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Abstract

This study investigates the integration of bioeconomy principles in the Greek livestock
sector, framing the transition from conventional farming toward a circular bioeconomy as a
strategy for resource conservation and reduced environmental pressure. It assesses farmers’
awareness of bioeconomy principles, the adoption of circular practices, and the associated
economic and conservation-related performance. Data were collected through a structured
questionnaire administered to 383 livestock farmers across the main livestock-producing re-
gions of Greece and analyzed using descriptive statistics and multiple regression. Although
respondents show substantial awareness, adoption remains incomplete, mainly because of
high initial capital costs and insufficient financial incentives. Farmers implementing circular
strategies reported gains in resource-use efficiency, waste minimization, and the conserva-
tion of soil, water, and biodiversity, particularly reduced greenhouse-gas emissions, while
public subsidies and fiscal incentives emerged as the principal drivers of adoption. In
applied terms, support should be prioritized for capital-intensive investments such as
anaerobic digestion, manure and nutrient recovery, and water reuse, and the awareness—
adoption gap is best closed through targeted subsidies and training. The findings offer
concrete guidance for conservation-oriented agri-environmental policy supporting the
green transition of livestock farming in Greece.

Keywords: bioeconomy; circular economy; livestock; sustainability; resource conservation;
biodiversity; Greece

1. Introduction

Bioeconomy has become a global phenomenon, which proposes solutions to modern
issues, such as environmental sustainability, resource scarcity, and climate change [1,2].
The bioeconomy at the global level can be defined as sustainable utilization of renewable
biological resources, including crops, forests, fish, animals and microorganisms, in combi-
nation with technological innovations to generate food, feed, energy and other bio-based
products. In this respect, the bioeconomy is closely tied to conservation: by keeping bio-
logical resources within the production cycle and curbing the extraction of raw inputs, it
directly supports the conservation of soil, water, and biodiversity and helps protect the
ecosystems on which agriculture depends.

A circular bioeconomy is an attractive concept for a number of reasons. The first
is that it acknowledges that production waste, which usually does not employ inputs
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economically and technically efficiently, is a major cause of pollution and environmental
deterioration [3].

Second, it highlights how crucial it is to cut waste production at its source, recycle and
reuse garbage, and turn waste into finished goods that will satisfy customer demand. Third,
it highlights the potential of biological resources to replace fossil fuels and slow down
climate change. Finally, an operational and technologically focused route to environmental
sustainability is offered by a circular bioeconomy [4]. States across the globe and in
Europe, in particular, are realizing the potential of the bioeconomy to alleviate the global
environmental challenges and their economical demands [2,5].

The European Union (EU) has already incorporated the tenets of the bioeconomy in
their long-term sustainability strategies, the major changes being to convert to a circular
bioeconomy based on the regeneration of the resources [6]. The models of the circular
bioeconomy in agriculture practice, i.e., livestock farming, including the development
of technology coupled with the control of resources, have become possible thanks to the
adaptive policies of the EU [7,8].

The use of the bioeconomy in livestock farming continues to increase in developed
countries as one of the ways to minimize the environmental impact, secure the distribution
of resources, and increase sustainability [1,9]. On the one hand, the reduction in harm
by a partial contribution of circular farming to the environmental footprint of livestock
farming has been explored in Sweden and Germany with the recycling of nutrients and
waste treatment [10].

The EU economy depends heavily on agriculture, which produces the food, feed, and
bioresources that keep civilization going. The issues of population expansion, food security,
climate change, and resource scarcity are particularly focused on this industry [8,11].
Agriculture has become increasingly resource-intensive during the past 50 years, mostly
depending on the availability of fossil inputs such as fossil fuels, oil-derived agrochemicals,
and synthetic fertilizers that include nitrogen and phosphorus [4,12,13]. The concepts of
the “circular economy” might present several chances for livestock production in particular,
and agriculture in general, to become more resource-efficient.

Agriculture and livestock production are mostly linear processes that need a lot of
inputs, most of which are not transformed into edible goods but instead produce inefficient
and harmful outcomes for the environment. Inefficiencies in the global food industry are
estimated by the UN FAO to cost between $1 and $2 trillion annually [14,15]. In the end,
up to one-third of the food produced for human consumption is wasted when the full
agri-food cycle is examined. Both lost revenue and the resources used in its creation are
equivalent to this waste.

Closing nutrient loops, producing agricultural commodities with the least amount
of outside inputs, and minimizing adverse environmental discharges (such as trash and
emissions) are the main goals of the “circular economy” in agriculture. Opportunities may
be found at every level of the agri-food system when seen from the “circular economy”
viewpoint, from recycling and utilizing agricultural waste to primary production with
precision agriculture techniques [16].

Greece is in a critical phase as it moves towards the circular bioeconomy in the livestock
industry. Greece is an agricultural nation with a history of livestock production that has
numerous environmental and economic concerns that are connected with the use and
disposal of resources, and with climate change [17,18]. It believes that these problems can
be solved through the introduction of bioeconomy principles to the Greek farming system
and contribute to the increased sustainability of this sector.

The concept of circular farming has become of growing governmental and business
interest, with subsidies and incentives assigned to farmers to implement less wasteful and
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low carbon-emitting practices [19,20]. Nevertheless, glaring gaps can still be identified
regarding the overall implications of bioeconomy implementation in Greece, assuming it
refers to how the farmers understand the matter, as well as their readiness to invest in a
circular agricultural system. It has been established that although the bioeconomy may have
its benefits, including the more efficient use of current resources and economic sustainability
over the long term, most farmers are still reluctant to resort to circular practices because
it is expensive and does not provide monetary stimuli [21,22]. The bioeconomy is also
being promoted in Greece, particularly in the Western Macedonia region. Through its
participation in the European projects BIOMODEL4REGIONS and CEE2ACT, the Cluster
of Bioeconomy and Environment of Western Macedonia (CluBE) is attempting to develop a
bioeconomy plan at both the regional and national levels. But when it comes to creating a
bioeconomy policy, Greece is lagging behind other European nations.

Even though there are a lot of stakeholders, they do not have the knowledge they
need and seem reluctant or even unwilling to attend bioeconomy seminars, workshops,
and hubs [23]. CluBE has taken on the responsibility of involving and educating pertinent
parties at the local and national levels in order to solve this issue. In Western Macedonia,
an area going through change, the agricultural sector, especially through the agri-food
partnership, is set to have a major influence. Training and capacity-building initiatives in
the larger agri-food industry are required to enable a smooth and fair transition.

