achieving a balance between 
environmental sustainability, animal welfare, and operational 

Type of Barn 
or Concept

Sustainable 
Design 

Elements

Carbon 
Footprint

Impact on Animal 
Welfare References

Free-Stall Barn

Locally sourced 
wood, natural 

ventilation, 
minimal land 
disturbance

Low to 
Moderate

Improved air 
quality and indoor 

climate
[38, 39]

Compost 
Bedded Pack 

Barn

Compost 
reused, reduced 

odors, waste 
recycling

Moderate
Improved limb 

health, comfort, 
good udder health

[40, 41]

Design for 
Deconstruction

Steel reuse, 
waste reduction, 
lifecycle focus

Low

Indirect 
improvement via 
clean, adaptable 

spaces

[42, 43]

Cow Shed

Prefabrication, 
daylight 

use, natural 
ventilation

Moderate 
to Low

Bright, comfortable 
space supports 
animal welfare

[44, 45]

Smart cow 
farms (Cornell 

Dairy Barn)

Thermal 
insulation, 

adaptive layout, 
welfare-focused

High

High comfort 
via precise 

environmental 
control

[32, 46]

Table 1: Comparative Assessment of Environmental Sustainability in Dairy Barn 
Designs.

Type of Barn or Concept Cost Efficiency Estimated Construction 
Time

Long-Term Operating 
Costs

Maintenance 
Requirements References

Free-Stall Barn High (local materials, 
owner-led) Moderate Low (minimal energy 

use) Low (few moving parts) [47, 48] 

Compost Bedded Pack Barn
Moderate to High (less 
concrete, composting 

cost)
Moderate Moderate (bedding 

renewal and labor)
Moderate (bedding 

maintenance) [49] 

Design for Deconstruction High (savings via 
reused materials) Fast (prefabricated) Low (if components 

reused effectively)
Low to Moderate (prefab 

upkeep) [50, 51] 

Cow Shed Moderate (materials 
vs prefab efficiency) Fast Moderate (mechanical 

upkeep)
Moderate (panel and timber 

maintenance) [48, 52] 

Smart cow farms (Cornell 
Dairy Barn)

Low to Moderate (tech 
investment) Long High (energy-intensive 

systems)
High (complex systems 

servicing) [31, 53] 

Table 2: Evaluation of Economic Efficiency and Maintenance Requirements in Dairy Barn Designs.

Type of Barn or Concept Level of Technological Integration Main Design Features Integration Potential References

Free-Stall Barn Low (passive, non-mechanized) Open facades, timber frame Traditional model, adaptable for 
sensors [50] 

Compost Bedded Pack Barn Low (manual systems, some tech 
potential)

Open compost area, limited 
concrete flooring

Potential for sensor-based compost 
management [20] 

Design for Deconstruction Medium (tech adaptable) Modular, dismantlable 
components

Compatible with digital design and 
reuse tracking [22] 

Cow Shed Medium (mechanized facade, 
ventilation) CLT frame, translucent panels Suitable for automation of climate 

systems [34, 54] 

Smart cow farms (Cornell Dairy 
Barn)

High (automation, monitoring, 
climate control) Modular stalls, behavioral sensors Fully integrated smart barn model [55] 

Table 3: Comparative Analysis of Technological Integration and Architectural Innovation in Dairy Barn Concepts.
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efficiency, taking into account the breeder's capabilities and available 
resources to ensure sustainability of production system.

Table 5 shows that barn design selection depends on achieving a 
balance between environmental sustainability, economic efficiency, 
and technical integration. Low-tech barns such as Free-Stall and Cow 
Shed perform well in terms of low costs and ease of maintenance, 
while advanced barns such as CDB and DfD provide the highest 
levels of animal welfare, technical integration, and environmental 
sustainability, but are associated with high operating costs. The 
outcomes emphasize importance of aligning design with available 

resources and production objectives of each farm to ensure most 
sustainable and efficient model is adopted.

Figure 3 compares five barn design models based on three main 
criteria: environmental sustainability, economic efficiency, and 
technical integration, in addition to the overall ranking. The DfD 
model shows the best overall balance among the three criteria, due 
to its superiority in both environmental and economic aspects. The 
CBP model achieves the highest overall ranking due to the imbalance 
between technical and economic aspects, despite its superiority in 
technical integration. The FSB model also performs well in economic 

Barn Type Strengths Weaknesses Overall Rating

Free-Stall Barn
Effective natural ventilation, Use of local 

materials, High animal comfort, Low 
maintenance costs

Limited technical systems, Complex waste 
management, Limited climate control in 

harsh conditions

High in economic efficiency and 
sustainability, Medium in technical 

integration

Compost Bedded Pack Barn
Improved cow health and limb comfort, 

sustainable waste management, moderate 
set-up cost

Constant need for compost turning, high litter 
consumption, limited technology integration

High in animal welfare, medium in 
sustainability, low in technology

Design for Deconstruction Flexible disassembly and reuse, waste 
reduction, long-term economic efficiency

Requires careful engineering planning, high 
initial cost, and high technical skill

Very high in sustainability, high 
in efficiency, medium in technical 

integration

Cow Shed Simple construction and maintenance, good 
ventilation and natural lighting, low cost

Poor environmental control, limited 
automation, need for continuous 

maintenance

Average efficiency, low technology, 
average sustainability

Smart cow farms (Cornell 
Dairy Barn)

Advanced technological integration, precise 
climate control, and a modular design that 

enhances animal welfare.

High construction and operating costs, high 
energy consumption, constant need for 

specialized maintenance

Very high in technology and luxury, 
low in economic efficiency, average in 

sustainability

Table 4: Assessment of the Strengths and Weaknesses of Cow Barn Designs.

Source: Researchers.

