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A B S T R A C T

Carbon sequestration in agricultural soils has been identified by the European Commission as a key strategy to 
achieve climate neutrality by 2050. Through the Carbon Market, it can be monetized by trading carbon credits to 
offset emissions from anthropogenic activities. Citrus groves offer potential in this area through the adoption of 
regenerative agriculture practices. However, despite Europe’s ambitious climate targets, the existing literature 
reveals a gap concerning the economic viability of carbon markets for citrus growers. This study presents a 
techno-economic analysis of conventional and regenerative blood orange farms in Italy, assessing three sce
narios: the business-as-usual condition, participation in the Voluntary Carbon Market, and a hypothetical sce
nario involving the agricultural sector’s inclusion in the Compliance Carbon Market. The results indicate that 
regenerative orange groves are less profitable than conventional ones across all scenarios analyzed. While carbon 
markets are a promising tool for climate change mitigation, they present significant entry barriers for small and 
medium-sized farms and therefore require adaptation to the structural characteristics of Southern European 
agriculture. Additionally, low-carbon agricultural products merit greater policy attention, particularly through 
the recognition of premium prices that reward farmers for their environmental stewardship.

1. Introduction

The ambitious goal of achieving climate neutrality in Europe makes 
the management of carbon storage in agricultural soils a key strategy for 
achieving net zero emissions. The “4 per 1000″ initiative, outlined in the 
2015 Paris Agreement, encourages offsetting anthropogenic CO2 emis
sions through carbon sequestration in agricultural soils (Soussana et al., 
2019). It envisions the creation of healthy, carbon-rich soils as a means 
to combat climate change and eradicate world hunger, while encour
aging all voluntary stakeholders to join in the transition toward regen
erative, productive, and resilient agriculture through effective soil 
management (The international 2024). In alignment with these goals, 
the European Commission’s Carbon Farming initiative highlights carbon 
sequestration as a crucial policy lever to achieve climate neutrality by 
2050 (European Commission 2021).

Carbon sequestration in agricultural soils can be enhanced through 
Regenerative Agriculture (RA), a concept first introduced by the Rodale 
Institute in the United States in 1980 (Giller et al., 2021). RA focuses on 
restoring the health, resilience, and ecological potential of agricultural 

ecosystems, aiming to improve biological stability, reduce environ
mental impacts, and decrease dependence on nonrenewable resources 
(Soloviev and Landua, 2016; Giller et al., 2021). These benefits stem 
from RA practices that increase soil organic matter, thereby enhancing 
nutrient and water retention (Lankford and Orr, 2022; Rhodes, 2017) 
while simultaneously reducing the need for fossil fuel-based inputs 
(Khangura et al., 2023), such as fuel and mineral fertilizers, by mini
mizing plowing and preventing bare soil (Rehberger et al., 2023). A key 
outcome of RA is the accumulation of soil organic carbon (SOC), which 
plays a critical role in mitigating greenhouse gas (GHG) emissions from 
anthropogenic activities (Minasny et al., 2017; Basso, 2022). Conse
quently, policymakers can consider the use of agricultural soils as a 
strategy to achieve national targets for GHG reduction and to enhance 
carbon sequestration. However, it is important to distinguish between 
carbon sequestration and carbon offsetting: while the former focuses on 
increasing SOC or reducing soil emissions, it does not inherently 
compensate for emissions from other sectors and is not automatically 
linked to offsetting mechanisms (Berta and Roux, 2024). In contrast, 
emission compensation is facilitated by carbon pricing instruments, such 
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as the Carbon Market (CM). This market-based mechanism enables 
carbon offsetting, which involves either the direct reduction or the 
removal of an equivalent amount of CO₂-equivalents from the atmo
sphere (Kooten and Zanello, 2023). Incorporating carbon sequestration 
into the analytical framework of environmental economics, through the 
development of an accounting system that tracks both emissions and 
carbon sequestration, has enabled the creation of agricultural carbon 
credits (Berta and Roux, 2024).

Compared to regulatory command-and-control approaches, market 
exchange systems foster innovation and the adoption of more efficient 
technologies (Joskow et al., 1998). Similarly, the introduction of agri
cultural offset credits could incentivize the adoption of sustainable 
practices aimed at enhancing carbon sequestration in agricultural soils, 
such as those promoted by RA. While RA has historically attracted 
attention for its ability to restore degraded land, support crops, and 
improve farmers’ livelihoods, recent interest has shifted toward its po
tential role in addressing climate change (Snorek et al., 2024). This 
growing interest has prompted soil scientists to investigate carbon dy
namics, emissions and sequestration, in agricultural soils (de Pinto et al., 
2020; Das et al., 2022; Villat and Nicholas, 2023) and has led agricul
tural economists to assess the cost-effectiveness of various sequestration 
practices for farmers (Antle et al., 2001; Lewandrowski et al., 2004). Yet, 
the economic implications of farmers’ participation in carbon markets 
remain underexplored. In particular, clear evidence is lacking about the 
economic potential regarding yields and income derived from carbon 
credits (Contasti et al., 2023), especially in the context of RA. While 
existing literature predominantly focuses on the potential for adopting 
climate-smart agriculture, comparatively little attention has been paid 
to the social and economic factors that constrain or incentivize its 
implementation (Oldfield et al., 2024). This gap is particularly impor
tant, as not all carbon sequestration practices are economically advan
tageous, making the economic dimension a critical component in studies 
related to the carbon market. Economic benefits are realized when 
sequestration practices not only reduce emissions but also lower costs 
for farmers (Alexander et al., 2015), thereby enhancing overall profit
ability. However, the full economic potential is often limited by policy 
and market barriers, which must be addressed in order to maximize the 
feasible sequestration outcomes and minimize the costs associated with 
monitoring, verification, and registry enrollment processes (Alexander 
et al., 2015). Furthermore, the limited research into the individual, 
structural, and institutional drivers that facilitate or hinder adoption has 
resulted in a lack of holistic understanding regarding the realistic carbon 
sequestration potential (Yoder et al., 2019; Oldfield et al., 2024). 
Therefore, further economic analyses of farmers’ profitability in 
participating in carbon markets should be encouraged.

This study aims to explore the economic implications of CM partic
ipation for Italian orange growers. Italy, historically recognized as a 
global actor in citrus production, is one of the main citrus-producing 
countries (Scuderi et al., 2022). However, over the past decade, it has 
lost its leadership in the Mediterranean region, primarily due to struc
tural challenges, such as the fragmentation of farms, aging farmer 
population, outdated irrigation infrastructure, and limited access to 
innovation and markets, affecting key citrus-producing areas such as 
Sicily (Rapisarda et al., 2015; Timpanaro et al., 2020). Within the Eu
ropean Union boundaries, Italy ranks second only to Spain in orange 
production, with an area of 84,770 ha under cultivation (Faostat 2022), 
and 65 % of this area is concentrated in Sicily (Istat 2023). One of the 
most significant types of orange cultivation in the region is the blood 
orange. In Italy, blood orange cultivation covers 30,055 hectares, of 
which 92.8 % is concentrated in Sicily (Istat 2024). The loss of 
competitiveness of Sicilian citrus fruits in both national and interna
tional markets highlights the need to rethink the production model by 
enhancing product distinctiveness and added value. In this regard, RA 
practices, participation in the CM, and the production of low-carbon 
products could form a strategic pathway, guiding consumers toward 
responsible consumption, supporting farmers in climate change 

mitigation efforts, and assisting policymakers in promoting economi
cally viable, climate-resilient agricultural systems (Iriarte et al., 2014).

