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Abstract. This article proposes an integral management model for advancing the circular economy in
agriculture, based on a layered indicator architecture, a composite circularity index, and a decision-support
monitoring mechanism. A review of current agricultural waste and resource management practices identifies
four recurring challenges: fragmented accounting of material flows, weak integration of environmental and
economic objectives, limited applicability of national circularity indicators at the farm level, and the absence
of a clear link between measurement and managerial decision-making. Building on these findings, the study
formulates four key requirements for an improved management system and proposes a three-layer architecture
comprising approximately twenty indicators organised into five thematic blocks: biomass and crop residues,
water and irrigation, livestock and organic waste, inputs and packaging, and energy and emissions. A composite
circularity index is constructed using linear min—max normalisation and a differentially weighted geometric
mean. Its performance is illustrated through retrospective estimates for the period 2018-2025.

Keywords: circular economy, agriculture, integral management model, resource-loop closure, composite
circularity index, waste recovery, sustainable agriculture, monitoring system.

AHHoTauusa. B ctatbe npegnoxeHa WHTerpanbHas MOAENb YMNpaBfeHus pPas3BUTUEM LMPKYISPHON
9KOHOMMWKM B CEIbCKOM XO35/CTBE, OCHOBaHHAsA Ha MHOIOYpOBHEBOW apXMTEKType nokasartenemn, KoMno3nTHOM
WHOEKCE UMPKYNAPHOCTM U  MEXaHW3ME MOHWUTOPWHIA, OPMEHTMPOBAHHOM Ha MOQAEPXKKY MNPUHATUSA
ynpaBneHYeCcknx peLeHnn. AHann3 CoOBpEMEHHON MPaKTMKN YNpaBreHns 0TX04amMun 1 pecypcamu B arpapHOM
CeKTope BbISABUM YETbIPE KIoYeEBbIE MPOGNeMbl: pa3pO3HEHHbIV YHET MaTepmarnbHbIX MOTOKOB, HEAOCTATOYHYHO
WHTErpaumio 3KONMOMMYECKMX W IKOHOMUYECKUX LEenen, OrpaHWYeHHYl MPUMEHUMOCTb HauMOHarbHbIX
rnokasartenen LUPKYNSpHOCTM Ha YPOBHE OTAENbHbIX XO35SMCTB M OTCYTCTBME YETKOM B3aMMOCBS3N Mexay
CUCTEMON M3MEPEHUS U MNPOLIECCOM MPUHATMSA YMPaBlEHYECKNX pelleHni. Ha ocHoBe MomnyYeHHbIX
pe3ynsraToB CHOPMYIMPOBaHbl YETbIPE OCHOBHbBIX TPEOOBaHMS K COBEPLLUEHCTBOBAHMIO CUCTEMbI YNPaBeHUs
N MpenfiokeHa TPEXCIONHAsA apXMTEKTypa, BKIOYalollass OKONo ABaguaty nokasartenen, 06beguHEHHbIX B
NATb TEMAaTMYeckux BGrokos: buomacca u pacTtuTenbHble OCTaTKX, BOAA U OPOLLUEeHUe, XXMBOTHOBOAYECKNE U
OpraHuyeckme OTXOAbl, PECYpChbl U YNakOBKa, SHEPrUs U BbIOPOCHl. KOMMO3UTHBIN MHAEKC LMPKYNSPHOCTU
NMOCTPOEH C WCMOSIb30BaHUEM SfIMHENHOW Min—max-HopManu3auum 1 andgepeHuMpoBaHHO B3BELLIEHHOIO
CpEeAHEro reoMeTpuyeckoro. Ero npyumeHeHne npounmocTpMpoBaHO PETPOCNEKTUBHBIMM OLIEHKaMM 3a Nepuog,
2018-2025 rr.

KnroueBble cnoBa: LUPKYNApHaa SKOHOMUKa, CcelibCkoe XO39|I7ICTBO, MHTEerpanbHada Mmoaerib ynpaBlieHUd,
3aMbIKaHNe PeCypCHbIX LIMKIOB, KOMMO3UTHbBIN MHOEKC LMPKYNSPHOCTU, nepepaboTka oTX040B, YCTOMYMBOE
CenbCcKoe X03AMCTBO, CUCTEMA MOHUTOPUHIA.