Barn type Strengths Weaknesses
Ranking

Environmental 
sustainability

Economic 
efficiency Technical integration

Free-Stall Barn

Effective natural ventilation, 
use of local materials, 

high animal comfort, low 
maintenance

Limited technology, complex 
waste management, limited 

climate control
2 1 5

Compost Bedded Pack 
Barn

Cow welfare, environmental 
waste management, moderate 

cost

Continuous brush monitoring, 
high material consumption, 

limited technology
4 3 4

Design for Deconstruction
Flexible disassembly and 

reuse, waste reduction, long-
term economic efficiency

High initial cost, careful 
engineering planning, execution 

skill required
1 2 3

Cow Shed
Simple construction, good 

ventilation and natural lighting, 
moderate cost

Poor environmental control, 
limited automation, frequent 

maintenance
3 4 2

Smart cow farms (Cornell 
Dairy Barn)

Advanced technology 
integration, precise 

environmental control, high 
luxury

High construction and 
operating costs, high energy 

consumption, continuous 
maintenance

5 5 1

Table 5: Comparison of cow Barn design classifications.

Source: Researchers.

Figure 3: Comparison of environmental sustainability, economic efficiency, and technical integration criteria in barn designs.
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efficiency with a moderate level of environmental sustainability, while 
the CDB model is strong in environmental sustainability but relatively 
weak in economic efficiency. General, the comparison shows that the 
integration of environmental sustainability and economic efficiency 
is the most influential factor in raising the overall design efficiency of 
modern barns.

Critical Discussion
The FSB model represents a practical, low-tech approach focused 

on animal comfort and operational efficiency [15]. However, it 
remains limited in its ability to reduce emissions or improve resource 
efficiency compared to circular systems, making its environmental 
sustainability relative rather than absolute. The composted CBP 
model demonstrates a clearer integration with circular economy 
principles, but its success is highly dependent on careful moisture and 
temperature management, raising questions about its suitability for 
hot or humid climates that increase infection risks [16]. Comparison 
of the two models reveals a discrepancy between theoretical 
and operational sustainability, with former achieving functional 
simplification, while latter achieves conditional environmental 
efficiency.

DfD represents a quantum leap in agricultural architectural 
thinking in terms of flexibility and reusability. However, its heavy 
reliance on expensive, standard materials and advanced technical skills 
limits its applicability to small farms or developing countries. This 
limitation is a critical axis in transforming the concept of "long-term 
sustainability" into a balanced economic and social reality [21, 22]. 
In contrast, CSH represent the simplest and most economical model. 
Still, they suffer from limitations in indoor climate management, 
making them less compatible with demands of intensive production 
and modern welfare standards [25, 26]. Nevertheless, these sheds 
represent a transitional stage towards hybrid systems that combine 
simplicity with technical intelligence.

CDB is emerging as an advanced application model that leverages 
Internet of Things (IoT) and smart climate control technologies to 
enhance animal welfare and increase production efficiency [30]. 
However, their high construction and operating costs, and their 
reliance on advanced digital infrastructure, make them an elite 
solution with limited deployment in traditional agricultural contexts 
[33]. Their extensive use of digital data requires careful management 
of animal data issues to ensure the ethical and sustainable use of the 
technologies.

Accordingly, sustainability in housing systems is not a single 
concept, but rather a relative system shaped by climatic, economic, 
and social factors. The comparison highlights need to adopt integrated 
approaches that combine flexible architectural design, environmental 
management, and technologies appropriate to local context, ensuring 
animal welfare and sustainability of dairy production systems without 
compromising economic viability or environmental justice.

This research combines design of dairy barns from a sustainable 
architecture perspective, smart technology, and data-driven 
management to achieve a balance between animal welfare and 
economic and environmental efficiency. However, a fundamental 
challenge remains feasibility of implementing this integration within 
diverse production contexts with varying climates and resources.

The comparison shows that the DfD model achieves the best 
overall balance between environmental criteria, economic efficiency, 

and technical integration, combining carbon footprint reduction, 
physical resilience, and long-term economic efficiency [22, 23]. 
However, its success remains dependent on availability of advanced 
infrastructure, which limits its potential for widespread adoption on 
small farms or developing environments.

The FSB model represents a realistic, low-tech, economical option 
with low operating and maintenance costs [48]. However, its ability to 
manage emissions and climate control in hot environments is limited, 
making it a transitional solution rather than a fully sustainable model. 
In contrast, the CBP system demonstrates a practical application of 
circular economy principles through recycling organic waste [17]. 
However, its sustainability depends heavily on careful management of 
moisture and bedding temperature, which increases risk of infection 
and reduces its feasibility in humid or hot climates.

Technically, the CDB represents pinnacle of integration between 
digital engineering and animal welfare, employing automated 
monitoring systems and the Internet of Things to control indoor 
climate and analyze animal behavior [23, 34]. However, high cost of 
energy and maintenance, and need for specialized training, limit its 
widespread applicability, despite its superior technical and animal 
welfare indicators. CSH despite their structural simplicity and 
economic suitability, remain limited in terms of environmental and 
technical control, making them less compatible with requirements 
of modern animal production [25, 26]. However, they represent a 
suitable basis for developing low-cost hybrid solutions.

The comparison confirms that relationship between technology 
and sustainability is not linear, but rather determined by principle of 
contextual suitability, which balances available resources, farm size, 
and production objectives. While high-tech models tend to maximize 
welfare, they impose a significant economic burden on farmers, low-
tech models provide higher operational efficiency but at the expense 
of environmental control and technical precision.

The importance of awareness and ongoing education is 
highlighted as a critical element in promoting adoption of sustainable 
solutions. Increasing competence of workers and farmers in using 
modern technologies and resource management is a prerequisite for 
a successful transition to smart housing systems.

