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Abstract: Circular agriculture holds significant importance in the developing world, just as the concept of
circularity holds importance. In this context, the article evaluates and prioritizes the strategic components of circular
agriculture in Azerbaijan using the Analytical Hierarchy Process (AHP), a multi-criteria decision-making method
designed to transform subjective expert assessments into quantitative data. Using national statistical data from 1990
to 2023, the study identified four key indicators, which were access to irrigation infrastructure, the structural share
of livestock production, total agricultural output, and agricultural waste management performance. Pairwise
comparisons were conducted using Saaty’s 1-9 scale, with the participation of 20 experts from academia, policy and
industry ensuring a robust and consistent model (CR = 0.089). The findings reveal a “hierarchical necessity” within
Azerbaijan’s agricultural transition. Access to irrigation infrastructure (37.0%) and the share of livestock production
(35.9%) emerged as the most critical strategic priorities. These results indicate that modernization of water systems
and the development of closed-loop livestock models, such as the feed-manure-biogas cycle, are essential
prerequisites for circularity. Conversely, agricultural waste management was given the lowest priority (9.4%),
suggesting that stakeholders in transition economies prioritise resource efficiency and input security over waste
valorisation. The study concludes that current agricultural capacity in Azerbaijan remains largely theoretical due to
structural vulnerabilities such as water scarcity and fragmented land ownership. Consequently, the focus of policy
must shift from purely quantitative growth to resource-efficient strategies and integrated institutional governance.
This research provides a replicable quantitative framework to guide the sustainable transformation of agriculture in
Azerbaijan and other emerging economies.
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1. Introduction

Examining human history reveals radical shifts in production and consumption paradigms,
particularly following industrialisation and the proliferation of mass production (Glavi¢, 2021).
While production was historically driven by subsistence needs, the Industrial Revolution
established economic profit as the primary motivator for enterprises and national economies
alike (Stearns, 2020; Sabel & Zeitlin, 1985). This transformation paved the way for the
emergence of the linear economy model. Based on the 'take-make-dispose' logic of sustained
demand, this structure converts natural resources into short-lived products and relegates
recycling processes to a secondary role (Eghan & Sung, 2025). As a result, countries producing
high-tech goods have grown quickly, while resource-dependent developing countries have faced
economic decline (Marino & Pariso, 2016; Moraitis, 2022; Shah et al., 2025). Concurrently,
public administration reforms, such as privatization, have institutionally entrenched the linear
economic model (Farazmand, 2017). The market mechanism has largely supplanted the state's
planning role, while growth-oriented development strategies have marginalized social
objectives.

This anthropocentric paradigm, which prioritizes human needs while largely disregarding other
entities, precipitated increasingly severe economic consequences (Hariram et al., 2023) and
environmental degradation (Dijoo & Khurshid, 2022), thereby necessitating the pursuit of
alternative models (Blomsma et al., 2023). According to the United Nations Environment
Programme, global waste generation, recorded at 2.1 billion tons in 2023, is projected to reach
3.8 billion tons by 2050, and waste management costs are expected to exceed $640 billion
(United Nations Environment Programme, 2024). This data unequivocally demonstrates the
unsustainability of the linear economy model. Indeed, rising raw material prices, energy
disruptions, and supply chain vulnerabilities are escalating risks within the private sector.
Furthermore, the market prevalence of high-cost, low-quality products highlights the model's
inherent inefficiencies (Ellen MacArthur Foundation, 2013; Govindan & Hasanagic, 2018).
Consequently, the consensus in academic literature regarding the long-term unsustainability of
the linear model continues to gain traction.

Since the 1980s, the seminal work by Pearce and Turner (1989) has brought the circular
economy approach to the forefront as an alternative to the linear model by proposing a cyclical
structure in which resources are reused. Framed by the European Commission's definition, the
circular economy is predicated on retaining products and materials within the economic system
for as long as possible. This is a principle further substantiated by international policy
documents (United Nations, 2015; D'Amato et al., 2017). Emulating natural cycles, the circular
economy aims to enhance resource efficiency, transform waste into new production inputs, and
promote the utilization of renewable energy (Lacy & Rutqvist, 2015; Antikainen et al., 2018;
Barreiro-Gen & Lozano, 2020).