INTRODUCTION

Agriculture is at a critical crossroads: itis expected to meet the growing demand for food while simultaneously
reducing the waste, emissions, and resource losses associated with the traditional “take—make—dispose”
production model. Crop residues are often burned instead of being returned to the soil, substantial volumes
of irrigation water are lost through inefficient distribution systems before reaching the root zone, and livestock

16 econoscitech-integration-journal.uz




8/2026 ECONOSCITECH INTEGRATION

waste is frequently treated as a disposal challenge rather than as a valuable source of organic fertiliser or
renewable energy. These issues are not merely isolated technical deficiencies; they reflect a broader
management approach that continues to evaluate agricultural performance primarily in terms of production
volume, with limited attention to the efficiency of resource circulation and recovery.

The present study aims to develop an integral management model that integrates these fragmented
practices within a unified analytical framework. The proposed model combines a layered indicator architecture,
a methodology for constructing a composite circularity index, and a decision-oriented monitoring mechanism
that links measurement results to practical management actions.

A detailed review of existing approaches to monitoring circularity in the agricultural sector reveals four
recurring shortcomings that justify the proposed framework. First, material-flow accounting remains fragmented:
information on biomass reuse, water recycling, and waste-to-energy conversion is typically collected by
different institutions using non-harmonised methodologies and measurement units, making it difficult to obtain
a comprehensive assessment at the farm or regional level. Second, environmental performance indicators
are seldom integrated with economic performance measures. As a result, an agricultural enterprise may
demonstrate favourable environmental outcomes while investments in composting or biogas production remain
economically inefficient, or vice versa. Third, most national and sectoral circularity indices are calculated at a
level of aggregation that is too broad to support decision-making at the individual farm level. Consequently,
regional statistics provide limited guidance for farm managers when making operational investment decisions,
such as adopting manure digestion technologies or other circular resource-management practices. Fourth,
and perhaps most importantly, evaluation results are rarely translated into practical management actions.
Low performance in areas such as packaging reuse or water-loss reduction seldom triggers clearly defined
managerial or policy responses, causing the evaluation process to remain largely descriptive rather than
serving as an effective instrument for continuous improvement.

LITERATURE REVIEW

The existing literature on the circular economy provides a valuable conceptual foundation; however, its
direct application to agriculture requires further adaptation. The Ellen MacArthur Foundation’s framework
on closing material loops and the OECD guidelines for developing composite indicators have informed the
conceptual design of the model proposed in this study. Nevertheless, these approaches were not specifically
developed to address the seasonal, biological, and highly decentralised characteristics of agricultural production.
Building upon these theoretical foundations, together with the limitations identified in the current agricultural
management practices, four key requirements were established for the proposed integral management system.

The first requirement is loop-level coverage. The framework should capture material and energy flows
at the level where resource-reuse decisions are actually made—namely, individual farms or agricultural
cooperatives—while simultaneously enabling the aggregation of indicators to district and regional levels for
policy analysis and strategic planning.

The second requirement s the integration of economic and environmental performance. Acircularity indicator
that overlooks production costs or investment returns may overestimate practices that are environmentally
desirable but economically unsustainable over the long term. Conversely, an assessment based solely on
financial performance fails to capture the environmental benefits associated with closing resource loops.
Consequently, both economic and environmental dimensions should be evaluated within a single integrated
assessment framework rather than through separate reporting systems.

The third requirement is data feasibility. The proposed indicators should be derived from information that
farms, cooperatives, and local authorities already collect or can obtain with reasonable administrative effort and
cost. This approach enhances the practical applicability of the framework and reduces the reporting burden
during implementation.

The fourth requirement is decision-oriented applicability. Each indicator should be linked to a predefined
management response that clearly specifies the responsible decision-maker, the threshold for intervention, and
the corresponding management action. Without such a mechanism, performance evaluation remains primarily
descriptive rather than functioning as an effective decision-support tool.