Thus, achieving integration of sustainable architecture and smart 
technology in cattle barns requires a multi-level strategy that includes 
adaptable modular designs, gradual adoption of smart technologies, 
effective environmental management, and ongoing staff training. 
Challenge lies not in developing optimal model in theory, but 
rather in adapting it to local context to ensure balanced economic, 
environmental, and social sustainability in modern animal housing 
systems.

Conclusion Remarks
Cow barn designs are undergoing a strategic transformation 

aimed at integrating sustainable architecture principles with smart 
technologies to ensure an effective balance between animal welfare, 
environmental sustainability, and economic efficiency. Free-stall 
barns represent a low-cost, economical model characterized by ease 
of operation and management, while composted litter barns embody 
a practical application of circular economy concept through recycling 
organic waste and improving housing environment. The Design for 
Deconstruction model appears most compatible with long-term 
sustainable architecture principles, thanks to its flexibility for reuse 
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and ability to reduce the carbon footprint. Conversely, cowsheds 
maintain their importance in rural environments due to their 
simplicity and low cost, with their ability to be scalable incrementally. 
Smart dairy barns (Cornell Dairy Barns) represent pinnacle of 
technological integration through advanced environmental control 
and climate monitoring systems, despite their high operating costs.

The results demonstrate that future trend in barn design focuses 
on smart, flexible models based on digitalization and integrated 
environmental management to achieve dairy sector sustainability. 
This study recommends adopting an integrated design approach based 
on sustainable architecture principles and smart technologies, using 
Design for Deconstruction model as a basis for long-term resilient 
construction, with gradual integration of environmental control and 
digital monitoring systems into cowsheds and free-stall barns. This 
study also emphasizes importance of developing specialized training 
programs for breeders and barn management personnel to enhance 
efficiency of sustainable operation and maintenance, and promote 
rational use of water and energy resources. This supports improved 
productivity, reduced environmental impact, and enhanced animal 
welfare within a smart, sustainable agriculture system.

Acknowledgements
The authors wish to express their sincere gratitude to their 

respective institutions, the University of Aleppo, and the General 
Commission for Scientific Agricultural Research (GCSAR), for 
providing the necessary resources and supportive environment that 
facilitated the completion of this research. 

Conflict of Interest: The authors declare no competing interests.

References 

1.	 Safari M, Fleming C, Galvis JA, Deka A, Sanchez F, Machado G and Yeh 
CA. Modeling the impact of optimized airflow and sick pen management 
on the spread of infectious diseases in swine barns. bioRxiv, 2024, 2024-03. 
https://doi.org/10.1101/2024.03.13.584486 

2.	 Colombari D, Masoero F and Della Torre AA. CFD Methodology 
for the Modelling of Animal Thermal Welfare in Hybrid Ventilated 
Livestock Buildings. Agri Engineering, 2024, 6 (2), 1525-1548. https://doi.
org/10.3390/agriengineering6020087 

3.	 Seyfi S. Hourly and seasonal variations in the area preferences of dairy 
cows in freestall housing. Journal of Dairy Science, 2013, 96(2), 906-917. 
https://doi.org/10.3168/jds.2012-5618

4.	 Al-Barakeh F, Khashroum AO, Tarawneh RA, Al-Lataifeh FA, Al-Yacoub 
AN, Dayoub M, Al-Najjar K. Sustainable Sheep and Goat Farming in Arid 
Regions of Jordan. Ruminants, 2024, 4, 241-255. https://doi.org/10.3390/
ruminants4020017

5.	 Dayoub M, Shnaigat S, Tarawneh RA, Al-Yacoub AN, Al-Barakeh F, 
Al-Najjar K. Applications of Smart Agriculture to Improve Animal 
Production: Opportunities, Challenges, Solutions, and Benefits. Preprints, 
2023, 2023101229. https://www.preprints.org/manuscript/202310.1229

6.	 Obeidat J and Al-Najjar K. Integrating Biomedical and Sustainable 
Strategies for Effective Parasite Control in Livestock: A Review. Hunan 
Daxue Xuebao/Journal of Hunan University Natural Sciences. 2025, Vol: 
62. Issue: 04. Pages: 98-105. https://doi.org/10.5281/zenodo.15259217

7.	 Tarawneh RA, Abu Harb S, Dayoub M and Al-Najjar K. Leveraging the 
bio-economy to drive sustainable development: a comprehensive review. 
International Journal of Agricultural Technology, 2025, 21 (1): 327-338.

8.	 Al-lataifeh FA, Tarawneh R, Al-taha'at ES, Dayoub M, Sutinen E and 
Al-Najjar K. 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. 
2024, (67, 09, 196-204). Zenodo. https://doi.org/10.5281/zenodo.13744058

9.	 Roukbi M, Al-Omar AN, Al-Najjar K, Salam Z, Al-Suleiman H, Mourii 
M and Gourie S. Seroprevalence of antibodies to Chlamydophila 
abortus in Small Ruminants in Some Provinces in Syria. Net Journal of 
Agriculture Science. 2016. 4(2):29-34. https://www.netjournals.org/pdf/
NJAS/2016/2/16-019.pdf

10.	Tarawneh RA and Al-Najjar K. Assessing the Impacts of Agricultural 
Loans on Agricultural Sustainability in Jordan. IOSR Journal of Economics 
and Finance (IOSR-JEF). 2023, Vol. 14, Issue 6 Ser. PP 49-56. https//doi.
org/10.9790/5933-1406014956

11.	Al-Momani AQ, Mysaa A and Al-Najjar K. Evaluation of Weight and 
Growth Rates of Awassi Sheep Lambs. Asian Journal of Research in Animal 
and Veterinary Sciences,  2020, 3 (2) : 116-122. https://doi.org/10.9734/
ajravs/2020/v3i2114

12.	Tarawneh RA, Tarawneh MS and Al-Najjar K. Agricultural Policies among 
Advisory and Cooperative Indicators in Jordan. International Journal of 
Research - Granthaalayah, 2022, 10(2), 10–17.