The “3R” strategy, implemented across micro, meso, and macro-levels, is one of the most
prevalent instruments of the circular economy (Melo et al., 2022; Khaw-ngern et al., 2021).
However, technical limitations in certain sectors can hinder the adoption of circular practices
(Jaeger & Upadhyay, 2020). Enterprises often encounter barriers such as technological
constraints and organisational inertia (Hopkinson et al., 2018; Hajiyeva et al.,, 2024).
Conversely, the agricultural sector is regarded as one of the most conducive domains to the
circular economy, owing to the high potential for reintegrating waste into the production cycle
(Gontard et al., 2018).

While existing literature has predominantly examined circular agriculture in developed nations,
there is a significant lack of systematic indicators for developing economies that are facing
challenges such as water scarcity, fragmented land ownership and financial constraints.
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Moreover, there is a dearth of quantitative studies prioritising indicators of circular agriculture
in Azerbaijan and the South Caucasus. This study aims to address this issue by applying the
Analytic Hierarchy Process (AHP) to national agricultural data. By doing so, it identifies
irrigation infrastructure and animal production as critical factors for circular agriculture. It also
formulates policy recommendations tailored to Azerbaijan's unique circumstances. Finally, this
article contributes not only to conceptual debates on circular agriculture in developing
economies but also provides concrete policy prescriptions tailored to Azerbaijan's specific
needs.

1.1. Past and Present of Agricultural Activities

Contemporary challenges such as climate change, natural resource depletion, biodiversity loss,
and carbon emissions are becoming increasingly critical (Dagevos & Lauwere, 2021; Lu &
Wang, 2023). The linear structure, whereby resources are sourced externally, and waste is
disposed of without being reintegrated into the system, disrupts the balance of ecosystems in the
long term (Velenturf et al., 2019). Linear agriculture is a conventional production model
predicated on the 'take-make-dispose' principle (Gupta et al., 2025). In this system, natural
resources such as water, soil, fertiliser and energy are converted into waste during production
and released into the environment (Knickel et al., 2009; Maji et al., 2020). This model became
particularly prevalent as a result of the industrial-based agricultural development policies in the
20th century and was characterized by intensive use of inputs, monoculture production, and
mechanization (Giraldo, 2019). However, while providing short-term yield increases, this
production model has led to multifaceted long-term problems, including increased soil
pollution, declining productivity, waste proliferation, and the depletion of water resources
(Altieri, 1995; Sands et al., 2023).

Fundamentally, the linear agricultural system is characterized by high input intensity and a
unidirectional production flow. Production relies mostly on external inputs, as chemical
fertilisers, pesticides and intensive irrigation. This input-based structure forces farmers to
depend on artificial resources rather than natural ones, thereby increasing production costs. In
this model, the production process proceeds as an unidirectional flow, converting natural
resources into products and discharging the resulting waste outside the system (FAO, 2017).
Processes like recovery, reuse and circular transformations are not part of this structure. As a
result, agricultural waste is often released directly into the environment instead of being treated
through composting, biogas production or other recycling methods. This exacerbates
environmental pollution and impedes the valorisation of agricultural waste as a potential
resource (MacArthur, 2013).

Another key feature of the linear agricultural system is its heavy reliance on fossil fuel-derived
energy. Many essential farming activities, such as operating machinery, running irrigation
systems and supporting production processes, depend heavily on energy sources that are not
sustainable in the long term. This dependence significantly increases the carbon footprint of
agricultural production, making it more challenging to address climate change (Franco &
Borras, 2021).

Additionally, the linear agricultural model tends to prioritise maximising short-term yields.
Farmers and producers often base their decisions mainly on immediate market demand and
annual production targets. While this approach may increase output in the short term, important
factors such as soil health, sustainable resource use and the balance of surrounding ecosystems
are often overlooked. Over time, these neglected aspects can reduce the land’s productivity,
making agricultural systems more fragile and vulnerable to environmental pressures (Rockstrom
et al., 2009).

Deteriorating soil quality reduces productivity, forcing farmers to rely more on external inputs.
This increases costs and reduces incomes, exacerbating rural poverty (Bhagat et al., 2024).
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Uncontrolled agricultural waste also contributes to climate change by increasing carbon dioxide
and methane emissions (Elbasiouny et al., 2019). The finite nature of natural resources
highlights the need for more sustainable production and consumption patterns. This challenge is
recognised globally in the United Nations’ Sustainable Development Goals, with Goal 12 on
Responsible Consumption and Production promoting a more sustainable economic framework
(UN, 2015).

