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CIRCULAR ECONOMY IN ANIMAL AGRICULTURE:
FROM WASTE TO RESOURCES
ECONOMIE CIRCULARA IN AGRICULTURA ZOOTEHNICA:
TRANSFORMAREA DESEURILOR IN RESURSE

ABSTRACT |

This mini-review delves into the transformative
potential of circular economy principles within the re-
alm of animal agriculture, emphasizing the sustaina-
ble conversion of waste into valuable resources. It ex-
plores the multifaceted challenges that impede the
adoption of these practices, including technological li-
mitations, regulatory constraints, market acceptance
issues, financial barriers, and the need for greater a-
wareness and education among stakeholders. Despite
these obstacles, the review underscores the signifi-
cant benefits that circular economy practices offer to
animal agriculture, such as enhanced resource effici-
ency, waste reduction, and environmental protection.
By examining innovative solutions such as the conver-
sion of agricultural waste into bioenergy and biofertili-
zers, the development of closed-loop systems, and the
importance of stakeholder collaboration, this review
highlights the critical role of circular economy princi-
ples in promoting sustainability within the agricultural
sector. It concludes with a call to action for targeted
research, policy support, and educational initiatives to
overcome existing challenges and fully realize the po-
tential of circular economy practices in transforming
animal agriculture into a more sustainable, efficient,
and environmentally friendly industry.
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REZUMAT

Aceasta recenzie sintetica se concentreaza pe apli-
carea principiilor economiei circulare in cadrul agricultu-
rii zootehnice, accentuand conversia deseurilor in resur-
se valoroase. Analizeaza provocarile majore care stau in
calea adoptarii acestor principii, printre care se numara
barierele tehnologice, constrangerile legislative, accep-
tarea pe piata, obstacolele financiare si necesitatea unei
constientizari si educatii sporite in randul partilor intere-
sate. Recenzia evidentiazd beneficiile considerabile pe
care practicile economiei circulare le aduc in agricultura
zootehnica, inclusiv eficientizarea utilizarii resurselor,
minimizarea cantitatilor de deseuri si protectia mediului
fnconjurator. Prin examinarea solutiilor inovatoare cum
ar fi transformarea deseurilor agricole in bioenergie si
biofertilizanti, implementarea sistemelor circulare si im-
portanta colaborarii dintre toate partile interesate, lu-
crarea subliniaza importanta vitala a economiei circulare
in promovarea unui sector agricol sustenabil. In incheie-
re, recenzia propune o serie de actiuni directionate catre
cercetare, adaptari legislative si programe educationale
menite sa depaseasca aceste provocari si sa exploateze
in totalitate potentialul economiei circulare pentru a
transforma agricultura zootehnica intr-o industrie mai
verde, mai eficienta si mai prietenoasa cu mediul.

Cuvinte cheie: economie circulara, agricultura
zootehnica, sustenabilitate,
bioenergie, biofertilizanti

The circular economy has emerged as a sustainable
model, integrating economic growth with environ-
mental stewardship. This model advocates for a sys-
temic shift towards resource optimization and waste
minimization, aiming to replace the traditional linear
economy with a more sustainable approach. This tran-
sition is crucial for mitigating environmental degrada-
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tion and promoting long-term economic sustainability
(23, 26). Recognized for its potential to advance sus-
tainability, the circular economy proposes a reduction
in material waste, addressing both environmental de-
gradation and climate change impacts (29). It
emphasizes the importance of efficient resource use
and waste reduction in industrial processes to contri-
bute significantly to environmental conservation (15,
24, 33, 42). Applying these principles to animal agr-
iculture offers a pathway to enhance sector sustaina-
bility. Such application can reduce environmental im-
pacts and improve resource use efficiency, demon-
strating compatibility with sustainable agriculture
goals (8, 49, 45, 46). Specifically, circular economy
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strategies can enrich soil fertility, increase crop
production, and facilitate renewable energy produc-
tion from agricultural by-products, exemplifying the
model's emphasis on maximizing resource value and
closing nutrient loops (4, 7, 34, 48).