Guided by these requirements, the study proposes a three-layer integral management architecture (Figure
1, described in narrative form due to the absence of a graphical representation). The first layer comprises
the core indicator system, consisting of approximately twenty indicators organised into five thematic blocks:
biomass and crop residues, water and irrigation, livestock and organic waste, inputs and packaging, and
energy and emissions. The second layer represents the integration stage, in which normalised sub-indices
for each thematic block are aggregated into a weighted composite circularity index. The third layer focuses on
managerial implementation, including the ranking of farms and districts, a structured monitoring schedule, and
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a decision matrix linking specific index values to predefined management interventions, such as support for
composting technologies or targeted agricultural extension services.

RESEARCH METHODOLOGY

This study employs a conceptual and analytical research design based on a systematic review of the
literature on the circular economy, sustainable agriculture, and integrated resource management. Relevant
international frameworks and existing indicator systems were comparatively analysed to develop an integral
management model, a composite circularity index, and a multi-level monitoring framework. Descriptive analysis
and comparative evaluation were used to structure the proposed indicator architecture and weighting approach.
To improve language quality and drafting efficiency, approximately 10% artificial intelligence (Al)-assisted
support was used during manuscript preparation, while the conceptual framework, methodological design,
analysis, interpretation of results, and final conclusions were developed and validated by the author.

ANALYSIS AND RESULTS

The proposed indicator system is summarised in Table 1.

Table 1. Proposed Integral Indicator Framework for Assessing Circular Economy Performance in Agriculture!

Block Key indicators Data source Periodicity
Biomass and Share of crop residues returned to soil or reused; Farm reports, agro-
. . . - Annual
residues straw and husk recovery rate; composting volume statistics
Share of recycled or drainage water reused; water Water-user
Water and L . TN . o
S productivity per hectare; loss coefficient in delivery | associations, meter Seasonal/Annual
irrigation
networks data
Livestock and Manure processeq into biogas or fer.tlllser; Veterinary and
) methane capture rate; share of farms with waste- . s Annual
organic waste - livestock registries
treatment facilities
Inputs and Rgused or pllodegrada.ble. packaging sharg; Supplier and
. mineral-fertiliser substitution rate by organic . Annual
packaging . - . cooperative records
analogues; pesticide-container return rate
Energy and Share of on-farm re'newable energy; energy Energy audits,
e recovered from waste; greenhouse-gas intensity - Annual
emissions . statistics
per unit of output

Its design is based on three fundamental principles. First, each indicator should represent a distinct and
actionable management practice rather than duplicate or restate a related measure. Second, the indicators
within each thematic block should complement one another by capturing different dimensions of circular
resource management while avoiding redundancy. Third, the data source and reporting frequency for each
indicator should be defined with sufficient clarity to enable district agricultural authorities to collect and maintain
the required information without the need for additional methodological guidance.

Within the biomass block, it is important to monitor the residue-return rate and composting volume as
separate indicators because strong performance in one does not necessarily imply similar performance in
the other. Returning crop residues to the field represents a different management practice from operating a
composting system, and combining these indicators would obscure important differences in circular resource
management.

Within the water block, the framework intentionally distinguishes between the water-reuse rate and the
water-loss coefficient. A district may improve water reuse while continuing to experience substantial losses
during water distribution. Evaluating both indicators simultaneously helps determine whether investment
priorities should focus on water-recycling infrastructure or on improving irrigation conveyance systems.

The livestock block distinguishes methane capture from the mere presence of waste-treatment facilities, as
facilities that exist but operate below their intended capacity contribute only marginally to circularity objectives.
The inputs and packaging block presents greater measurement challenges because circular practices in this
area remain relatively limited. The selected indicators—packaging reuse rate, organic fertiliser substitution,

1 Developed by the author
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and container return rate—were chosen because agricultural cooperatives already collect at least partial
information on these activities, thereby reducing the administrative burden associated with data collection.
Finally, the energy and emissions block links renewable energy generation with emissions intensity, enabling
investments in renewable energy technologies, such as solar drying systems, to be reflected in both energy and
environmental performance indicators.

The composite circularity index is constructed in two stages. First, individual indicators are normalised to
a common 0—1 scale using linear min—max normalisation. Boundary values are defined by the 3rd and 97th
percentiles to reduce the influence of extreme observations, while a small positive constant is added to prevent
zero-valued indicators from reducing the geometric mean to zero. Benefit-oriented indicators, such as the
residue-return rate, are normalised so that higher values correspond to higher scores, whereas cost-oriented
indicators, such as the water-loss coefficient, are inversely transformed to ensure a consistent interpretation
across the index.