1.2. Structural Trends in Azerbaijani Agriculture: Constraints of the Linear
Model and Emerging Local Practices

Azerbaijan's economy relies on oil and gas exports, but agriculture is also important for rural
development and diversification (Suleymanov et al., 2013; Aliyev, 2023). In 2023, the sector
accounted for about 6% of the GDP and 36% of employment (State Statistical Committee of the
Republic of Azerbaijan, 2023). Of the nation's 4.8 million hectares of agricultural land, around
45% is arable (State Statistical Committee of the Republic of Azerbaijan, 2024).

Since the 1990s, Azerbaijan's agricultural sector has undergone significant transformation. After
gaining independence in 1991, structural reforms and government subsidies drove long-term
growth. Total agricultural production rose from 102 million manats in 1990 to 12.995 billion
manats in 2024, an increase of roughly USD 7.58 billion. This growth reflects a shift in
Azerbaijan’s agricultural structure, as well as higher output. Crop production fell from 63% in
1990 to 48.5% in 2023, while livestock production increased from 36.3% to 51.4%. This shows
that the sector is now more balanced and diversified (State Statistical Committee of the
Republic of Azerbaijan, 2024).

Meanwhile, agricultural waste surged from 2.7 thousand tonnes in 2010 to 40.8 thousand tonnes
in 2023. This represents a 15-fold increase compared to a threefold increase in production.
While waste accounts for only around 0.33% of the total production value, much of it remains
unprocessed, exacerbating its environmental impact.

Consequently, the current landscape clearly underscores the necessity of expanding waste
minimization, organic recycling, and circular utilization practices within the agricultural sector.
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Fig. 1. Agricultural Production Volume in Azerbaijan, 1990-2024
Source: State Statistical Committee of the Republic of Azerbaijan, 2024.
Since 2005, the Azerbaijani government has prioritised strengthening irrigation infrastructure.

They have supported technological modernisation in order to advance the agricultural sector
(Ismayilova & Hajiyeva, 2024). Investment in agroparks like the Azersun Shamakhi Agropark
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(established in 2021) has supported industrial-scale agricultural production. The Agrarian Credit
and Development Agency (AKIA) was founded in 2015. It offers financial and technical
support to boost the production capacity of SMEs in rural areas. AKIA also provides digital
tools like the e-agriculture platform (EKTIS) to support data-driven decision-making processes.
Platforms like AgroDiary help farmers plan crops and analyse efficiency using digital
monitoring and modern agricultural techniques. This promotes more effective use of resources.
Similarly, Azersun’s Shamakhi Agropark supports both domestic and export markets through its
production, which focuses on fruits, vegetables, and livestock.

In the academic sphere, initiatives as the Agricultural and Food System Management Certificate
Programme at ADA University and the “Towards 2050: The Future of Agricultural and Food
Sciences in Azerbaijan” play a key role in building knowledge and capacity for sustainable
agriculture. Collaborations with Italian universities further support this by facilitating the
exchange of international expertise. At an institutional level, the Baku Dialogues publication
“Applying the Sustainable Cities Implementation Framework in Azerbaijan” highlights the need
to incorporate sustainability policies into both urban and agricultural planning (Valiyev &
Namazova, 2024).

Despite these advances, Azerbaijan's agricultural sector still faces several structural challenges.
Issues such as water scarcity, limited mechanisation, inadequate farmer training and low
capacity to adapt to climate change continue to hinder the sector's efficiency and productivity.
Additionally, the ownership structure, divided into small parcels and characterized by small-
scale production, limits agricultural planning and export capacity (Gulaliyev et al., 2019).

When these dynamics are considered, the agricultural sector in Azerbaijan requires both
structural transformation and policies aligned with circular-economy principles. Circular
practices involving agricultural waste, water reuse and strengthened local production chains can
enhance environmental sustainability and economic resilience. Within this framework, given the
structural limitations of linear agriculture, circular agriculture appears not only to be an
alternative but also a strategic necessity for Azerbaijan. Such a transformation will both protect
natural resources and provide long-term economic resilience.

1.3. The Future of Agricultural Activity: Circular Agriculture

In recent years, the concepts of circularity and the circular economy have increasingly featured
on the strategic agendas of academia, the media, policymakers, and other decision-makers
(Geissdoerfer et al., 2020). A key reason for this growing interest is the challenge of producing
healthy and affordable food for a growing global population while using limited natural
resources. This requires a more efficient use of resources, like a reduction in waste and the
adoption of sustainable land management practices. This is a fundamental shift in how
production and consumption systems currently operate. The agricultural sector is central to this
transformation: it must increase its use of renewable energy, reduce its greenhouse gas
emissions and implement environmentally friendly practices to help combat climate change
(Rodino et al., 2023). Currently, one of the most comprehensive approaches proposed to achieve
these objectives is the circular economy, which aims to foster economic growth without
compromising ecological integrity (European Commission, 2020).

