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Abstract
Member-owned and democratically controlled collective enterprises have enormous abilities to advance community-
driven sustainable practices. These collectives, through adoption of innovative approaches, can integrate cooperative 
values with environmental goals and can align and direct their activities towards attaining the goal of net-zero emis-
sions. This paper uses a mixed-method and exploratory case study design to investigate the role of a VERRA certified 
cooperative institution—the Indian Farm-Forestry Development Cooperative (IFFDC) in low-carbon development and 
rural livelihood enhancement. The IFFDC’s initial pilot project (2008–2013) covered 189 hectares and generated 78,000 
Verified Carbon Standard (VCS) credits, of which 41,000 were sold internationally, yielding INR 67.2 million. A tri-party 
revenue-sharing agreement allocated INR 30 million to 120 landholding farmers (average INR 250,000 per farmer), INR 
15 million to 11 forestry cooperatives (average INR 1.36 million per cooperative), and INR 22.2 million was retained by 
IFFDC to meet operational expenses and support future initiatives. Reinvestment supported new plantations, cooperative 
capacity building, and maintenance, ensuring long-term ecological and financial sustainability. The project contributed 
to eight Sustainable Development Goals (SDGs), SDG 1, 3, 5, 8, 10, 13, 15 and 17. Key success factors included participa-
tory governance, structured revenue-sharing, and robust Measurement, Reporting, and Verification (MRV) practices. The 
study demonstrates that cooperative-led carbon farming can achieve environmental, economic, and social objectives 
simultaneously, offering a scalable, community-centric model for low-carbon development.

Keywords  Cooperatives · Net-zero emission · SDG · IFFDC · Carbon farming · Carbon credits · Agro-forestry

1  Introduction

Climate change remains a pressing challenge with its far-reaching implications on environment, economies, and socie-
ties. Long-term climate change effects are a global menace to food security, biodiversity, and public health [1]. These 
challenges call for integrated and universal adaptation of mitigation strategies that combine technological innovation, 
sound policies, institutional frameworks, and international cooperation [2, 35]. Extreme variations in temperature, rainfall, 
and soil quality are impacting agricultural productivity [5], prompting the pursuit for resilient, low-carbon solutions [34].

FAO [18] emphasizes that Agriculture, Forestry, and Other Land Use (AFOLU) sectors, which contribute 13–21% 
of global emissions, offer substantial carbon sequestration potential through agroforestry, soil management, and 
conservation agriculture. Agroforestry has gained attention as a viable pathway that integrates trees with farming 
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systems to provide ecological and economic benefits, including carbon sequestration, biodiversity enhancement, 
soil improvement, and diversified farmer incomes [15, 27, 29–31, 33, 41] particularly when ecosystem services like 
carbon credits are monetized [48]. Chaiya [11] examined the role of community forests in greenhouse gas emissions 
trading and climate resilience and highlighted the importance of local participation and climate risk management 
in promoting sustainable environmental development. Rao et al. [40] explores the role of carbon farming in advanc-
ing Sustainable Development Goals (SDGs) in India and highlights various strategies viz. soil carbon enhancement, 
agroforestry, and cover cropping to mitigate climate change, improve agricultural sustainability, and enhance farm-
ers’ livelihoods.

Carbon farming encompasses two distinct but complementary approaches: active sequestration and emission reduc-
tion. Active sequestration involves capturing and storing atmospheric carbon dioxide in soil and biomass, particularly 
through agroforestry and soil carbon storage [4, 46]. Emission reduction, on the other hand, focuses on minimizing 
greenhouse gas emissions at the source through techniques such as reduced fertiliser application, conservation tillage, 
and sustainable water management [36], the measures vary as per type of sector/activities. These strategies collectively 
contribute to lowering the overall carbon footprint of agricultural systems, making them integral to achieving net-zero 
targets. Climate-smart agriculture, including agro-forestry systems, can significantly mitigate adverse impacts of climate 
change on agriculture [43] by lowering CO2 emissions and strengthening carbon sinks [14] as these are potent enough 
to aid in the adaptation and mitigation processes.

At the 26th session (November, 2021) of the United Nations Framework Convention on Climate Change (COP 26), 
India announced to achieve its net zero target by 2070. Its long-term low-carbon development strategy is based on the 
principles of equity and climate justice and the principle of common but differentiated responsibilities and respective 
capabilities [32]. Post-1997 Kyoto Protocol witnessed carbon commodification to combat climate change impacts through 
established carbon credit trading frameworks. India commits to create an additional carbon sink of 2.5 to 3 billion tons 
of CO2 equivalent through additional forest and tree cover by 2030 [45]. Sustainable development demands reduction 
of greenhouse gas emissions and transition to a low-carbon economy. This transition requires innovative solutions to 
balance environmental goals with socio-economic development, particularly in vulnerable regions where livelihoods 
depend intensely on natural resources. Carbon farming strategies reduce greenhouse gas emissions by sequestering 
atmospheric carbon dioxide in soil and biomass [42].

Despite this promise, there remain gaps in research on how cooperatives engaged in agroforestry structure their 
governance, business models, and carbon credit mechanisms. Most existing work emphasises ecological performance 
or livelihood benefits but rarely examines the integration of governance, financial sustainability, and carbon credit life-
cycles within cooperative frameworks.

A notable exception is the Indian Farm Forestry Development Cooperative (IFFDC), one of India’s largest cooperatives 
in the agroforestry sector, established in 1993 under the aegis of the Indian Farmers Fertiliser Cooperative Limited (IFFCO), 
the National Level Cooperative Society engaging in the fertilizer production and distribution. IFFDC is a prime example 
of how cooperatives can use agro-forestry to effectively reduce the effects of climate change. It aims at enhancing the 
quality of life in rural areas via sustainable forestry and agriculture and has a strategy to combine environmental care with 
socio-economic development. Despite the growing recognition of carbon farming and agroforestry as climate mitigation 
strategies, there remains a significant knowledge gap regarding the role of collectives in facilitating these approaches.

