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CV model deployment with minimal resource con-
sumption. It also highlights key generalization chal-
lenges and leverages the COLO dataset to drive further 
research in resource-efficient livestock monitoring.
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Abstract: The dairy industry consumes an immense amount 
of fossil-fuel in the production of food, feed, fiber, and en-
ergy. From the electricity that cools milk, to the fuel that is 
burned in tractors in fields, to the trucks that bring goods to 
market, and to the nitrogen fertilizer that nourishes plants; 
the agricultural industry is captive to large and constant sup-
plies of a wide range of fossil energy. Using an agrivoltaic 
system in a pasture, which is the integration of solar photo-
voltaics and agriculture, could boost land efficiency up to 
75%. Potential on-site renewable electric generation could 
also supply some or the entire electric load allowing dairy 
farms to approach net-zero. Agrivoltaics is one-way pro-
ducers might be able to become less dependent on fossil 
fuels, lower production costs, increase land efficiency, im-
prove forages and crops for use by dairy cattle, and increase 
milk production and health in dairy cows. The University 
of Minnesota West Central Research and Outreach Center 
dairy herd in Morris, MN has evaluated agrivoltaics as 
a method to reduce heat stress, as well as evaluate forage 
biomass and nutritive value of crops, grasses and legumes 
grown under different agrivoltaic conditions. Crossbred 
cows were assigned to one of two treatments: shade from 
solar PV or no shade. Respiration rates for shade and no 
shade cows were similar during the morning hours, but 
during the afternoon, shade cows had lower respiration 
rates (66 breaths/min) than no shade cows (78 breaths/min). 
Milk, fat, and protein production were not different for cows 
whether they had shade or no shade. Hourly body tempera-
ture results show that no shade cows had greater internal 
body temperatures (+0.6°C) than shade cows from 13:00 h 
to 24:00 h. Forage biomass and nutrient values varied based 
on the solar array design and amount of sun exposure. 
Based on the results of this study, cows may have sacrificed 
grazing time to stand in the protection of the shade. Future 
research with solar panels will investigate the reproductive 
performance of the cows, and long-term effects on milk, 
fat, and protein production, body weight, body condition, 
and animal health and well-being. Agrivoltaics in the form 
of forage production grown underneath ground-mounted 
photovoltaic systems may provide a suitable feed source 
for livestock production and a renewable energy source for 
farms and economic opportunity for farmers.
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Abstract: This review compares and synergizes frame-
works used in diverse disciplines to work toward re-
sponsible: artificial intelligence (AI); application of 
the Internet of Things (IoT); and sustainable intensi-
fication of livestock production. Although respon-
sible AI is often called for as a key foundation of AI 
advancement, there is not yet a gold standard frame-
work for responsible AI. Key principles applied across 
proposed frameworks include: transparency, fairness, 
accountability, and stakeholder integration. Many 
frameworks strongly advocate the need to apply these 
principles across the development, deployment, and 
use of AI tools. Responsible IoT, comparatively, is not 
widely discussed within the literature; however, sev-
eral frameworks are proposed that contribute to re-
sponsible data management or network usage which 
are relevant within IoT systems. The FAIR data prin-
ciples (findability, accessibility, interoperability, and 
reusability) are a widely used framework that is critical 
to data use within IoT systems; however, these prin-
ciples do not extent to other elements of IoT systems. 
Trust-based frameworks, standardized integration 
methods, and interoperable platforms are additional 
examples of frameworks contributing to broader IoT 
responsibility. Frameworks for responsible sustainable 
intensification, similarly, are often diversely defined, 
with emphasis on implementation-oriented outcomes, 
and integrating a broad-basis of indicators and sus-
tainable practises. Across these domain spaces, re-
sponsibility frameworks have emphasis on end-user 
integration, transparency and accuracy, with themes 
around fairness and equity. We apply these framework 
principles to evaluate emerging example uses of AI and 
IoT in sustainability domains for livestock production 
systems, including precision livestock farming (PLF), 
and measurement, modeling, reporting, and verifi-
cation (MMRV) for environmental service markets. 
In the case of PLF, many systems are based on input 
from end-users; however, holistic incorporation of 
end-users into diverse aspects of system design is often 
limited. Transparency is often identified as a limitation 
of PLF technologies, sometimes due to communica-
tion issues, and sometimes due to challenges in tech-
nology development. Similarly, fairness and equity can 
be challenges because many PLF technologies focus 
on replacing human labor. Accuracy is often the major 
focus of research focused on PLF technologies, with 
other aspects presumed to be secondary considerations 

during development. Conversely, transparency is often 
the major focus of MMRV systems, with accuracy 
being a secondary consideration. Stakeholder inte-
gration and considerations for fairness and equity are 
treated differently through MMRV systems, with some 
having high integration, and others being developed 
without stakeholder consideration. These examples of 
early integration of AI and IoT technologies toward 
sustainability objectives can help inform future efforts 
focused on novel applications.
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