Circular agriculture is the adaptation of this approach to agricultural practices and is grounded
in several core principles. These principles focus on protecting soil, water and air, avoiding
unnecessary production and waste. They are directing limited resources towards essential
human needs, without overloading the natural capacity of ecosystems. They also emphasise
reintegrating agricultural residues and by-products into the production system, while reducing
energy use and moving towards renewable sources. As well as promoting environmental
sustainability, these principles provide a practical framework for strengthening the long-term
resilience of agricultural production and improving the efficiency of resource management
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(Silvius et al., 2023). The success of circular agricultural systems cannot be determined solely
by theory. It must be measured using indicators that reflect sustainability, efficiency and
economic performance at the farm level. Micro-level indicators are therefore essential for
monitoring and understanding how individual farms contribute to a more circular and
sustainable agricultural system.

Micro-level indicators (Figure 2), which enable evaluation of circular agricultural systems at the
farm or enterprise-scale, allow holistic analysis of the environmental, economic, and functional
dimensions of agricultural activities. These indicators are typically grouped into five main
categories as nutrient management, waste management, energy and emissions, water
management, and economic viability. Nutrient management indicators evaluate the
effectiveness with soil nutrients. They are recycled without loss, using measures like nutrient
cycling efficiency and nutrient balance. In the context of waste management, the composting
rate and the reuse of crop residues indicate the degree of circularity implemented (Gang, 2023).
Energy and emissions indicators are crucial for reducing the environmental impact of
agricultural production. They are measured by factors such as the use of renewable energy,
greenhouse gas emission levels, and the system's carbon sequestration capacity (Maraveas et al.,
2023; Cherubini et al., 2009). Water management indicators reveal the extent to which practices
such as water-use efficiency and rainwater harvesting support the water cycle within the system
(Stroosnijder, 2009). Ultimately, the financial sustainability of the system can be assessed using
economic indicators like farm profitability, return on investment, income diversification and the
reduction of production costs through circular practices (Tisdell, 1996).
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Fig. 2. Micro Level Indicators
Source: Rodino et al., 2023

Although the concept of circular agriculture is still relatively new, different countries implement
it in ways that reflect their agricultural systems, environmental priorities and policy contexts.
The Netherlands, for example, is often considered a pioneer in this field, particularly for its
efforts to reuse agricultural by-products as livestock feed. In its vision document, 'Circular
Agriculture in 2030', the country outlines a strategy to treat waste as a valuable resource, reduce
reliance on external inputs and minimise environmental impact (OECD, 2023).

Germany, on the other hand, places a strong emphasis on the circular bioeconomy. In this
approach, agricultural waste is used to produce biogas and compost, generating renewable
energy and improving soil fertility (Cossel, 2019). Denmark supports circular agriculture
through practices such as organic waste recovery and agroecological farming, alongside national
policies aimed at reducing food waste (Halloran, 2014). In developing countries, circular
agriculture is more frequently associated with local knowledge, low-cost solutions, and rural
development policies. For example, in India, organic cycles are supported by traditional
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composting methods. These variations demonstrate that, although circular agriculture is based
on universal principles, each country develops its own unique solutions tailored to its specific
circumstances (Rao, 2024).

2. Methodology

This study used the Analytic Hierarchy Process (AHP) to identify and prioritise the most
important policies for advancing circular agriculture. The AHP is one of the most widely used
multi-criteria decision-making methods because it enables researchers to convert subjective
judgements into measurable numerical values. It is particularly useful in complex situations
where different factors, such as economic, environmental and structural considerations, need to
be evaluated together. Circular agriculture involves balancing multiple interconnected
dimensions. Therefore, the AHP provides a clear, structured approach for comparing these
factors and determining their relative importance (Saaty & Wind, 1980).

Circular agriculture is not just about increasing production volumes. It also encompasses
important issues such as waste management, the efficient use of resources and water, and
maintaining balance within the agricultural sector. In other words, improving agricultural
sustainability requires considering multiple factors simultaneously. The Analytic Hierarchy
Process (AHP) was chosen for this study because circular agriculture is based on many
interconnected, multidimensional criteria. Efficient water use, recycling agricultural waste,
energy efficiency, environmental impact and economic feasibility all need to be evaluated
alongside production levels.

