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Abstract 

Greenhouse Gas (GHG) emissions are rising due to harmful human activities, including energy and 

land use, land change, human behavior, and production and consumption systems. This rise causes 

global warming, leading to climate change with effects on food and water shortages, floods, droughts, 

storms, fires, and loss of biodiversity. The increase in production of food, feed, fiber, and bioenergy 

has harmed natural resources and their ecosystem services. The Paris Agreement, finalized in 2015, 

aims to limit the global temperature rise to 1.5 ºC by the end of the century. To meet this target, the 

EU has established the Green Deal strategy to reduce emissions and work toward climate neutrality 

by 2050. Sustainable agricultural practices and soil preservation play a role in reducing GHG 

emissions and capturing carbon in the soil. Farmers who adopt carbon farming practices and a carbon 

credit certificate could earn further income while helping to achieve carbon neutrality. This study 

aims to explore the voluntary carbon market with the potential of sustainable agriculture practices to 

lessen environmental impacts. 
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Introduction 

The United Nations Framework Convention on Climate Change (UNFCCC), created in 1992, is 

an international treaty focused on reducing harmful anthropogenic impacts on the climate. The 

Conference of the Parties (COP) is the UNFCCC’s executive body that discusses solutions to climate 

issues. In 1997, the Kyoto Protocol was formed as a legal agreement to reduce greenhouse gas 

emissions (EC, 2025a). During the first commitment period from 2008 to 2012, participating countries 

aimed for a 5% reduction from 1990 levels, with the EU committing to an 8% cut of gas emissions 

(EC, 2025b). The EU successfully reduced emissions by 11. 7% during this period (EC, 2025c). 

The Kyoto Protocol introduced three mechanisms: the Clean Development Mechanism (CDM), 

Joint Implementation (JI), and Emissions Trading (ET) to help countries limit greenhouse gas 

emissions, creating a carbon market (UN, 2025). 

The CDM allows countries to undertake emission-reduction projects in developing nations and 

earn certified emission reduction (CER) credits. (UN, 2025a). Joint Implementation enables countries 

to gain emission reduction units (ERUs) from projects in other countries of the Kyoto Protocol’s 

Annex B, with each ERU and CER equal to one tonne of CO2 and counting towards their Kyoto target 

(UN, 2025b). The targets agreed upon by the parties in Annex B of the Kyoto Protocol, from 2008 to 

2012, represent the allowed emissions, known as assigned amounts. These emissions are divided into 

assigned amount units (AAUs). Countries with extra units sell them to those that exceed their targets, 

creating the emissions trading system focused on carbon dioxide(UN, 2025c). 

In 2012, at the UN Climate Change Conference in Doha, the second commitment period was 

established, where more than 80 countries, including the U.S.A., China, India, South Africa, and 

Brazil, agreed to limit emissions by 2020 (EC, 2025c). The second commitment period from 2013 to 

2020 aimed for a 20% reduction by EU countries compared to 1990 levels (EC, 2025d). 
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At COP21 in Paris in 2015, all UNFCCC parties adopted the Paris Agreement to limit global 

temperature rise to 2°C, with efforts to keep it to 1.5 °C, by the end of the century (EC, 2025a). 

In 2008, the EU aimed to reduce its emissions by 20% by 2020 compared to 1990 and obtained a 

30% reduction. In 2014, a target was set of a 40% emissions reduction by 2030. In 2023, the intention 

increased to 55% emissions to be reduced by 2030, and a zero emissions goal by 2050. The European 

Commission launched the Green Deal Strategy to achieve climate neutrality within the scope of the 

Paris Agreement. The European Climate Law supports this strategy, requiring a change in the 

economic model across all sectors. (EC, 2025a; European Council, 2025c). 

Article 6 of the Paris Agreement has created new options for voluntary carbon markets, allowing 

countries to count carbon offsets toward their Nationally Determined Contributions (NDCs). This 

highlights the value of voluntary markets and officially recognizes this compensation system, 

suggesting future national and international standardization. New market actions are emerging due 

to the demand for quality credit trading and the connection between private carbon markets and 

governments (Dawes et al., 2023). 