This review article aims to critically examine how
circular economy principles can be applied to animal
agriculture to promote sustainability and environmen-
tal protection. It intends to outline the benefits of
integrating circular economy practices, such as waste
reduction and resource efficiency, into animal agri-
culture. Additionally, the review will explore the impli-
cations of these practices for enhancing soil health,
increasing agricultural productivity, and generating
renewable energy. The goal is to offer insights into the
potential for circular economy strategies to contribute
to more sustainable agricultural practices, providing
recommendations for further research and practical
implementation.

THE CIRCULAR ECONOMY FRAMEWORK

The circular economy proposes a transformative
approach to achieving a regenerative economic sys-
tem, which endeavours to minimize waste and opti-
mize resource value through the perpetual cycle of u-
sage, reuse, and recycling of materials (9, 44). This
sustainable framework is underpinned by several fun-
damental principles:

e Resource Efficiency: This principle under-
scores the importance of enhancing the efficiency with
which resources are utilized, aiming to reduce waste
generation and foster the effective use of materials (9,
35).

¢ Closed-Loop Systems:It advocates for the main-
tenance of material and energy flows within closed loops,
extending the lifespan of resources and diminishing the
dependence on virgin resource extraction (9).

¢ Regeneration: The circular economy aspires to
rejuvenate natural systems by innovating products
and processes that yield positive environmental and
societal outcomes (25, 27).

o Sustainability: Atits core, the circular economy
embodies the ethos of sustainable development, stri-
ving to fulfil contemporary needs without jeopardizing
the prospects of future generations (27, 41).

¢ Waste Minimization: This involves the imple-
mentation of strategies aimed at eradicating waste
and pollution, enhancing the circulation of products
and materials, and restoring natural ecosystems (5).

e Value Creation: By prioritizing resource optimi-
zation and waste reduction, the circular economy
seeks to generate economic value concurrently with
minimizing environmental impacts (9, 44).

e Systemic Approach: A holistic and systemic
perspective is requisite for reconfiguring production

and consumption patterns, ensuring the enduring sus-
tainability of economic systems (14).

By adopting circular economy practices, there is a
significant opportunity to confront global environmen-
tal challenges head-on and enhance resource mana-
gement strategies. Transitioning from linear to circular
economic models enables societies to effectively ad-
dress environmental concerns while improving re-
source efficiency (13, 26).

Within the broader context of environmental sus-
tainability, the circular economy introduces a novel
paradigm that emphasizes the redesign of processes
and the cyclical utilization of materials, fostering sus-
tainable business practices. By closing the loops of
economic and ecological resource flows, the circular
economy aims to diminish the intake of virgin ma-
terials and the generation of wastes, thus contributing
to the preservation of resources and environmental
conservation (16).

Furthermore, the circular economy is instrumental
in promoting sustainable development by mitigating
the adverse effects of resource consumption and
waste production. Emphasizing resource efficiency,
waste reduction, and the closure of material loops, it
offers a viable route towards disentangling economic
growth from resource utilization and curtailing envi-
ronmental degradation (10, 50).

Additionally, the circular economy fosters sustai-
nable practices across various sectors, including waste
management, construction, and manufacturing. By
championing reuse, recycling, and conservation of re-
sources, it aids in alleviating environmental pollution,
conserving natural resources, and endorsing sustai-
nable production and consumption patterns (24, 36).

CURRENT PRACTICES
IN ANIMAL AGRICULTURE

Historically, animal agriculture has prioritized the
utilization of animal waste, primarily as organic ferti-
lizer, to enhance soil fertility and crop productivity.
This practice exemplifies the principles of circular sus-
tainability, advocating for the recycling of residues to
bolster soil health and agricultural productivity while
minimizing waste (28, 21). Despite the benefits, the
traditional application of animal manure presents en-
vironmental sustainability challenges, including soil
nutrient overload, potential water source contamina-
tion, and greenhouse gas emissions (22, 47).

Addressing these challenges necessitates the a-
doption of modern waste management technologies
such as composting, vermicomposting, and anaerobic
digestion. These methods transform animal waste into
valuable soil amendments, reducing environmental
impact and promoting sustainable farming (2, 20).