13.	Abu harb S, Dayoub M and Al-Najjar K. The impact of agricultural 
extension program effectiveness on sustainable farming: A survey article. 
International Journal of Agricultural Technology, 2024a, 20 (2) : 477-492.

14.	Abu harb S, Tarawneh RA, Abu Hantash KLA, Altarawneh M and Al-
Najjar K. Empowering Rural Youth Through Sustainable Innovation, 
Entrepreneurship, And Peer Learning In Agriculture. Vol: 61, Issue: 11. 
Hunan Daxue Xuebao/Journal of Hunan University Natural Sciences. 
2024b,  https://doi.org/10.5281/zenodo.14058869

15.	Cook NB & Nordlund KV. An update on dairy cow freestall design. 
Bovine Practitioner, 2005, 39, 29-36. https://doi.org/10.21423/bovine-
vol39no1p29-36

16.	Van Eerdenburg FJ & Ruud LE. Design of Free Stalls for Dairy Herds: 
A Review. Ruminants, 2021, 1(1), 1-22. https://doi.org/10.3390/
ruminants1010001

17.	De Boer H & Wiersma M. Thermophilic composting of the pack can reduce 
nitrogen loss from compost-bedded dairy barns. Biosystems Engineering, 
210, 20-32. 2021, https://doi.org/10.1016/j.biosystemseng.2021.07.015 

18.	Leso L, Barbari M, Lopes M, Damasceno F, Galama P, Taraba J & Kuipers 
A. Invited review: Compost-bedded pack barns for dairy cows. Journal of 
Dairy Science, 2020, 103(2), 1072-1099. https://doi.org/10.3168/jds.2019-
16864 

19.	Emanuelson U, Brügemann K, Klopčič M, Leso L, Ouweltjes W & Zentner 
A. Animal Health in Compost-Bedded Pack and Cubicle Dairy Barns in Six 
European Countries. Animals, 2021, 12 (3), 396. https://doi.org/10.3390/
ani12030396 

20.	Andrade RR, Tinôco ID, Damasceno FA, Oliveira CE, Concha MS, 
Zacaroni OD, Bambi G & Barbari M. Understanding Compost-Bedded 
Pack Barn Systems in Regions with a Tropical Climate: A Review of 
the Current State of the Art. Animals, 2023, 14 (12), 1755. https://doi.
org/10.3390/ani14121755 

21.	Leso L, Conti L, Rossi G & Barbari M. Criteria of design for deconstruction 
applied to dairy cows housing: a case study in Italy. Agronomy Research, 
2018, 16 (3), 794-805. https://hdl.handle.net/2158/1129395

22.	Bovo M, Santolini E & Barbaresi A. An Alternative Modular Wooden 
System for Fast Assembly/Disassembly of Buildings. Buildings, 2024, 
15(7), 1196. https://doi.org/10.3390/buildings15071196

23.	Kramer K & Bovenkerk B. Dairy farming technologies and the agency 
of cows. Animal, 2024, 18(6), 101191. https://doi.org/10.1016/j.
animal.2024.101191

24.	Galama P, Ouweltjes W, Endres M, Sprecher J, Leso L, Kuipers A & Klopčič 
M. Symposium review: Future of housing for dairy cattle. Journal of Dairy 
Science, 2020, 103(6), 5759-5772. https://doi.org/10.3168/jds.2019-17214 

