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Renewable energy is a prominent concept that encompasses various forms,
such as solar photovoltaics, wind power, and geothermal energy. Although
less familiar, animate energy resources, which include human beings and
animals, may also be seen as being explored. While animal-based renewable
energy generation may appear novel, different research articles, patents, and
a couple of commercially available products have been developed. For the
specific case of dairy farms, harnessing this resource can be coupled with
appropriate exercise regimens for cows, which may lead to clean energy,
animal welfare, and even potential benefits for human health. These efforts
align with the sustainable development goals (SDG) of the United Nations,
specifically SDG 3 and SDG 7. However, ethical concerns regarding the use
of animals for energy production as well as the potential and clean nature of
this resource need to be thoroughly investigated before it can be exploited on
a larger scale. This research paper aims to identify deficiencies in the current
relevant body of knowledge and to present requirements for future research
efforts that may help tap into this resource. By exploring the potential of
animate energy resources, we may contribute towards sustainable energy
production while promoting animal welfare and human health.
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1. INTRODUCTION

Throughout history, humans have traditionally relied upon animals for a variety of purposes, such as
transportation, food, clothing, and other necessities. Animals have been utilized as prime movers for milling and
drawing water from wells. However, with the advent of the steam engine and subsequent advancements in
science and technology, machinery has largely replaced animals in many areas. Yet, as history has
demonstrated, there may again be a need to turn to the animal kingdom for support, given the current search for
sustainable alternatives to replace fossil fuels. Despite the perception that animal power is an outdated form of
technology, recent research suggests that animal draught power may have a viable role to play in modern
society. Miara et al. [1] says that agriculture in developed countries is witnessing use of draught animal power—
the paper is basically a review article mentioning various other articles that indicate use of draught animal
power in developed countries. The paper mentions that reviews from both scientific literature as well as press,
indicate a renewed interest for the case of animal traction. This traction has its benefits for energy as well as
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economy. It has also been mentioned that, although the reviews indicate the agro-ecological potential of animal
traction, however, it is facing difficulty for gaining suitable acknowledgement. Research by Nunes et al. [2]
mention a case of modern animal traction for supply chain of residual biomass—the article mentions that using
modern animal traction may lead to sustainable development of local and regional projects. Research by
Daum et al. [3] compares animal traction and tractors (two wheel and four wheel) for farm mechanization in the
perspective of Africa. Moreover, “Draft animals: 100 answers for harnessing animal power” [4] and “Horse-
powered farming for the 21st century: a complete guide to equipment, methods, and management for organic
growers” [5] are a couple of relevant books. In sum, while animals have long been viewed as a traditional and
somewhat antiquated means of power, evidence suggests that animal draught power may be a viable and
sustainable alternative to conventional fossil fuels. In fact, Gantner et al. [6] refers to fodder as a biofuel, for the
case of horses being used in agricultural work.

Different research papers point towards use of animals for generation of energy. Conference articles
are dominant in number here, than journal artices; and this points towards a deficiency of detailed studies in this
area. Research by Perrone et al. [7] mentions use of animal power to generate electricity for pumping water—the
implementation of a patented invention has been mentioned, moreover, the article compares feasibility of using
animal power versus photovoltaic power for rural areas. In the conclusion section, the authors mention that cost-
effectiveness and portability was offered by animal powered approach. Research by Blazevi¢ et al. [8] mention
an energy harvester for farm animals for internet of thing (1oT) applications—the work mentions presenting a
proof-of-concept energy harvester for cows. Reference [9] is a paper from the Italy based “Water and energy
from draught animal power” WEDAP center—the author mentions that traditional energies from remote villages
may be envisaged to enter the market of Carbon credits. Reference [10] is a paper attempting to harness animal
energy via a treadmill setup—-although incomplete, the paper discusses an effort to build a prototype treadmill
that could be used for a large animate prime mover to generate electric power. Final results retrieved via humans
running on the setup have been mentioned in this paper. Research by Dastgeer et al. [11] discusses estimation of
renewable power producible via an animal moving on a treadmill. Moreover, Jakhar et al. [12] mention a
prototype setup where a camel was used to generated electricity. The authors mention that a camel can generate
around 1 kW of power, for more than six hours in a single day. In their experimental setup, the camel moves
around a circular path—this movement is converted into a more than 3,000 rpm rotation, which is required by the
generator. The authors mention that their system has been designed such that it provides safety as well as
comfort to the camel.