Training for farmers, agricultural guidance, the development of educational resources,
the establishment of demonstration fields, and skill-building exercises like study tours
and exchanges are all crucial elements [24]. It could be useful to break farmers into
groups according to their different viewpoints, concerns, and opinions in order to develop
strategies that are specific to each group’s traits. Farmers can be categorized into exclusive
groups using cluster analysis [25].

Even though there is some knowledge about the bioeconomy in the developed world,
there is not much research on how to use the bioeconomy in the Greek livestock farming
industry. People have mostly looked at the benefits of the bioeconomy in terms of how
well it uses resources and how well it protects the environment. But the economic elements,
especially the role of government subsidies and start-up expenses in putting bioeconomy
methods into action on Greek cattle farms, have not been properly looked into.

Also, studies in Greece are not as good as studies in other areas where the long-term
financial viability of bioeconomy practices is well-known [17]. This study’s goal is to fill
in these gaps by examining how the principles of the bioeconomy can be applied to the
livestock farming business in Greece.

The study also evaluated the knowledge of bioeconomy principles and circular farming
practices in Greece among farmers, and assessed the effectiveness of embracing a circular
bioeconomy in resource efficiency and environmental sustainability in Greek livestock
farming. It also assessed how economic factors, such as initial investment and availability of
government incentives, can affect the decision by farmers to engage in circular bioeconomy
practices and examined the financial sustainability results of implementing bioeconomy
concepts into livestock production in Greece in the long term. By treating the circular
bioeconomy as a vehicle for conserving natural resources and reducing the environmental
footprint of livestock farming, the study contributes to the wider conservation agenda,
linking farm-level practice to the protection of soil, water, and biodiversity and to the
sustainable management of renewable resources.
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2. Literature Review
2.1. Awareness Towards Adoption of Circular Bioeconomy Practices

Research indicates that because educated and trained farmers are critical to the sector’s
growth and performance, bioeconomy strategies encourage farmer training [26]. In order
to guarantee that farmers are prepared to fulfill the needs of the growing bioeconomy, it is
imperative that they get training and education.

Farmers play a crucial role in the production of bio-based goods and the adoption
of sustainable agriculture techniques. Farmers must receive education on the concepts
and methods involved in the sustainable and effective use of biological resources for the
production of a range of goods, including materials, food, and energy, in order to be trained
in the bioeconomy.

This involves educating them on the most recent developments in regenerative farm-
ing, precision agriculture, agroforestry, and biotechnology. They should also get training on
the commercial and economic facets of the bioeconomy, such as product creation, branding,
and marketing. Natural resources, productivity parameters, and their potential are all
significantly impacted by the bioeconomy in agriculture [9]. With the help of both internal
and external factors, production factors aim to provide an atmosphere that is conducive
to farms’ expansion and development. A farm’s productive capacity is determined by its
resources and land, which is the main production element in agriculture.

Rekleitis et al. (2020) noted that by connecting land efficiency to the agricultural
methods employed, bioeconomics disproves the antiquated notion that land efficiency is
correlated with farm size [21]. Production costs, regional comparative advantages, regional
structure, and agricultural competitiveness are all impacted by land quality. The agricul-
tural sector’s bioeconomy produces income on par with other economic sectors, supplies
the funds required for modernization, encourages food self-sufficiency, protects the soil’s
potential for production, makes efficient use of agricultural land, lowers environmental
risks, and helps produce raw materials that meet desired quality standards [2]. Sustainable
agriculture guarantees that natural resources will be available to future generations while
adhering to the bioeconomy’s tenets.

Chances are given to farmers and the area, quality of life is improved, variety is
preserved, high-quality jobs are offered, innovation and education are prioritized, and
social cohesion is promoted via equitable opportunity. The best way to address the issues
affecting the agriculture industry is through sustainable agriculture.

Natural resource usage has to be controlled so that renewable resources are used
without diminishing or lowering their value [15,27]. Based on the above review, hypothesis
one was developed which states that:

H1. Higher awareness of bioeconomy principles among farmers is positively associated with greater
implementation of circular farming practices.

2.2. Circular Economy, Agricultural Resource Use and Environmental Strain

With its heavy reliance on land, water, energy, and mineral inputs, agriculture is by its
very nature resource-intensive. However, because of deforestation, overcultivation, and
other unsustainable practices that deteriorate soils and lower long-term productivity, the
amount of land accessible for additional agricultural growth is gradually decreasing [28].
The decline in soil fertility is especially concerning [20].

Smallholder farmers, who frequently work marginal areas with little access to soil
restoration technology and extension services, are particularly vulnerable to these pressures.
Their income and yields fall in the absence of sufficient assistance, which exacerbates cycles
of food insecurity and poverty. These issues are made worse by climate change. However,
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limited mineral resources are necessary for these inputs [29]. Smallholders that lack the
funds to absorb growing input prices face more and more obstacles to productivity as global
reserves diminish and extraction costs rise. One of the biggest obstacles to agricultural
productivity is still water shortages. Nearly 70% of the world’s freshwater resources are
used for farming [30], but small-scale farmers in semi-arid areas of South Asia and sub-
Saharan Africa are particularly hard hit. Farmers in these regions are forced to depend
on erratic rainfall due to insufficient irrigation infrastructure. In sub-Saharan Africa, for
instance, 98% of agriculture is rain-fed and requires few technology inputs.

Although the majority of field activities, irrigation systems, and transportation still
rely on fossil fuels, energy is another important input in agriculture [6]. In addition to
increasing production costs, fuel price volatility increases agriculture’s carbon impact. Due
to their lack of mechanization and consistent grid energy, smallholders are more susceptible
to climatic and market shocks. Although they are becoming more popular, circular energy
solutions like solar micro grids and on-farm methane digesters are still not widely used.

Notwithstanding these difficulties, agriculture continues to employ a significant por-
tion of the world’s workforce—roughly 28%—with smallholders accounting for the majority
in several low- and middle-income nations [15]. Therefore, balancing the lives that modern
farming supports with its environmental restrictions is a crucial policy and scientific goal.
Based on this review, hypothesis two was developed:

H2. Greater adoption of circular bioeconomy practices is positively associated with farmers’
perceived improvements in resource efficiency and reductions in environmental impact.

Due to its enormous demand for land, fertilizers, and water, agriculture puts tremen-
dous strain on natural systems, contributing to resource depletion, biodiversity loss, and
more than 25% of global greenhouse gas emissions [31]. Waste products in the indus-
try include pesticide runoff, crop leftovers, and manure. If handled appropriately, these
byproducts may be useful resources. For smallholder farmers, who frequently lack access
to infrastructure for waste treatment or recovery, this re-framing is especially critical [32,33].