http://www.weblogoa.com
https://www.biorxiv.org/content/10.1101/2024.03.13.584486v1
https://www.biorxiv.org/content/10.1101/2024.03.13.584486v1
https://www.biorxiv.org/content/10.1101/2024.03.13.584486v1
https://doi.org/10.1101/2024.03.13.584486
https://www.mdpi.com/2624-7402/6/2/87
https://www.mdpi.com/2624-7402/6/2/87
https://www.mdpi.com/2624-7402/6/2/87
https://doi.org/10.3390/agriengineering6020087
https://doi.org/10.3390/agriengineering6020087
https://www.journalofdairyscience.org/article/S0022-0302(12)00865-X/fulltext
https://www.journalofdairyscience.org/article/S0022-0302(12)00865-X/fulltext
https://doi.org/10.3168/jds.2012-5618
https://www.mdpi.com/2673-933X/4/2/17
https://www.mdpi.com/2673-933X/4/2/17
https://www.mdpi.com/2673-933X/4/2/17
https://doi.org/10.3390/ruminants4020017
https://doi.org/10.3390/ruminants4020017
https://www.preprints.org/manuscript/202310.1229
https://www.preprints.org/manuscript/202310.1229
https://www.preprints.org/manuscript/202310.1229
https://www.preprints.org/manuscript/202310.1229
https://zenodo.org/records/15259217
https://zenodo.org/records/15259217
https://zenodo.org/records/15259217
https://zenodo.org/records/15259217
https://doi.org/10.5281/zenodo.15259217
http://www.ijat-aatsea.com/pdf/v21_n1_2025_January/26_IJAT_21(1)_2025_Tarawneh, R. A.pdf
http://www.ijat-aatsea.com/pdf/v21_n1_2025_January/26_IJAT_21(1)_2025_Tarawneh, R. A.pdf
http://www.ijat-aatsea.com/pdf/v21_n1_2025_January/26_IJAT_21(1)_2025_Tarawneh, R. A.pdf
https://doi.org/10.5281/zenodo.13744058
https://doi.org/10.5281/zenodo.13744058
https://doi.org/10.5281/zenodo.13744058
https://doi.org/10.5281/zenodo.13744058
https://doi.org/10.5281/zenodo.13744058
https://doi.org/10.5281/zenodo.13744058
https://www.netjournals.org/pdf/NJAS/2016/2/16-019.pdf
https://www.netjournals.org/pdf/NJAS/2016/2/16-019.pdf
https://www.netjournals.org/pdf/NJAS/2016/2/16-019.pdf
https://www.netjournals.org/pdf/NJAS/2016/2/16-019.pdf
https://www.netjournals.org/pdf/NJAS/2016/2/16-019.pdf
https://www.netjournals.org/pdf/NJAS/2016/2/16-019.pdf
https://www.researchgate.net/profile/Khaled-Al-Najjar/publication/375604916_Assessing_the_Impacts_of_Agricultural_Loans_on_Agricultural_Sustainability_in_Jordan/links/655268d2b1398a779d879d78/Assessing-the-Impacts-of-Agricultural-Loans-on-Agricultural-Sust
https://www.researchgate.net/profile/Khaled-Al-Najjar/publication/375604916_Assessing_the_Impacts_of_Agricultural_Loans_on_Agricultural_Sustainability_in_Jordan/links/655268d2b1398a779d879d78/Assessing-the-Impacts-of-Agricultural-Loans-on-Agricultural-Sust
https://www.researchgate.net/profile/Khaled-Al-Najjar/publication/375604916_Assessing_the_Impacts_of_Agricultural_Loans_on_Agricultural_Sustainability_in_Jordan/links/655268d2b1398a779d879d78/Assessing-the-Impacts-of-Agricultural-Loans-on-Agricultural-Sust
https://www.journalajravs.com/index.php/AJRAVS/article/view/114
https://www.journalajravs.com/index.php/AJRAVS/article/view/114
https://www.journalajravs.com/index.php/AJRAVS/article/view/114
https://doi.org/10.9734/ajravs/2020/v3i2114
https://doi.org/10.9734/ajravs/2020/v3i2114
https://www.granthaalayahpublication.org/journals/granthaalayah/article/view/4489
https://www.granthaalayahpublication.org/journals/granthaalayah/article/view/4489
https://www.granthaalayahpublication.org/journals/granthaalayah/article/view/4489
http://www.ijat-aatsea.com/pdf/v20_n2_2024_March/2_IJAT_20(2)_2024_Abu harb, S.(Maomar).pdf
http://www.ijat-aatsea.com/pdf/v20_n2_2024_March/2_IJAT_20(2)_2024_Abu harb, S.(Maomar).pdf
http://www.ijat-aatsea.com/pdf/v20_n2_2024_March/2_IJAT_20(2)_2024_Abu harb, S.(Maomar).pdf
https://doi.org/10.5281/zenodo.14058869
https://doi.org/10.5281/zenodo.14058869
https://doi.org/10.5281/zenodo.14058869
https://doi.org/10.5281/zenodo.14058869
https://doi.org/10.5281/zenodo.14058869
https://doi.org/10.5281/zenodo.14058869
https://bovine-ojs-tamu.tdl.org/bovine/article/view/1728
https://bovine-ojs-tamu.tdl.org/bovine/article/view/1728
https://doi.org/10.21423/bovine-vol39no1p29-36
https://doi.org/10.21423/bovine-vol39no1p29-36
https://www.mdpi.com/2673-933X/1/1/1
https://www.mdpi.com/2673-933X/1/1/1
https://doi.org/10.3390/ruminants1010001
https://doi.org/10.3390/ruminants1010001
https://www.sciencedirect.com/science/article/pii/S1537511021001756?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1537511021001756?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1537511021001756?via%3Dihub
https://doi.org/10.1016/j.biosystemseng.2021.07.015
https://www.journalofdairyscience.org/article/S0022-0302(19)31071-9/fulltext
https://www.journalofdairyscience.org/article/S0022-0302(19)31071-9/fulltext
https://www.journalofdairyscience.org/article/S0022-0302(19)31071-9/fulltext
https://doi.org/10.3168/jds.2019-16864
https://doi.org/10.3168/jds.2019-16864
https://www.mdpi.com/2076-2615/12/3/396
https://www.mdpi.com/2076-2615/12/3/396
https://www.mdpi.com/2076-2615/12/3/396
https://doi.org/10.3390/ani12030396
https://doi.org/10.3390/ani12030396
https://www.mdpi.com/2076-2615/14/12/1755
https://www.mdpi.com/2076-2615/14/12/1755
https://www.mdpi.com/2076-2615/14/12/1755
https://www.mdpi.com/2076-2615/14/12/1755
https://doi.org/10.3390/ani14121755
https://doi.org/10.3390/ani14121755
https://flore.unifi.it/handle/2158/1129395
https://flore.unifi.it/handle/2158/1129395
https://flore.unifi.it/handle/2158/1129395
https://hdl.handle.net/2158/1129395
https://www.mdpi.com/2075-5309/15/7/1196
https://www.mdpi.com/2075-5309/15/7/1196
https://www.mdpi.com/2075-5309/15/7/1196
https://doi.org/10.3390/buildings15071196
https://www.sciencedirect.com/science/article/pii/S1751731124001228?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1751731124001228?via%3Dihub
https://doi.org/10.1016/j.animal.2024.101191
https://doi.org/10.1016/j.animal.2024.101191
https://www.journalofdairyscience.org/article/S0022-0302(20)30298-8/fulltext
https://www.journalofdairyscience.org/article/S0022-0302(20)30298-8/fulltext
https://www.journalofdairyscience.org/article/S0022-0302(20)30298-8/fulltext
https://doi.org/10.3168/jds.2019-17214


Fatima Joud Alnajjar, et al., WebLog Journal of Veterinary Science and Animal Husbandry