Several European Commission strategies, like the biodiversity strategy, the farm-to-fork 

strategy, the forest strategy, and the nature restoration law, aim to improve or protect natural carbon 

sinks and ecosystems for carbon removal. Regulation (EU) 2018/841 on land use, land-use change, 

and forestry (LULUCF) has been the principal piece of EU legislation for carbon removals (European 

Parliament, 2024). 

The Carbon Removals and Carbon Farming (CRCF) Regulation was published on 6 December 

2024 with the purpose: 

“… to develop a voluntary Union certification framework for permanent carbon removals, 

carbon farming and carbon storage in products (the ‘Union certification framework’), to facilitate and 

encourage the uptake of high-quality carbon removals and soil emission reductions, in full respect of 

the Union’s biodiversity and the zero-pollution objectives, as a complement to sustained emission 

reductions across all sectors” (Regulation 2024/3012). 

On 5 January 2024, Decree Law 4/2024 was published in Portugal, establishing the voluntary 

carbon market and the rules for its operation (Decree Law 4/2024). 

The contribution of this paper is to explore the voluntary carbon market in Portugal and the EU, 

with the potential of sustainable agriculture practices to lessen environmental impacts. This study 

reviews global compliance and voluntary carbon credit markets, with a focus on Portugal’s law of 

the voluntary carbon market, the EU Carbon Removals and Carbon Farming (CRCF) Regulation, and 

agriculture soil carbon markets. 

2. Compliance and Voluntary Carbon Credit Market Mechanisms: A Global 

View 

The Kyoto Protocol in 1997 and the Marrakech Accords in 2001 marked the outset of using 

market strategies to combat climate change (Michaelowa et al., 2019b). At the Kyoto Protocol, three 

mechanisms were proposed: Emission Trading, Joint Implementation (JI), and the Clean 

Development Mechanism (CDM). The CDM became a key standard for emission reduction projects 

between developed and developing countries. A transition occurred from CDM to the Sustainable 

Development Mechanism (SDM) after the end of the second commitment period of the Kyoto 

Protocol (UNDP, 2024). 

Emission allowances, permit the emission of one tonne of CO2 equivalent, arise from cap-and-

trade mechanisms, like the European Emission Trading System (EU ETS), where a limit of GHG 

emissions allowed is settled (cap) and conceding companies to buy and sell to meet emission 

reduction targets (Lovell,2010; EC, 2025e). As the cap decreases, the supply of allowances in the 

market also reduces (EC, 2025e). Carbon credits demand increased with the EU Emissions Trading 

System (EU ETS) and its connections to the Clean Development Mechanism (CDM). In 2013, a 

reduction in CER trade led to flat carbon prices (Michaelowa, et al.,2019b). The EU Emissions Trading 

System (ETS) is crucial for reducing net emissions by at least 55% by 2030 from 1990 levels. Emissions 
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from electricity, heat, industrial, aviation, and maritime transport are covered by the EU ETS. In 2027, 

start the ETS2 scheme for buildings and road transport emissions. The 2023 revision of the EU ETS 

Directive seeks to reduce emissions by 62% from 2005 levels and reach climate neutrality by 2050 (EC, 

2025e). 

The Paris Agreement in 2015 required countries to set their own Nationally Determined 

Contributions (NDCs) for climate mitigation (Michaelowa et al., 2019a; Ahonen et al., 2022). Article 6 

of the Paris Agreement supports governments in implementing their Nationally Determined 

Contributions (NDC) through voluntary international cooperation. It allows an emissions trading 

system for Internationally Transferred Mitigation Outcomes (ITMO) or carbon credits. This promotes 

collaboration among countries and encourages private sector involvement in reducing emissions, 

while also recognizing the importance of voluntary carbon markets in achieving additional emission 

reductions (UNDP, 2024; Dawes et al., 2023; Michaelowa et al., 2019b). Article 6.4 sets a global 

managed basis and credit mechanism like CDM for international governance and JI for avoiding 

double counting (Ahonen et al., 2022). The private sector plays a vital role in financing, innovation, 

and technology transfer to meet NDC targets (UNDP,2024). 