This paper addresses that gap by analysing IFFDC as a case study of cooperative-led agroforestry for low-carbon 
development. The objectives of the study are to:

•	 analyse the organizational structure, governance, management, business model, and financial performance of IFFDC;
•	 assess the implementation and outcomes of IFFDC’s agroforestry and carbon credit generation initiatives;
•	 identify the challenges, weaknesses, and operational constraints faced by IFFDC in project execution, governance, 

and carbon credit mechanisms; and
•	 derive lessons and recommendations for scaling cooperative-led agroforestry and carbon farming in similar contexts.

This paper is divided into six sections. Section 2 provides a review of existing literature  examining the promises of the 
cooperative approach . Section 3 outlines research methodology, including data collection methods. Section 4 presents 
the case study of the IFFDC, delineating its governance, management, business model, financial performance, carbon 
credit generation and its impactful role towards SDGs. Section 5 presents analytical discussion through SWOT analysis of 
the IFFDC model and reflects on comparative insights. Section 6 offers concluding remarks with policy recommendations.
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2 � Promises of the cooperative approach

Empirical studies show that community-based, locally tailored initiatives, when designed with community participation 
and local knowledge, deliver sustainable development outcomes across environmental, social and economic dimensions 
[10, 16]. Sector-specific research confirms that community-driven interventions can achieve measurable SDG targets 
when interventions are aligned with local needs and capacities [52]. The cooperative and community-based models 
contribute directly to SDGs because they embed development in members’ goals and local priorities [9, 23]. The ICA [22] 
statement on cooperative identity, which includes the cooperative definition, values and principles, stresses sustainability 
as a core aspect, particularly, through democratic governance, concern for community, and member education. Together, 
these perspectives position cooperatives as key instruments for inclusive, people-centered, and sustainable development.

Cooperatives and producers’ organisations are member-owned and member-controlled entities. Their collective nature 
helps smallholders to access to finance, technology, market, technical inputs and knowledge, enhances scale production, 
and bargaining power [21, 54]. Beyond purely economic or environmental benefits, cooperative models have the poten-
tial to deliver social co-benefits: more equitable distribution of project benefits, shared decision-making, and stronger 
community resilience [12, 28]. Savari et al. [44] highlighted key dimensions of sustainability assessment of cooperatives, 
including governance, economic viability, social inclusion, and environmental responsibility, enabling them to identify 
strengths, address gaps, and enhance long-term sustainability.

Cooperatives help farmers’ access resources, share knowledge, and implement sustainable practices such as agro-
forestry and conservation agriculture, enhancing productivity, resilience, and the overall effectiveness of climate-smart 
agriculture interventions [17]. In India, the Agroforestry models has not only improved farm productivity and income 
but also delivered environmental gains such as improved soil quality, biodiversity conservation, and carbon sequestra-
tion when compared to monocropping systems [12, 28, 41]. Institutional innovations such as cooperatives and Farmer 
Producer Organizations (FPOs) play a crucial role in supporting smallholder farmers under climate-smart agriculture 
programs. Evidence from India and China shows that these organizations not only reduce transaction costs and risks 
but also strengthen farmer livelihoods and promote ecological sustainability [26, 53].

Cooperatives facilitate smallholders’ participation in both compliance and voluntary carbon markets by providing 
access to technical knowledge, financial resources, and collective governance structures, while ensuring environmental 
integrity and equitable socio-economic benefits [18]. Ran et al. [39] highlighted that cooperative management plays 
a significant role in facilitating the green and low-carbon transition of agriculture in the Western Tarim River Basin. 
The cooperative-led approaches contribute to reducing carbon emissions, improving environmental sustainability, and 
supporting the region’s transition toward low-carbon agriculture. Whereas, Yu et al. [56] found that the cooperative 
membership positively influences farmers’ interest in green production practices. Together, agroforestry practices and 
farmer collectives represent complementary strategies for fostering sustainable rural livelihoods and achieving climate 
adaptation objectives and thereby making large-scale adoption of carbon farming feasible.

Raina et al. [38] reviewed the incentive mechanisms in carbon farming contracts and categorized three mode of pay-
ments, result-based, action-based and hybrid approaches. The critical success factors for incentivising farmers participa-
tion, includes clear and transparent contract terms, appropriate compensation levels aligned with effort and risk, access 
to technical support and training and policy frameworks supporting carbon markets. Aggarwal and Brockington [3] 
examined the livelihood impacts of forest carbon projects in India and found that these projects offer potential climate 
mitigation and conservation benefits, but their impact on poverty reduction is mixed and context-dependent. Ajayi et al. 
[4] explored the potential of voluntary carbon markets as a tool for promoting sustainable agriculture and highlighted 
the challenges including limited awareness, inadequate infrastructure, and policy gaps that hinder effective farmers’ 
participation in carbon markets. While these studies does not specifically address cooperatives, it notes that collective or 
community-based implementation models could leverage farmer participation in the carbon farming, enabling farmers 
to pool resources, share risks, and collectively meet emission reduction targets.