WebLog Open Access Publications wjvsah.2025.j31028

25.	Firfiris V, Martzopoulou A & Kotsopoulo, T. Passive cooling systems 
in livestock buildings towards energy saving: A critical review. 
Energy and Buildings, 2019, 202, 109368. https://doi.org/10.1016/j.
enbuild.2019.109368

26.	Kubba S. Indoor Environmental Quality. LEED Practices, Certification, 
and Accreditation Handbook, 2010, 211. https://doi.org/10.1016/B978-1-
85617-691-0.00007-2

27.	Sharma A, Kennedy U & Phillips CA. Novel Method of Assessing Floor 
Friction in Cowsheds and Its Association with Cow Health. Animals, 2019, 
9(4), 120. https://doi.org/10.3390/ani9040120

28.	Sejian V, Valtorta S, Gallardo M, Singh A.K. Ameliorative Measures 
to Counteract Environmental Stresses. In: Sejian, V., Naqvi, S., Ezeji, 
T., Lakritz, J., Lal, R. (eds) Environmental Stress and Amelioration in 
Livestock Production. Springer, Berlin, Heidelberg. 2012. https://doi.
org/10.1007/978-3-642-29205-7_7 

29.	Bewley J, Robertson L & Eckelkamp EA. 100-Year Review: Lactating dairy 
cattle housing management. Journal of Dairy Science, 2017, 100(12), 
10418-10431. https://doi.org/10.3168/jds.2017-13251 

30.	Gheorghe-Irimia RA, Sonea C, Tapaloaga D, Gurau MR, Ilie LI & Tapaloaga 
PR. Innovations in Dairy Cattle Management: Enhancing Productivity and 
Environmental Sustainability. Annals of' Valahia' University of Târgovişte. 
Agriculture, 2023, 15(2). https://doi.org/10.2478/AGR-2023-0013

31.	Kaur U, Malacco VM, Bai H, Price TP, Datta A, Xin L, Sen S, Nawrocki 
RA, Chiu G, Sundaram S, Min B, Daniels KM, White RR, Donkin SS, Brito 
LF & Voyles RM. Invited review: Integration of technologies and systems 
for precision animal agriculture—A case study on precision dairy farming. 
Journal of Animal Science, 2023, 101. https://doi.org/10.1093/jas/skad206

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

33.	Akram SV & Joshi A. IoT-based Intelligent Cattle Shed Management. 
International Interdisciplinary Humanitarian Conference for 
Sustainability (IIHC), Bengaluru, India, 2022, pp. 628-632. https://doi.
org/10.1109/IIHC55949 .2022.10060386

34.	McLean W & Silver P. Environmental Design Sourcebook: Innovative 
Ideas for a Sustainable Built Environment. Routledge. 2021. 

35.	Tangorra FM, Buoio E, Calcante A, Bassi A, & Costa A. Internet of Things 
(IoT): Sensors Application in Dairy Cattle Farming. Animals, 2023, 14(21), 
3071. https://doi.org/10.3390/ani14213071 

36.	Hilde Vanaken I & Masand SN. Awareness and Collaboration across 
Stakeholder Groups Important for eConsent Achieving Value-Driven 
Adoption. Therapeutic Innovation & Regulatory Science. 2019. https://doi.
org/10.1177/2168479019861924

37.	Pillan M, Costa F & Caiola V. How Could People and Communities 
Contribute to the Energy Transition? Conceptual Maps to Inform, Orient, 
and Inspire Design Actions and Education. Sustainability, 2022, 15(19), 
14600. https://doi.org/10.3390/su151914600

38.	Rajkovich NB, Brown C, Azaroff I, Backus E, Clarke S, Enriquez J, 
Greenaway B, Holtan MT, Lewis J, Ornektekin O, Schoeman L & Stevens 
A. New York State Climate Impacts Assessment Chapter 04: Buildings. 
Annals of the New York Academy of Sciences, 2024, 1542(1), 214-252. 
https://doi.org/10.1111/nyas.15200

39.	Mwakamui HK and Ntshwene K. Stakeholders Influence on Construction 
Project Success. J. Civil Eng. Urban. 2024, 14 (3S): 206-211. DOI:10.54203/
jceu.2024.21

40.	Chen Z, Feng Q, Yue R, et al. Construction, renovation, and demolition 

waste in landfill: a review of waste characteristics, environmental impacts, 
and mitigation measures. Environ Sci. Pollut. Res. 2022, 29, 46509–46526. 
https://doi.org/10.1007/s11356-022-20479-5

41.	Mee JF, Barrett D, Boloña PS, Conneely M, Earley B, Fagan S, Keane OM & 
Lane EA. Ruminant health research – progress to date and future prospects, 
with an emphasis on Irish research. Irish Journal of Agricultural and Food 
Research, 2022, 61(1), 55–86. https://www.jstor.org/stable/27225935

42.	Berglund-Brown J & Ochsendorf J. Reusing Heavy-Section Steel in 
Buildings: Carbon Reduction Potential and Material Availability. 
Journal of Architectural Engineering, 2025, 31(2), 04025020. https://doi.
org/10.1061/JAEIED.AEENG-1918

43.	Khan K, Chen Z, Liu J & Javed K. State-of-the-Art on Technological 
Developments and Adaptability of Prefabricated Industrial Steel Buildings. 
Applied Sciences, 2022, 13(2), 685. https://doi.org/10.3390/app13020685  

44.	Starzyk A, Nowysz A, Marchwiński J, Kozarzewska A, Koszewska J, 
Piętocha A, Vietrova P, Łacek P, Donderewicz M, Langie K, Walasek K, 
Zawada K, Voronkova I, Francke B & Podlasek A. New Zero-Carbon 
Wooden Building Concepts: A Review of Selected Criteria. Energies, 2023, 
17(17), 4502. https://doi.org/10.3390/en17174502 

45.	Grandin T. How to improve livestock handling and reduce stress. 
Improving animal welfare: A practical approach, 2021, 84-112. 