The voluntary and compliance markets originate carbon offsets. Both types of markets struggle 

for an equilibrium between bureaucracy, transparency, and speed in the production and 

consumption management of carbon offsets (Lovell, 2010). Private, self-governed baseline-and-credit 

mechanisms have emerged for voluntary mitigation actions outside Kyoto Protocol targets (Ahonen 

et al., 2022). The voluntary market lets companies and individuals offset their greenhouse gas 

emissions. Individuals, NGOs, and businesses can produce and use these voluntary offsets as they 

intend (Lovell, 2010). Voluntary carbon markets allow companies to set their own emissions targets 

without a legal cap. These targets often align with business promotion strategies and Corporate Social 

Responsibility investments (UNDP, 2024). 

A net-zero target increment by different stakeholders affects national laws and corporate plans, 

blurring voluntary and compliance operations (Ahonen et al., 2022). In California, the Climate Action 

Reserve (CAR) created crediting project methodologies that the California Compliance Carbon Offset 

Program adopted with changes (Broekhoff et al., 2019). 

Quality credits request and interconnection between private carbon markets and governments 

are driving new market initiatives, as new trade infrastructure and project certification. Many 

initiatives are developing a hybrid model where the government actively regulates voluntary carbon 

credit trading (Ruiting et al., 2025). Adjusting essential criteria and accounting in different baselines 

and credit mechanisms from both voluntary and compliance actors leads to global carbon mitigation 

ambition. In 2009, public and private efforts of stakeholders led to the carbon market division and 

lowered trust in carbon markets (Ahonen et al., 2022). 

Governments can help standardize and improve credit quality as companies face challenges due 

to various standards and brokers in the voluntary carbon markets. Governments can also direct 

funding to specific projects based on critical goals and restrict eligibility to certain technologies or 

locations. The EU’s certification framework supports innovative carbon removal technologies and 

projects related to industrial technologies and sustainable farming. The government has a crucial role 

in aiming to improve transparency, standardization, and investor confidence in long-term voluntary 

markets for carbon neutrality and emissions mitigation. Governments possess special regulatory 

authority that can enhance credit supply and trade infrastructure in these markets (Dawes et al., 

2023). 

The following table indicates several governments’ trade schemes: 
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Table 1. Governments’ carbon trade schemes. 

Governments’ carbon market denomination Government Carbon Market Initiative 

London Stock Exchange (LSE)  In February 2022, LSE introduced a market 

designation for carbon credits to enhance 

transparency and move trading from an over-

the-counter model to a structured marketplace. 

While it aims to boost investor confidence, it 

does not assess the quality of carbon projects. 

Companies need to report. The verification is 

based on existing standards like Verra and the 

Gold Standard. (Dawes et al., 2023). 

Energy Transition Accelerator (ETA)  

 

Launched at COP27, this collaboration involves 

the U.S. State Department, Bezos Earth Fund, 

and Rockefeller Foundation to support climate 

finance in developing countries. Companies 

seeking net-zero goals will invest in carbon 

credits from projects in these regions (Dawes et 

al., 2023). 

Australia’s Emissions Reduction Fund  Australia’s Emissions Reduction Fund 

encourages the reduction of greenhouse gases 

through Australian Carbon Credit Units 

(ACCUs). Dawes, et al., (2023). The Emissions 

Reduction Fund (ERF) allows the Clean Energy 

Regulator to buy offsets from land-use (the 

Carbon Farming Initiative, CFI) and industrial 

sectors. Established in 2014, it uses a 

competitive reverse auction system, accepting 

bids below a set benchmark price. Project 

developers can obtain Australian Carbon Credit 
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Units (ACCUs) through this process. The ERF 

replaced a previous carbon pricing mechanism 

from the Clean Energy Act 2011, which was 

repealed in July 2014. (Michaelowa, 2019b). The 

Australian Emissions Reduction Fund (ERF) 

was created under the Carbon Credits (Carbon 

Farming Initiative) Act 2011 and launched in 

2015. It is a voluntary program designed to 

encourage organizations and individuals to 

adopt new practices and technologies to reduce 

emissions, aiming for the lowest cost of 

abatement through reverse auctions. The Clean 

Energy Regulator (CER) oversees the ERF. The 

program explores various carbon mitigation 

methods across sectors like agriculture, energy, 

and waste. Current focus areas include soil 

carbon and carbon capture. All projects must be 

conducted in Australia (McDonald et al.  2021). 