In support of this, IFAD [24] highlighted that cooperatives strengthen smallholder capacity to adopt sustainable 
practices, negotiate fairer carbon prices, and access climate finance. Bamanyisa et al. [6] highlighted that cooperatives 
can effectively mobilise members to undertake carbon enhancement activities, generate carbon credits, and participate 
in carbon trading, thereby, contributing to climate change mitigation and enhancing community livelihoods. Tanveer 
et al. [50] identified that intermediaries, including cooperatives and NGOs, have successfully connected local communi-
ties with carbon markets, enhanced transparency, and improved access to carbon finance. Grashuis [20] identified key 
determinants of farmers’ cooperative membership, including education, experience, farm size, wealth, social capital, trust, 
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and market orientation, highlighting that socio-economic and behavioural factors significantly influence participation 
in collective action. Collectively, these studies and reports underscore that cooperative frameworks are essential for 
scaling climate-smart interventions, operationalising carbon farming, and linking local action with broader mitigation 
and development goals.

3 � Research methodology

This research employed a mixed-method, exploratory case study design, with the IFFDC as the unit of analysis [13, 47, 
55]. The approach was exploratory, aimed at understanding the processes followed by IFFDC and triangulating qualita-
tive data collected through key informants’ interview, semi-structured interviews and focused group discussions (FGD) 
with quantitative data, in terms the financial performance of the IFFDC compiled from their annual reports, ensuring 
both depth and breadth in analysis. While quantitative methods help measure IFFDC’s impact on carbon credit genera-
tion and economic sustainability, qualitative insights provide a deeper understanding of stakeholder perceptions and 
operational challenges. The details of the data collection methods provided in Table 1.

The combination of these sources allowed a comprehensive, triangulated evaluation of IFFDC as a cooperative organi-
zation, ensuring methodological rigour, despite the single-unit case study design.

4 � Case study: IFFDC

4.1 � Organisational overview

IFFDC, a registered Multi-State Cooperative Society (MSCS) under the MSCS Act of 1984 (subsequently under the MSCS 
Act of 2002) with Registration No. “MSCS/CR/37/93” came into existence formally on 22nd October, 1993, although its 
work had begun as early as in 1986–87. IFFDC was promoted by the Indian Farmers Fertiliser Cooperative Limited (IFFCO), 
with the objective of promoting sustainable farm and community-based forestry among smallholders. In the early stages, 
IFFCO provided funds and manpower for afforestation and promotion of village-level Primary Farm Forestry Cooperative 
Societies (PFFCS) and Primary Livelihood Development Cooperative Societies (PLDCS). During 1995 to 2000, with IFFCO’s 
own contribution and funds mobilised from the India-Canada Environment Facility (ICEF) via Canadian International 
Development Agency (CIDA), from United Kingdom’s Department of International Development, and from National 

Table 1   Methods of data collection and analysis

Key informant interviews • Semi-structured interviews were conducted with IFFDC officials, selected member representatives, and 
personnel involved in the carbon credit evaluation

• The purpose was to understand institutional strategies, governance practices, agroforestry interventions, 
and processes related to carbon credit mechanisms, sustainability strategies, and regulatory challenges

Structured questionnaires • A structured questionnaire was administered to key stakeholders to gather factual details about IFFDC’s 
members, governance structure, management practices, business model, activities undertaken, financial 
performance, and carbon credit mechanisms. This allowed for a data-driven evaluation of farmer-mem-
ber support, financial sustainability, environmental impact, and institutional effectiveness and competi-
tiveness

• A factsheet was prepared using secondary records from IFFDC to document membership growth, finan-
cial trends, and geographic expansion

Focus group discussions (FGDs) • FGDs with farmers of primary cooperative member societies of IFFDC were conducted to capture collec-
tive experiences, perspectives and challenges related to participation in IFFDC’s activities, and carbon 
farming

Document analysis • IFFDC annual reports (2000–2023–24), project evaluation documents were analysed to validate primary 
data, track institutional performance, and triangulate findings

SWOT analysis • A SWOT analysis was conducted to systematically assess the internal strengths and weaknesses of the 
IFFDC model, as well as the external opportunities and threats that influence its effectiveness in promot-
ing carbon farming and sustainable development

• This approach helped to identify strategic advantages that can be leveraged and challenges that need to 
be addressed for improving the scalability and sustainability of the model
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Wasteland Development Board (NWDB) of Ministry of Rural Development, Government of India, the IFFDC expanded 
afforestation, promoted PFFCS and PLDCS and undertaken rural livelihood development projects.

IFFDC’s governance structure consists of a General Body representing 172 member cooperatives from over 9570 
villages across 18 states (Andhra Pradesh, Assam, Bihar, Chhattisgarh, Gujarat, Haryana, Himachal Pradesh, Jammu & 
Kashmir, Jharkhand, Karnataka, Kerala, Maharashtra, Odisha, Punjab, Tamil Nadu, Telangana, Uttarakhand, and West 
Bengal) and 13 members on its board of directors, comprises of elected cooperators, as well as nominated and co-opted 
members. These member cooperatives operating at different levels, such as IFFCO as chief promoter, works as national 
level cooperative society, then National Cooperative Development Corporation (NCDC), State Cooperative Federations, 
and village level PFFCS and PLDCS. As on March 31, 2023, IFFDC had 172 cooperative societies as its members, subscribed 
INR 133.7 million, against an authorised share capital of INR 1000 million. Table 2 presents the shareholders categories 
including their number of subscribed shares vis-à-vis value of each share.

On the operational front, IFFDC’s management team of 219 employees and a Managing Director had evolved toward 
a hybrid model combining professional expertise with cooperative governance. Senior managers coordinated project 
planning, resource mobilisation, and performance monitoring, while regional field teams facilitated participatory imple-
mentation and capacity-building activities. The management team operated under the strategic guidance of the Board of 
Directors, ensuring coherence between policy formulation and field-level implementation. The organizational structure 
fostered participatory planning, decentralized decision-making, and continuous feedback from member cooperatives, 
thereby strengthening accountability and institutional adaptability.