For example, more than 5 billion tons of crop residue are produced annually world-
wide. Many smallholders handle this trash by burning it, which kills helpful soil microor-
ganisms, increases soil temperatures, and speeds up erosion in areas with little infrastruc-
ture and few support services [34]. These sorts of actions miss out on the financial potential
while raising environmental dangers.

The body of existing literature continuously shows how uncontrolled agricultural
waste releases greenhouse gases like methane and ammonia, pollutes the air, and contami-
nates water bodies [27,29,35].

In addition to reducing the amount of agricultural waste produced, the main goal
from a CE standpoint is to make sure that any residues that cannot be avoided are viewed
and used as useful resources rather than as liabilities.

Research on the recovery of phosphorus from wastewater and biogas leftovers, for
instance, shows both economic and ecological feasibility [36], yet smallholder systems
seldom ever adopt such improvements. Similarly, one of the most lucrative ways to
valorize biowaste is to raise insects, especially the larvae of Hermetia illucens, also referred
to as the black army fly [37].

However, smallholder farming methods are still mostly unable to utilize these ad-
vances, despite their advantages. To close this gap, decentralized, low-cost models that are
suited to resource-constrained farmers—especially those in the Global South—must incor-
porate techniques for nutrient recovery, waste valorization, and emission reduction [38—40].
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2.3. Economic Factors and the Circular Bioeconomy

The circular economy’s core components, resource productivity and efficiency, are
frequently examined in the literature as crucial aspects in the shift to sustainable economic
models. In order to promote circular behaviors and deter overexploitation of natural
resources, studies by Fava et al. (2021), Venkatesh (2022), and Ruckli et al. (2022) have
emphasized the significance of fiscal measures like taxing primary resources and providing
subsidies for recycled materials [11,33,41].

According to additional study, material productivity and the adoption of the circular
economy are significantly influenced by environmental regulation strictness and economic
globalization. Simultaneously, these policies foster an economic climate that attracts private
investment, which is crucial for advancing advanced recycling technologies and growing
the infrastructure required for reuse, according to recent specialized studies [20,42]. The
research highlights how important private investment is to implementing and growing
circular processes. According to recent polls [22,24], private capital participation is crucial
for the construction of the required recycling infrastructure and the use of cutting-edge
technical solutions. The adoption of sustainable business models that put an empha-
sis on waste reduction and the utilization of recyclable materials is also made easier by
these investments.

According to Nguyen et al. (2025), private investment is crucial in advancing creative
projects like sustainable product design and improved recycling [43]. The relationship
between private funding and the adoption of circular technology was examined by Gkoun-
tani and Tsoulfas (2022), who emphasized the need for public—private collaborations in
growing circular solutions [44].

The authors demonstrated how funding infrastructure for recycling and reuse lays
a strong basis for expanding the usage of circular materials. Additionally, Gatto and Re
(2021) highlighted that financial accessibility is a crucial component of circularity adoption,
particularly in sectors with significant environmental effect [8].

Another important factor propelling the shift to the circular economy is rising resource
productivity. Because of the savings and lower environmental effect, Kusmayadi et al. (2021)
contend that high-productivity economies are better suited to include circular materials
into their production chains [45]. Donner and de Vries (2021) assert that higher productivity
maximizes the economic worth of recycled materials by enabling their effective usage [46].
Chodkowska-Miszczuk et al. (2021) further stress that resource efficiency contributes to
lower costs for raw material extraction and processing, which raises the competitiveness of
circular materials [3].

According to research by Loizou et al. (2019), economies that place a higher priority
on boosting resource productivity and cutting waste are better positioned to embrace and
grow the use of circular materials, which will promote a sustainable economy [13]. The
literature has extensively demonstrated the importance that resource productivity and
private investment play in advancing the circular economy.

Resource productivity encourages the use of circular materials and lessens reliance
on primary resources, while private investment makes it easier to implement technical
advancements and build the required infrastructure. These observations highlight the
significance of a comprehensive strategy to fully realize the circular economy’s potential in
the shift to a sustainable economic model [28].

One important factor in encouraging circularity is the provision of financial incentives.
Successful transitions have been found to be significantly influenced by increases in resource
productivity and private investment in circular industries [29]. Furthermore, the impact of
trade liberalization and economic globalization on material flows is coming into focus.
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According to current research, interconnected markets help embrace circular practices
by lowering financial and technological obstacles. According to empirical research, fiscal
incentives like tax breaks for investments in the circular economy and financial aid for the
adoption of green technologies are essential for promoting circularity in high-industrial-
output economies [47]. Based on this review the following hypothesis was developed:

H3. Economic variables including initial investment costs and government incentives play a major
role in determining whether farmers adopt circular bioeconomy practices.

2.4. Economic Perspectives of the Circular Bioeconomy in the Agricultural Sector

Ghisellini et al. (2023) claim that since the middle of the 20th century, the world’s
food output has quadrupled, outpacing both the population and the amount of land used
for agriculture [7]. This intensification of agriculture has been fueled by technological
advancements, mostly brought about by the need to increase productivity and profitability.

However, a significant amount of inputs used for crop production—such as fertilizer,
irrigation water, and herbicides—are not absorbed by the crop; this low-input-utilization
efficiency leads to runoff that deteriorates the quality of the soil and water, and pollution of
the environment. Furthermore, when agricultural processing companies transform agri-
cultural commodities into consumer items, they discharge more nutrients into wastewater
streams [44].

With these inputs, a large portion of the agricultural biomass is squandered. Losses
throughout the pre-harvest, post-harvest, and post-consumer phases contribute to organic
waste from the consumable biomass [48]. Both industrialized and developing economies
struggle to manage agricultural waste because it is frequently burned or landfilled, which
increases greenhouse gas emissions and air pollution [2,11].

The primary cause of soil health loss, hypoxic zones, biodiversity loss, and deteri-
oration in surface and groundwater quality is agricultural pollution. In 2019, land use,
forestry, and agriculture accounted for 75% of deforestation, 30% of energy use, 70% of
groundwater extraction, and 22% of world emissions. Because it uses a one-way process of
extracting inputs, creating outputs, and generating residues that turn into polluting wastes,
the current agri-food production system is known as linear.

A paradigm shift toward a circular bioeconomy has been called for as a result of the
realization of the constraints of depending only on this strategy to satisfy the rising demand
for agri-food products. While different studies have different definitions of what a circular
bioeconomy is, they all emphasize reducing the use of natural resources, recycling and
reusing materials, restoring and regenerating natural systems, and turning waste and other
biological resources into bioenergy or bioproducts to replace fossil fuels [49].