Japan  GX League Japan initiated the GX League to help achieve 

carbon neutrality by 2050, focusing on 

voluntary emissions reductions through a 

trading scheme (Dawes, et al., 2023). 

The New Zealand Emissions Trading Scheme The New Zealand Emissions Trading Scheme 

has operated since 2008, covering all sectors 

including forestry and agriculture, and is 

managed by the NZ Ministry for the 

Environment (McDonald et al.,2021) 

The Carbon Fund for a Sustainable Economy 

(FES-CO2) 

The Carbon Fund for a Sustainable Economy 

(FES-CO2) was established in 2011 to buy 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 4 July 2025 doi:10.20944/preprints202507.0179.v2

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202507.0179.v2
http://creativecommons.org/licenses/by/4.0/


 6 of 16 

 

carbon credits, including Verified Emissions 

Reductions (VERs) from projects in Spain. The 

fund mainly operates nationally but can also 

buy credits from international markets. It 

focuses on sectors outside the EU-ETS and 

prioritizes energy efficiency and renewable 

energy projects. FES-CO2 purchases VERs at a 

fixed price during the first four years of the 

project (Michaelowa et al.,2019b). 

Korea Emissions Trading System The Korea Emissions Trading System was 

launched in 2015 as the first national mandatory 

emissions trading system in East Asia. By 2022, 

it covered 79% of South Korea’s greenhouse gas 

emissions. The K-ETS aims to help South Korea 

achieve carbon neutrality by 2050, as stated in 

the 2021 “Carbon Neutral Framework Act.” It 

includes major emitters from sectors as power, 

industrial, buildings, waste, transport, domestic 

aviation and maritime sectors (ICAP, 2025). 

The French Label Bas Carbone (LBC) The French Label Bas Carbone (LBC) is a 

framework established by the French 

Government in November 2018 for voluntary 

carbon reduction and removal projects. It 

primarily focuses on forestry and agriculture 

but is expanding to other sectors. Managed by 

the Ministry for Ecological and Solidary 

Transition, it allows French entities to 

compensate voluntarily for their emissions. The 

standard applies to all sectors not covered by 
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the EU ETS and is only available in France. 

(McDonald et al., 2021). 

British Columbia Registry British Columbia has set up a domestic offset 

scheme through the BC Carbon Registry, which 

allows for the creation, transfer, and retirement 

of offset units. These units can be sold to 

government entities needing to be carbon 

neutral or to participants in the voluntary 

market. In California, an emissions trading 

scheme limits greenhouse gas (GHG) emissions 

from major sources, allowing compliance 

through California Air Resources Board (ARB) 

offset credits. Projects eligible for these credits 

include livestock, mine methane capture, and 

forest initiatives, which can be certified under 

ARB, INCLUDING approved standards like 

ACR, CAR, and Verra ( Michaelowa et al., 

2019b). 

3. Voluntary Carbon Markets 

In the late 1980s, companies began reducing greenhouse gas (GHG) emissions using carbon 

credits, forming the Voluntary Carbon Market (VCM). In the mid-1990s, the Environmental 

Resources Trust, later known as the American Carbon Registry (ACR), became the first private 

registry for voluntary offsets in the U.S. The VCM grew in the 2000s, introducing key private carbon 

credit standards as Verified Carbon Standard (VCS), Gold Standard (GS), ACR, and the Climate 

Action Reserve (CAR). Other standards also exist, like the Global Carbon Council, Plan Vivo, and 

Climate Forward (UNDP, 2024). Since then, more than a hundred companies and NGOs trade carbon 

credits to individual consumers and companies not regulated by state emissions-reduction laws 

(Lovell, 2010). The demand for carbon offsets requires stricter standards and verification with a focus 

on biodiversity conservation and social equity to support sustainability goals (Ruiting et al., 2025; 

Michaelowa et al., 2019b). 