The business model of IFFDC is illustrated in Fig. 1 and briefly summerised in Table 3, highlighting the coopera-
tive’s integrated framework that links cooperative governance, community participation, and sustainable agroforestry 
outcomes.

It was observed that IFFDC initially promoted large-scale farm forestry by planting long-gestation tree species such as 
Teak and Indian Rosewood (Dalbergia sissoo) on selected wastelands. However, due to slow growth, long maturity periods, 
and legal restrictions on harvesting, member cooperatives saw limited financial benefits, leading to their reduced partici-
pation. In order to address this, IFFDC then introduced agro-forestry, integrating tree planting with traditional farming. 
Short-rotation commercial species like Melia composita (Burma Neem) and Ailanthus excelsa (Adusa) were selected for 
boundary plantations and intercropping. This allowed farmers to cultivate crops alongside trees, following models such 
as Melia-Wheat, Melia-Mustard, etc. This approach provided both environmental and economic benefits, enhancing soil 
fertility, reducing erosion, and offering an additional income stream through timber and carbon credits.

Unlike conventional agroforestry models, IFFDC integrated cooperative principles into its practice, ensuring democratic 
governance, equitable benefit-sharing, and long-term community involvement. Traditional agroforestry models primarily 
focus on individual or corporate-led afforestation initiatives, whereas IFFDC emphasised collective ownership through 
PFFCS/ PLDCS. Additionally, IFFDC aligned its projects with international carbon credit mechanisms such as VERRA, offer-
ing financial incentives for afforestation efforts. Unlike many other agroforestry initiatives that rely on subsidies, IFFDC 
promoted self-sustaining afforestation by reinvesting carbon credit earnings into new projects.

The financial performance of IFFDC reflected a gradual transition from project-based funding dependence to a more 
diversified and self-sustaining model. Table 4 provides a detailed overview of IFFDC’s financial performance over different 

Table 2   IFFDC’s shareholders.  
Source: IFFDC25 Annual 
Report 2023–24

Value of each share 
(INR)

Shareholders No. of shares

50,000 Indian Farmers Fertiliser Cooperative Limited 2507
National Cooperative Development Corporation 8

10,000 Uttar Pradesh Sahakari Gram Vikas Bank Ltd 1
Madhya Pradesh State Cooperative Marketing Federation Ltd 1

1000 Primary Farm Forestry Cooperative Societies Ltd. and Primary Liveli-
hood Development Cooperative Societies Ltd

7935

Fig. 1   Business processes of 
IFFDC
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time periods, highlighting key trends in working capital, total deposits, fixed assets, and profitability. Analysis of IFFDC’s 
audited reports indicated that between 2000–01 and 2020–21, over a half-decadal growth trajectory, the cooperatives’ 
annual turnover and net profit increased steadily. The cooperative’s financial health was shaped by multiple factors, 
including policy support, membership expansion, and diversification of revenue streams.

Analysis of the financials revealed an interesting interplay between various indicators, particularly in working capital 
and profitability. While total expenditure shown a downward trend from INR 30,966.0 million in 2020–21 to INR 25,664.3 
million in 2023–24, net profit consistently increased over the years, reaching INR 157.3 million in 2023–24. The analysis 
suggested that consistent increase in profitability was accompanied by improved cost efficiency and effective revenue 
optimisation strategies. The rise in total deposits from INR 447.5 million in 2015–16 to INR 975.7 million in 2023–24 
reflected growing stakeholders’ confidence and cooperative’s expanding financial credibility. However, a temporary 
decline in working capital between 2020–21 and 2022–23 indicated short-term liquidity pressures, possibly due to 
pandemic-induced disruptions and delayed project cycles. The subsequent recovery in 2023–24 demonstrated IFFDC’s 
capacity to restore financial balance through adaptive management practices. Overall, these trends underscored the 
cooperative’s financial resilience and highlighted the need for strong liquidity management and strategic reinvestment 
to ensure sustained and inclusive growth.

The analysis of IFFDC’s financial data revealed a steady expansion in business turnover since inception, indicating the 
cooperative’s growing operational scale and financial stability. Turnover, which began at INR 0.009 million, rose sharply 
to an all-time high of INR 31,057.1 million in 2020–21, driven by project expansion and favorable market conditions. A 
subsequent decline to INR 27,460.2 million in 2021–22 reflected the adverse effects of the COVID-19 pandemic, includ-
ing disruptions in supply chains and project execution. Although a partial recovery occurred in 2022–23 with turnover 
reaching INR 28754.8 million, a further fall to INR 25,821.5 million in 2023–24 suggested continuing market volatility 

Table 3   Business processes of IFFDC.  Source: Author’s representation based on primary data collection

Land acquisition and agreement Barren/waste land acquired from village panchayats, local authorities, or individuals on a 30-year 
lease, ensuring clarity in rights, and benefit-sharing mechanisms

Formation of cooperative PFFCS/PLDCS are formed with local farmers, landless labourers, women, and poor individuals as its 
members. These operational units are responsible for project implementation and participatory 
decision-making

Development and maintenance Encompassed plantation establishment, soil and water conservation, maintained by the PFFCS/ 
PLDCS under the existing technical support and guided by participatory planning and field-level 
supervision

Livelihood enhancement PFFCS/PLDCS were supported in creating alternative livelihood opportunities, including the forma-
tion of Self-Help Groups (SHGs), providing micro credit, and developing micro-enterprises in 
order to improve household resilience and community well-being

Forest growth and profit generation Over 5–7 years, the forest grows, and thereby, realises the economic and environmental benefits of 
the initiative, including timber and non-timber products, as well as carbon credit revenues, which 
then equitably shared among members