For each product supply chain, and throughout the wide range of goods in an economy,
there are a number of current and developing technical routes that might facilitate the agri-
food sector’s transition to circularity (Figure 1a). These include scientific advancements in
crop management technology such as artificial intelligence and digital precision farming,
which can minimize fertilizer loss on the field and improve nutrient recovery and recycling
at the field’s edge.
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Figure 1. Multiple pathways to a circular bioeconomy. (a) illustrates many approaches to waste reduc-
tion, recycling, and reuse in a circular economy; (b) illustrates various approaches to the production
of inputs, food, and energy products in a bioeconomy. The two panels together demonstrate the
relationships between the methods for trash reduction, recycling, and reuse as well as the conversion
of biological resources and inevitable waste into bioproducts that replace fossil fuels. The environ-
mental results and effects of these routes on biodiversity, water quality, GHG emissions, and land use
may differ and may be complementary or antagonistic. The prices, efficacy of pollution reduction,
effects on productivity, and trade-offs of these technologies might vary [23,50]. The selection of the
technologies and the desired level of circularity to be attained with this transition is a crucial aspect in
mapping out a route to a circular bioeconomy; this will impact the costs of doing so as well as other
socioeconomic implications. Technology accessibility is required, but not enough, to ensure a shift to
a circular bioeconomy. Decentralized decisions driven by individual goals are made by consumers
and companies across the agri-food supply chain [7]. Economic, behavioral, and societal factors
frequently prevent the adoption of even highly deployable technology. In order to guide individual
consumer and producer decisions among the different alternative routes, a plan for the transition to a
circular bioeconomy must combine the availability of technology with market-driven procedures,
laws, and other incentives. Based on this review the following hypothesis was developed; Figure
adapted from Asmussen (2024) [51].

Similar to this, Ingrao et al. (2018) describe how synthetic biology, gene editing,
biotechnology, and precision fermentation can be used in a variety of ways to upcycle
and convert agricultural waste and perennial energy crops into plant-based proteins,
bioproducts, and bioenergy that can replace products based on chemicals and fossil fuels
(Figure 1b) [28].

Other examples include changing landscapes to incorporate pasture for grass-fed
animals; leguminous crops that require fewer chemical treatments; and organic waste
generated at all stages, from food scraps to crop residues, that can be converted into
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renewable natural gas or compost and biochar for nutrient-rich soil amendments. These
changes can improve soil health and crop productivity while lowering the need for fossil
fuels [2,11].

H4. Greater integration of bioeconomy principles in livestock farming is positively associated with
farmers’ perceived long-term financial sustainability.

3. Materials and Methods
3.1. Research Design and Study Area

This study employed a cross-sectional, descriptive survey design, in which data were
collected from each respondent at a single point in time. The design helped to estimate the
association between variables, including the relationship between awareness of bioecon-
omy principles and the implementation of circular farming practices by farmers. It also
looks at how economic factors influence the process of adoption such as initial investment
costs and government subsidies. A cross-sectional design is appropriate for the study’s
aim of measuring, at the current stage of the transition, the associations among awareness,
adoption, economic factors, and perceived outcomes across a large and geographically
dispersed sample of farmers, and is suited to testing the stated hypotheses, which are
formulated as associational rather than temporal-causal claims. In this study, “traditional
(conventional) livestock farming” is defined as a predominantly linear production model
following a take-make—-dispose logic: reliance on external, largely fossil-based inputs (syn-
thetic fertilizers, purchased feed, fossil energy), open nutrient loops, and the disposal of
byproducts (manure, crop and processing residues) as waste rather than their reintegra-
tion into the production cycle. Correspondingly, “transformation” (transition to circular
bioeconomy farming) is defined as the operational shift from this linear model towards
the closing of nutrient and material loops at the farm level through the adoption of one or
more circular practices such as anaerobic digestion/biogas, on-farm composting, manure
and nutrient recovery, waste valorization, water reuse, and renewable energy integration;
in operational terms, a farmer is considered to have undergone transformation when at
least one such circular practice has been implemented on the farm.

Moreover, it looks at long-term financial sustainability post-implementation of bioe-
conomy principles in Greek livestock farming. By employing quantitative and qualitative
methodologies, the study will aim to provide a comprehensive picture of the traditional-to-
circular farming model transformation.

The study was conducted in Greece, where the agricultural industry is substantial, par-
ticularly within livestock rearing. In Greece, especially in the rural areas, agriculture is a very
conservative culture. The transition to circular agriculture production is a new issue, as it
assumes a significant shift in the conduct of farming and the application of new technologies.

The survey includes various regions of Greece, although primarily areas where livestock
farming is a major activity in agriculture like in parts of Northern Greece and the Peloponnese.

The graphical layout of Figure 1 (presented in the Section 2) was produced using
ChatGPT-5.5 Thinking (OpenAl, San Francisco, CA, USA; https:/ /chat.openai.com, ac-
cessed on 2 April 2026. The authors supplied the underlying data, defined their classifi-
cation and ordering, and specified the visual format (segmented circles with icons and
descriptive labels); the tool was used solely to render this layout. No data, results, or
interpretations were generated by the tool.

3.2. Target Population and Sample Size

This study targeted livestock farmers in Greece who had undergone the transformation
from traditional farming to circular bioeconomy farming. The sample was selected from
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various regions of Greece and locations where livestock farming is a large industry. A
simple random sampling method was used to ensure that the sample was representative
of the farming community, and would cut across a broad cross-section of small- and
big-scale farmers.

The study aimed to gather diverse responses to the adoption of circular farming,
including the responses of farmers who were more or less practicing the principles of the
bioeconomy. To get the required sample size, we took the formula of finite populations for-
mulated by Yamane (1973) [52]. The population of 130.640 livestock farmers was estimated
using available data on the number of livestock farmers in Greece [53]. A margin of error
of 5.1 and a confidence interval of 95 were used to compute the sample size:

N

- 1
T 1N @
where:
n = sample size;
N = population size (130,640);
e = level of significance (0.05099).
130, 640
n= ( ) 5 (2)
1+ (130, 640) (0.05099)
n = 383.36
n = 383

3.3. Data Collection

Data collection was conducted using a structured questionnaire with the aim of
establishing the extent of awareness, adoption and influence of the application of circular
farming practices within Greek livestock farming. The scale was based on the Likert
scale as the researcher had to consider the perceptions and attitudes of the farmers to the
bioeconomy principles and application of circular farming practices.

The questionnaire was designed and administered using Google Forms (Google
LLC, Mountain View, CA, USA; https:/ /www.google.com/forms/about/, accessed on
24 February 2025).