Various carbon offset registries have developed without mandatory regulations for voluntary 

carbon credits (VCCs), each with its standards for project eligibility and emission reduction 

verification. These registries have specific terms of operation for user access and play a key role in 

tracking offsets. The standards ensure that VCCs and their related projects are of acceptable quality 

and reflect real emission reductions (ISDA, 2022). 
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Table 2. Outstanding Voluntary Carbon Market (VCM) standards. 

Outstanding VCM standards Description 

The Verified Carbon Standard (VCS) The Verified Carbon Standard (VCS) is a 

voluntary mechanism for carbon mitigation 

established in 2005 by IETA, the World 

Economic Forum, the World Business Council, 

and other organizations to ensure quality in 

voluntary carbon markets. Operated by a non-

profit corporation, Verra, it is the largest global 

mechanism for voluntary carbon offsetting, also 

relevant for ICAO CORSIA and carbon tax 

regulations in Colombia and South Africa. The 

carbon mitigation and carbon removal 

methodologies regard Energy, Industrial 

processing, Construction, Transport, Waste, 

Mining, Agriculture, Forestry, Grasslands, 

Wetlands, Livestock, and Manure. It also 

permits CDM or Climate Action Reserve 

methodologies. (McDonald et al., 2021). 

Gold Standard 

 

Gold Standard was founded in 2003 by WWF 

and other international NGOs to certify and 

facilitate voluntary offsetting of carbon 

emissions. It operates worldwide and is the 

second-largest independent offset mechanism 

for emissions reductions and removals. Most 

Gold Standard credits are used voluntarily, but 

some are accepted in regulatory systems like the 

carbon tax in Colombia and South Africa.  
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Gold Standard focuses on carbon removal 

solutions, including nature-based solutions like 

afforestation and agriculture soil carbon 

(McDonald et al., 2021). 

The California Compliance Offset Scheme 

(CCOP) 

The California Compliance Offset Scheme 

(CCOP) started in 2013, matching the California 

Cap-and-Trade program, which aims to cut 

emissions by 40% by 2030 and 80% by 2050 

compared to 1990 levels. Projects must meet 

Compliance Offset Protocols and follow one of 

six sectoral methodologies: U. S. Forest, Urban 

Forest, Livestock, Ozone Depleting Substances, 

Mine Methane Capture, and Rice Cultivation, 

and occur in California, Canada, and the USA. 

The CCOP only covers the USA, Mexico, and 

Canada ( McDonald et al., 2021). 

Plan Vivo Plan Vivo is a crediting program for 

Agriculture, Forestry, and Other Land Use 

(AFOLU) that aims to support sustainable 

development and enhance ecosystem services 

and improve the rural way of life. Plan VIVO 

projects deal with rural smallholders and 

emphasize native species use and biodiversity 

enhancement through various payment 

schemes. The program began in 1994 as a pilot 

project in Chiapas, Mexico. (Broekhoff, et al., 

2019). 
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CORSIA The ‘Carbon Offsetting and Reduction Scheme 

for International Aviation’ (CORSIA) was 

established in 2016 to limit CO2 emissions from 

international flights. It is the first global scheme 

for air transport’s CO2 emissions. The EU 

Emissions Trading System also addresses these 

emissions, but is currently limited to the 

European Economic Area. (McDonald et al., 

2021). 