Linear waste management strategies, characte-
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rized by inefficiencies, lead to excessive waste, ina-
dequate recycling, and significant environmental de-
gradation. Such inefficiencies manifest in municipal
solid waste management through poor waste collec-
tion and disposal, contributing to environmental and
health risks (29). Additionally, the linear approach
limits resource recovery, exacerbating resource wa-
stage and environmental challenges (39, 40). Inade-
quate policies further complicate waste management,
resulting in illegal dumping and increased environ-
mental damage (18).

Transitioning towards sustainable and circular
waste management strategies is crucial. This shift in-
volves enhancing resource recovery, implementing e-
ffective waste management technologies, and esta-
blishing robust policies to mitigate environmental im-
pact and support sustainable development.

TRANSFORMING WASTE INTO RESOURCES

The conversion of crop residues and by-products
into eco-friendly packaging materials, bio-based plas-
tics, and compostable products offers a sustainable
alternative to conventional fossil fuel-derived plastics,
embodying the circular economy's ethos of minimizing
waste and closing nutrient loops (31, 19).

This approach not only mitigates environmental
impacts by reducing waste generation but also fosters
the development of circular resource flows within the
agricultural sector. The creation of biodegradable ma-
terials from agricultural waste exemplifies the poten-
tial to enhance sustainability, paving the way for new
value chains and business models in the agricultural
industry (6, 17).

Through innovative practices such as anaerobic di-
gestion and pyrolysis, agricultural waste is trans-
formed into renewable energy sources, including bio-
gas, biochar, and bio-oil. Anaerobic digestion breaks
down organic matter in oxygen-free environments to
produce biogas, whereas pyrolysis converts biomass
into biochar and bio-oil, useful as energy sources or
soil amendments. These processes not only contribute
to reducing greenhouse gas emissions but also to ge-
nerating renewable energy and minimizing waste
(11). Further emphasizing sustainability, the conver-
sion of manure and agricultural by-products into bio-
fertilizers via composting and vermicomposting show-
cases another application of circular principles in agri-
culture. These methods decompose organic materials
to produce nutrient-rich soil amendments and high-
quality fertilizer, enhancing soil fertility, improving
crop yields, and decreasing dependency on synthetic
fertilizers, thereby promoting sustainable agricultural
practices (11). Additionally, these practices include
the generation of biogas through anaerobic digestion
of manure and agricultural residues, offering a sustai-

nable energy solution. Similarly, the production of bio-
char and bio-oil through pyrolysis provides alternative
energy sources and soil amendments. Codigestion,
hydrothermal carbonization, and bioethanol produc-
tion from agricultural waste further illustrate the po-
tential for creating renewable energy and enhancing
waste management efficiency, thereby demonstrating
the broad applicability and benefits of circular econo-
my principles in animal agriculture (1, 3, 30, 37).

Another prominent application of circular economy
concepts within animal agriculture is manifested in the
transformation of food waste into animal feed. This
approach repurposes food waste, which would other-
wise contribute to landfill accumulation, as a viable
feed source for livestock, thereby enhancing waste
management and resource utilization (12, 38).

The recycling of food waste for animal feed simulta-
neously tackles the critical challenges of waste miti-
gation and the provision of a sustainable nutrition
source for livestock. This innovative practice not only
diverts food waste from landfills, enhancing environ-
mental sustainability, but also integrates such waste
into the agricultural resource cycle. Countries like
Japan and South Korea exemplify the successful im-
plementation of this strategy, where a significant
portion of food waste is recycled as animal feed, un-
derscoring its efficacy in improving resource efficiency
and minimizing waste (38).

Furthermore, this practice embodies the essence of
the circular economy by effectively closing the nutrient
loop and generating value from materials that would
traditionally be deemed waste. Converting food waste
into animal feed allows for a reduction in dependency
on conventional feed, fostering more sustainable far-
ming methods, and advancing a more circular, re-
source-efficient agricultural model (12).