However, there appear to be so many issues with the concept of animals as prime movers. Firstly, they
do not look ‘fashionable’ in the language of [13]-which is actually an article that advocates the notion of seeing
human and animal power as renewable energy sources. The authors mention the view point that the
technologies which are used for harnessing the human and animal based renewable energy, should be equally
recognized as being inclusive in the family of renewable energies. In this context, certain research articles can
be found which indicate utilizing human power for generation of electricity, examples are [14], [15]. Secondly,
animal welfare is a valid concern that must be considered when considering any animal-powered machinery
(APM) setup. Various aspects of animal welfare should be considered and ensured. If executed properly, an
APM setup might even benefit the welfare of tethered cows, which lack adequate physical exercise and
movement opportunities. Lastly, it is essential to note that animal-based energy generation setups may not
produce power in the mega-watts range. Unlike a diesel engine, which can generate large amounts of CO?, the
power generation capabilities of a single animal are limited. For instance, a camel's capacity is only about 1 kW.
This level will be even lower for dairy cows, as their primary concern is healthy exercise, not power generation.
In sum, the APM idea may not be favored by the community for the reasons outlined above.

However, if one looks at the flip side of animals as prime movers, firstly, this is a renewable resource—
it may also fit into definitions of green energy and/or sustainability. So, even if the power level is less as
compared to fossil fuel based generation, still the plus point lies in its being renewable and potentially non-
polluting to the environment. The current paper makes the argument, that, why shouldn’t the feasibility of this
resource be explored? If this renewable energy is available, and utilizable in a feasible and sustainable method,
why should it not be used for the benefit of humanity? Secondly, we have scientific inventions for tapping this
resource, such as “A system for generating electricity using nonconventional source” [16] mention use of
horses that will move in a circular path to generate energy. The same inventor recently, patented a relevant
invention [17]. The invention [18] again mentions generating clean energy by utilizing animal power, where the
animals may be camels or horses. A five stage system has been mentioned, which includes compressed air
stages. The invention [19] mentions a power generating setup employing livestock movement. Thirdly, when
coupled with the idea of animal exercise—there are many a research article mentioning benefits of exercise for
farm animals, e.g., Daigle et al. [20] mention at a point that moderate exercise “... has the potential to improve
cattle welfare and feedlot productivity”, Popescu et al. [21] compare two cases of tie-stall dairy cows, with and
without exercise, and indicate positive effects of exercise on tethered cow welfare. Research by Shepley and
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Vasseur [22] mention pasturing or provision of outdoor exercise yards as becoming common in best-practice
recommendations; lastly, if exercise is established as a source of health for animals and power for humans—this
resource is available in quite a good amount, in the thousands of animal farms around the world.

For the concept of coupling exercise and power generation; the ‘Bovine treadmill’ patent [23], clearly
mentions that the device is for exercising large animals. As noted by the inventor, a veterinarian, exercise has
been witnessed to have salutary effects on dairy cattle, like human beings. The invention suggests integrating a
power generation setup with the treadmill, whereby the kinetic energy of the cow's walking motion can be
harnessed to produce energy. While the patent provides an initial framework, further investigation is required to
comprehend the intricacies of exercising dairy cows while simultaneously generating power. This includes
determining an exercise session's optimal duration, intensity level, and frequency. The present research effort is
essential for future investigators to initiate exploration and address the numerous unanswered questions. The
subsequent section will elaborate on the novelty of this work.

The United Nations' sustainable development goals (SDGs) urge the adoption of renewable energy,
with a particular emphasis on “Affordable and clean energy” SDG 7. A potential source of this renewable
power can be found in the muscles of millions of domesticated and farm animals worldwide. Despite relevant
patents and research publications, this resource remains largely untapped. A comprehensive study that can
identify future research requirements and lead to this renewable resource's exploitation is imperative. This
research article seeks to address this gap, particularly regarding dairy farms.

2. FUTURE RESEARCH DIRECTIONS
2.1. Determination of the potential of generatable power

It is imperative to provide quantitative answers to inquiries regarding the volume of energy/power
that can be generated from manifold variations of a given resource. The scientific community can depict
these variations as state variables of a multi-state space. For instance, Figure 1(a) presents a sample question
that needs investigation. Figure 1(b) presents a diagram for dairy cows with two arbitrary states. The
dimensions comprise the year's season, age of the exercising animal, lactation stage, health condition, body
weight, and acclimation status to the exercise setup. At present, the radar figure only showcases sample
states; however, it can be tailored to correspond to the area of the state, which can be linked to the amount of
energy/power that can be produced. Table 1 provides sample values for the different dimensions, where
arbitrary variables have been utilized for age, body weight, and health to convey the concept.