4. Portugal’s Voluntary Carbon Credit Market and CRCF – EU Carbon Removals 

& Carbon Farming Regulation 

In Portugal during the 1990s, there was an increase in GHG emissions, which reached their peak 

in 2005. Since then, the country has shown a decarbonization trajectory with a significant emissions 

reduction. Emissions were about 44% higher in 2005 than in 1990. In 2017, GHG emissions, excluding 

land use, Land use change and forestry (LULUCF), and compared to 1990, showed an increase of 

about 19.5%, and with the LULUCF sector, showed an increase of 29,2%, due to the fires (RNC2050, 

2019). Law No. 98 /2021 defines the basis of climate policy and states the commitment of Portugal to 

achieve climate neutrality by 2050 (Law No. 98/2021). In 2022, greenhouse gas (GHG) emissions, 

excluding land use, land use change, and forestry, were down 4.4% from 1990 and 34.5% from 2005. 

Including land use, land use change, and forestry, emissions slightly increased by 0.3% from 2021, 

which is 23.6% lower than in 1990 and 43.7% lower than in 2005. The sectors of energy, agriculture, 

industrial processes, and waste accounted for 67.2%, 12.3%, 10.4%, and 10.0% of total emissions in 

2022 (APA,2025). After 2005, cleaner energy and energy efficiency measures reduced emissions. 

Following the 2008 financial crisis, Portugal’s economy developed, raising energy consumption and 

emissions. However, from 2014 to 2017, the emissions growth halted due to more use of renewable 

energy and less use of coal for electricity. In 2022, considering reductions in certain livestock and 

fertilizer use, agriculture emissions decreased by 5.4% since 1990 and accounted for 12% of national 

emissions. Nevertheless, emissions rose from 2011 to 2022 by 7%, because of increased livestock. 

From 2021 to 2022, emissions fell by 4.2%, due to a decrease in inorganic fertilizer use and lower herd 

sizes (APA, 2024) 

The Fit for 55 package is an assortment of laws that aim to strengthen the EU ETS and reduce 

greenhouse gas emissions by 55% by 2030 compared to 1990 levels (European Council, 2025c). The 

reduction targets were set at 62% for EU Emissions Trading sectors and 40% for non-ETS sectors. 

Portugal aims to cut its non-ETS emissions by 28.7% from 2021 to 2030. Some sectors have reduced 

emissions since 2005, but transportation, agriculture, and waste are still behind the 2030 goals (APA, 

2024). 

The Roadmap to Carbon Neutrality 2050 (RNC2050, 2019) outlines strategies, measures, and 

vision to be achieved from 2021 to 2030 to reduce greenhouse gas emissions for the aim of carbon 

neutrality by 2050. It was approved by the Council of Ministers resolution No107/2019 of 1 July, and 

it was submitted to the UNFCCC on 20 September 2019 (PNEC 2030, 2024). The National Energy and 

Climate Plan 2030 (NECP2030), approved by Council of Ministers Resolution 53/2020, details aspiring 

goals for 2030 which are in line with RNC2050 objectives. RNC2050 aimed to identify key sectors that 

can reduce carbon emissions, such as transport, agriculture, forestry, other land uses, and waste 
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(RNC2050, 2019). NECP 2030 settled lines of action, one of which was to establish a voluntary carbon 

market, for the promotion of domestic projects that reduce greenhouse gas emissions and enhance 

carbon sequestration, providing environmental and socio-economic co-benefits, as biodiversity 

protection and natural capital. This includes certifying projects based on European and international 

regulations to generate carbon credits and creating a framework for emissions offsetting and financial 

contributions for climate action (PNEC 2030, 2024). 

On 5th January of 2024 was published the Decree-Law 4/2024 which establishes the voluntary 

carbon market and sets the rules for its operation. The voluntary carbon market aims to help reduce 

greenhouse gas emissions in Portugal and meet national and international climate commitments, 

following the Carbon Neutrality Roadmap 2050 (RNC2050, 2019) and the Climate Framework Law 

(Law No 98/2021). It facilitates projects that either decrease emissions or enhance carbon 

sequestration, encouraging involvement from individuals and organizations. The voluntary carbon 

market seeks to engage society in climate transition and environmental conservation through 

emission compensation actions. It also aims to generate environmental and socioeconomic co-

benefits, such as biodiversity protection, improved water and soil quality, and support for a circular 

economy. The agents of the voluntary carbon market include project promoters, individuals or 

organizations that buy or use carbon credits, and certification bodies. (DL4/2024). The Portuguese 