In such a complex decision-making environment, traditional methods that focus on a single
criterion are often insufficient. However, AHP offers a systematic way to evaluate multiple
factors simultaneously. It also enables the opinions and judgements of decision-makers to be
translated into numerical values, facilitating the clear and structured comparison of criteria and
determination of priorities. The indicator set used in the AHP analysis was established through a
three-stage process. First, a systematic literature review was conducted in the Scopus, Web of
Science, and ScienceDirect databases for the period 2010-2024 using the keywords 'circular
agriculture indicators,' 'sustainable agriculture metrics' and 'resource-efficient farming systems'.
Additionally, 12 international policy documents were examined, including the Farm-to-Fork
strategy and documents from the FAO, UNEP, OECD, and the European Union. As a result of
this screening, 22 indicators were identified; after removing redundancies, a final list of seven
indicators was produced. Subsequently, four core indicators reflecting the priorities of circular
agriculture in Azerbaijan were selected: total agricultural production, agricultural waste
management performance, access to irrigation infrastructure, and the share of livestock
production in total agricultural production. These indicators represent dimensions such as
resource efficiency, integration of circular flows, and sustainability of the production structure.

All data used in the research are primary and were generated using structured questionnaires for
AHP assessments. Experts were selected via purposive sampling based on the following criteria:
at least 10 years of professional experience; expertise in sustainable agriculture, water
management, waste management, agro-ecology, or agricultural economics; and representation
of policy, academic, and practical dimensions. A total of 20 experts participated in the study.
These individuals were classified as academic experts (8 individuals from Azerbaijan State
Agricultural University and the Institute of Economics of the Azerbaijan National Academy of
Sciences), sector experts (7 individuals from agro-holdings, aquaculture administrations, and
agricultural cooperatives), and policymakers (5 individuals from the Ministry of Agriculture, the
Ministry of Ecology and Natural Resources, and the FAO Azerbaijan office). This profile
represents the technical, economic, and environmental aspects of circular agriculture in
Azerbaijan.
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The AHP survey was designed based on the evaluation of indicators within their categories
using the pairwise comparison method. All experts rated the indicators using Saaty’s 1-9 scale
of importance. Expert evaluations were collected individually and then combined using the
geometric mean within a group decision-making framework to construct the final pairwise
comparison matrices. To ensure reliability, a Consistency Ratio (CR) of 0.10 or lower was
required for all matrices. Any matrices exceeding this threshold were re-evaluated, and only
those that met the consistency requirement were included in the final analysis. Thus, the
methodological validity of the data was ensured.

Data obtained from experts were analysed using AHP to calculate weight coefficients for each
indicator. The analysis was performed using the Super Decisions and Expert Choice software
packages. The resulting indicators were ranked to reveal the strategic priority areas of circular
agriculture in Azerbaijan, and category-based weights were compared. Furthermore, a
sensitivity analysis was conducted to test the robustness of the results. Throughout the study, the
anonymity of all participants was carefully protected. The collected data was used exclusively
for research purposes, and all experts participated voluntarily with their informed consent.
Ethical principles were strictly followed at every stage of the research process.

This process contributed to the design of circular agricultural policies in a more data-driven,
rational manner, demonstrating that the AHP method is a viable tool not only for theoretical but
also for practical decision-making.

2.1. Determining the Indicators

The indicators used in this study were selected to capture the structural transformation of
agricultural policies and the development of circular agricultural practices in Azerbaijan.
Initially, seven key indicators were evaluated to provide a comprehensive overview. Next,
indicators with overlapping functions were combined to create a more concise, coherent
analytical model. All financial values are denominated in Azerbaijani Manats (AZN). To
mitigate the impact of exchange-rate volatility on the analysis results, stemming from the
transition to a fixed exchange-rate regime in 2015, the study used an exchange rate of 1 AZN =
0.58 USD, the rate adopted by the Central Bank. This approach enabled consistent evaluation of
the financial indicators and made them comparable to international values. Data were derived
from the State Statistical Committee and the Ministry of Agriculture of the Republic of
Azerbaijan, as well as from the authors' calculations. The indicators ultimately selected are in
Figure 3.
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Fig. 3. AHP-Based Framework for Prioritizing Circular Agriculture Indicators in Azerbaijan

Source: Based on calculation.