How much power/energy may be Tlustrative values
produced,
from a dairy farm of » animals, n=100
which are all healthy s animals, m = Holstein Friesian
in their lactation stage /, [ = early lactation
during the season s? s = winter

(a)

5 . Season

Acclimation status Age

Body Weight®.. _ % / Lactation stage
Health
(b)

Figure 1. Conceptualizing the exploration of the potential of generatable power; (a) sample question for
future research and (b) state space diagram for dairy cows
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Table 1. Sample values for variables of a single cow state
No. Season Age Acclimationstatus  Body weight Health (%) Lactation stage

1 Spring A Novice o 70 Early
2 Summer B Not fully acclimated B 80 Mid

3 Autumn C Fully acclimated Y 90 Late

4 Winter D S 100

5 E €

Detailed research effort is required, to be able to collect data, so that the amount of generatable
power/energy for any combination of the state variables, may be estimated for an average Holstein Friesian
cow or a Buffalo. In the past research efforts, there are a few hints to this direction of work—references [24],
[25] quote power generating capabilities for draught animals; however, dairy cows have not been mentioned,
there is only one mention of Buffalo. Research by Niekerk and Hancke [26] mentions typical draught animal
capabilities (while quoting from another reference) where the animals are cow, bull, horse, donkey, and mule.
For an average cow (weight range 400-600 kg), the working speed has been mentioned to be 0.7 m/s and the
power is 350 watts. Any further details such as the lactation stage of the animal, its age, time of the year have
not been mentioned.

Moreover, it is noteworthy that while the area may be deemed a gap in research that necessitates
further exploration, an even more conspicuous deficiency in the existing corpus of knowledge is the absence
of a linkage between generatable power and the optimal workout for working farm animals. Consequently, to
address this deficiency, future research endeavors should aim to determine the permissible level of
power/energy generation that can be attained without exceeding the healthy exercise threshold for an animal.
The aforementioned research work needs to be undertaken, while considering various state space conditions
such as seasonal variations, body weight, and other relevant factors that may impact the animal's well-being.
The proposed research direction emphasizes the need for a comprehensive approach that incorporates the
latest advances in animal physiology, biomechanics, and energy systems.

2.2. How much workout is suitable and ethically allowable

The American Dairy Science Association® has published a student review paper [22], which
highlights the need for additional research to examine the relationships between various methods of
providing movement opportunities to dairy cows and the resulting effects on cow health and comfort. The
suitability of such methods to the overall well-being of cows is of utmost importance and can significantly
influence the decision-making process of dairy farm owners. A Northern Ireland farmer developed a
treadmill that utilizes cows to generate power, claiming that if all the cattle in the world could be made to
work on treadmills for eight hours a day, they could generate 6% of the world's total power [27]. However,
the applicability of this workout to individual animals has not been discussed. As such, the gap in knowledge
needs to be filled to determine whether energy generation alone is sufficient to incentivize dairy farm owners
or whether power production must confer benefits to the cows. Research by Shepley and Vasseur [22]
emphasizes that “Pasturing or provision of access to outdoor exercise yards is becoming more common in
best-practice recommendations,” indicating that the benefits of exercise for cows are well-established.
However, the focus of this paper is to quantify the amount of exercise in terms of generatable power that is
suitable for a dairy cow, given factors such as environment, stress level, and body condition. Consequently,
the exploration of this area of research is warranted to advance our understanding of cow health and comfort
and to inform best-practice recommendations for the dairy industry.

In a study conducted around 1982 by Blake et al. [28], the physical fitness of dairy cows subjected
to different exercise regimens was evaluated. The authors noted that cows in confinement exhibited poor
physical condition, however, maintaining physiological homeostasis during exercise was found to be an
indication of physical fitness, and exercise could improve the health of the animals. The study examined
various walking exercise regimens and found that neither too strenuous nor very light exercise benefited the
cows. Instead, moderate exercise, in the form of a daily 9.68 km walk at a speed of 3.54 km/hr, proved to be
effective in improving fitness. In the concluding remarks, the authors recommend moderate exercise during
the dry period, for at least 8 weeks, with a satisfactory exercise regimen consisting of an 8 km walk at 4
km/hr, five or more days a week. The authors' findings suggest that moderate exercise can help improve the
physical fitness of dairy cows, which may have significant implications for the dairy industry.

The health benefits of exercise are well-established; however, it is crucial to ensure that the workout
is suitable for the individual's needs. The suitability of exercise may be associated with factors such as
resistance to diseases, milk quality, reproductive health, and overall well-being. Therefore, it is essential to
investigate the appropriate exercise limit for different scenarios and express it in terms of measurable
biomarkers, such as heart rate, respiration rate, and blood pressure. Once the maximum values of these
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biomarkers have been determined for an animal, or an artificially intelligent agent has been trained to predict
them, the animal's exercise can be carried out up to these levels. For instance, the work of Blake et al. [28]
suggests that a daily walk of 9.68 km at a speed of 3.54 km/hr is suitable for cows. However, these values
need to be expressed in terms of measurable biomarkers to be implementable for cows with different body
condition scores. Moreover, finding and establishing appropriate biomarkers for disease detection in dairy
cows is of significant interest. Similarly, investigating these biomarkers for healthy automated precision
milking APM exercise is a future research direction. In summary, future studies should investigate the
biomarkers of an animal’s exercise to determine their maximum levels, ensuring that the exercise is
appropriate for the animal while also remaining within ethical limits. It is also worth exploring how different
biomarker levels of exercise can target the achievement and maintenance of various attributes of well-being.