The following assumptions and working hypotheses guide the 
analysis: 

Assumption 1: Distinct Environmental Profiles: RA is assumed, to 
have lower GHG emissions and higher SOC sequestration than con
ventional farming systems, due to its reliance on practices that 
improve soil health and reduce input intensity. While this study does 
not directly quantify carbon fluxes, this environmental profile un
derpins the economic evaluation of carbon market scenarios. It is 
important to highlight that Regenerative Agriculture provides a wide 
array of environmental services, including biodiversity enhance
ment, improved water retention, and long-term soil fertility, that are 
often difficult to quantify. As a result, these co-benefits frequently go 
unrecognized and unrewarded by market mechanisms, posing a 
challenge for the spontaneous adoption and economic viability of RA 
practices.
Assumption 2: Carbon market participation affects farm profitability 
based on credit volume and value It is assumed that participation in 
the Compliance and Voluntary Carbon Markets can influence farm 
profitability through the issuance and sale of carbon credits. The 
number of credits awarded depends on each farm’s net carbon 
sequestration, while the credit value is externally set by institutions. 
Profitability is therefore determined by the interaction between 
environmental performance (credit volume), fixed credit prices, and 
the costs associated with market participation. Participation in car
bon markets thus represents a potential, though still developing, 
pathway to more fairly compensate producers for broader ecosystem 
services.

Based on these assumptions, we hypothesize that (1): in the Business 
As Usual scenario, conventional farm will show higher profitability due 
to higher yields and lower total costs. In the absence of carbon credit 
revenues, conventional system is hypothesized to retain a clear profit
ability advantage, driven by higher production efficiency, greater yield 
stability, and lower total costs. (2): Regenerative farms will improve 
profitability through carbon market participation compared to business 
as usual. Based on its carbon sequestration capacity, regenerative farm is 
hypothesized to benefit economically from participation in both the 
Compliance and Voluntary Carbon Markets, allowing it to improve 
overall profitability relative to the business as usual scenario, though not 
necessarily surpassing conventional farm, which do not generate carbon 
credits. (3): fixed credit prices and participation costs may limit the 
profitability of carbon markets for regenerative farm. It is hypothesized 
that the fixed value of carbon credits, combined with the administrative 
and operational costs of participating in CM, may constrain the net 
profitability gains for regenerative farm, even when their environmental 
performance enables them to generate credits.

The analysis of orange farms participating in CM and the evaluation 
of the economic implications of RA, still not regulated within the Eu
ropean Union, represent innovative aspects of this study, addressing the 
existing knowledge gaps in this sector. A further strength lies in the long- 
term perspective of the economic analysis: a 13-year time frame was 
considered, allowing for an in-depth study of costs and profits. This 
approach positions the study as a valuable economic model for CM 
analysis applicable to other Mediterranean crops such as olives, al
monds, prickly pear, and others.

2. Materials and methods

2.1. Carbon market scenarios for the agricultural sector

The Carbon Market (CM) exists in two forms: Voluntary Carbon 
Market (VCM) and Compliance Carbon Market (CCM). The VCM is an 
expression of companies, public bodies and individuals’ willingness to 
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mitigate GHG emissions by reducing tonnes of CO2-equivalent, it is 
characterised by transactions created and verified outside government 
control (Miltenberge et al., 2021). CCM, so defined since they are run by 
governments, set emission targets that reduce over time and give par
ticipants credits emission allowance, these translate into a permit for 
each ton of emissions (Jayaraman et al., 2023). In both cases, the trading 
objective is carbon offsetting. Agricultural has the opportunity, through 
the implementation of good practices and innovative/renewed projects, 
to offset the emissions of the activity itself and those of other sectors, 
thus creating a potential economic opportunity for farms through the 
generation of carbon credits (Scuderi et al., 2021). For an offsets to be 
credible and effective, robust standards and stringent regulations must 
be adhered to (Cariappa et al., 2024). Standards can be grouped into 
national and international, voluntary and compliance crediting 
schemes. In the European Union, the agricultural sector has been 
excluded from the Compliance Carbon Market therefore the only op
portunity to generate carbon credits is offered by Voluntary Carbon 
Market. On the other hand, in Italy there are no national standards 
related to this sector so farmers can only use international ones. Among 
the voluntary international standards that include carbon sequestration 
in agricultural soils in their programs, such as Gold Standards and Plan 
Vivo, a major one is the Verified Carbon Standards (VCS) admistered by 
Verra. VCS has become, since the release of the guidelines in 2007, the 
most popular standard in the international VCM (Pudasaini et al., 2024). 
Projects under the VCS, in addition to sectors other than agriculture, 
involve afforestation/reforestation, improved management of agricul
tural soils, avoided land use conversion, revegetation, and reduced 
emissions from deforestation. Verra’s goal through the VCS is to increase 
trust and credibility in VCM by governments, consumers and companies 
(Verra 2020). In order to investigate the economic opportunities for 
Italian orange farmers, Verra’s annual carbon pricing will be considered 
in our study.

As far as CCM are concerned, the European Union’s Emissions 
Trading System (EU-ETS) is the best known and most functioning. It is 
based on a cap-and-trade system that allocates an emissions quota to 
companies legally obligated to offset for their activities (Jayaraman 
et al., 2023). The latter can purchase offset credits through the EU ETS 
from virtuous companies that are below the threshold, or from another 
recognized carbon market (Kooten and Zanello, 2023). The operating 
principle, therefore, includes an obligation to purchase carbon credits 
once the emissions quota has been exceeded and the possibility of selling 
them if the company has managed to remain under the set threshold. 
Currently, the agricultural sector is not covered by the EU-ETS and in 
this context limited attention has been paid to the potential significance 
of limiting GHG emissions in agriculture through the compliance market 
(Brandt and Svendsen, 2011). By including the agricultural sector in the 
cap-and-trade system, what would happen if an emissions allowance 
was set and farmers could pay/earn for/by their activities?

2.2. Case-study farms and data collection

The study was developed through an iterative process involving close 
collaboration between the research team and a Sicilian blood orange 
producer organization (PO), which manages approximately 4000 hect
ares of citrus orchards. A series of workshops was conducted to present 
the study’s objectives and co-develop the research design. Two farms 
were selected as illustrative case studies, one employing conventional 
practices and one applying regenerative agriculture, based on compa
rable size, crop type (Tarocco blood orange), and production orienta
tion. The PO played a key role in identifying farms meeting these criteria 
and in providing contextual insights to reduce bias.