CHALLENGES AND OPPORTUNITIES

Implementing circular economy practices within
animal agriculture encounters numerous challenges,
including technological barriers, regulatory con-
straints, and market acceptance, which collectively
impede the full integration of these sustainable princi-
ples into the sector. The accessibility and implemen-
tation of advanced technologies necessary for conver-
ting agricultural waste into bioenergy or biofertilizers
represent significant hurdles. Such technologies often
require considerable investments, specialized equip-
ment, and a high level of technical expertise. Further-
more, the availability of these technologies is limited,
posing challenges to the efficient recycling of waste
materials and the creation of value-added products.

The regulatory environment also plays a critical
role in the adoption of circular economy practices wi-
thin animal agriculture. Ambiguities or inconsistencies



88

Rev Rom Med Vet (2024) 34 | 2

in regulations related to waste management, bioener-
gy production, and the use of recycled materials cre-
ate barriers for stakeholders looking to implement
sustainable initiatives. Navigating through environ-
mental standards, waste disposal regulations, and
quality control requirements adds layers of complexity
for those in the agricultural sector aiming to adhere to
circular economy principles.

Market acceptance of products derived from recy-
cled agricultural waste, such as biofertilizers or bio-
based materials, is another significant challenge. Con-
sumer perceptions, preferences, and willingness to
pay for sustainable products can greatly influence the
demand for solutions based on circular economy prin-
ciples. Building consumer trust, educating the market
about the benefits of these products, and ensuring
their quality and safety are essential steps towards
gaining widespread market acceptance.

Additionally, the initial financial outlay required for
transitioning to circular economy practices, including
setting up biogas plants or composting facilities, pre-
sents a barrier, particularly for small-scale farmers or
businesses. The economic feasibility of these initia-
tives, encompassing the costs of technology adoption,
operational expenses, and the potential return on
investment, can affect the willingness of stakeholders
to adopt sustainable practices. The progression to-
wards embracing circular economy principles in ani-
mal agriculture is also slowed by limited awareness
and understanding of these concepts.

Educating stakeholders, including farmers, indus-
try participants, policymakers, and consumers, about
the benefits of circular economy approaches, along
with offering training and capacity-building progra-
mmes, is critical for overcoming these obstacles and
fostering a culture of sustainability within agriculture.

Future research and development efforts are nee-
ded to address these challenges. Innovating cost-effi-
cient and scalable technologies for converting agricul-
tural waste into bioenergy, biofertilizers, and other va-
lue-added products is essential. Investigating the regu-
latory landscape to facilitate the integration of circular
economy practices, understanding consumer attitudes
towards recycled products, and enhancing supply chain
collaboration are crucial areas of focus. Additionally,
educational initiatives to increase awareness and know-
ledge about circular economy practices among agricul-
tural professionals will be key in empowering stakehol-
ders to adopt sustainable practices and advance to-
wards a more circular agricultural ecosystem.

CONCLUSION
In conclusion, the integration of circular economy

principles into animal agriculture represents a promi-
sing pathway towards achieving sustainability, re-

source efficiency, and environmental protection within
the sector. While the transition faces challenges such
as technological barriers, regulatory hurdles, market
acceptance, cost considerations, and the need for en-
hanced awareness and education, these obstacles are
not insurmountable. Addressing these challenges
through targeted research, the development of inno-
vative technologies, the clarification and harmoniza-
tion of regulatory frameworks, market education, and
awareness campaigns can facilitate the widespread
adoption of circular economy practices in animal agri-
culture. By converting agricultural waste into valuable
resources like bioenergy and biofertilizers, and by
implementing closed-loop systems, the agricultural
sector can significantly reduce its environmental foot-
print, enhance productivity, and contribute to the glo-
bal sustainability agenda. The journey towards a cir-
cular agricultural economy requires concerted efforts
from all stakeholders, including farmers, industry pro-
fessionals, policymakers, and consumers, to realize
the full potential of these sustainable practices. With
commitment and collaboration, the principles of the
circular economy can transform animal agriculture in-
to a more sustainable, efficient, and environmentally
friendly sector, ensuring its viability and resilience for
future generations.
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