2.3. Automating monitoring of an ongoing animal-powered machinery exercise

To automate an APM exercise in a dairy farm, what may be done is to have a machine learning
setup, employing supervised learning techniques such as convolution neural network [29] or gaussian process
regression [30], to train an agent with a dataset of animal state variables as inputs and upper limits of
biomarkers (as determined in previous subsection) as outputs. Once trained, this agent may be deployed in a
computer system where it can predict the upper biomarker limits for any animal in the farm which comes for
the APM exercise—and an accompanying rule based system, outputs the exercise intensity level (power
generation level) while taking the inputs of upper biomarker limits from the machine learning agent and the
actual biomarker levels from the sensors used in the setup—Figure 2 conveys this notion. If a substantial
amount of labeled training data is available and the exercise environment is not subject to changes,
supervised learning can be a practical and straightforward approach. Alternatively, reinforcement learning
offers the advantage of adaptability and the potential to optimize exercise protocols over time. Moreover,
robustness of rule-based algorithm depends on the stability of exercise regime, need for interpretability and
likelihood of rule changes. The future research directions may be summarized as, to investigate which
supervised learning technique is most suitable for predicting upper thresholds of biomarker levels—or should
reinforcement learning be used? Lastly, is rule-based algorithm sufficient for the final automation?

: Animal
: State Space

CNN g

¢ Arandom animal

Prec :  comes for APM v
; : exercise. Max.
determined : Biomarker
Ine i ior
Upper limits ~ |: imi
g : limits
. : redicted
biomarkers : PR

e.g. heart rate

Training Data Set

Actual Rule
Biomarker based "
levels from System

Sensors

Figure 2. Automatic adjustment of exercise intensity level

2.4. Exploring brain computer interface for suitability of animal-powered machinery workout

The brain computer interface (BCI) represents a technological paradigm wherein direct
communication between the brain and external devices, such as computers, is facilitated. In this framework,
brain activity serves as the input to control these external devices. BCI systems can be categorized as either
invasive or non-invasive, with one prevalent non-invasive approach relying on electroencephalography
(EEG) to capture the brain's electrical signals generated by neurons. Notably, EEG offers a high temporal
resolution, enabling real-time monitoring of brain activity. By placing electrodes on the scalp, EEG signals
can be recorded. EEG has found utility in assessing stress and fatigue levels in humans [31], [32]. Moreover,
recent investigation [33] have highlighted the applicability of EEG in detecting stress responses in goats,
suggesting its potential extension to stress measurement in other animal species.

Animate prime movers: an un-exploited resource towards achieving United Nations ... (Faizan Dastgeer)



2452 O3 ISSN: 2302-9285

Expanding on this notion, EEG's capacity to gauge stress and fatigue levels could be leveraged in
animals engaged in physical activities, such as treadmill exercises. Monitoring EEG signals during treadmill
workouts could provide valuable insights into the stress and fatigue experienced by animals, thereby
evaluating the efficacy and suitability of physical exercise regimes like APM workouts for animals. Such an
approach may lead towards optimizing animal welfare and performance across various contexts.

2.5. Determining the suitable brain computer interface technique

Which APM technique should be used-treadmill or traditional draught work? Both techniques are
present in literature. In relation to the treadmill-based workout—patents include “Bovine treadmill” [23] and
“Animal Power Generator” [34]. Looking at research articles [15] is an effort for using human power via
treadmill, while for the use of animals, Javed et al. [10] represents an incomplete effort. The in-availability of
detailed treadmill-based power generation studies, for different cases of animal type/state, is apparently a gap
in the current body of research. Efficiency of treadmill based APM setup for animals, is also a missing data
apparently.

Regarding the use of traditional draught power, where the animal walks on a surface, the patents’
side shows, “Livestock power generation system” [19] and “A system for generating electricity using
nonconventional source” [16] as a couple of relevant patents. On the side of research articles,
Chandrakar et al. [25] use a pair of bullocks to produce power for charging batteries, Perrone et al. [7]
mention a setup which used a horse as the prime mover to produce around 400 watts, and the efficiency of
this setup was determined to be around 70%. In summary, both techniques can be found in literature.
However, the focus of this manuscript is to point towards the insufficiency of detailed empirical studies
comparing the two power generation schemes. These studies should consider various factors such as
efficiency, installation cost, space requirement, and other factors related to the prime mover, such as animal
type, animal health, and acclimation status. The objective is to determine which technique is the superior
option under varying scenarios.