Building on this collaborative framework, the research adopts a pilot 
study design, using two illustrative case studies of Italian blood orange 
farms to explore the economic implications of participating in the Car
bon Market and adopting regenerative agriculture practices. These case 
studies not only offer preliminary insights but also help assess the 

potential for scaling up future research efforts. Moreover, the involve
ment of pilot farms enabled the establishment of a real-world network, 
fostering strong collaborations between farmers and researchers 
(Langeveld et al., 2005). By simulating the system under practical 
conditions, the pilot farms allow for drawing conclusions that are highly 
relevant and valuable to stakeholders in the agricultural sector. The use 
of case studies in agricultural economics is well-established as it aims to 
generalize or validate theory in contrast to approaches that aim to 
generalize the sample population under consideration (Sinnett et al., 
2016). The case study method fits well with the current work since 
survey data over a period longer than a decade when applied to large 
samples can only superficially represent reality. Instead, they allow for a 
broad and in-depth investigation of all the characteristics of real farms 
(Sinnett et al., 2016).

As part of this pilot study, two farms were selected as embedded 
cases, representative of citrus production in the area (farm size, farmers’ 
skill levels, production yields, suitability of the growing area) and 
consistent with the objective of the study, to explore the profitability of 
orange farms under different CM scenarios (Pergola et al., 2013; Dana 
and Dana, 2005) in eastern Sicily (Italy). Each farm spans 10 hectares, 
entirely cultivated with Tarocco [Citrus x sinensis (L.) Osbeck, cultivar 
Tarocco comune] differing only in the cultivation method. One follows 
the conventional regime, while the other is characterized by a regen
erative production system. Conventional orange grove (CON) represents 
the commercial standard of citrus cultivation in the region in terms of 
soil cultivation as well as fertilizer and crop protection inputs (Roberts 
et al., 2023). The regenerative one (REG), novelty for the area since it is 
not regulated, combines a series of good practices (cover crop cultiva
tion, burying of pruning residue, organic pesticides and fertilizers, 
reduced irrigation management) aimed at reducing environmental 
impact and promoting carbon sequestration in agricultural soil. The 
orange orchards were planted in 2005 and data were collected from 
2010 to 2022 to investigate the full production phase, which is the most 
stable in terms of inputs and productivity, and to avoid economic dis
tortions due to low yields in the first years after planting. The mana
gerial skills of farmers, the pedoclimatic characteristics of the area under 
study, the farm size and the production specialization allow the 
comparability between the case studies (Scuderi et al., 2021). Farm 
specific data were collected by consulting the farm registers at the end of 
each year and through face-to-face interviews with farmers (Scuderi 
et al., 2023), who allowed all sales and purchase invoices to be accessed. 
These data cover parameters related to crop yields with their economics 
(farm expenses and labour prices) and farm management (fertilisers, 
pesticides, irrigation, electricity, fuel, … used) (Schreefel et al., 2022).

2.3. Economic analysis of conventional and regenerative orange orchards

The economic analysis simulates what would happen if the two 
models in the period 2010–2022 participated in the VCM or if the 
agricultural sector was included in the EU-ETS CCM. The starting point 
is the analysis of the business as usual scenario of Italian orange farms 
who benefit as income support only from Common Agricultural Policy 
(CAP) subsidies in order to define the economic implications of the 
carbon market compared to the status quo. To estimate the profitability 
of the crop, costs and revenues were determined on the prices of each 
year considered, and subsequently adjusted to real 2022 values using the 
average annual consumer price index (NIC) provided by the Italian 
National Institute of Statistics (ISTAT), to account for inflation and 
ensure comparability across the 2010–2022 period (ISTAT 2025). After 
collecting them, the balance sheets of each farm were developed. These 
financial data were derived from official farm registers, acquired at the 
end of each year and summarized as income statements. Profitability is 
expressed on a per hectare basis (€ ha-1) to allow for standardized 
comparisons across farms of varying sizes and to facilitate interpretation 
of the economic performance of each production system. Environmental 
externalities were incorporated into the economic analysis exclusively 
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through the valuation of carbon credits earned via participation in 
carbon markets, while other social or ecological impacts such as biodi
versity or water use were not monetized in this study.

The production costs of oranges on the two model farms were broken 
down into variable and fixed costs. The former category includes all 
inputs used in the production process: fertilizers, pesticides, water for 
irrigation, electricity used to run the irrigation pump, and fuel. It also 
includes the cost of human labour for cultural operations; both farmers 
own the machinery and use seasonal workers. Labor costs do not include 
harvesting operations, as in both farms harvesting is carried out and paid 
for directly by the buyer under a standard commercial agreement. This 
practice is common in the Sicilian citrus sector, where buyers contrac
tually assume responsibility for harvest, meaning this cost does not 
appear in the farm’s financial statements Regarding fixed costs, they 
include the depreciation of durable capital (agricultural machinery and 
farm buildings) and the annual costs for machinery restoration and 
building improvements. Specifically, machinery depreciation is calcu
lated based on the purchase price, with an economic life set equal to the 
expected useful life of the orchard (50 years, as typically assumed in 
Sicilian citrus production), and a residual salvage value estimated at the 
end of this period. Additionally, machinery restoration costs are calcu
lated per hour of use, by dividing total estimated restoration cost by 
accumulated usage hours over the machine’s life. Building depreciation 
is applied using a 2.5 % annual straight-line rate, while annual building 
improvement costs are estimated at 6 % of the asset’s value at the start of 
each year. Table S1 in the Supplementary Materials (SM) shows the key 
parameters and references used to calculate costs and revenues.

The construction of the financial statements was developed accord
ing to Abdul-Salam et al. (Abdul-Salam et al., 2019). In the business as 
usual condition of Sicilian orange farms, the profitability was calculated 
considering earnings before interest, tax, depreciation and amortization 
(EBITDA) and earnings before interest and taxes (EBIT) as reported in 
Table 1. In this context revenue is function of crop price, yield and CAP 
subsidies provided annually.

2.3.1. Economic analysis in the voluntary carbon market context
In the context of VCM participation by the case study farms, revenue 

is determined by yield, average selling price, potential carbon credit 
sales, and CAP subsidies, which represent the revenue support for the 
activity rather than a reward for the adopted practices. Additionally, 
variable costs include registration fees for the standard, in addition to 
those incurred under the BAU scenario (Table 2). With respect to 
additionality, a key requirement in voluntary carbon market certifica
tion, it is assumed that the regenerative farming practices implemented 
qualify as additional, as they go beyond the baseline of conventional 
practices widely adopted in the region. In Italy, regenerative agriculture 
is still relatively rare and not considered business-as-usual, particularly 
in citrus production. Therefore, the changes adopted by the regenerative 
case study farm are considered to provide measurable and verifiable 
climate benefits that would not have occurred without the incentive of 
carbon market participation.

For the economic analysis the annual value of Verra’s carbon credits 
was considered (Ecosystem Marketplace 2011; Ecosystem Marketplace 
2012; Ecosystem Marketplace 2013; Ecosystem Marketplace 2014; 
Ecosystem Marketplace 2015; Ecosystem Marketplace 2016; Ecosystem 
Marketplace 2017; Ecosystem Marketplace 2021; Ecosystem Market
place 2023). The crediting period for VCS is equal to the life of the 

project, with a minimum of 20 years and a maximum of 100 years (Verra 
2020). The minimum period required by the standard in citrus groves is 
satisfied by their lifespan, but only the 13 years covered by data 
collection were considered for the study. In this scenario, variable costs 
include the Standard’s expected expenses of certifying the carbon credits 
generated by the project. They are published by Verra in the “Program 
Fee Schedule” document (Verra 2023). Considering costs and returns 
therefore allows the profitability of a soil carbon project to be 
established.