Prioritizing Circular Agriculture Indicators in Azerbaijan: An AHP-Based Multi-Criteria Evaluation 115

Figure 3 illustrates the structure of the multi-criteria decision-making model applied in the
study. Total agricultural production, waste management performance, access to irrigation
infrastructure, and the share of livestock production in total agricultural production are
hierarchically evaluated using AHP to support strategic agricultural planning.

2.2. AHP Method and Decision Matrix Development

Using the AHP method, pairwise comparisons were initially conducted among indicators, and
the relative importance of each criterion with respect to the others was determined using Saaty’s
1-9 scale. The scale employed is presented in Table 1.

Table 1. The AHP scale

Degree Description

1 Equally important

3 Moderately important

5 Strongly important

7 Very strongly important
9

2

Extremely important
,4,6,8 | Intermediate values

Source: Saaty & Wind, 1980

The intensity of the significance scale for pairwise comparisons (Saaty & Wind, 1980) is
presented. The pairwise comparison matrix, constructed based on the authors' expert
evaluations, is presented in equation (1).

1 2 05 033

05 1 033 0.25

2 3 1 2 0
3 4 05 1

Source: based on the authors' expert evaluations

A=

The indicator weights (w), obtained by normalizing this matrix, are presented in the Fig.4.

Figure 4 illustrates the weights of circular agricultural indicators derived from AHP analysis.
Findings were collected from an AHP survey that included 20 experts in Azerbaijan. A
Consistency Ratio (CR) threshold of 0.10 was met for the obtained pairwise comparison
matrices; matrices exceeding this threshold were re-evaluated. The analysis was performed
using Super Decisions and Expert Choice software, which calculated the weight coefficients for
each indicator.
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Fig. 4. Prioritization of Indicators via AHP Results (% Weights)

Source: Based on calculation.
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The results show that access to irrigation infrastructure (G3) is the top priority, with a weight of
37.0%, followed closely by the share of livestock in agricultural production (G4) at 35.9%. In
contrast, agricultural waste management (G2) ranks lowest, with only 9.4%. The consistency
analysis supports the reliability of these results, with Anx = 4.24, CI = 0.08, and CR = 0.089.
Because CR < 0.10, the decision matrix was deemed consistent. This indicates that the experts
adopted a systematic and logical approach when prioritizing the circular agriculture indicators.

These findings indicate that infrastructure and production structure are the most critical
elements in Azerbaijan's transition to circular agriculture. Although waste management is a
significant component, the current priority is the development of irrigation systems and the
adaptation of livestock management to an integrated cycle. The obtained weights suggest that
policymakers should prioritize investments in water infrastructure, organic fertilizer production
systems, and integrated agricultural models. Consequently, the results rely not only on weight
percentages but also on data foundation based on expert opinion, which is methodologically
verified and validated by the consistency ratio.

These findings reveal that infrastructure and production structure are the most critical elements
in the transition to circular agriculture in Azerbaijan. While waste management remains
important, the current focus is on developing irrigation systems and integrating livestock into
farming cycles. The results suggest that policymakers should prioritise investment in water
infrastructure and systems for producing organic fertilisers, as well as the adoption of integrated
agricultural models. Consequently, the results rely not only on weight percentages but also on a
data foundation rooted in expert opinion, methodologically validated, and secured by the
Consistency Ratio.

2.3. Consistency Ratio Calculation

One of the most important stages of the AHP method is measuring the consistency of the
comparisons made by the decision-maker. For this purpose, the Consistency Ratio (CR) is
calculated. First, the maximum eigenvalue (Amax) Of the matrix is calculated.

A * w = Weighted Sum Vector 2)
then: Axw/w 3)
These values are then averaged to determine the maximum eigenvalue (Amax).
AxW.
250 /
Anax = Yin 4)

Next, after determining the Consistency Index (CI) and the Random Consistency Index (RI =
0.9 for n = 4), the Consistency Ratio (CR) is calculated using the following formula:

Amax—n
=== ®)
CI
CR== (6)

The results obtained within this framework are as follows:

A = 4.24
_424—-4 024 0.08
T o4-1 3 7

CR—008 0.089
090

The obtained weights indicate that access to irrigation infrastructure (G3) and the share of
livestock in agricultural production (G4) are the highest-priority indicators. This result indicates
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that policies for circular agriculture should focus not only on production volume but also on
developing sustainable systems that integrate water management and production diversification.
By contrast, the waste management indicator was given relatively low priority, reflecting the
fact that recycling practices in Azerbaijan are still underdeveloped.