2.6. Stress levels

Does the APM exercise induce any stress for the animals? Stress can have different implications for
animals-for instance, in case of short term heat stress of dairy cows, Jo et al. [35] state that this stress has
negative effects towards feed and water intake, heart rate, and milk characteristics. Similarly, chronic stress
“is likely to deeply affect the emotional state, health, immunity, fertility and milk production of cows” [36].
Although, a routine APM workout is not likely to produce chronic stress, it may still induce short-time stress,
especially, for un-acclimated animals, as the article [37] mentions, citing from another source, that, “Novelty
is a very strong stressor of farm animals”.

Contrarily, it is also to be noted that exercise has its own stress reducing feature as well. The article
[38] (in the perspective of Korean adolescents), suggests that intense physical activity can have a positive
impact for stress management. In relation to small animals, the review article [39] mentions that exercise
reduced oxidative stress biomarkers, and Davidson and Beede [40] reports an overall improvement in
physical fitness of (late-pregnant and non-pregnant) dairy cows with exercise training. However, it is
important to conduct further research to identify the pros and cons of animal stress levels induced by
exposure to various APM power generation exercise scenarios. Experts may create multiple scenarios based
on their professional opinion to assess which setting leads to the lowest stress level for un-acclimated dairy
cows. The options include treadmill versus traditional draught work, moderate to long duration exercise
versus light intensity, and more. Hence, it is imperative to explore suitable options for the well-being of the
animals.

2.7. Quantifying the benefits gained and sustainability attributes

How much is the cost savings, in terms of reduced annual medical expenses of a dairy farm which
has installed an APM setup ([41] mention increased use of medicine for captive livestock, and also mention
that exercise physiology research has shown benefits of rational exercise)? Is there any improvement in milk
yield ([28] mentions such a case) after routine exposure to suitable APM exercise regimen—if yes, then how
much? What is the quantity of any additional benefit gained e.g., improvement in milk quality due to
reduction in medicine usage-Zachut et al. [42] mention that elevated use of medicine for dairy cattle, may
have negative affect on human consumers. Can this resource be classified: sustainable/green? Is it totally
clean? Or does the APM exercise lead to increased feed consumption which may lead to a burdening of
manure management system? Questions like these also need research efforts for investigation. In general, a
future investigation direction can be to investigate/quantify the potential benefits (other than energy) of APM
setup-these may include, reduced medical expense in farms (economy), contribution to human health
(society), and a cut-down of fossil-fuels (environment). Prove/disprove if the resources is green/sustainable.
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For instance, to prove/disprove the green energy classification of APM power generation setup, firstly,
description of green energy may be consulted from recent literature e.g., [43]-subsequently, various of
positive green energy attributes, such as reduction in greenhouse gas emission, and negative attributes e.g.,
increase in manure, may be measured empirically in comparison with a traditional energy source, to be able
to reach a conclusion.

3. CONCLUSION

Throughout centuries, animals have been a reliable source of support for humans. One such form of
future support is the generation of electric power from animals, particularly from those found in cattle farms.
This form of bioenergy, which relies on the muscles of animals, is an excellent way to achieve the United
Nation's SGD 7, which focuses on affordable and clean energy. Additionally, this draught workout can
provide healthy exercise for cattle. There are still gaps in the current body of knowledge that need
exploration. For example, it is unclear what the suitable amount of work for a dairy cow would be. It is also
unknown how this amount of work may differ from one animal to another or how it changes depending on
weather conditions. These are important questions that require further research. This perspective paper
explores the potential of harnessing farm cattle draught power to generate renewable electric energy. The
paper identifies several gaps in the current body of knowledge and outlines the need for further research in
this field. The study estimates that cows can generate up to 350 watts of power, but further research is
necessary to determine the precise amount of power that dairy cows can generate. In summary, several areas
require further investigation, and research in the APM domain has the potential to improve the welfare of
farm animals while simultaneously reducing fossil fuel consumption. Such research could lead to significant
benefits for the environment and contribute to the sustainability of the agricultural industry.

ACKNOWLEDGEMENTS
The work in this manuscript did not receive any research funding/grant.

FUNDING INFORMATION
Authors state no funding involved.

AUTHOR CONTRIBUTIONS STATEMENT
This journal uses the Contributor Roles Taxonomy (CRediT) to recognize individual author
contributions, reduce authorship disputes, and facilitate collaboration.

Name of Author C M So Va Fo | R D O E Vi Su P Fu
Faizan Dastgeer v v v v v v

Akhtar Kalam v v v v

Ayisha Naeem v v v v v v

Faraz Ahmed v v v

C : Conceptualization I Investigation Vi : Visualization

M : Methodology R : Resources Su : Supervision

So : Software D : Data Curation P : Project administration

Va : Validation O : writing - Original Draft Fu : Funding acquisition

Fo : Formal analysis E : Writing - Review & Editing

CONFLICT OF INTEREST STATEMENT
Authors state no conflict of interest.

DATA AVAILABILITY
Data availability is not applicable to this paper as no new data were created or analyzed in this
study.