The determination of carbon credits is based on the carbon balance 
of citrus groves. This balance is a function of greenhouse gas emissions 
from the cultivation process and the potential for soil carbon seques
tration, both expressed in Mg of CO2-eq ha-1 yr-1 (Megagrams (Mg) of 
carbon dioxide equivalents (CO2-eq) represent the combined impact of 
various greenhouse gases, such as methane and nitrous oxide, converted 
into their CO2 equivalent, based on their global warming potential. This 
metric is expressed per hectare per year, where 1 megagram equals 1000 
kg or 1 t). The carbon balance results, where positive values indicate a 
carbon source and negative values represent a carbon sink capable of 
generating carbon credits (Peng et al., 2023), are based on previous 
study on carbon balance assessments in conventional and regenerative 
orange groves in Sicily (Cammarata et al., 2025) (Table 3). In the con
ventional system, the carbon balance is +5.44 Mg CO2-eq ha-1 yr-1, 
making it a net emitter of carbon due to both high emissions (+4.21) and 
ongoing SOC loss (+1.23). Conversely, the regenerative system achieves 
a net carbon sink status, with a balance of − 0.61 Mg CO2-eq ha-1 yr-1, 
combining lower emissions (+1.07) with measurable carbon seques
tration in the soil (− 1.68). These contrasting balances are fundamental 
to the economic modeling of the Voluntary Carbon Market scenarios. 
Under current carbon accounting standards, only systems demonstrating 
a negative carbon balance, like REG, are eligible to generate offset 
credits. This justifies their inclusion as a revenue component in the VCM. 
Moreover, these results highlight how management practices directly 
affect carbon dynamics and the potential of farms to access emerging 
climate finance instruments.

2.3.2. Economic analysis in the compliance carbon market context
Simulating the profitability of case study farms in Compliance Car

bon Market implies taking into account carbon credits in the revenue 
(Table 4). Since, as mentioned, the agricultural sector is excluded from 
the EU-ETS, we calculate potential carbon credits by determining 

Table 1 
Economic analysis in the Business as Usual context.

Income state variable Calculation

Revenue= (Crop yields * annual average price) + CAP subsidies
EBITDA= Revenue-Variable costs
EBIT= EBITDA-Fixed costs
Profit= EBIT-tax

Table 2 
Economic analysis in the Voluntary Carbon Market context.

Income state 
variable

Calculation

Revenue= (Crop yields * annual average price) + carbon credits + CAP 
subsidies

EBITDA= Revenue-Variable costs (including costs of the Standard)
EBIT= EBITDA-Fixed costs
Profit= EBIT-tax

Table 3 
Details of the Carbon Balance in conventional and regenerative orange groves.

Parameter Description Unit CON REG

GHG emission Carbon footprint of orange 
systems.

Mg CO2- 
eq ha-1 

yr-1

+4.21 +1.07

Soil organic 
carbon 
(SOC)

In CON there is a loss of SOC 
while in REG there is an increase 
with carbon sequestration in the 
soil.

Mg CO2- 
eq ha-1 

yr-1

+1.23 − 1.68

Carbon 
Balance

It expresses the potential carbon 
sequestration in the soil net of 
emissions generated by 
cultivation.

Mg CO2- 
eq ha-1 

yr-1

+5.44 − 0.61
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emission allowances, according to the methodology of Abdul-Salam 
et al. (Abdul-Salam et al., 2019). Although this scenario is hypotheti
cal and does not reflect the current regulatory framework, it responds to 
possible policy discussions about the potential inclusion of agriculture in 
the EU ETS as part of the Union’s broader climate objectives. Including 
this scenario provides an exploratory perspective on the possible eco
nomic implications for farms, particularly in the citrus sector, should 
such a policy shift occur. This forward-looking approach aims to assess 
how participation in a compliance carbon market could influence 
farm-level profitability and inform future decision-making.

The emissions cap was set considering the Italian government’s 
reduction targets. Total net GHG emissions from agriculture between 
1991 and 2021 were 7 % of total emissions in Italy. Specifically, 32 % of 
them are due to agricultural land management (ISPRA 2023). For the 
year 2010, total emissions from agricultural sector in Italy were 32.22 
Mg CO2-eq so 10.31 Mg CO2-eq is attributable to agricultural land 
management (Italian Government 2002). The Italian government’s 
emission reduction targets are 6.5 % in the period 2008–2012; 13 % in 
the period 2013–2020; and 33 % from 2021 to 2030 (European Com
mission 2009; European Commission 2018). This results into an annual 
target of 1.62 % in the first period, 1.85 % in the second and 3.7 % in the 
third. If considered emissions contribute proportionally to the reduction 
targets, total emission allowances are calculated as in Supplementary 
Table S2. In order to calculate the emission allowance per hectare 
(carbon credits or emission cost), the Utilized Agricultural Area in Italy 
for agricultural woody crops was considered, which is 2.175 million 
hectares (ISTAT 2023). Finally, the calculation of emission cost or car
bon credit sale revenue is calculated by multiplying credit value in the 
reference year by net emissions, the latter obtained by subtracting 
emission allowances from total emissions generated by cultivation 
(Roberts et al., 2023).

3. Results

3.1. Business as usual scenario

Based on data provided by farmers, Table 5 shows yields, fixed and 
variable costs expressed as average per hectare over the period consid
ered. The adoption of the regenerative farming system results in a 7 % 
reduction in yield, primarily due to decreased fertilizer inputs. However, 
REG also achieves a 13 % reduction in variable costs, driven by 
improved irrigation management, the substitution of synthetic fertilizers 
with organic alternatives, applied in smaller quantities through cover 
cropping and incorporation of pruning residues, and a reduction in 
pesticide use. In contrast, the conventional system shows a 25 % 
reduction in fixed costs, due to attributable to lower machinery usage 
and reduced labor hours, which influence depreciation and tax calcu
lations. Overall, these dynamics lead to a slight increase in total costs per 
hectare in regenerative orange grove compared to conventional one 
under the BAU condition. The orange production in Sicily has also been 
characterized by a strong fluctuation in sales prices, the average price in 
the period under consideration being 0.34 € kg-1 with a minimum of 0.23 
€ kg-1 and a maximum of 0.47 € kg-1. These prices, recorded through 
sales invoices and validated against local price trends (ISMEA-Mercati 
2024), are equivalent for the two systems considered, due to the absence 

of a regenerative product label in European regulations and, conse
quently, the lack of a premium price (Fig. 1). The same occurs in the CAP 
subsidies, which have an average value during the reporting period of 
425.20 € ha-1. The long-term analysis allowed the study of yield and 
market trends; in fact, by analyzing a shorter period, farm profitability 
could be influenced by external effects such as a particularly productive 
year or a high selling price.

