Harnessing Agricultural Residues in a Circular Economy: A Regional Input-Output
Scenario Analysis for Italy

1. Introduction

Over the past decade, mounting environmental concerns and the drive toward
decarbonization have intensified the search for innovative strategies that can
simultaneously foster economic growth and reduce waste. Agricultural residues— plant-
based materials left over after primary crop harvesting or processing—present an
underutilized feedstock with significant potential for bioenergy and added-value
bioproducts (Di Fraia et al., 2020). Within the Italian context, where agriculture plays a vital
socioeconomic role, an effective reuse of these residues could both reduce environmental
impacts and open new business opportunities in rural areas (Chinnici et al., 2015).

Recent research has provided valuable estimations of biomass residue availability across
Italy, highlighting the country’s diverse cropping systems and the corresponding
geographical differences in residue yields (Ruggeri et al., 2025). Building on these findings,
the present study proposes a methodological framework to evaluate how reintroducing
agricultural residues into value-added processes—particularly within a circular economy
framework—might impact regional economies. Specifically, we explore how such efforts
could be integrated into regional input-output tables to model potential shifts in production,
resource use, and environmental emissions. While this abstract focuses on the
methodological foundations and scenario-building rather than definitive results, its ultimate
aimisto highlight new pathways for circularity and sustainabilityin Italian agri-food systems.

2. Background and Motivation

A growing body of literature underscores the versatility of agricultural residues. Beyond their
conventional uses (e.g., livestock bedding, composting), residues can be transformed into
biofuels, bioplastics, and high-value chemicals, or serve as substrates for anaerobic
digestion and composting (Ali et al., 2024). By redirecting these materials away from open-
field burning or landfills, bioenergy production can help ruralareas diversify their energy mix,
reduce CO, emissions, and promote local employment.

In Italy, a combination of structural factors—fragmented land ownership, traditional uses
of residues on-farm, and limited regional strategies—has often hampered large-scale
exploitation of agricultural biomass. However, the ambitious targets for renewable energy
and climate neutrality set by the European Union demand new efforts to unlock
sustainable feedstocks. Various estimates of biomass availability have appeared in the
literature, including the provincial-level assessment carried out in Ruggeri etal. (2025).
That study computed potential energy yields from major crops such as soft wheat, durum
wheat, corn, olives, grapes, and citrus, showing marked differences by region and crop. Yet



to leverage these insights for policy and planning, it is essential to couple residue

availability with advanced economic modeling—such as regional or interregional input-

output (I-O) tables. These tools can highlight how introducing new processing facilities or

biomaterial industries may reverberate throughout local supply chains, stimulate ancillary

businesses, and contribute to rural development.

3. Research Objectives
The central aim of this proposed workis to conduct a scenario-basedanalysisthatintegrates
agricultural residue availability estimates into regional input-output models of the Italian

economy. In doing so, we pursue the following objectives:

1.

Inventory Establishment: compile residue availability data from existing literature,
particularly those published in Ruggeri et al. (2025), to refine robust estimates for
each NUTS-2 or NUTS-3 region in Italy.

Value-Chain Mapping: Identify the principal industries (e.g., bioenergy, chemical,
fertilizer) capable of incorporating agricultural residues into their production
processes.

I-O Model Integration: Incorporate residue-based processes as either new industry
rows in an |I-O framework or expansions to existing agri-food industries.

Scenario Development: Propose multiple scenarios reflecting distinct policy,
market, and technological conditions—for instance, a “high-technology adoption”
scenario vs. a “conservative residue-use” scenario.

Impact Analysis: Estimate the changes in key economic indicators (e.g., output,
value added, employment) and environmental parameters (e.g., CO, emissions) that
result from shifting residues into higher-value circular economy chains.

While the results remain in progress, this abstract focuses on explaining the methodological

approach that will guide scenario analysis.

4. Methodological Framework

4.1 Residue Inventory and Classification

Our initial step is to refine residue estimates. We draw from provincial-level data on
agricultural production and residue-to-product (RTP) ratios. We classify residues into broad
categories:

Herbaceous Crop Residues: e.g., wheat straw (both hard and soft wheat), barley,
corn stover, rice husks.



e ArborealResidues:e.g., prunings from orchards (apples, peaches, pears, citrus) and
vineyards.

e Industrial Residues: e.g., olive pomace, tomato stalks, sunflower heads, soy straw.

Each category is characterized by moisture content, lower heating value, seasonality, and
potential competing uses (e.g., used as soil amendment, animal feed). This classification
facilitates the mapping of eachresidue stream to differentconversion pathways (e.g., biogas
production, direct combustion, biochemical extraction).