Animate prime movers: an un-exploited resource towards achieving United Nations ... (Faizan Dastgeer)



2454 O3 ISSN: 2302-9285

REFERENCES

[1] M. Miara, P. Boudes, T. Rabier, and M. Gafsi, “Animal traction in developed countries: the reappropriation of a past practice
through agroecological transition,” Journal of Rural Studies, vol. 103, p. 103124, 2023, doi: 10.1016/j.jrurstud.2023.103124.

[2] L.J. R. Nunes et al., “Modern animal traction to enhance the supply chain of residual biomass,” AgriEngineering, vol. 5, no. 2,
pp. 1039-1050, 2023, doi: 10.3390/agriengineering5020065.

[3] T. Daum, A. Seidel, B. G. Awoke, and R. Birner, “Animal traction, two-wheel tractors, or four-wheel tractors? A best-fit
approach to guide farm mechanization in Africa,” Experimental Agriculture, vol. 59, 2023, doi: 10.1017/s0014479723000091.

[4] M. Lindsey, Draft Animals: 100 Answers for Harnessing Animal Power, Homestead on the Range, 2020.

[5] S. Leslie and D. Kline, Horse-Powered Farming for the 21st Century: A Complete Guide to Equipment, Methods, and
Management for Organic Growers, Chelsea Green Publishing, 2015.

[6] R. Gantner et al., “Fodder as a biofuel: cost effectiveness of powering horses in plowing operation,” in 6th International Scientific
Symposium: Economy of Eastern Croatia - Vision and Growth, 2017, pp. 618-625.

[7]1  A. Perrone, M. R. Nasab, and M. La Scala, “Draft animal power versus photovoltaic: a benchmark,” in 2023 AEIT International
Annual Conference (AEIT), 2023, pp. 1-6, doi: 10.23919/aeit60520.2023.10330346.

[8] D. Blazevi¢ et al., “A farm animal kinetic energy harvesting device for IoT applications,” in Proceedings Energy Harvesting and
Storage: Materials, Devices, and Applications XII, 2022, vol. 12090, pp. 24-31, doi: 10.1117/12.2618298.

[91 A. Perrone, “Sustainable energies for remote villages: a new target for the corporate social responsibility,” in 2020 AEIT
International Annual Conference (AEIT), 2020, pp. 1-6, doi: 10.23919/aeit50178.2020.9241182.

[10] M. S. Javed, M. U. Hussain, N. Ahmad, M. Sameer, F. Dastgeer, and M. S. Amin, “A sustainable power solution for cattle farms:
prototype of power generating treadmill for large animate prime movers,” in 2022 International Conference on Electrical
Engineering and Sustainable Technologies (ICEEST), 2022, pp. 1-6, doi: 10.1109/iceest56292.2022.10077843.

[11] F. Dastgeer, H. E. Gelani, M. Akram, and Z. Shabbir, “Animate prime movers: a prototype based methodology for estimation of
renewable power production,” European Journal of Electrical Engineering, vol. 23, pp. 321-326, 2021, doi:
10.18280/ejee.230405.

[12] O. P. Jakhar, R. R. Choudhary, M. Budaniya, and A. Kumar, “Experimental study of camel powered electricity generation unit,”
AIP Conference Proceedings, vol. 1953, no. 1, 2018, doi: 10.1063/1.5033175.

[13] R.J. Fuller and L. Aye, “Human and animal power — The forgotten renewables,” Renewable Energy, vol. 48, pp. 326-332, 2012,
doi: 10.1016/j.renene.2012.04.054.

[14] R. Strzelecki, M. Jarnut, and G. Benysek, “Exercise bike powered electric generator for fitness club appliances,” in 2007
European Conference on Power Electronics and Applications, 2007, pp. 1-8, doi: 10.1109/epe.2007.4417471.

[15] H.T. Yang, T. H. Tseng, T. H. Ai, Y. H. Wu, and S. H. Yeh, “A grid-connected energy conversion system for a treadmill with
auto-transferring modes between a motor and a generator,” in IECON 2015 - 41st Annual Conference of the IEEE Industrial
Electronics Society, 2015, pp. 316-321, doi: 10.1109/iecon.2015.7392118.

[16] A. K. Bayen, “A system for generating electricity using nonconventional source,” Pat. WO2019186582A1, 2019.

[17] A. K. Bayen, “A System for Generating Electricity,” Pat. W02023233418, 2023.

[18] S. Al-Zamil, “Mechanical platform for producing clean energy by means of animals,” Pat. WO2017061906A1, 2017.

[19] T.-C. Chang, “Livestock power generation system,” Pat. US20160344260A1, 2016.