In the business-as-usual scenario, CON performed 20 % higher 
profitability of REG as a consequence to higher crop yield and lower 
total costs (Table 6). In the period considered annual profitability ranges 
from a minimum of 60.57 and − 189.95 € ha-1 yr-1 and a maximum of 
8257.97 and 6385.52 € ha-1 yr-1 for CON and REG, respectively. The 
negative value for REG indicates an economic loss for the farm due to a 
sale price of 0.21 € kg-1 for oranges in 2016 and the lowest yield (27.16 t 
ha-1) recorded in the entire period under consideration. The average 
annual profitability for conventional farms is 4287.99 € ha-1, with a 
standard deviation of 2366.12 € ha-1, while regenerative farms show a 
lower mean profitability of 3439.53 € ha-1 accompanied by a standard 
deviation of 2028.17 € ha-1. The relatively high variability in profit
ability for both systems reflects fluctuations in yields, market prices, and 
input costs over the study period. Notably, the lower mean profitability 
and considerable variation in REG farms highlight the economic chal
lenges and risks faced by farmers adopting regenerative practices. De
tails of the annual income statement for both case study farms are shown 
in Table S3 in the supplementary materials.

3.2. Voluntary carbon market scenario

The management practices applied by REG (cover cropping, pruning 
residue burial, replacing synthetic fertilizers and pesticides with organic 
products and reducing irrigation), which define the main differential 
element with CON, are part of the carbon farming practices envisaged by 
the European Commission to promote carbon sequestration in agricul
tural soils (European Commission 2021). For this purpose, carbon 
sequestration attributable to these practices, quantified as − 0.61 Mg 
CO2-eq ha-1, was considered in constructing the income statement of 
REG. In this context, 1 carbon credit corresponds to 1 Mg CO₂-eq 
removed; therefore, the sequestration value translates into 0.61 carbon 
credits per hectare. Based on this calculation, only the regenerative 
system potentially meets the requirements for participation in the VCM 
by generating 0.61 carbon credits ha-1. In contrast, the CON system does 
not sequester carbon and therefore does not qualify for credit issuance or 
participation in carbon credit sales. The average annual cost of carbon 
project registration at the standard is 294.08 € ha-1 while the value of 
carbon credits is shown in Fig. 2. It is cautioned that the cost estimates 

Table 4 
Economic analysis in the Compliance Carbon Market context.

Income state 
variable

Calculation

Revenue= (Crop yields * annual average price) ± carbon credits + CAP 
subsidies

EBITDA= Revenue-Variable costs
EBIT= EBITDA-Fixed costs
Profit= EBIT-tax

Table 5 
Total costs and yields of conventional and regenerative orange groves.

Parameter CON REG

Output ​ ​
Crop average yield (t ha-1) 30.50 28.37
Variable costs (€ ha-1) ​ ​
Fuel 32.37 55.46
Electricity 944.20 708.15
Fertilizers 1119.05 856.11
Pesticides 198.30 45.21
Water 146.19 146.19
Cover crop seed 0 72.43
Labor cost 1650.02 1675.53
TOT 4090.13 3559.07
Fixed cost (€ ha-1) ​ ​
Machinery depreciation rate 458.20 486.32
Building depreciation rate 281.13 281.13
Annual machinery purchase/restoration cost 173.44 849.03
Annual building improvement costs 657.86 657.86
Tax 554.60 554.60
TOT 2125.23 2828.94
TOTAL COSTS 6215.36 6388.02
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are only an indication of the expected participation costs in the VCS 
since costs vary with project objective, management practices, 
geographic context, and market requirements (Wertz-Kanounnikoff, 
2008; The World Bank 2024; Cammarata et al., 2023).

The carbon credits generated by REG, according to the Verified 

Carbon Standards, result in an average additional revenue over the 
reporting period of 2.44 € ha-1 yr-1. However, this revenue is signifi
cantly lower than the costs associated with participation in the standard. 
As a consequence, REG exhibits a 27 % lower profit than CON, even 
though CON does not participate in the Voluntary Carbon Market 
(Table 7). This profit gap is notably wider than under the BAU scenario, 
where the difference is approximately 20 %, primarily due to the 
additional costs incurred for VCM compliance. Annual profitability in 
the VCM scenario ranges from a minimum of 60.57 for CON and 
− 448.82 € ha-1 for REG, to a maximum of 8257.97 and 6130.09 € ha-1 yr- 

1 for CON and REG, respectively. The standard deviations of profit
ability, 2545.82 € ha-1 for CON and 2169.58 € ha-1 for REG, indicate a 
high degree of interannual variability for both systems, underscoring the 
economic uncertainty and financial risk associated with participating in 
the carbon market under current conditions. Details of the annual in
come statement are shown in Supplementary Table S4.

Fig. 1. Average annual price of conventional and regenerative oranges in Sicily.

Table 6 
Profitability of conventional and regenerative orange groves given the business- 
as-usual scenario.

Income Statement Variable CON (€ ha-1) REG (€ ha-1)

Revenue 10,691.04 9972.43
EBITDA (Earnings before interest, taxes 

depreciation and amortization)
6413.21 6268.47

EBIT (Earnings before interest and taxes) 4842.59 3994.13
Profit 4287.99 3439.53

Fig. 2. Annual carbon credit value per hectare in regenerative orange grove.
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3.3. Compliance carbon market scenario

In order to calculate emission allowances, the annual emission 
reduction (derived from national emission reduction targets and emis
sion from agricultural land management) over the period 2010–2022 is: 
10.14, 9.81, 9.62, 9.43, 8.81, 9.05, 8.35, 8.66, 8.47, 8.29, 7.91, 7.52 Mg 
CO2-eq. Table 8 shows the emission allowances per hectare for each case 
study farm, above or below these thresholds determines the need for 
farms to buy or sell carbon credits (Abdul-Salam et al., 2019). In this 
regard, the positive sign in generated emissions indicates exceeding the 
allowance with a cost to the farmer on the contrary the negative sign 
indicates emissions generated below the set threshold therefore the 
farmer will be able to sell carbon credits. The determination of emission 
cost or emission revenue was obtained by considering the annual value 
of carbon credits in the EU-ETS for each year (The World Bank 2024), as 
reported in Fig. 3.

Participation in the Compliance Carbon Market, despite the lower 
emissions generated and compliance in the established allowance, is not 
profitable for REG. Its profitability (Table 9) is 17 % lower than CON’s, 
as revenue from carbon credit sales fails to compensate for lower yield 
and product sale price. In the period considered annual profitability 
ranges from a minimum of 51.80 for CON and − 165.65 € ha-1 yr-1 for 
REG and a maximum of 8246.07 and 6539.11 € ha-1 yr-1 for CON and 
REG, respectively. The standard deviation of annual profitability is 
2352.64 € ha-1 for CON and 2059.84 € ha-1 for REG, indicating sub
stantial interannual variability in both systems. This underscores the 
sensitivity of farm profitability to market prices and yield fluctuations, 
further challenging the economic feasibility of REG under the CCM. 