The Likert scale was between strongly disagree and strongly agree, which provided the
participants with a chance to express their viewpoint regarding various statements about
bioeconomy awareness, economic barriers, and sustainability outcomes. The questionnaire
was administered electronically, by email and online survey, to make the questionnaire
accessible to the rural and semi-rural dwellers.

The process of data collection lasted three months and a broad range of respondents
were involved. There were ethical considerations in this study. This was all done with
informed consent, and they were fully informed about the purpose of the study, their
involvement in the research and their right to confidentiality. Several steps were taken to
limit bias and measurement error: the instrument used structured items with response
categories adapted from previously published bioeconomy and circular economy studies to
support content validity; it was administered through multiple channels (electronic, email,
and online survey) to broaden reach across rural and semi-rural respondents and reduce
coverage bias; and respondents were assured of anonymity and confidentiality to mitigate
social-desirability bias. All outcome constructs (resource efficiency, environmental impact,
financial sustainability) are self-reported farmer perceptions; the study therefore measures
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perceived rather than directly observed biophysical outcomes, and the hypotheses are
correspondingly framed and tested as associations among measured perception constructs.

3.4. Data Analysis

The collected data were subjected to descriptive and inferential statistical analy-
sis. The descriptive statistics (frequency, percentages, means, and standard deviations)
summarized the responses to provide the general picture of awareness and adoption of
bioeconomy principles.

A correlation analysis was conducted to ascertain the relationship between bioe-
conomy awareness and the uptake of the circular practice of farming among farmers.
Regression analysis was then used to determine the impact of economic factors such as cost
of investment and government incentives on the adoption process.

Statistical analyses were performed using IBM SPSS Statistics, version 28 (IBM Corp.,
Armonk, NY, USA).

The regression model was also used to determine the long-term financial sustainability
outcomes of the implementation of bioeconomy principles in livestock farming. The corre-
lation between the level of awareness of farmers about the principles of the bioeconomy;,
the approaches to the management of the circles of the economy, and the presence of the
long-term results of financial sustainability in the sphere of Greek livestock farming were
explored with the help of multiple regression analysis. The regression analysis was to
determine the influence of awareness, economic factors, and adoption of circular farming
practices on the long-term sustainability of the farms. The regression model was built
as follows:

S= ,B() + ﬁlAB + ﬁzCF -+ ﬁgEF + ﬁ4LF +€ (3)

where:

S = circular bioeconomy transition outcome (the dependent variable, i.e., the overall
degree of sustainable transformation of the farm);

AB = awareness of bioeconomy principles;

CF = circular farming practices (extent of circular practices implemented, an indepen-
dent variable);

EF = economic factors;

LF = long-term financial sustainability.

Then By is the intercept, B1,B2,B3, and B4 are the coefficients that represent the impact
of each independent variable on the dependent variable (the circular bioeconomy transition
outcome, S), and ¢ is the error term. The overall fit of the regression model was tested with
the help of analysis of variance (ANOVA), and it aided to evaluate whether the regression
model is statistically significant and whether the independent variables capture a significant
percentage of the variation in the circular bioeconomy transition outcome (S).

4. Results
4.1. Demographic Characteristics of Respondents

The different demographic characteristics of the livestock farmers in Greece that
participated in this study are presented in Table 1 below.
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Table 1. Demographic characteristics of respondents.
Demographic Catego Frequency (f) Percentage (%)
Characteristic gory q y ge Lo
Male 172 449
Gender
Female 211 55.1
18-25 47 12.3
26-35 75 19.6
Age
36-45 106 27.7
46+ 155 40.4
High School 22 5.7
Undergraduate 90 23.5
Education Level

Graduate 133 34.7
Postgraduate 138 36.1
0-5 years 61 15.9

—1 121 1.
Years of Experience 6-10 years 316
11-15 years 109 28.5
16+ years 92 24.0
Total 383 100.0

The results in Table 1 show that the sample was fairly balanced in terms of gender with
55.1% of the respondent population female, and 44.9 percent male. The age distribution is
wide with the highest proportion (40.4%) made up of people aged 46 and above.

This is then followed by the 36-45 age group (27.7%) and the younger age groups
constitute a lower percentage of the sample, with 19.6% in the 26-35 age category and 12.3%
in the 18-25 age category. With respect to the level of education, most of the respondents
are highly educated. Among the sample, 36.1% are postgraduates, 34.7% are graduates
and 23.5% are undergraduates. In terms of the number of years of experience in livestock
farming, most farmers had good experience in livestock farming.

There are a significant number (31.6%) with between 6 and 10 years’ experience and a
significant number (28.5) with 11-15 years’ experience. Moreover, 24.0% have greater than
16 years of experience and 15.9% have 0-5 years of experience. This variety of experience
provided a complete picture of how bioeconomy principles can be adopted and integrated
into different phases of a farming career.

A comparison of the sample with the broader population of Greek livestock farmers,
using national statistics from ELSTAT (Hellenic Statistical Authority) and Eurostat farm-
structure data, indicates that the sample is broadly diverse in gender, age, and experience
but is, on balance, somewhat younger and more highly educated than the national livestock
farming population, in which older operators and lower formal-education levels predomi-
nate. This pattern is an expected consequence of the study’s focus on farmers who have
already engaged with the circular bioeconomy transition, who tend to be earlier adopters.
Accordingly, the findings are most directly representative of transition-oriented farms, and
generalization to the wider, more conservative farming population should be made with
appropriate caution; this point is revisited in the limitations.

4.2. Descriptive Results

The results presented in Table 2 show the extent of farmers” awareness of bioeconomy
principles and how this correlates with their practices.
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Table 2. Awareness of bioeconomy principles and adoption of circular farming practices.

Strongly Disagree o o Strongly
Statement Disagree (%) %) Neutral (%) Agree (%) Agree (%) Mean Std. Dev.
. Tam aware of 22 43 6.5 38.8 482 43 0.7
bioeconomy principles
I understand circular
farming and its 3.4 5.2 7.0 42.0 42.4 4.1 0.8
environmental benefits
I'have adopted circular
farming practices in my 5.4 7.6 14.3 39.3 33.4 4.0 0.8
livestock farm
My awareness of the
bioeconomy has 40 6.7 10.1 37.4 418 41 0.7
influenced my
farming practices
I believe my farm has
become more 53 82 9.8 39.5 372 40 0.8

sustainable through
bioeconomy practices

Table 2’s results offer an understanding of how the awareness of bioeconomy principles
in farmers relates to the use of circular practices in farming.