[20] C. L. Daigle, B. Jackson, R. Gill, T. A. Wickersham, and J. E. Sawyer, “Impact of exercise on productivity, behavior, and
immune functioning of weaned Bos indicus—cross calves housed in drylots,” Journal of Animal Science, vol. 95, no. 12, pp. 5230-
5239, 2017, doi: 10.2527/jas2017.1788.

[21] S. Popescu, C. Borda, E. A. Diugan, M. Spinu, 1. S. Groza, and C. D. Sandru, “Dairy cows welfare quality in tie-stall housing
system with or without access to exercise,” Acta Veterinaria Scandinavica, vol. 55, 2013, doi: 10.1186/1751-0147-55-43.

[22] E. Shepley and E. Vasseur, “Graduate Student Literature Review: The effect of housing systems on movement opportunity of
dairy cows and the implications on cow health and comfort,” Journal of Dairy Science, vol. 104, no. 6, pp. 7315-7322, 2021, doi:
10.3168/jds.2020-19525.

[23] A.R. Smith, “Bovine Treadmill,” Pat. US7654229B2, 2010.

[24] H. M. D. P. Wijethunge and T. G. P. Priyadarshana, “Micro hybrid power plant design with animal draft power and biogas for a
rural village,” in 2013 IEEE Global Humanitarian Technology Conference: South Asia Satellite (GHTC-SAS), 2013, pp. 213-217,
doi: 10.1109/ghtc-sas.2013.6629918.

[25] S. K. Chandrakar, D. L. Soni, D. K. Yadav, and C. Kurre, “experimental study of micro industry of animal powered mechanical
device for battery charging,” Procedia Technology, vol. 14, pp. 266-273, 2014, doi: 10.1016/j.protcy.2014.08.035.

[26] H. R. van Niekerk and G. P. Hancke, “Stand alone electricity generation using animal power,” IFAC Proceedings Volumes, vol.
33, no. 18, pp. 89-92, 2000, doi: 10.1016/s1474-6670(17)37127-6.

[27] “Cows on treadmills could produce six percent of the world’s power,” Inhabitat, 2010, [Online]. Awvailable:
https://inhabitat.com/cows-on-treadmills-could-produce-six-percent-of-the-worlds-power/ (accessed Feb. 09, 2021).

[28] 1. T. Blake, J. D. Olsen, J. L. Walters, and R. C. Lamb, “Attaining and measuring physical fitness in dairy cattle,” Journal of
Dairy Science., vol. 65, no. 8, pp. 1544-1555, 1982, doi: 10.3168/jds.s0022-0302(82)82380-1.

[29] 1. H. Sarker, “Machine learning: algorithms, real-world applications and research directions,” SN Computer Science, vol. 2, 2021,
doi: 10.1007/s42979-021-00592-x.

[30] M. Sharifzadeh, A. Sikinioti-Lock, and N. Shah, “Machine-learning methods for integrated renewable power generation: A
comparative study of artificial neural networks, support vector regression, and Gaussian process regression,” Renewable and
Sustainable Energy Reviews, vol. 108, pp. 513-538, 2019, doi: 10.1016/j.rser.2019.03.040.

[31] R. Katmah, F. Al-Shargie, U. Tariqg, F. Babiloni, F. Al-Mughairbi, and H. Al-Nashash, “A review on mental stress assessment
methods using EEG signals,” Sensors, vol. 21, no. 15, 2021, doi: 10.3390/s21155043.

[32] S. Giindogdu, O. H. Colak, E. A. Dogan, E. Giilbetekin, and O. Polat, “Assessment of mental fatigue and stress on electronic sport
players with data fusion,” Medical & Biological Engineering & Computing, vol. 59, no. 9, 2021, doi: 10.1007/s11517-021-02389-
9

[33] R. Raghazli et al., “Physiological and electroencephalogram responses in goats subjected to pre-and during slaughter stress,”
Saudi Journal of Biological Sciences, vol. 28, no. 11, pp. 6396-6407, 2021, doi: 10.1016/j.sjbs.2021.07.013.

[34] W. Taylor, “Animal power generator,” Pat. US20110266091A1, 2011.

[35] J.-H. Jo, J. G. Nejad, D.-Q. Peng, H.-R. Kim, S.-H. Kim, and H.-G. Lee, “Characterization of short-term heat stress in holstein
dairy cows using altered indicators of metabolomics, blood parameters, milk MicroRNA-216 and characteristics,” Animals, vol.
11, no. 3, 2021, doi: 10.3390/ani11030722.

Bulletin of Electr Eng & Inf, Vol. 14, No. 4, August 2025; 2447-2455



Bulletin of Electr Eng & Inf ISSN: 2302-9285 O 2455

[36] C. Grelet et al., “Identification of chronic stress biomarkers in dairy cows,” Animal, vol. 16, no. 5, 2022, doi:
10.1016/j.animal.2022.100502.