Voluntary Carbon Market will support projects reducing greenhouse gas emissions and sequestering 

carbon. Eligible projects need to meet criteria and monitoring standards with the support of an 

independent entity, focusing on forest sequestration projects for conservation and fire resilience 

(Correia, 2025). The Technical Monitoring Committee oversees the development of carbon 

methodologies. Proposals of methodologies can come from public or private entities, but need the 

Committee’s opinion and approval from APA, I.P., and other relevant bodies (MVC, 2025). National, 

European, or international methodologies that already exist and have been adjusted to the national 

context can be considered for the carbon project, being approved by APA, I.P. (DL4/2024). 

A digital platform, “Voluntary Carbon Market - Towards Climate Neutrality,” was created to 

involve and empower market participants, providing guidance documents and allocation of interest 

in market participation (MVC, 2025). 

 

Figure 1. Portuguese Voluntary Carbon Market (VCM) configuration, Source: adapted from (APA, 2023). 

The Carbon Removals and Carbon Farming (CRCF) Regulation establishes a voluntary 

framework for certifying carbon removals, carbon farming, and carbon storage in products across 

Europe. It requires a third-party verification, the publication of certification information in an EU 
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registry, and intends to centralize certification processes for cost-effectiveness. The European 

Commission Expert Group on Carbon Removals will develop EU certification methodologies and 

standard procedures for third-party verification (EC, 2025f). 

The certification framework is voluntary, allowing public and private certification schemes to 

seek recognition from the European Commission; however, they can operate within the European 

Union. Reducing emissions from agricultural soils and increasing carbon removal in biogenic carbon 

pools should be part of carbon farming activities. However, projects like deforestation or renewable 

energy that don’t improve soil carbon must not be included in the Union certification framework. All 

certified carbon removals and soil emission reductions must support the European Union’s climate 

goals and nationally determined contributions (NDC) (CRCF, 2024). 

5. Agriculture Soil Carbon Market 

Non-energy agricultural emissions make up over 12% of global emissions (World Bank, 2025). 

The Kyoto Protocol broadly excluded land use, land use change, and forestry (LULUCF) emissions 

and did not consider soil sequestration. It also limited activities acceptable under the Clean 

Development Mechanism (CDM), excluding soil emissions. In contrast, by the time the Paris 

Agreement was adopted, 95% of Parties included agriculture in their climate action plans (Von Unger 

et al., 2018). Carbon crediting policies are used for non-energy agricultural emissions instead of an 

ETS or carbon tax (World Bank, 2025). Sustainable farming and soil protection help to decrease 

greenhouse gas emissions and capture carbon in soil (European Commission, 2019; Lal, 2016). 

The increasing production of food, feed, fibre, and bioenergy prejudices natural resources and 

ecosystem services (IPCC, 2023; IPBES,2019). The “4 per 1000 Initiative “ Soils for Food Security and 

Climate” was undertaken at the UNFCCC COP 21 in 2015. This initiative encourages natural carbon 

sequestration in agricultural and forest soils, aiming for healthier, carbon-rich soils, and seeks to 

demonstrate that agriculture and forest soils can help address climate neutrality and food security. 

Carbon soils reduce erosion, retain rainwater, enhance fertility, and stabilize crop yields (CGIAR, 

2025). Combining climate-smart agriculture practices like precision agriculture (smart irrigation, data 

decision making, or nutrient management) and regenerative agriculture (cover crops, crop rotation, 

and no-tillage) can enhance yields, restore soil health, increase soil carbon sequestration, and reduce 

greenhouse gas emissions (Kabato et al., 2025). Carbon farming involves sustainable practices to 

increase carbon sequestration and storage in soils and thus diminish greenhouse gas emissions. These 

practices include restoring peatlands and wetlands, agroforestry and mixed farming (trees with crops 

or livestock), soil protection measures, reforestation, and improving the efficient use of fertilizers (EC, 

2025). The adoption of carbon farming practices, plus a carbon credit certification, promotes the 

achievement of carbon neutrality and an additional income for farmers (Kyriakarakos et al., 2024). 