A considerable majority (48.2%) of respondents strongly agree that they know bioe-
conomy principles, whereas 38.8% agree with this question, which demonstrates a high
degree of awareness among the farmers. This points to the fact that the principles of the
bioeconomy are familiar to the farming community, a key prerequisite of the future imple-
mentation of the circular farming practice. The table further demonstrates that 42.4% of the
respondents have knowledge of circular farming and its positive environmental impact,
and 39.3% of them practice circular farming on their livestock farms. It indicates that the
level of awareness is high though the complete adoption of circular farming practices is
still in its early stages because only 33.4% strongly agree with the statement that they have
adopted the practices.

In addition, 41.8 percent of farmers indicate that their knowledge about the bioecon-
omy has had a direct impact on their farm activities. The use of awareness and practice
implies that education and awareness campaign programs can be useful in encouraging
farmers to convert to more sustainable practices. In general, the findings reveal that,
even though we can say that there is a broad awareness of bioeconomy principles, the
gap between this awareness and the actual practice of circular agricultural approaches
is evident.

Table 3 shows the results on the effect of circular farming practices on resource effi-
ciency and environmental sustainability.

Table 3’s results show that a significant proportion of farmers consider circular farming
as a sustainable strategy of maximizing the use of resources that can be used to achieve
more sustainable farming. On waste management, 41.4% of the respondents strongly agree
and 40.2% agree that they have reduced waste and improved recycling on their farms. This
demonstrates that circular farming positively affects waste management and recycling as
essential aspects of environmental sustainability in the agricultural sector.
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Table 3. Descriptive results on circular farming practices.

Statement

Disagree (%) (%)

Strongly Disagree Strongly

Agree (%) Mean Std. Devw.

Neutral (%) Agree (%)

Circular farming has
improved the resource
efficiency on my farm

5.1 7.8 11.5 39.3 36.3 4.0 0.8

I have reduced waste
and improved recycling
on my farm

4.0 6.3 8.1 40.2 414 41 0.7

The adoption of circular
farming has decreased
my farm'’s
environmental footprint

6.5 73 12.0 39.4 34.8 4.0 0.8

I believe circular
farming has reduced
water usage on my farm

57 7.2 9.4 41.1 36.6 4.1 0.7

I'have observed a
decrease in greenhouse
gas emissions since
adopting
circular practices

6.3 8.1 11.8 38.5 35.3 4.0 0.8

Similarly, 34.8% of farmers are strongly convinced that circular farming has decreased
the environmental footprint of their farm, and 39.4% of respondents agree that circular
farming can decrease adverse environmental impacts, such as soil degradation or pollution.
The effect of circular farming on water usage is also seen to have been positive with 36.6%
strongly agreeing with the question and 41.1% replying that, since they have started using
circular practices, water usage has decreased.

This means that circular farming practices, such as effective irrigation systems or
water reuse in agricultural processes, are helping to conserve water resources. Finally,
35.3% and 38.5% of the farmers strongly agree and agree, respectively, that there has
been a reduction in greenhouse gas emissions on their farms. This implies that circular
agriculture is also contributing to the mitigation of climate change by countering the
emission of greenhouse gases.

The results concerning the role of economic factors in circular bioeconomy practice
adoption are presented in Table 4 below.

The results from Table 4 offer valuable insights into the role of economic factors in
the adoption of circular bioeconomy practices in Greek livestock farming. One of the
key findings is that a significant number of farmers (35.2%) strongly agree that the initial
investment required for circular farming practices is too high, with 33.6% agreeing. This
suggests that the upfront costs associated with adopting circular farming practices are a
barrier for many farmers, reinforcing the importance of addressing financial constraints in
facilitating the transition to more sustainable practices.

However, government subsidies or incentives appear to play a significant role in
encouraging adoption, with 35.0% of respondents strongly agreeing and 42.3% agreeing
that these financial supports influence their decision to adopt circular farming practices.
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Table 4. Economic factors influencing adoption.

Statement

Disagree (%) (%)

Strongly Disagree Strongly

Neutral (%) Agree (%)

Agree (%) Mean Std. Dev.

I find the initial
investment for circular
farming too high

7.4 10.1 13.7 33.6 35.2 3.9 0.9

Government subsidies
or incentives influence
my decision

22 6.5 14.0 423 35.0 41 0.8

I think circular farming
is economically viable in
the long term

3.4 6.1 9.2 445 36.8 41 0.8

I believe the cost of
implementing circular
farming practices is
justified by the
long-term savings

51 8.3 11.2 419 33.5 4.0 0.8

Economic barriers have
prevented me from
adopting circular
farming

7.5 13.2 15.0 32.0 323 3.9 0.9

This highlights the importance of financial assistance and policy support in making
circular farming more accessible and appealing to farmers, particularly those hesitant due
to high initial investment costs.

Additionally, 36.8% of farmers strongly agree, and 44.5% agree, that circular farming
is economically viable in the long term. This indicates that while the initial investment may
be a concern, many farmers recognize the long-term economic benefits of circular practices,
such as increased resource efficiency, reduced waste, and potential savings on input costs.

Furthermore, 33.5% of respondents strongly agree and 41.9% agree that the cost of
implementing circular farming practices is justified by long-term savings. This suggests
that farmers who are able to adopt these practices perceive the economic trade-off as
worthwhile, as they expect significant savings over time. Finally, economic barriers have
prevented adoption for 32.3% of farmers, further emphasizing the need for supportive
policies and financial assistance to overcome these challenges.

The results concerning the long-term financial sustainability of circular farming prac-
tices are presented in Table 5 below.

Table 5’s results explain the financial sustainability of the long-term implementation
of the circular farming concepts in Greek livestock farming. Most farmers (38.1%) strongly
agree and 38.2% agree that circular farming will cause financial long-term sustainability.
This shows that most farmers are convinced that the short-term economic advantages of
circular farming would include minimized operation costs and maximized resource use,
which would enhance farm sustainability.

Regarding profitability, 30.7 percent of respondents strongly agree, and 40.7 percent
agree, that circular farming has made their farm more profitable. This implies that circular
agricultural methods have positively influenced the financial performance of farmers, prob-
ably due to increased efficiency and minimized waste, and possibly due to the improved
quality of products or services leading to better profitability.
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Table 5. Long-term financial sustainability.

Statement

Strongly
Disagree (%) (%)

Disagree Strongly

Neutral (%) Agree (%)

Agree (%) Mean Std. Dev.