[37] E. Gebregeziabhear and N. Ameha, “The effect of stress on productivity of animals:a review,” Journal of Biology, Agriculture
and Healthcare, vol. 5, no. 3, pp. 14-21, 2015.

[38] H.J. Kim, S. Y. Oh, D. W. Lee, J. Kwon, and E.-C. Park, “the effects of intense physical activity on stress in adolescents:
findings from Korea youth risk behavior web-based survey (2015-2017),” International Journal of Environmental Research and
Public Health, vol. 16, no. 10, 2019, doi: 10.3390/ijerph16101870.

[39] F. Vicenciol et al., “Effects of physical exercise on oxidative stress biomarkers in hypertensive animals and non-diabetic subjects
with prehypertension/hypertension: a review,” Sport Science Health, vol. 15, no. 3, 2019, doi: 10.1007/511332-019-00561-1.

[40] J. A. Davidson and D. K. Beede, “Exercise training of late-pregnant and nonpregnant dairy cows affects physical fitness and acid-
base homeostasis,” Journal of Dairy Science, vol. 92, no. 2, pp. 548-562, 2009, doi: 10.3168/jds.2008-1458.

[41] L. Chengyu, Z. Hongjie, and W. Sen, “Equipment for breeding animals,” Pat. CN108157223B, 2020.

[42] M. Zachut, M. gperanda, A. M. de Almeida, G. Gabai, A. Mobasheri, and L. E. Hernandez-Castellano, “Biomarkers of fitness and
welfare in dairy cattle: healthy productivity,” Journal of Dairy Research, vol. 87, no. 1, pp. 4-13, 2020, doi:
10.1017/50022029920000084.

[43] A. Androniceanu and O. M. Sabie, “Overview of green energy as a real strategic option for sustainable development,” Energies,
vol. 15, no. 22, 2022, doi: 10.3390/en15228573.

BIOGRAPHIES OF AUTHORS

Faizan Dastgeer {0 E:J B8 12 is with the Department of Electrical Engineering, UET Lahore -
Faisalabad campus. He is currently serving in the capacity of Associate Professor at the
department. Previously, he completed his B.Sc. electrical engineering from UET, Lahore
(2007) and Ph.D. from Victoria University, Australia (2012). His research interest was largely
focussed towards the efficiency of DC power distribution systems for about a decade (2009-
2019) and he holds a number of publications in this field. After 2020, his research interests
have shifted towards Animate Prime Movers as well as holistic thinking and education. He can
be contacted at email: faizandastgeer@uet.edu.pk.

Akhtar Kalam 2 Ed B8 © has been at Victoria University (VU) since 1985. He is a former
Deputy Dean of the Faculty of Health, Engineering and Science and Head of Engineering.
Currently, he is the Head of External Engagement. He is also the current Chair of the
Academic Board in the Engineering Institute of Technology, Perth, Australia, and the Editor in
Chief of Australian Journal of Electrical and Electronics Engineering. Further, he has a
Distinguished Professorship position at the University of New South Wales, Sydney,
Australia, three Indian and five Malaysian universities. He has also been appointed as the
Editor in Chief of the Australian Journal of Electrical and Electronic Engineering. He can be
contacted at email: akhtar.kalam@vu.edu.au.

Ayisha Naeem B 12 received bachelor of science (electrical engineering, gold
medalist) from University of Engineering and Technology, Lahore, Pakistan. Masters
(electrical engineering) from National University of Science and Technology, Islamabad,
Pakistan. Currently, she is lecturer at Department of Electrical, Electronics and
Telecommunication Engineering, University of Engineering and Technology, Lahore,
Pakistan. Her research interests are machine learning, data science, computer networks, and
network security. She can be contacted at email: ayisha.naeem@uet.edu.pk.

Faraz Ahmad & B B €2 js a Ph.D. candidate in electrical and computer engineering at the
University of Georgia, specializing in brain-computer interface systems for fatigue analysis in
assembly line workers. His prior research and academic background include a master's and
bachelor's in electrical engineering, with notable contributions in power electronics and DC
distribution systems. He can be contacted at email: faraz.ahmad@uga.edu.

Animate prime movers: an un-exploited resource towards achieving United Nations ... (Faizan Dastgeer)


mailto:faizandastgeer@uet.edu.pk
mailto:ayisha.naeem@uet.edu.pk
https://orcid.org/0000-0001-8653-1678
https://www.scopus.com/authid/detail.uri?authorId=35408926900
https://www.webofscience.com/wos/author/record/1428279
https://orcid.org/0000-0002-5933-6380
https://scholar.google.com/citations?hl=en&user=FvwDky4AAAAJ
https://www.scopus.com/authid/detail.uri?authorId=55543249600
https://www.webofscience.com/wos/author/record/48113791
https://orcid.org/0009-0009-4781-6297
https://www.scopus.com/authid/detail.uri?authorId=59563854300
https://orcid.org/0000-0002-0405-9910