Table 4   Financials of IFFDC (trend over the years) in INR million.  Source: Author’s compilation from IFFDC’s Annual Reports

Financials Half-decadal growth Last three financial year

Inception 
(1995–96)

2000–01 2005–06 2010–11 2015–16 2020–21 2021–22 2022–23 2023–24

Share capital 0.118 56.2 57.5 131.4 132.3 132.7 133.7 133.7 133.7
Working capital – – 76.3 92.7 147.5 110.6 68.5 80.2 340.6
Total reserves 0.013 2.3 – – 176.7 415.0 481.9 577.8 686.7
Total expenditure – 13.2 1462.9 2119.7 10,226.2 30,966.0 27,360.0 28,613.9 25,664.3
Total deposits – 36.2 48.4 35.7 447.5 604.6 604.6 735.7 975.7
Fixed assets – 0.7 1.6 6.8 1039.2 195.9 216.8 223.0 222.3
Gross profit – 1.0 5.0 15.2 119.1 150.8 156.6 203.4 269.5
Net profit 0.009 2.1 13.6 15.0 59.3 91.1 100.2 140.9 157.3
Total business turnover 0.009 15.3 1476.4 2134.7 10,285.4 31,057.1 27,460.2 28,754.8 25,821.5
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and the influence of external factors such as carbon-market fluctuations. As shown in Fig. 2, this fluctuating pattern illus-
trates both the resilience and sensitivity of IFFDC’s business model to external shocks. Overall, while IFFDC’s long-term 
growth remained strong, the recent variability highlighted the need for adaptive financial strategies and diversification 
to sustain performance under changing market conditions. In particular, there is a need to enhance farmer mobilisation 
and awareness about IFFDC business model to facilitate the formation of PFFCS and PLDCS across IFFDC’s operational 
network in 18 states, thereby expanding project coverage and local participation.

4.2 � Key project activities and achievements

Analysis of IFFDC’s project portfolio indicated that the cooperative implemented a diverse range of initiatives aimed at 
promoting sustainable development, enhancing rural livelihoods, and advancing environmental conservation. These 
projects were implemented in partnership with multiple stakeholders, including IFFCO, the National Bank for Agriculture 
and Rural Development (NABARD), state governments, and corporate social responsibility (CSR) collaborators, reflecting 
the cooperative’s multi-dimensional approach and wide geographic reach.

IFFCO-supported projects included social forestry initiatives in Uttar Pradesh, Madhya Pradesh, Rajasthan, and Uttara-
khand, as well as a Rural Livelihood Development Project (RLDP) in Odisha and West Bengal. These interventions primarily 
focused on afforestation, natural resource management, and improving livelihood opportunities for rural communities, 
integrating environmental objectives with local economic development.

NABARD-supported initiatives encompassed three projects in the Madhya Pradesh State viz. watershed development, 
rural livelihood entrepreneurship, and a climate-proofing project. IFFDC also promoted FPOs across six states, namely 
Bihar, Haryana, Madhya Pradesh, Maharashtra, Uttarakhand and Uttar Pradesh under the Central Sector Scheme for the 
promotion of 10,000 FPOs. In addition, in 2022–23, watershed development project was started in the Cuttack district of 
Odisha, which demonstrate IFFDC’s continuing efforts to expand its operational scope and strengthen rural infrastruc-
ture and sustainability initiatives. Collectively, these interventions aimed to strengthen institutional capacity, enhance 
agricultural productivity, and build climate resilience among rural populations.

State government-supported projects included the promotion of FPOs in Bihar, Gujarat, Uttarakhand and Uttar 
Pradesh, under the Central Sector Scheme implemented by the National Cooperative Development Corporation (NCDC), 
targeting the formation and scaling of farmer collectives to improve market linkages and cooperative governance.

CSR-supported projects highlighted the cooperative’s engagement with corporate partners to implement socially 
impactful programmes. Notable initiatives included IFFCO’s one of the subsidiary—IFFCO-Tokio’s Integrated Rural Devel-
opment Project in Bihar and Chhattisgarh, a research study on the adaptability of Melia composita (Burma Neem) in 
semi-arid regions of Haryana funded by the Meet Trust of Mitsui & Co. Ltd., and green belt development projects in Delhi 
NCT parks under the Horticulture Department, also supported by Mitsui & Co. Ltd. These projects combined research, 
environmental restoration, and livelihood enhancement objectives.

Overall, the analysis of these initiatives indicates that IFFDC has implemented a wide spectrum of projects across 
different states, funding mechanisms, and thematic areas. Table 5 summarizes the key projects, categorises them under 
broader themes, and presents their major achievements, illustrating the cooperative’s multi-pronged approach to rural 
development, environmental sustainability, and cooperative strengthening.

Fig. 2   IFFDC’s business 
turnover
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4.3 � Carbon credits generation: lifecycle, challenges, and impact

IFFDC’s carbon credit programme represents one of the earliest cooperative-led initiatives in India to integrate com-
munity forestry with carbon markets. A pilot project was implemented on 189 hectares between 2008 and 2013. This 
attempt served as a crucial test for IFFDC, to assess the feasibility and potential of scaling similar initiatives. The project 
successfully generated 78,000 carbon credits under the Verified Carbon Standards (VCS) for the period from 2008 to the 
first quarter of 2022. These credits were formally registered with VERRA in April 2023. The initiative demonstrates how 
a cooperative model can effectively integrate environmental objectives with community participation and financial 
mechanisms.

The carbon offset projects followed a structured and participatory approach throughout their design, implementation, 
and verification stages, ensuring compliance with internationally recognised standards. Rigorous assessment, stakeholder 
consultation, and monitoring processes were applied to maintain transparency and credibility.