In Portuguese soils, total nitrogen content predicts soil organic carbon, according to a study 

using machine learning and econometrics. An equilibrium between carbon and nitrogen is essential 

for soil fertility and the sequestration of carbon. Portuguese soils usually have low organic carbon 

levels due to their characteristics, climate, and agroforestry practices (Martinho et al.,2025). 

Reinforcing farming practices for soil organic carbon aids governments and agriculture 

businesses in reaching net-zero targets. So that farmers can gain financially from carbon trading (Beka 

et al., 2022; EC, 2025f), though measuring SOC can be expensive (Beka et al., 2022). The Farmers’ 

interest in the agricultural soil carbon market is affected by unclear standards for carbon baselines; 

thus, policymakers need to align farmers’ expectations with market demands (Phelan et al., 2024). 

6. Discussion and Conclusion 

The use of natural resources to answer human needs has damaged agricultural soils and 

increased greenhouse gas emissions, leading to climate change. The Paris Agreement aims to reduce 

temperatures by 1,5º C by the end of the century, while the EU Green Deal Strategy seeks carbon 

neutrality by 2050. The European Commission settled the Carbon Removals and Carbon Farming 
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(CRCF) Regulation to promote effective carbon removal and reduce soil emissions. Carbon farming 

practices, which include restoring forests and managing wetlands and peatlands, can help to remove 

and store carbon in soil and be certified under the EU CRCF regulation. It allows farmers to receive 

additional income. (EC, 2022) 

In Portugal, Decree Law 4/2024 establishes a voluntary carbon market that prioritizes forestry 

projects. The law aims to finance projects that safeguard landscapes and forests through the 

generation of carbon credit certificates. This initiative addresses the need for funding in priority areas 

and aims to mitigate climate change while protecting the natural environment (Fernandes, 2024). It 

is mentioned on Decree Law 4/2024 that “natural-based solutions for carbon sequestration are not 

restricted to forests, and there is an important contribution that should also be promoted in other 

areas, including coastal and marine ecosystems”. In fact, Decree Law 4/2024 does not mention 

agricultural soil carbon sequestration or carbon farming, However, The National Energy and Climate 

Plan 2030 (NECP2030) has the action line “6.5, Increase the natural carbon sink capacity of agriculture 

and forestry” with “ The aim is to ensure an increase in the carbon sink capacity of agriculture and 

forestry”, and also the action line “ 6.5.3. Conserve, restore, and improve agricultural and forest soils 

and prevent erosion” (PNEC 2030, 2024). The Portuguese voluntary carbon market may use national, 

European, and international methodologies if they are adjusted to the national context and approved 

by APA, I.P (Decree Law 4 / 2024). Portuguese carbon credits may be accepted by the CRCF European 

certification, as the CRCF certification allows the recognition of public and private certifications. 

The Portuguese voluntary carbon market contributes to the reduction of GHG emissions in 

Portugal. In the agroforestry sector, reforestation projects, using, for example, native species in low 

production areas, create a biodiverse and fire-resistant landscape. Introducing carbon farming 

projects at Portuguese VCM can enhance organic carbon in agricultural soils. These cited features 

will provide environmental and economic benefits, such as the quality improvement of air, water, 

and soil, with the increase of soil organic matter, biodiversity protection, new ways of profitability 

for farmers and foresters, and thus the valorisation of Portuguese rural territory. 

Research is ongoing to explore cost-effective carbon quantification techniques, including 

machine learning (Martinho et al.,2025), and to enhance the accuracy of soil carbon methodologies in 

carbon farming. The LILAS4SOILS project supports carbon farming in the Mediterranean. It proposes 

a new soil monitoring, reporting and verifying (MRV) for the methodology standards of CRCF 

Regulation, for policy consideration (EIT, 2025). 

Portuguese policymakers should include agriculture soil carbon sequestration, and carbon 

farming in the voluntary carbon market to align with European CRCF regulation. 

More research, training, and media communication should be done on carbon credit markets, 

carbon farming, and carbon neutrality. 
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