Details of the annual income statement are shown in Table S5 in SM.
In order to provide a summary picture of Voluntary Carbon Market 

and Compliance Carbon Market participation compared to the business- 
as-usual condition for conventional and regenerative orange groves, 
Fig. 4 shows the comparison of profitability (€ ha-1). In all three sce
narios, CON demonstrates higher profitability compared to REG. CCM is 
the scenario in which the two systems’ profitability has the least dif
ference as a result of the obligation to pay for emissions generated in the 
case of CON. The greatest difference, however, is observed in the VCM 
scenario, where the high costs associated with participation in the 
standard, combined with the limited number of carbon credits gener
ated, result in significantly lower profitability for REG. In contrast, CON 
does not participate in VCM mechanisms and therefore incurs no addi
tional costs related to carbon sequestration projects. For CON, profit 
remains the same in the BAU and VCM scenarios but decreases by 1 % 
when moving from BAU to CCM. For REG, profit increases by 3 % when 
moving from BAU to CCM, but decreases by 8 % under VCM participa
tion compared to BAU.

4. Sensitivity and break-even analysis of low-carbon product 
premium pricing

Growing consumer awareness of climate change and the need to 
reduce carbon footprints of food are driving demand for low-carbon 
products (Cammarata et al., 2023). This trend highlights the impor
tance of the environmental dimension in food choices and supports the 
adoption of sustainable agricultural systems with lower environmental 
impact (Verain et al., 2015; Gundala and Singh, 2021). The concept of 
“green consumption” has thus evolved into “low-carbon food con
sumption,” which emphasizes minimizing resource use, toxic materials, 
waste, and emissions throughout the food product life cycle (Wang and 
Li, 2023). Lancaster (Lancaster, 1966; Delate, 2002; Xia and Zeng, 2008) 
in his hedonic price theory hypothesized that the price of a commodity is 
the result of its utility, similarly the price of low-carbon products should 
represent the benefits it brings to health and the environment, in other 
words it should identify the added value of a sustainable product over a 
conventional one. Based on this, we conducted a sensitivity analysis on 
the regenerative product price in order to analyze the changes a pre
mium price would bring to farmers’ profit under the three scenarios. 
Premium prices incentivize the adoption of low-input systems (Delate, 
2002) so these should be considered in the process of studying farmers’ 
economic realities (Abdul-Salam et al., 2019). The premium considered 
falls within those generally applied to sustainable products that is 20 to 
40 % higher than conventional (Xia and Zeng, 2008; Li and Kallas, 
2021). To this purpose, a sensitivity analysis was performed by testing 
added values of 20 %, 30 %, and 40 %, in line with the range supported 
by the literature in the sector. Fig. 5, Fig. 6 and Fig. 7 show the profit
ability of the conventional and regenerative orange groves, assuming a 
premium price of 20 %, 30 %, and 40 % is applied to the latter.

The application of a premium price significantly enhances the eco
nomic performance of the regenerative system relative to the conven
tional system across all scenarios. At a 20 % premium level, REG exhibits 
higher average profitability than CON by 20 % under BAU scenario, 28 
% under the CCM scenario, and 18 % under the VCM scenario. 
Furthermore, relative to the baseline (i.e., no premium), REG’s profit
ability increased by 25 % in BAU, 54 % in CCM, and 61 % in VCM.

At a 30 % premium, the profitability of REG over CON further 
increased to 47 % in BAU, 51 % in CCM, and 40 % in VCM. Compared to 
non-premium conditions, this corresponds to a 25 % increase in BAU, 81 
% in CCM, and 91 % in VCM.

Under the highest tested premium of 40 %, REG outperformed CON 
by 69 % in BAU, 73 % in CCM, and 62 % in VCM. When compared to the 
baseline without a premium, REG’s profitability improved by 111 % in 
BAU, 108 % in CCM, and 121 % in VCM. These findings underscore the 
critical role of premium pricing in improving the economic viability of 
regenerative practices. As the level of premium increases, the economic 

Table 7 
Profitability of conventional and regenerative orange groves in Voluntary Car
bon Market participation.

Income Statement Variable CON (€ ha-1) REG (€ ha-1)

Revenue 10,691.04 9974.88
EBITDA (Earnings before interest, taxes 

depreciation and amortization)
6413.21 5976.84

EBIT (Earnings before interest and taxes) 4842.59 3.702.49
Profit 4287.99 3147.89

Table 8 
Net emissions and trading costs for conventional and regenerative orange grove.

System Year Emission allowance 
(Mg CO2-eq ha-1)

Net emission (Mg 
CO2-eq ha-1)

Emission costs/ 
revenue (€ ha-1)

CON 2010 4.66 0.78 15.05
2011 4.59 0.85 21.97
2012 4.51 0.93 9.13
2013 4.42 1.02 6.46
2014 4.34 1.1 7.74
2015 4.05 1.39 11.15
2016 4.16 1.28 6.52
2017 3.84 1.6 9.33
2018 3.98 1.46 24.43
2019 3.89 1.55 38.63
2020 3.81 1.63 30.84
2021 3.64 1.8 89.80
2022 3.46 1.98 174.24

REG 2010 4.66 − 5.27 − 101.71
2011 4.59 − 5.2 − 134.42
2012 4.51 − 5.12 − 50.28
2013 4.42 − 5.03 − 31.84
2014 4.34 − 4.95 − 34.85
2015 4.05 − 4.66 − 37.37
2016 4.16 − 4.77 − 24.28
2017 3.84 − 4.45 − 25.94
2018 3.98 − 4.59 − 76.79
2019 3.89 − 4.5 − 112.14
2020 3.81 − 4.42 − 83.63
2021 3.64 − 4.25 − 212.03
2022 3.46 − 4.07 − 358.16
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competitiveness of REG not only surpasses that of CON but also dem
onstrates substantial gains over its own baseline, reinforcing the 
importance of market-based incentives for sustainable agriculture.

A break-even analysis, commonly used in economics to determine 
the sales volume required for sustained profitability (Zerres et al., 2014), 
was adapted in this study to estimate the minimum premium price 
percentage necessary for the regenerative system to become economi
cally viable across all three scenarios analyzed. The break-even analysis 
was conducted by identifying the intersection point between the linear 
trends of regenerative and conventional profitability across increasing 
premium price levels (Fig. 8). These linear models were generated by 
calculating total profitability at fixed premium increments (0 %, 5 %, 10 
%, 15 %, 20 %, 25 %, 30 %, 35 %, 40 %). Once the break-even point was 
determined for each scenario (BAU, CCM, and VCM), it became possible 

Fig. 3. Annual carbon credit value in EU-ETS.

Table 9 
Profitability of conventional and regenerative orange groves in Compliance 
Carbon Market participation.

Income Statement Variable CON (€ ha- 

1)
REG (€ ha- 

1)

Revenue 10,647.12 10,071.16
EBITDA (Earnings before interest, taxes depreciation 

and amortization)
6362.29 6367.20

EBIT (Earnings before interest and taxes) 4798.66 4092.86
Profit 4244.06 3538.26

Fig. 4. Average profitability in the three economic scenarios for conventional and regenerative orange grove.
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to estimate the minimum premium required for the regenerative system 
to match or exceed the profitability of the conventional one, as well as to 
evaluate the potential profit gains at higher premium levels. Specifically, 
the break-even premium levels were estimated at 9 % in the Business As 
Usual scenario, 7 % in the Compliance Carbon Market scenario, and 11 
% in the Voluntary Carbon Market scenario. These values represent the 
minimum additional price required for regenerative systems to achieve 
parity in economic performance with conventional one. The relatively 
low break-even thresholds across all scenarios suggest that only modest 
market incentives could make regenerative orange groves economically 
competitive. Notably, the lowest threshold observed in the CCM sce
nario may reflect higher baseline performance or cost efficiency under 
carbon farming practices, reinforcing the case for integrating regener
ative agriculture into climate policy frameworks Fig. 8.