46.	Cerio G. The Dairy Barn, Redesigned: Cornell’s new barn makes cows (and 
humans) happy. 2013.

47.	Zhang Z, Yu J & Tian J. Community Participation, Social Capital 
Cultivation and Sustainable Community Renewal: A Case Study from 
Xi’an’s Southern Suburbs, China. J Knowl Econ, 2024, 15, 11007–11040. 
https://doi.org/10.1007/s13132-023-01536-x 

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

49.	Eberl DT, Smith MJ, Megram OJ. et al. Innovative bedding materials for 
compost bedded pack barns: enhancing dairy cow welfare and sustainable 
dairy farming. Environ Dev Sustain. 2024. https://doi.org/10.1007/s10668-
024-05244-7 

50.	Kalakoski I & Thorgrimsdottir S. Learning from the secondary: Rethinking 
architectural conservation through ‘barn architecture’. Journal of Material 
Culture. 2023. https://doi.org/10.1177/13591835221123953 

51.	Cramer M, Jackson N & Sandin Y. Design for deconstruction and reuse: 
Case study Everett Grand. Forest Value, 2022.

52.	Riffat S, Ahmad MI, Shakir A. Thermal Energy-Efficient Systems for 
Building Applications. In: Sustainable Energy Technologies and Low 
Carbon Buildings. Lecture Notes in Energy, vol 45. Springer, Cham. 2025. 
https://doi.org/10.1007/978-3-031-78853-6_2

53.	Augustyn G, Mikulik J, Rumin R & Szyba M. Energy Self-Sufficient 
Livestock Farm as the Example of Agricultural Hybrid Off-Grid System. 
Energies, 2020, 14(21), 7041. https://doi.org/10.3390/en14217041

54.	Agya BA, Agyemang P & Anokye K. Environmental and resource 
sustainability: The question of demolition or conversion of old cattle 
sheds. Cleaner Waste Systems, 2025, 11, 100291. https://doi.org/10.1016/j.
clwas.2025.100291

55.	Leliveld LM, Brandolese C, Grotto M, Marinucci A, Fossati N, Lovarelli 
D, Riva E & Provolo G. Real-time automatic integrated monitoring of 
barn environment and dairy cattle behaviour: Technical implementation 
and evaluation on three commercial farms. Computers and Electronics 
in Agriculture, 2023, 216, 108499. https://doi.org/10.1016/j.
compag.2023.108499 