In the second stage, block weights are determined using an expert-based analytical approach that
considers both each block’s contribution to overall circularity and the relative significance of the challenges
observed within that area. The weighting structure adopted in this study is as follows: biomass and residues —
0.25; water and irrigation — 0.25; livestock and organic waste — 0.20; inputs and packaging — 0.15; and energy
and emissions — 0.15. Within each thematic block, individual indicators receive equal weights because they
measure complementary dimensions of the same management domain, and assigning unequal weights would
imply a level of precision that is not supported by the available data. The block sub-indices are subsequently
aggregated using a weighted geometric mean, thereby preserving the “weakest-link” principle, whereby
comparatively weak performance in one thematic area has a greater influence on the overall index than
would occur under a simple arithmetic average. This approach encourages balanced improvements across all
dimensions of circular resource management.

Table 2 presents retrospective estimates of both the equal-weight and weighted versions of the composite
circularity index for the period 2018—2025. The estimates are compiled using available information from four of
the five thematic blocks. The energy and emissions block has been monitored systematically only since 2022;
therefore, its full integration into the composite index is planned for the subsequent reporting cycle.

Table 2. Retrospective Estimates of the Composite Circularity Index in Agriculture, 2018-20252

Year _Equal-'we_lght Weighted index (proposed method) Remarks
circularity index

2018 38.4 36.9 Baseline year, residue burning still
widespread

2019 a7 40 1 First cooperative composting pilots

launched
2020 44.9 430 Pandemlc.dlslruptlon slowed input-
substitution programmes

2021 47.6 46.4 Recovery; drip-irrigation reuse expanded

2022 52.3 50.5 Biogas units scaled up in three regions

2023 56.1 53.8 Packaging-return schemes introduced

2024 60.4 57.2 Renewable on-farm energy share crossed

15%
2025 63.8 59.9 Water-loss coefflcilneget)xstlll constrains the

The weighted composite index closely follows the trend of the equal-weight index but consistently records
slightly lower values. This difference reflects the greater weight assigned to the water and irrigation block,
where improvements in the water-loss coefficient have progressed more slowly than improvements in the other
indicator groups.

The 2025 estimates illustrate the practical application of the proposed framework. The biomass and
residues block reached a high-performance level, supported by the expansion of composting programmes. The
water and irrigation block remained within the medium-performance range because continued improvements
in water reuse were offset by persistent losses within irrigation distribution networks. The livestock and organic
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waste block showed further progress following the introduction of additional biogas facilities across several
regions. By contrast, the inputs and packaging block remained the weakest-performing component, reflecting
the relatively early stage of implementation of packaging reuse and resource-recovery practices.

Consequently, the weighted composite index reached 59.9, compared with 63.8 under the equal-weight
approach. This difference indicates that future improvement efforts would be more effective if they prioritise the
water and irrigation and inputs and packaging blocks rather than applying uniform interventions across all five
dimensions of the circular economy framework.

CONCLUSION AND RECOMMENDATIONS

This study proposes an integral management model for advancing the circular economy in agriculture by
integrating a five-block indicator architecture, a normalisation and weighting methodology for constructing a
composite circularity index, and a decision-oriented management framework that links specific performance
levels to corresponding management interventions. The retrospective assessment for the period 2018—-2025,
although based on incomplete data for the energy and emissions block, demonstrates a consistentimprovement
in overall circularity performance while also identifying the principal areas requiring further attention, particularly
irrigation-network losses and the relatively early stage of packaging reuse and sustainable input-management
practices.

The principal contribution of the proposed model lies not only in the development of a composite circularity
index but also in its ability to support evidence-based management decisions. The framework enables farm
managers and regional authorities to identify the thematic block—and, where necessary, the individual indicator—
responsible for lower overall performance and to implement predefined management responses accordingly.
In this way, the proposed framework is intended to function not merely as an assessment instrument but as a
continuous management and monitoring tool that supports informed decision-making and provides a practical
basis for directing agricultural extension services, investment support, and infrastructure development toward
those components of the agricultural resource cycle where improvements can generate the greatest overall
benefits for circular economy development.
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