5. Discussion

Analyzing the profitability of case study conventional and regener
ative orange groves provides insight into the potential economic im
plications of farmers’ participation in carbon markets. The study 
highlights that in the Business As Usual, where carbon sequestration is 
not economically rewarded and high-emission systems face no penalties, 
the conventional management system is more profitable than the 
regenerative one. These findings support Hypothesis 1 where outcome is 
primarily driven by conventional management’s higher yields and lower 
input costs, which continue to provide a financial advantage in the 
absence of market-based incentives for environmental performance. The 

results underscore a misalignment between environmental sustainabil
ity and economic returns, indicating that, in the absence of external 
valuation of ecosystem services, regenerative practices applied to Sicil
ian blood orange cultivation may face economic disadvantages despite 
their ecological benefits.

In contrast, the Voluntary Carbon Market scenario characterized by 
the generation of carbon credits from REG, does not appear to offer a 
viable form of income support within the context of this exploratory case 
study, as participation costs outweigh the revenues generated. CON 
remains more economically sustainable, maintaining profitability levels 
equal to the BAU scenario. Participation in the VCM is characterized by 
numerous entry barriers for farmers, including the high costs of 
adhering to certification standards, as well as the additional expenses 
required to adopt new sequestration practices. Growing cover crop and 
burying pruning residues requires more machinery and labor hours as 
well as more fuel used, the current price of voluntary offset credits often 
do not justify these implementations (Kazimierczuk et al., 2023). 
Participation in the Compliance Carbon Market, on the other hand, 
shows a reduction in profitability for CON, although it remains more 
profitable than REG, since the requirement to offset emissions beyond 
allowed thresholds introduces further costs for the farm. These findings 
partially address Hypothesis 2, revealing that REG profitability sur
passes BAU only under the Compliance Carbon Market condition. 
Although regenerative farms are theoretically positioned to benefit from 
carbon market participation due to their sequestration potential, current 
market structures, particularly within the voluntary sector, could 
significantly limit this advantage. The high costs of certification and 

Fig. 5. Profitability of conventional and regenerative orange groves with a 20 % price premium for REG.

Fig. 6. Profitability of conventional and regenerative orange groves with a 30 % price premium for REG.

Fig. 7. Profitability of conventional and regenerative orange groves with a 40 % price premium for REG.
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practice adoption outweigh the modest returns from carbon credits, 
rendering potential participation economically unviable under current 
conditions. Meanwhile, conventional systems appear to exhibit higher 
profitability, even within regulated markets, despite facing 
emission-related costs. These findings suggest that, under current con
ditions, regenerative blood orange cultivation may not achieve profit
ability benefits from participation in carbon markets. Unless carbon 
credit prices increase significantly or participation costs are reduced, the 
economic advantages of engaging in such schemes remain limited. This 
highlights the challenges that farmers may face when adopting regen
erative practices in the absence of more favorable market or policy 
conditions.

Our results are supported by the available literature on the subject: 
Abdul-Salam et al. (Abdul-Salam et al., 2019), show how the profit
ability of conventional systems is always more advantageous than in
tegrated ones in participating in the carbon market mainly as a result of 
the higher yields obtained and lower costs. Sinnet et al. (Sinnett et al., 
2016) in a study conducted in Australia point out that growing trees for 
carbon sequestration is not profitable for farmers due to the low price of 
carbon credits they further point out that an affordable profitability 
would be achieved with a carbon price above $100/t CO2-eq seques
tered. Pudasaini et al. (Pudasaini et al., 2024) report that elevated costs 
of participation in international standards are unable to generate higher 
returns for farmers so a combination of higher credit prices and lower 
participation costs is needed. The above considerations suggest that the 
current VCM may not provide a tangible economic advantage for 
regenerative Sicilian orange groves. Regenerative systems could tend to 
benefit more under the CCM and BAU scenarios, but only when not 
directly compared to conventional systems. When such a comparison is 
made, the adoption of regenerative practices proves economically 
disadvantageous, primarily due to higher implementation costs and 
lower yields.

The Voluntary Carbon Market system and the hypothetical inclusion 
of the agricultural sector in the Compliance Carbon Market may not be 
accessible to small and medium-sized orange farms. International 

carbon registries impose participation costs that are typically affordable 
only for large companies engaged in the sequestration of thousands of 
tons of CO₂-equivalent, a scale that does not reflect the characteristics of 
blood orange cultivation in Sicily. A solution to this problem could be 
the creation of an agricultural-specific carbon registry that includes 
differentiated measures and costs of participation for each production 
address. Another possible solution to incentivize the participation to 
Carbon Market by small-scale farmers could be the participation in 
membership forms so as to combine efforts in terms of sequestration or 
to create local markets within carbon communities where companies in 
a territorial context can offset emissions through agricultural carbon 
credits. In the case of the CCM, however, our analysis shows that current 
EU-ETS price trends could not impose a sufficiently high economic 
burden on conventional systems, despite their higher emission profiles, 
to effectively incentivize a shift toward more sustainable agricultural 
practices aimed at reducing crop-related emissions. Therefore, the use of 
carbon market should include an appropriate carbon credit price to be a 
reward for virtuous farms or a true pledge for emitters. The analysis fully 
supports Hypothesis 3, revealing that the low value of carbon credits, 
coupled with the significant costs associated with certification and 
implementation, severely limits the economic benefits for regenerative 
farms. While carbon credits do reward sequestration efforts, the value of 
these credits may not be sufficient to cover the high costs and justify the 
adoption of regenerative practices. Consequently, the current structure 
of both voluntary and compliance carbon markets could fails to establish 
a favorable cost-benefit ratio for low-emission farming systems. This 
highlights the need for more dynamic and differentiated credit valuation 
mechanisms to ensure the economic viability of regenerative agriculture 
in carbon markets for blood orange. In this context it should also be 
considered that the European Union unlike a functioning CCM but 
excluding the agricultural sector is still taking the first steps toward 
establishing a certification scheme for carbon sequestration (European 
Commission 2024) in agricultural soils to launch a VCM. The results 
obtained in the case study and the analysis of carbon credit price trends 
in the VCM and CCM (Fig. 3 and Fig. 4) offer valuable insights for the 

Fig. 8. Break-even analysis of the premium price for regenerative oranges under three scenarios: Business-as-Usual, Compliance Carbon Market and Voluntary 
Carbon Market.
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design of effective carbon market structures and inform policy decisions 
aimed at supporting low-emission agricultural practices.

Adopting production systems capable of sequestering carbon in 
agricultural soils should reward farmers for their efforts. Considering a 
price premium for the low-carbon regenerative product would reverse 
the results in all three scenarios considered. REG performs economically 
better than CON in all considered scenarios and it is also noted that 
participation in CCM would be the most profitable. Variation in selling 
price of the product could provide the right incentive for farmers to 
transform their production systems and also encourage them to partic
ipate in the carbon market. Our intent, through a premium price 
sensitivity and break-even analysis of low-carbon products, is to prompt 
policymakers to reflect on the possible implementation of a value 
recognition for regenerative production in Europe.