3. Results

For many years, Azerbaijan’s agricultural sector has mainly been assessed in terms of price
fluctuations, rural employment, subsidy policies and political debates. Meanwhile, issues of
sustainability, circularity and structural transformation have largely been overlooked. Current
conditions demonstrate that minimal progress has been made in implementing circular economy
principles or addressing fundamental challenges such as water management, waste recovery,
and modernising livestock production. This highlights the urgent need for comprehensive
agricultural policy reform.

The Analytic Hierarchy Process (AHP) is a quantitative method for identifying the priority areas
for the transition to circular agriculture in Azerbaijan. According to the results, the most
important factor is access to irrigation infrastructure (G3) emerges as the most critical element,
accounting for 37.0% and thus necessitating the widespread adoption of modern technologies to
enhance water efficiency. With a share of 35.9% (G4) in overall agricultural output, livestock
production emphasises the need to implement closed-loop systems in livestock farming that
connect feed, manure, and biogas. Awareness of agricultural waste management comes in third
at 9.4% (G2), showing that it is still a relatively low priority among stakeholders.

These findings show that, for the successfully expand of circular agriculture, infrastructure must
be strengthened, water resources must be managed effectively, and livestock production
processes must be integrated into the circular model. Consequently, the AHP results reveal the
three fundamental axes upon which Azerbaijan must focus during the transition process:
irrigation infrastructure, structural transformation of the livestock sector, and awareness of
waste management.

4. Strategic Roadmap for Transitioning to Circular Agriculture

These findings align with the problem areas identified in the Circular Agriculture Policy
Roadmap. Resource inefficiencies, low waste recovery rates and traditional irrigation methods
resulting in water loss, and structural inefficiencies in livestock farming coincide with the
priorities identified by the AHP analysis. Therefore, investments in infrastructure and the
redesign of the production structure constitute key focal points in the policy development
process.

The Circular Economy Policy Roadmap in Figure 5 has been designed in alignment with the
AHP analysis results. State subsidies for composting and biogas investments are critical for
strengthening the G2 indicator, which measures waste recovery. Training programs for farmers
on closed-loop agricultural practices are fundamental to implementing the G4 indicator, which
assesses the circular contribution of livestock production. Investment incentives to modernize
irrigation infrastructure directly support the G3 indicator, which measures water-use efficiency.

The roadmap outlines a phased approach to transitioning to circular agriculture. In the short
term, it recommends raising awareness, running pilot projects in circular agriculture and
developing training programmes for farmers. In the medium term, efforts should focus on
modernising irrigation infrastructure, expanding biogas and composting facilities, and
implementing closed-loop systems on a larger scale in livestock farming. In the long term, the
full integration of circular agriculture into the institutional framework will be achieved; national
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standards for circular agriculture will be established; policy updates will be informed by
indicator-driven sustainability metrics.

Detailed agricultural maps prepared at the district, provincial, and regional levels will facilitate
the identification of regional comparative advantages. This mapping will clarify which
production types should be developed in specific regions, what quantities are required, the
optimal locations for biogas facilities, and which areas require protection. Although the
identification of waste types, quantities, and environmental impacts appears to be a low priority
(G2), it will lay the groundwork for enhancing recovery potential in the medium term.

v o O

Current Strategic Implementa- Timeline Monitoring
Problems Priorities tion Tools & Evaluation
¢ Resource ¢ Investin » State Short-term Policy follow-up
inefficiency irrigation subsidies for (1-2 years): and periodic
=> infrastructure = composting => Awareness+ =P review based
e Low waste (G3) & blogas pilot projects on selected
recovery indicators
e Promote e Farmer Mid-term
¢ |Inefficient livestock training (3-5 years):
irrigation integration programs on Infrastructure
(G4) closed-loop + tech integration
e Structural farming
inefficiency ¢ Improve waste Long-term
in livestock management (5+ years):
production awareness (G2) Institucipailzation

Fig. 5. Circular Agriculture Policy Roadmap
Source: Based on calculation.

First regional disparities are clarified, long-term product and region-based support mechanisms
must be established. Crucially, these mechanisms should be differentiated according to the
producers' ecological impact scores. This approach will promote circular economy practices and
ensure a reduction in production models that are associated with significant environmental
harm.

Clarifying the definition of 'producer’ within rural-urban relations, certifying active producers,
and mandating technical training must constitute the central elements of this transformation.
Circular agriculture, clean production techniques, water efficiency, and valorization of organic
waste should be included as fundamental topics in training curricula.