The major stages of the project lifecycle are summarised in Table 6, illustrating the stepwise approach from baseline 
assessment to credit issuance and sale. This systematic approach allowed IFFDC to not only generate measurable carbon 
benefits but also to strengthen member engagement, promote sustainable agroforestry practices, and enhance financial 
sustainability through carbon revenue sharing.

This step-wise approach demonstrates how IFFDC successfully combined cooperative governance, community partici-
pation, and internationally recognised carbon standards to generate measurable climate benefits. Participatory design 
and rigorous monitoring were the key factors in ensuring credibility, sustainability, and financial returns for member 
cooperatives.

The calculation of carbon credits in the IFFDC model follows standard methodologies based on verified emissions 
reductions, following internationally recognised methodologies such as those of the Verified Carbon Standard (VCS) 
under VERRA. Each tonne of carbon dioxide (CO₂) sequestered or emission reduced is equivalent to one carbon credit. 
The process consists of several key steps:

•	 Determining the baseline: The first step involves establishing the carbon stock of the land prior to project implementa-
tion. This includes measuring existing vegetation, soil carbon, and land use patterns. The baseline scenario represents 
what would have occurred without the project and provides a reference for estimating emissions reductions;

Table 5   Achievements of key projects.  Source: Author’s representation based on primary data collection

Projects theme Achievements

Livelihood Development Livelihood improvement was achieved for over 570,000 families, reflecting the project’s 
broad socio-economic impact

Wadi Development Fruit orchard were established covering 8515 tribal families across 3406 hectares of land, 
demonstrating the initiative’s contribution to both income generation and land-use opti-
misation

Social Forestry and Climate Change A total of 29,421 hectares of wasteland afforested, resulting in an existing tree cover of 1.09 
million trees, demonstrating IFFDC’s contribution to environmental restoration and climate 
mitigation

Water resource Development The initiative successfully constructed 273 check dams, 1176 ponds, 1327 wells, and 326 
LDPE tanks, enhancing water availability and supporting agricultural productivity in target 
areas

Watershed Management An area of 18,837 hectares was treated under watershed management interventions, 
improving soil conservation, water retention, and overall ecosystem resilience

Formation of SHGs A total of 1907 SHGs were formed, comprising 19,529 members, of whom 94% were women, 
indicating the cooperative’s focus on women’s empowerment and community participa-
tion

Promotion of Farmer Producers Organisation Eighty-eight FPOs were established, encompassing 56,832 members, alongside the develop-
ment of 2868 community institutions with 111,688 members, highlighting the coopera-
tive’s efforts to strengthen farmer collectives and enhance their market linkages
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•	 Comparing emissions: Project emissions, including carbon sequestration from afforestation and agroforestry 
activities, are compared against the baseline. This ensures that only additional carbon captured by the project 
is counted;

•	 Calculating emissions reductions: Net emissions reductions are calculated by subtracting project emissions from 
baseline emissions. Conservativeness deductions are applied as per VERRA methodology to avoid overestima-
tion. These methodologies provide guidance on estimating carbon in biomass, soil organic carbon, and other 
relevant pools; and

•	 Issue carbon credits: After validation and verification, each tonne of CO₂e reduced is issued as a carbon credit. 
For the IFFDC pilot project (2008–2013, 189 hectares), 78,000 carbon credits were successfully generated.

4.3.1 � Challenges in carbon credit validation and market participation

While the methodology is well-defined, practical implementation faces several challenges:

•	 Validation and verification costs: Audits require substantial financial investment and time. Accredited audit firms 
for forestry-based carbon credits are limited in India, making the selection of auditors a critical step for each 
credit issuance;

•	 Market volatility and buyer orientation: Voluntary carbon markets are largely buyer-driven, where buyers deter-
mine prices. Sellers often lack transparency regarding actual buyers and prevailing market prices;

•	 Standardisation and integrity issues: Variability in methodologies, lack of standardisation, and limited market 
transparency can reduce confidence in carbon credit transactions. Some intermediaries or trading agencies 
retain significant margins, further complicating revenue flows for cooperatives; and

•	 Operational and technical challenges: Accurate monitoring requires GPS mapping, sample plots, and regular 
measurement of tree growth. Ensuring compliance with Measurement, Reporting, and Verification (MRV) pro-
tocols and long-term monitoring adds operational complexity.

Table 6   Major stages of IFFDC carbon credit project lifecycle.  Source: Author’s representation based on primary data collection

Stage Description

Feasibility Studies and Baseline Data Collection Initial assessments were conducted to evaluate project viability and establish baseline 
environmental data, including land use, soil quality, and existing vegetation cover

Project Description Document (PDD) Preparation A detailed PDD was prepared, documenting project objectives, methodology, expected 
outcomes, and monitoring procedures

GPS Mapping of Project Sites Consulting firms were engaged to capture precise GIS data. The coordinates (longi-
tude and latitude) of every plantation site were recorded to compare land status and 
plantation growth before and after interventions. Accredited auditors validated and 
verified plantation development

Validation Audit and Project Registration Independent audits confirmed the project’s potential to generate carbon credits. The 
project was subsequently registered with global certification bodies, including VERRA, 
with audits conducted by M/S Rainforest Alliance, Indonesia

Sample Plot Preparation and Monitoring Sample plots were established across the plantation sites to systematically monitor 
growth, survival rate, and development of trees over time

Carbon Credit Validation Accredited auditors conducted formal validation of carbon credits, and the auditor’s 
report was submitted to the registry for review

Verification and Certification of Carbon Credits Subsequent verification audits were conducted by M/s Carbon Check (India) Pvt. Ltd. 
Certified credits were issued, and carbon credit accounts were opened with the regis-
try

Post-Certification Monitoring Ongoing monitoring ensured long-term project success. Activities included training 
members of PFFCS cooperatives in fire management, plantation care, and adaptive 
management practices

Market Exploration Generated carbon credits were marketed and sold in international carbon markets to 
generate revenue for member cooperatives and sustain project activities
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4.3.2 � Impact of carbon credits on IFFDC

The carbon credit programme significantly influenced IFFDC’s financial sustainability, community engagement, and 
long-term strategic direction. The initiative not only validated the economic viability of cooperative-led carbon farm-
ing but also positioned IFFDC as a national model for integrating environmental and livelihood goals.