Despite the research findings, the economic aspects of adopting RA 
systems warrant further discussion. While conventional agriculture may 
offer higher productivity and profitability, RA systems could provide 
greater economic returns and added value per unit of land (LaCanne and 
Lundgren, 2018). The economic rationale for RA should extend beyond 
immediate producer benefits and yield stability to encompass the 
long-term sustainability of food production, achieved through reduced 
soil degradation and decreased reliance on chemical inputs (Ngwira 
et al., 2012). The key factors driving positive outcomes in RA include 
increased net income when price premiums are recognized at produc
tion, higher earnings through direct consumer connections, and 
enhanced resilience of agricultural systems to extreme weather events 
(MacRae et al., 1990).

The absence of cohesive national policies within the European Union 
hinders the widespread adoption of RA practices and limits the market’s 
ability to adequately recognize and value RA-based production. Ap
proaches implemented in some federal and state systems in the United 
States, such as providing incentives for farmers to adopt RA practices 
that enhance SOC and mitigate climate change, offering benefits in crop 
insurance programs for RA adopters, establishing offset markets based 
on land-based carbon sequestration projects, and developing demand- 
side initiatives for low-carbon products (National Academies of Sci
ences, Engineering, and Medicine (NAS) 2018), could serve as effective 
strategies to promote RA adoption in citrus sector. Additionally, in 
Europe, targeted training programs on the benefits of RA for farmers, 
landowners, and practitioners are essential to encourage a transition 
from resource-exploitative practices to those focused on regeneration 
and sustainability. Consequently, adopting RA requires a multifaceted 
approach that balances economic viability with long-term sustainability 
goals.

In the Mediterranean region, agriculture faces a complex set of 
challenges, including climate variability, soil degradation, and eco
nomic marginalization (del Pozo et al., 2019; Scuderi et al., 2021; Cruz 
Maceín et al., 2023), particularly in perennial systems such as citrus 
orchards. In this context, carbon farming is emerging as a promising 
mechanism to compensate farmers who implement climate-resilient 
practices that enhance soil organic carbon and reduce greenhouse gas 
emissions. However, its effective implementation requires careful 
adaptation to the specific agricultural and socio-economic contexts in 
which farmers operate.

At the EU level, the European Green Deal, together with the 
2023–2027 Common Agricultural Policy (CAP), has laid the ground
work for integrating agriculture more directly into climate action 
(European Commission 2025; European Commission 2025; Con
fagricoltura 2024; Ellis et al., 2021; Sommerfeld, 1939; Lazarus, 2012; 
Hanson et al., 1990). These policy frameworks acknowledge the dual 
role of agriculture as both a contributor to and a potential mitigator of 
greenhouse gas emissions. In particular, the European Commission’s 
2021 Communication on Sustainable Carbon Cycles (European Com
mission 2021) and the ongoing development of voluntary carbon cer
tification frameworks (European Commission 2024) reflect growing 
institutional support for carbon farming, a suite of practices aimed at 

enhancing soil organic carbon and reducing emissions in exchange for 
potential financial compensation through carbon markets. The revised 
CAP introduces eco-schemes as a key tool to incentivize the adoption of 
environmentally beneficial practices, such as cover cropping, organic 
fertilization, reduced tillage, and agroforestry. These mechanisms signal 
an important shift in EU agricultural policy, fostering greater alignment 
between farm-level sustainability practices and emerging carbon finance 
opportunities. However, translating carbon farming into viable eco
nomic incentives requires not only robust monitoring, reporting, and 
verification systems, but also context-specific adaptation, particularly in 
Mediterranean agriculture, where structural fragility, climatic con
straints, and market volatility pose unique challenges. Ensuring the 
credibility, accessibility, and fairness of these schemes will be essential 
for their uptake among farmers and for achieving long-term climate and 
rural development goals.

Despite growing institutional interest, empirical research on the 
economic viability of carbon farming in Mediterranean perennial crop
ping systems remains limited. To the best of our knowledge, compara
tive studies focused specifically on citrus production, particularly in 
relation to carbon market participation, are notably absent. Further
more, evidence on how this sector might integrate into voluntary or 
compliance carbon markets is still lacking. These gaps underscore the 
relevance of adopting a case study approach in southern Italy, a region 
where regenerative agricultural practices are not yet mainstream and 
where carbon market mechanisms for the farming sector are still in their 
early stages of development.

Our research does not aim to generalize results, but rather to explore 
the economic feasibility of carbon market participation and the adoption 
of regenerative agricultural practices among blood orange producers. 
The scenario analysis is not intended to predict future developments; 
instead, it serves to illustrate how regenerative practices might position 
farms in a future context where agricultural emissions are regulated and 
carbon sequestration is financially rewarded. By emphasizing the 
exploratory nature of this approach, we aim to contribute to the broader 
policy discussion on the role of agriculture, particularly perennial sys
tems, in carbon markets.

Despite its limitations, such as the small sample size and the lack of 
extensive comparative studies in the literature, this 13-year case study 
offers valuable insights into the challenges and opportunities of carbon 
market participation in the citrus sector. It underscores that, within the 
current policy and market context, the economic viability of such 
participation remains limited without clearer regulatory frameworks 
and adequate financial incentives for farmers.

This exploratory analysis serves as a foundation for future research 
aimed at broadening and deepening understanding in this area. Key 
directions include scaling up the study to include a statistically robust 
sample across diverse farms and regions, applying stratified sampling to 
reflect variations in soil types, climate conditions, and farm manage
ment systems, and examining farmers’ decision-making processes, 
including behavioral dimensions such as risk perception and non- 
monetary motivations. Additional efforts could focus on mapping car
bon performance across the wider Sicilian citrus-growing region and 
evaluating consumer willingness to support products emerging from 
regenerative practices.

6. Conclusion

While carbon market participation holds potential as a climate 
change mitigation strategy, current economic conditions may limit its 
attractiveness or feasibility for orange growers. The Voluntary Carbon 
Market still poses significant barriers to entry, particularly due to low 
credit prices, high transaction and certification costs, and limited 
accessibility to international registries. These constraints suggest a need 
to redesign the VCM so it better aligns with the structure and capacities 
of small-scale agricultural systems. Alternatively, the inclusion of agri
culture in the Compliance Carbon Market, through mechanisms that 
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fairly allocate emission allowances based on production contexts, may 
offer a more equitable pathway for farmers to benefit from climate 
finance. At the policy level, stronger institutional support is essential. 
European policymakers should consider formal recognition of regener
ative agriculture’s contributions to climate and ecosystem services. This 
could involve the development of a certification scheme or labeling 
system for regenerative food products, enabling consumers to make 
informed choices and incentivizing environmentally beneficial 
practices.

Despite its limitations in scope and sample size, this exploratory 
study provides a novel contribution by analyzing the economic viability 
of regenerative citrus systems within the framework of carbon markets. 
In doing so, it addresses a critical gap in the literature and offers 
actionable insights to inform future policy design and research in the 
Mediterranean agricultural context.
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