The implementation of new-generation integrated cooperative models should aim to increase
resource efficiency by promoting shared use of machinery and equipment and rendering the
production-supply-marketing chain more sustainable. These cooperatives would be well-placed
to serve as coordination centres for both data collection and circular-economy applications.

In order to minimise ecological damage, fertilisers and pesticides should only be applied after a
thorough soil analysis. Packaging waste should also be managed through a deposit-return
system. To protect water resources, open irrigation methods should be phased out, and the
transition to modern irrigation systems should be supported through financial incentives.
Furthermore, the establishment of biogas systems in livestock regions should be regarded as a
pivotal element in the transformation of waste management.
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5. Conclusions

This study has revealed that Azerbaijan's capacity to transition to a circular agricultural model
remains largely at a discursive level and that the existing institutional and technical
infrastructure is insufficiently prepared to support this transformation. The fact that irrigation
infrastructure (G3) and the structural transformation of livestock production (G4) emerged as
the highest priorities in the AHP analysis indicates that the agricultural system's fundamental
vulnerabilities, which have remained insurmountable for many years, persist. Of all the
evaluated criteria, agricultural waste management received the lowest priority. While this may
seem to contradict the principles of a circular economy, it reflects the practical approach of
stakeholders in transition economies such as Azerbaijan. The findings suggest a kind of
'hierarchical necessity', whereby attention is first given to key inputs and structural frameworks,
particularly irrigation systems and livestock management, before turning to outputs as waste.
This demonstrates that circularity in Azerbaijan is currently interpreted primarily in terms of
resource efficiency rather than waste valorisation. Modernising fundamental production assets is
essential to ensure the technical and economic feasibility of advanced waste recycling for local
farmers. On the other hand, the low emphasis on waste recovery awareness (G2) suggests that
environmental sustainability is not yet a key consideration in policy planning. This suggests that
the modernisation of agriculture in the country is largely viewed through a technical lens, with
important structural aspects such as managing ecological cycles, adopting closed-loop
production systems and encouraging behavioural changes receiving insufficient attention.

Although the policy roadmap presented in this study outlines the necessary governance,
infrastructure, and educational mechanisms for the transition to circular agriculture. Efforts
must address the potential challenges of weak institutional coordination, limited data and
regional disparities. Key obstacles that could reduce the roadmap's effectiveness include the
absence of a national agricultural inventory, subsidies that reward production volume rather
than ecosystem services, imprecise producer profiles, and inadequate inspection systems.
Overcoming these issues is essential to ensure that interventions have a meaningful and lasting
impact.

Thus, the study shows that while the roadmap provides a guiding framework, achieving a
complete transformation is difficult without redesigning the existing institutional structure and
establishing a robust monitoring and evaluation system.

The findings suggest that Azerbaijan should strengthen its strategic governance before
implementing technical solutions for the transition to circular agriculture. Interventions in water
management, livestock production structures and waste recovery will only produce lasting
benefits when supported by transparent institutions, data-driven planning, producer education
policies and ecology-based support mechanisms. Otherwise, circular agriculture will run the risk
of remaining mere policy rhetoric, confined to short-term projects that fail to generate structural
transformation.

These assessments demonstrate that circular agriculture is not merely an environmental
preference for Azerbaijan but a strategic imperative for agricultural productivity, rural
development, and national food security. However, this transformation will remain limited
unless the imperative is supported by political determination, governance reform, and long-term
planning.

Strengths and Limitations

Strengths: The primary strength of this study is its originality. To the best of the authors’
knowledge, this is the first article to explore this specific subject matter in depth, filling a
significant gap in the existing literature.
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Limitations: The main limitation of this study was the scarcity of literature and secondary data
on this topic. The lack of prior research limited the ability to conduct an extensive comparative
analysis and necessitated adopting a more exploratory approach.
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  A =  [    1  2  0 . 5  0 . 33   0 . 5  1  0 . 33  0 . 25   2  3  1  2   3  4  0 . 5  1 ]


  A ∗ w = Weighted   Sum   Vector


  A ∗ w / w


  𝜆  ​  m a x =   𝛴 (   A ∗ w  w )  n


  C I =   𝜆  ​  m a x − n ​  n − 1


  C R =   C I  R I


  C I =   4 . 24 − 4  4 − 1 =   0 . 24 3 ≈ 0 . 08


  C R =   0 . 08  0 . 90 ≈ 0 . 089


  C R =   0 . 08  0 . 90 ≈ 0 . 089