The establishment of a tri-party agreement among IFFDC, its member forestry cooperatives, and the landowner 
farmers created a transparent and equitable revenue-sharing model. After deducting expenses associated with 
project development, such as validation and verification audits, GPS mapping, and VERRA registration fees, the 
remaining revenue from carbon credit sales was distributed among stakeholders. The participating farmers viewed 
carbon credits as a new and sustainable source of income. The programme enabled them to earn additional revenue 
without harvesting their trees, as ownership of the plantations remained with the farmers, the members of PFFCS. 
This arrangement provided both financial and ecological incentives, allowing farmers to benefit economically while 
contributing to environmental restoration. Importantly, forestry-based carbon credits were perceived as a comple-
mentary income stream rather than the primary objective of afforestation efforts. The central aim of IFFDC’s forestry 
initiatives remained the enhancement of forest cover, ecological balance, and environmental conservation. Never-
theless, the revenue generated through the sale of verified carbon credits constituted a direct financial return for 
the participating tree growers, reinforcing the viability of community-driven climate action.

Out of 78,000 carbon credits generated under the project, 41,000 carbon credits were successfully sold in the 
international voluntary carbon market, generating a total revenue of INR 67.2 million. The sale demonstrated the com-
mercial feasibility of cooperative-led carbon trading and validated IFFDC’s compliance with international certification 
standards. As per the revenue-sharing agreement, after deducting project development and administrative costs, 
the income from the sale of carbon credits was equitably distributed among stakeholders. Out of the total revenue 
of INR 67.2 million generated from the sale of 41,000 carbon credits, INR 15.0 million was shared among 11 forestry 
cooperatives (averaging INR 1.36 million per cooperative), and INR 30.0 million was disbursed to 120 participating 
farmers (averaging INR 250,000 per farmer) on whose land the plantations were established. The remaining INR 22.2 
million was retained by IFFDC to cover operational expenses, monitoring, verification (INR 7.2 million), and to sup-
port the scaling of future carbon credit initiatives (INR 15 million). Approximately 45% of the net income was allo-
cated to landowner farmers, 22% to the respective forestry cooperatives, and 33% to IFFDC for project management 
and reinvestment. The remaining portion covered administrative and transaction costs. This structured framework 
ensured that all parties benefited proportionally from the carbon credit proceeds. It fostered a sense of collective 
ownership and accountability, encouraging continued participation, maintenance of plantations, and compliance 
with environmental standards. By aligning financial incentives with ecological responsibilities, the tri-party arrange-
ment reinforced the cooperative ethos of shared prosperity and long-term sustainability.

In terms of financial sustainability and return on investment (ROI), the carbon credit programme provided immedi-
ate financial returns to farmers and cooperatives, while its long-term viability depended on maintaining a balance 
between project costs and recurring benefits. IFFDC’s carbon credit initiative involved substantial upfront investment 
in plantation development, validation, monitoring, and certification processes. The project development expenditure, 
estimated at around INR 35 million, covered GPS mapping, third-party verification, and VERRA registration fees. These 
costs were deducted prior to the distribution of revenue.

From the sale of 41,000 verified carbon credits, the initiative generated INR 67.2 million in revenue, demonstrating 
strong financial performance with a financial sustainability ratio of 192% and a robust return on investment (ROI) 
of 92%. This corresponds to an early return ratio of nearly 2:1 within the first credit issuance cycle, underscoring the 
economic viability of cooperative-led carbon offset initiatives. Given the project’s 30-year lifespan (till 2038), subse-
quent issuance cycles are expected to enhance overall profitability and strengthen financial resilience. The extended 
lifespan until 2038, ensures that the participating forestry cooperatives and farmers will continue to receive benefits 
from periodic carbon credit issuances. This arrangement provides a sustained source of income and acts as a power-
ful financial incentive for farmers to expand forestry operations, adopt sustainable land management practices, and 
reinvest in tree-based livelihoods. The model, thus, reinforces the dual objectives of economic empowerment and eco-
logical restoration, demonstrating how cooperative structures can align local incentives with global climate action.

The financial sustainability of forestry-based carbon credit models depends on consistent credit generation, 
favourable market conditions, and transparent reinvestment practices. By aggregating carbon credits from member 
cooperatives, IFFDC reduced transaction costs and enhanced bargaining power in the voluntary carbon market. 
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Moreover, reinvesting part of the revenue into new plantations ensured a self-sustaining afforestation cycle, enabling 
continuous income generation for cooperatives and farmers while maintaining ecological benefits over the long term.

4.3.3 � Strategic reinvestment and expansion of carbon credit projects

IFFDC Is strategically reinvesting the revenue generated from its carbon credit programme to develop new projects in 
collaboration with their member cooperatives. These cooperatives are utilising the funds to expand plantation areas, 
thereby enhancing overall carbon sequestration capacity and scaling the cooperative-led model of sustainable forestry.