http://www.weblogoa.com
v
v
v
https://doi.org/10.1016/j.enbuild.2019.109368
https://doi.org/10.1016/j.enbuild.2019.109368
https://www.sciencedirect.com/science/article/pii/B9781856176910000072?via%3Dihub
https://www.sciencedirect.com/science/article/pii/B9781856176910000072?via%3Dihub
https://doi.org/10.1016/B978-1-85617-691-0.00007-2
https://doi.org/10.1016/B978-1-85617-691-0.00007-2
https://www.mdpi.com/2076-2615/9/4/120
https://www.mdpi.com/2076-2615/9/4/120
https://www.mdpi.com/2076-2615/9/4/120
https://doi.org/10.3390/ani9040120
https://link.springer.com/chapter/10.1007/978-3-642-29205-7_7
https://link.springer.com/chapter/10.1007/978-3-642-29205-7_7
https://link.springer.com/chapter/10.1007/978-3-642-29205-7_7
https://link.springer.com/chapter/10.1007/978-3-642-29205-7_7
https://doi.org/10.1007/978-3-642-29205-7_7
https://doi.org/10.1007/978-3-642-29205-7_7
https://www.journalofdairyscience.org/article/S0022-0302(17)31030-5/fulltext
https://www.journalofdairyscience.org/article/S0022-0302(17)31030-5/fulltext
https://www.journalofdairyscience.org/article/S0022-0302(17)31030-5/fulltext
https://doi.org/10.3168/jds.2017-13251
https://reference-global.com/article/10.2478/agr-2023-0013
https://reference-global.com/article/10.2478/agr-2023-0013
https://reference-global.com/article/10.2478/agr-2023-0013
https://reference-global.com/article/10.2478/agr-2023-0013
https://doi.org/10.2478/AGR-2023-0013
https://academic.oup.com/jas/article-abstract/doi/10.1093/jas/skad206/7202195?redirectedFrom=fulltext
https://academic.oup.com/jas/article-abstract/doi/10.1093/jas/skad206/7202195?redirectedFrom=fulltext
https://academic.oup.com/jas/article-abstract/doi/10.1093/jas/skad206/7202195?redirectedFrom=fulltext
https://academic.oup.com/jas/article-abstract/doi/10.1093/jas/skad206/7202195?redirectedFrom=fulltext
https://academic.oup.com/jas/article-abstract/doi/10.1093/jas/skad206/7202195?redirectedFrom=fulltext
https://doi.org/10.1093/jas/skad206
https://www.mdpi.com/2673-933X/4/1/3
https://www.mdpi.com/2673-933X/4/1/3
https://www.mdpi.com/2673-933X/4/1/3
https://www.mdpi.com/2673-933X/4/1/3
https://doi.org/10.3390/ruminants4010003
https://ieeexplore.ieee.org/document/10060386
https://ieeexplore.ieee.org/document/10060386
https://ieeexplore.ieee.org/document/10060386
https://doi.org/10.1109/IIHC55949 .2022.10060386
https://doi.org/10.1109/IIHC55949 .2022.10060386
https://www.mdpi.com/2076-2615/14/21/3071
https://www.mdpi.com/2076-2615/14/21/3071
https://www.mdpi.com/2076-2615/14/21/3071
https://doi.org/10.3390/ani14213071
https://link.springer.com/article/10.1177/2168479019861924
https://link.springer.com/article/10.1177/2168479019861924
https://link.springer.com/article/10.1177/2168479019861924
https://doi.org/10.1177/2168479019861924
https://doi.org/10.1177/2168479019861924
https://www.mdpi.com/2071-1050/15/19/14600
https://www.mdpi.com/2071-1050/15/19/14600
https://www.mdpi.com/2071-1050/15/19/14600
https://www.mdpi.com/2071-1050/15/19/14600
https://doi.org/10.3390/su151914600
https://nyaspubs.onlinelibrary.wiley.com/doi/10.1111/nyas.15200
https://nyaspubs.onlinelibrary.wiley.com/doi/10.1111/nyas.15200
https://nyaspubs.onlinelibrary.wiley.com/doi/10.1111/nyas.15200
https://nyaspubs.onlinelibrary.wiley.com/doi/10.1111/nyas.15200
https://doi.org/10.1111/nyas.15200
https://www.researchgate.net/publication/386885501_Stakeholders_Influence_on_Construction_Project_Success
https://www.researchgate.net/publication/386885501_Stakeholders_Influence_on_Construction_Project_Success
https://doi.org/10.54203/jceu.2024.21
https://doi.org/10.54203/jceu.2024.21
https://link.springer.com/article/10.1007/s11356-022-20479-5
https://link.springer.com/article/10.1007/s11356-022-20479-5
https://link.springer.com/article/10.1007/s11356-022-20479-5
https://doi.org/10.1007/s11356-022-20479-5
https://www.jstor.org/stable/27225935
https://www.jstor.org/stable/27225935
https://www.jstor.org/stable/27225935
https://www.jstor.org/stable/27225935
https://www.jstor.org/stable/27225935
https://ascelibrary.org/doi/10.1061/JAEIED.AEENG-1918
https://ascelibrary.org/doi/10.1061/JAEIED.AEENG-1918
https://ascelibrary.org/doi/10.1061/JAEIED.AEENG-1918
https://doi.org/10.1061/JAEIED.AEENG-1918
https://doi.org/10.1061/JAEIED.AEENG-1918
https://www.mdpi.com/2076-3417/13/2/685
https://www.mdpi.com/2076-3417/13/2/685
https://www.mdpi.com/2076-3417/13/2/685
https://doi.org/10.3390/app13020685
https://www.mdpi.com/1996-1073/17/17/4502
https://www.mdpi.com/1996-1073/17/17/4502
https://www.mdpi.com/1996-1073/17/17/4502
https://www.mdpi.com/1996-1073/17/17/4502
https://www.mdpi.com/1996-1073/17/17/4502
https://doi.org/10.3390/en17174502
https://www.cabidigitallibrary.org/doi/10.1079/9781780644677.0069
https://www.cabidigitallibrary.org/doi/10.1079/9781780644677.0069
https://modernfarmer.com/2013/09/dairy-redesigned-cornells-barn-innovation-makes-cows-humans-happy/
https://modernfarmer.com/2013/09/dairy-redesigned-cornells-barn-innovation-makes-cows-humans-happy/
https://link.springer.com/article/10.1007/s13132-023-01536-x
https://link.springer.com/article/10.1007/s13132-023-01536-x
https://link.springer.com/article/10.1007/s13132-023-01536-x
https://doi.org/10.1007/s13132-023-01536-x
https://www.mdpi.com/2076-2615/12/19/2530
https://www.mdpi.com/2076-2615/12/19/2530
https://www.mdpi.com/2076-2615/12/19/2530
https://doi.org/10.3390/ani12192530
https://link.springer.com/article/10.1007/s10668-024-05244-7
https://link.springer.com/article/10.1007/s10668-024-05244-7
https://link.springer.com/article/10.1007/s10668-024-05244-7
https://doi.org/10.1007/s10668-024-05244-7
https://doi.org/10.1007/s10668-024-05244-7
https://journals.sagepub.com/doi/10.1177/13591835221123953
https://journals.sagepub.com/doi/10.1177/13591835221123953
https://journals.sagepub.com/doi/10.1177/13591835221123953
https://doi.org/10.1177/13591835221123953
https://napier-repository.worktribe.com/output/2884509/design-for-deconstruction-and-reuse-case-study-everett-grand
https://napier-repository.worktribe.com/output/2884509/design-for-deconstruction-and-reuse-case-study-everett-grand
https://link.springer.com/chapter/10.1007/978-3-031-78853-6_2
https://link.springer.com/chapter/10.1007/978-3-031-78853-6_2
https://link.springer.com/chapter/10.1007/978-3-031-78853-6_2
https://doi.org/10.1007/978-3-031-78853-6_2
https://www.mdpi.com/1996-1073/14/21/7041
https://www.mdpi.com/1996-1073/14/21/7041
https://www.mdpi.com/1996-1073/14/21/7041
https://doi.org/10.3390/en14217041
https://doi.org/10.1016/j.clwas.2025.100291
https://doi.org/10.1016/j.clwas.2025.100291
https://www.sciencedirect.com/science/article/pii/S0168169923008876?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168169923008876?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168169923008876?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168169923008876?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168169923008876?via%3Dihub
https://doi.org/10.1016/j.compag.2023.108499
https://doi.org/10.1016/j.compag.2023.108499

	Title
	Abstract
	Introduction
	Procedures
	Limitations

	Results Notes
	Cow Barn Designs
	Main Design Patterns
	Architectural and Technical Integration 

	Critical Discussion
	Conclusion Remarks
	Acknowledgements
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