I believe circular
farming will lead to
long-term financial

sustainability

3.8 7.4 12.5 38.2 38.1 41 0.8

Circular farming has
increased my farm’s
profitability

52 9.1 14.3 40.7 30.7 4.0 0.9

I have seen a return on
investment from
adopting circular

farming

4.0 8.4 13.7 41.2 32.7 4.0 0.8

Circular farming has
made my farm more
resilient to market
fluctuations

5.1 9.3 11.4 39.2 35.0 4.0 0.8

I believe circular
farming enhances the
economic stability of

my farm

4.8 8.2 12.0 415 33.5 4.0 0.8

Moreover, 32.7% of farmers strongly agree, and 41.2% agree, that they have earned
a payoff on their investment in going circular with farming. This solidifies the financial
sustainability of circular practices, with farmers investing in such sustainable methods
starting to see financial gains, justifying the financial outlay on circular farming over the
long term. It has also had a positive effect on the resilience of farms to market changes
with 35.0% of the respondents strongly agreeing that circular farming has helped their
farm to become more resilient to economic shocks and 39.2% agreeing. It is implied that
circular farming, which aims to minimize waste, enhance resource use, and improve farm
management, would enable farmers to better resist market volatility.

Finally, 33.5% of farmers strongly agree and 41.5% agree that circular farming increases
the economic stability of their farms. This means that embracing the principles of the
bioeconomy helps to make the financial environment of farmers more stable and less
susceptible to external economic forces.

4.3. Regression Analysis

The regression analysis was conducted to evaluate the relationships between four key
factors—farmers’ awareness of bioeconomy principles, the adoption of circular bioeconomy
practices, economic factors, and long-term financial sustainability. The overall fit of the
model is summarized in Table 6, while the individual regression coefficients are reported
in Table 7.

Table 6. Model summary.

Adjusted R Std. Error of
Model R R Square Square the Estimate
1 0.876 0.768 0.759 0.342
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Table 7. Coefficients of regression.
Unstandardized Standardized .
Model Coefficients Coefficients Beta t Sig.
B Std. Error
(Constant) 1.30 x 10~16 0.089 7.42 0.000
Awareness of 0.152 0.076 0.216 2.00 0.047
Bioeconomy
Circular Farming 0.432 0.089 0.392 4.86 0.000
Practices
Economic 0.321 0.070 0.328 459 0.000
Factors
Long-Term
Financial 0.251 0.075 0.238 3.35 0.001
Sustainability

Predictors: (Constant), awareness of the bioeconomy, circular farming practices, eco-
nomic factors, long-term financial sustainability. Source: primary data (2025).

The model summary shows that the predictors (awareness of the bioeconomy, adop-
tion of circular farming practices, economic factors, and long-term financial sustainability)
collectively approximately 76.8% of the variation in the circular bioeconomy transition
outcome (S) (R? = 0.768).

The adjusted R? value of 0.759 further confirms the robustness of the model, suggesting
that these factors are strong predictors of the adoption of circular bioeconomy practices in
Greek livestock farming.

Regression Coefficients

Dependent Variable: Circular Bioeconomy Transition Outcome (S).

In the coefficient estimates reported below, the dependent variable is the circular
bioeconomy transition outcome (S); each coefficient therefore expresses the relationship
between the respective predictor and this overall outcome.

The coefficient for awareness of the bioeconomy ( = 0.216, p < 0.05) indicates a
statistically significant positive relationship with the adoption of circular farming practices.
This suggests that as farmers” awareness of bioeconomy principles increases, they are more
likely to adopt circular farming practices.

The coefficient of 0.152 means that for every unit increase in awareness, the likelihood
of adopting circular practices increases by 0.152 units. This finding supports H1: there is a
significant positive relationship between farmers” awareness of bioeconomy principles and
their adoption of circular farming practices. The circular farming practices have a highly
significant positive relationship with the model’s outcome (3 = 0.392, p < 0.01), suggesting
that as farmers adopt more circular practices, the outcomes, such as resource efficiency and
environmental sustainability, improve.

The positive coefficient of 0.432 indicates that every unit increase in the adoption
of circular practices leads to a 0.432-unit increase in the overall sustainability outcomes,
supporting H2: the adoption of circular bioeconomy practices results in improved resource
efficiency and reduced environmental impact. Economic factors, including initial invest-
ment costs and access to government incentives, have a significant impact on the adoption
of circular farming practices (3 = 0.328, p < 0.01). The coefficient of 0.321 suggests that
for each unit increase in economic support, the likelihood of adopting circular practices
increases by 0.321 units.
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This confirms H3: economic factors such as initial investment costs and government
incentives significantly influence farmers” decisions to adopt circular bioeconomy practices.
The coefficient for long-term financial sustainability (0.251) suggests a positive relationship
between the integration of bioeconomy principles and long-term financial stability in
farming (3 = 0.238, p < 0.01).

As farmers integrate bioeconomy practices into their livestock operations, they ex-
perience better financial outcomes, which supports H4: the integration of bioeconomy
principles into livestock farming leads to long-term financial sustainability for farmers.

5. Discussion

This study explored the role of circular bioeconomy ideas in the Greek livestock
industry. The positive relationship between the knowledge of bioeconomy principles and
the application of circular farming practices by farmers is confirmed by the analysis, which
is consistent with other studies conducted by Papadopoulou et al. (2023) and Ghisellini
et al. (2023) [7,17]. Knowledge alone will not be converted to adoption as Gatto and Re
(2021) observed [8].

The paper subscribes to the views of Pettersson et al. (2024) and Firoiu et al. (2023),
who opine that augmentation of acceptance depends on technical training and monetary
stimuli [10,54]. Actually, sustainable agricultural practices can only be adopted in an
enabling environment with the right policy tools applied in the form of subsidies and
training programs as reported by Petropoulos et al. (2025) [34].

In addition, Papadopoulou et al. (2025) and Gkountani and Tsoulfas (2022) have
emphasized that although the awareness regarding the bioeconomy is generally high, there
is a discrepancy between awareness and actual practice [22,44]. This gap can be partially
explained by the lack of knowledge, as Dallendorfer et al. (2022) state that even though
there is an overall consensus on the bioeconomy, most farmers are not aware of its practical
applications [55]. These findings correspond to the findings of Fritsche et al. (2020), who
highlighted the significance of increased openness and education as the correct method to
seal this gap [6].

Greek livestock farming practices have been transformed into circular bioeconomy
practices that have demonstrated significant progress in resource efficiency and environ-
mental sustainability.

The findings are consistent with the results of Awasthi et al. (2019) who highlighted
the advantages of the circular system in waste reduction and furthering sustainability [49].
Hereby, as illustrated by Rekleitis et al. (2020), the anaerobic digestion technique has been
applied to rural farms to enhance waste management and reduce external inputs, which is
in line with the environmental ambitions of the circular bioeconomy [21].