4.2 Life-Cycle Considerations

Before feeding residue inventories into economic models, we incorporate a basic life-cycle
perspective to account for critical factors such as collection, pre-processing, storage, and
transport distances. Since the feasibility of using residues depends partly on logistics costs
and regional infrastructure, we survey potential collection centers and existing bioenergy or
feedstock processing plants. Where data permit, we differentiate between on-site usage
(e.g., direct on-farm use) and industrial-scale residue applications that could require new or
upgraded infrastructure.

4.3 Regional Input-Output Modeling

The core of the approach involves adapting regional |I-O tables to include residue-based
processes. Most official I-O tables aggregate agriculture into a few broad sectors; thus, we
disaggregate them to capture the value streams associated with residue collection and
transformation. This requires the following steps:

1. Sector Identification: Add or expand sectors linked to biofuel production,
composting, or circular bioproduct manufacturing.

2. Transaction Coefficients: Estimate the technical coefficients that describe how
each industry will procure residues (input) and transform them into value-added
products (output). These coefficients are derived from pilot-scale data, feasibility
studies, and, where possible, real-world examples.

3. Closure Rules: Decide how household income, governmentpolicies (e.g., subsidies,
taxes), and imports/exports of complementary inputs (e.g., enzymes, specialized
machinery) are treated within the |-O table.

4. Scenario Building: Develop scenarios with distinct assumptions about residue
availability (50% vs. 70% collection rates), technology adoption (conventional vs.
advanced biorefineries), and policy frameworks (carbon taxes, feed-in tariffs).

4.4 Multiplier Analysis and Economic Indicators
Akey outcome isto compute howresidue-based industries affecttotal output, employment,



and household income via multipliers. For instance, establishing a new biorefinery in a
province might stimulate local demand for machinery, logistics services, and ancillary
businesses, thereby creating indirect and induced effects. These ripple effects are captured
via standard matrix algebra within the I-O model:

X=(1-A)" x F

where X is the vector of total output by sector, A is the matrix of technical coefficients, and F
is the finaldemand vector. By varying F to reflect different residue-based product demands,
we cah quantify changes in total sectoral outputs.

4.5 Environmental Extension

To address sustainability, the I-O tables are extended with environmental modules that track
CO, emissions, energy consumption, and possibly other stressors (e.g., water use, land
requirements). By comparing scenarios, decision-makers can see how integrated bioenergy
or bioproduct pathways might reduce fossil-derived emissions and reshape resource use
patterns. The next phase will refine this environmental module using data from life-cycle
assessments (LCAs) specific to the residue transformation pathways.

5. Anticipated Findings and Discussion

Because this work is in progress, definitive results for how much additional value and
employment might be generated are not yet available. However, preliminary calculations
suggestthat reintroducing agriculturalresidues into value-added pathways could bring three
main benefits:

1. Climate Change Mitigation: Shifting from open burning or landfilling to modern
biomass energy or bioproduct conversion can help reduce greenhouse gas
emissions. Even partial adoption in the Po Valley and southern Italy—where residue
volumes are large—could yield notable carbon abatement.

2. Rural Diversification and Employment: Local-level analyses demonstrate that
medium-scale processing plants for residues (e.g., small biogas facilities or pellet
production lines) may anchor new value chains, offering farmers an additional
revenue stream and reducing their exposure to price volatility in traditional
commodity markets.

3. Alignment with Circular Economy Goals: By harnessing secondary raw materials,
Italy can reduce waste and progress toward the European Green Deal’s objectives for
circular bioeconomy. Further, by pairing residue reuse with appropriate recycling of
by-products (e.g., digestate), agricultural soils can maintain fertility and potentially
increase organic matter.



Despite these apparent advantages, there are challenges:

e Logistics Costs: fragmented farm ownership may increase collection and transport
expenses, requiring cost-sharing or subsidy mechanisms to be viable.

e Technology Barriers: advanced biorefining processes—especially forlignocellulosic
residues—still face technical hurdles and can be capital-intensive.

e Regulatory Complexity: ensuring consistent policy signals, feed-in tariffs for
bioenergy, and straightforward permit procedures will be crucial for investor
confidence.

6. Conclusion and Next Steps

This study’s methodological design underlines how agricultural residues could be
systematically integrated into circular economy strategies across Italy. By leveraging
regional input-output analysis, researchers and policymakers can gauge both the economic
multiplier effects and the environmental trade-offs associated with new residue-based
industries. While this abstract concentrates on methods and scenario-building rather than
finalresults, our preliminaryindications reaffirm the strong potential for residue valorization
to enhance regional sustainability, rural livelihoods, and energy security.

The forthcoming stages of the research will refine model parameters, incorporate real-world
operational data from pilot residue-valorization projects, and conduct sensitivity analyses.
The final study aims to produce an evidence-based framework that can guide regional
authorities, agribusinesses, and investors in structuring residue-based initiatives aligned
with local development goals. By unveiling a spectrum of feasible scenarios, we hope to
illuminate strategic pathways whereby agricultural residues can become foundational
elements in ltaly’s transition toward a low-carbon, resource-efficient economy.
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