Furthermore, the findings are justified by Melas et al. (2023), who have published the
environmental benefits of circularity in the Greek pig industry [18]. This study highlights
the resulting drop in the carbon footprint and increased sustainability advantages, as
Ghisellini et al. (2023) did, indicating that circular bioeconomy practices decrease climate
change by reducing greenhouse gas emissions in agricultural production [7].

This negative effect on the environment is aligned with the findings of Ingrao et al.
(2018) who emphasized the relevance of the bioeconomy in building a climate-neutral
society [28]. The farm-to-fork concept, which Ghisellini et al. (2023) referred to, is the
primary focus in the importance of observing sustainability in both farm production and
among consumers, which is why the whole process can be taken as a unit [7].

Among the reasons why farmers were encouraged to switch to circular bioeconomy
practices, economic factors were identified as of great importance. This validates the study
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conducted by Rampasso et al. (2021), who pointed out that one of the significant barriers
was seen to be the high cost of initial investment and financial constraints overall [56].

This study is consistent with Kang et al. (2020) who found that government-provided
funds to programs, and access to affordable credit, would extensively help with the imple-
mentation of bioeconomy practices [4].

However, as Firoiu et al. (2023) observed, the economic advantages of a circular
bioeconomy, such as reduced input prices and improved rates of resource efficiency, can
only be realized after a significant adoption time, hence the reason why in the short run,
economic challenges are one of the biggest issues among farmers [54].

Also, policies and financial incentives of government, according to Pettersson et al. (2024),
are also significant contributors to the success of circular bioeconomy practices [10]. These
incentives, according to Fritsche et al. (2020) and Petropoulos et al. (2025), worked especially
well when specific needs of different agriculture industries were considered [6,34].

Additionally, Gkountani and Tsoulfas (2022) noted that as farmers are better able to
access the markets to market their sustainable products, the circular practices can be more
lucrative [44].

From an environmental perspective, the circular bioeconomy (CBE) lowers carbon
emissions, encourages resource efficiency, and regenerates natural wealth. However, there
has not been enough research done on how it affects risk factors and more general environ-
mental performance indicators at the corporate and national levels [7,24].

Specifically, the decrease in greenhouse gas emissions at various food system stages
is still not defined, and the ecological risks resulting from this economy—such as those
related to biomass production, wastewater treatment, and compost processing—have not
been clarified [34,44].

Lastly, successful cooperation between enterprises and stakeholders, as well as be-
tween firms within comprehensive supply chains and networks, is essential to the CBE'’s
success [10].

However, how various internal and external stakeholders might be handled success-
fully to assist SFS growth is not adequately examined in the published literature.

In the CBE, the dynamics of stakeholder participation and government-business
relations are still mostly ignored. This research offers a number of policy recommendations
based on the findings.

To enhance the adoption of circular bioeconomy practices, the initial step is to enhance
education and awareness campaigns. The campaigns must emphasize the environmental
as well as the economic advantages, despite the economics, as Ghisellini et al. (2023)
indicate [7].

Also, financial incentives and subsidies should also be sustained by the government to
cover the upfront costs of transitioning to circular farming. It can include financial support to
invest in green technologies, renewable energy sources, and waste management technologies.

Limitations and Future Research

Several limitations should be acknowledged. First, the study uses a cross-sectional
design, which captures associations at a single point in time and does not establish temporal
or causal ordering among the constructs; longitudinal designs would be required to con-
firm causal pathways. Second, all outcome measures—resource efficiency, environmental
impact, and financial sustainability—are based on farmers’ self-reported perceptions and
may therefore be subject to self-report and common-method bias; they do not substitute for
direct biophysical measurement (for example, metered water use or measured greenhouse
gas fluxes). Third, the sample is drawn from transition-oriented farmers in the principal
livestock-producing regions of Northern Greece and the Peloponnese and is somewhat
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younger and more highly educated than the national population, so generalization to the
broader, more conservative farming community should be made with caution. Future
research should triangulate perceived outcomes with objective farm-level environmental
and financial data, employ longitudinal or quasi-experimental designs to strengthen causal
inference, and extend the sampling frame to a wider range of regions and farm types.

6. Conclusions

This study has explained how the traditional systems of farming can be substituted
with the circular bioeconomy systems, particularly the application of the circular livestock
system in the Greek livestock system.

The findings indicate that knowledge about the principles of the bioeconomy among
farmers is adequate, yet the transfer of these practices into the operations of the farms is
underway. Despite being aware of the advantage of the bioeconomy in the long term, the
majority of farmers are unable to overcome the initial obstacles, which comprise the high
cost of investment and lack of financial assistance.

Those farmers who have accepted the idea of circular farming also state that their re-
sources and waste management are more efficient and the environment is more sustainable.
The results are aligned with the general shift toward circular economy models occurring in
the global spectrum, where resource reuse, waste minimization, and the introduction of
environmentally friendly practices are prioritized.

Positive impacts include resource efficiency, reduced environmental footprint, and
reduced greenhouse gas emissions, and this demonstrates how circular practices can
contribute to solving key environmental challenges in the agricultural sector. However,
the study showed that economic factors, particularly the upfront price of transitioning to
circular farming, play a critical role in the behavior change process.

Subsidies and other government-supported measures are valuable but additional
funding is needed to encourage more individuals to adopt circular farming. It has also
been demonstrated that circular farming is a long-term, financially viable approach, as
farmers have reported higher profitability and strength in addressing market problems
after implementing circular practices.

The study shows that the circular bioeconomy’s technology-centric approach ignores
the necessity of demand-side conservation initiatives as an additional strategy for environ-
mental sustainability. Overconsumption of polluting items occurs because the cost of these
products does not account for their pollution impact.

Policymakers, governmental and non-governmental organizations, and national and
international development agencies must adopt a normative, nuanced, and systems-level
view of the circular economy in order to design a sustainable circular bioeconomy. They
must also adopt an approach to determining the sustainable level of circularity, which
takes into account the mutual benefits and trade-offs between the costs and benefits of a
circular bioeconomy, as well as the value of the environmental benefits obtained and their
incidence throughout society. These organizations usually use environmental impact and
cost-benefit analyses to determine if a project or policy is environmentally and financially
sound. Ultimately, the transition to a circular bioeconomy in Greek livestock farming
should be understood as a conservation strategy in its own right: by closing nutrient and
material loops, reusing water, and recovering energy from waste, it relieves pressure on soil,
water, and biodiversity and advances the sustainable management of renewable resources.
Embedding such conservation objectives in agri-environmental policy is therefore essential,
so that the green transition delivers not only economic resilience for farmers but also
tangible benefits for the natural systems on which the sector ultimately depends.
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