Building on the success of the initial pilot project, IFFDC has planned and registered a second project with the VERRA 
Registry in Washington, DC. This project covers 455.25 hectares, cultivated between 2015 and 2023 across 30 PFFCS in 
Uttar Pradesh and 6 PFFCS in Madhya Pradesh. It is projected to generate an annual production of 10,370 carbon credits, 
equivalent to sequestering 10,370 tonnes of CO₂, and is expected to accumulate a total of 207,447 carbon credits over 
two decades.

According to the 2023–24 annual report, a total of 290 hectares has been planted across four states, 119 ha in Uttar 
Pradesh, 22 hectares in Uttarakhand, 38 hectares in Madhya Pradesh, and 111 hectares in Rajasthan. In total, 292,000 
saplings were planted by various PFFCS (116,000 in Uttar Pradesh, 21,000 in Uttarakhand, 34,000 in Madhya Pradesh, and 
121,000 in Rajasthan). The validation audit, a critical step for carbon credit generation, has been successfully completed 
by accredited auditors, confirming the project’s compliance with international standards.

Capacity building remains an integral component of the project. PFFCS in Madhya Pradesh and Uttar Pradesh con-
ducted seven mock drills on plantation fire management, while the chairpersons of 30 PFFCS attended a three-day 
leadership development program at KVK, Badgaon, Udaipur. The project is now advancing towards the verification 
phase, which will enable the issuance of carbon credits through the VERRA Registry. These activities reinforce IFFDC’s 
commitment to sustainable environmental practices, strengthen the technical and managerial capabilities of member 
cooperatives, and underscore its role in global carbon reduction efforts.

4.4 � IFFDC farm forestry project: advancing sustainable development goals

The IFFDC farm forestry project addressed climate change mitigation while promoting socio-economic development 
in rural communities. Plantations were established on wastelands and marginal lands, providing additional income to 
farmers and strengthening the sustainability of forestry cooperatives. Out of the 17 UN SDGs, the project contributed to 
eight goals, spanning environmental restoration, economic empowerment, and social inclusion (Table 7).

Key impacts included carbon sequestration (SDG 13), enhanced biodiversity and restoration of degraded lands (SDG 
15), income generation and poverty reduction (SDG 1), improved nutrition through fruit plantations (SDG 3), women’s 
empowerment through SHGs (SDG 5), promotion of decent work and local economic growth (SDG 8), reduced inequali-
ties by including marginalised groups (SDG 10), and strengthened partnerships with member cooperatives and SHGs 
(SDG 17).

These findings demonstrate that cooperative-led carbon farming effectively integrates environmental and socio-
economic objectives, offering a replicable model for achieving multiple SDGs in rural contexts.

4.5 � Community‑centric approach, challenges and mitigation strategies

A key factor in IFFDC’s success was its active engagement with rural communities, who participated in planning and 
implementing forestry initiatives. This participatory approach, supported by the cooperative structure, fostered owner-
ship and ensured long-term sustainability. The project faced operational and technical challenges, including plantation 
maintenance, carbon credit validation, and market uncertainties. IFFDC addressed these through targeted interven-
tions, such as fire management training, leadership programs, and partnerships with accredited auditors. Details of the 
challenges and solutions are summarized in Table 8, highlighting the strategies that enabled effective and sustainable 
project execution.

IFFDC ensured the long-term maintenance of afforested areas through a structured framework involving PFFCS and 
PLDCS as key community institutions. These bodies managed and maintained the plantations on a sustainable basis, 
with IFFDC providing support for protection, monitoring, and watch-and-ward activities. Financial grants were pro-
vided to PFFCS for need-based maintenance, including irrigation, hoeing, weeding, pruning, and barbed-wire fencing 
to safeguard the plantations. Additionally, IFFDC trained member cooperatives in sustainable forestry practices, fire 
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prevention, and resource management. The use of GPS mapping and periodic satellite monitoring enabled tracking of 
forest health, minimizing risks such as degradation or encroachment, and ensured accountability and long-term viability 
of the afforested regions.

5 � Analytical discussion

5.1 � SWOT analysis

The IFFDC model is an innovative approach that combines environmental conservation with socio-economic develop-
ment through cooperative principles. A SWOT analysis of the model was conducted to evaluate its internal strengths 
and weaknesses, along with external opportunities and threats. The analysis is presented in Table 9.

5.2 � Comparative insights and broader lessons

A comparison of IFFDC’s model with other agroforestry and carbon credit initiatives in India revealed its distinct coop-
erative and community-driven character. While several projects have emerged to integrate agroforestry with carbon 
markets, such as the Punjab State Agroforestry Project by ClimateSeed, IFFDC’s approach differed significantly in structure, 
ownership, and sustainability.

The Punjab initiative promoted tree planting alongside crops to improve soil health, reduce emissions, and gener-
ate carbon credits. However, it relied heavily on private partnerships and corporate sustainability investments, which, 
though effective in mobilising resources, often limited farmers’ participation in governance and decision-making. In 
contrast, IFFDC was owned and governed by the farmers themselves, organised through farm forestry cooperatives. 
The member-based structure enabled direct involvement of tree-growing farmers in planning, policy formulation, and 
benefit sharing, ensuring long-term ownership and accountability.

Another major distinction lay in the revenue-sharing mechanism. IFFDC implemented a transparent and structured 
model, in which revenue from carbon credit sales was equitably distributed among farmers, cooperatives, and IFFDC, 
with a portion reinvested into new plantation projects. This ensured financial self-reliance and sustainability, unlike the 
Punjab model, where financial flows depended largely on external corporate funding and voluntary buyers, making 
income streams less stable.

Moreover, IFFDC’s scope extended beyond carbon forestry. It supported agricultural input supply, women’s empower-
ment through SHGs, and livelihood diversification, integrating environmental, social, and economic outcomes within a 
single cooperative framework.

Table 8   IFFDC projects implementation challenges and mitigation strategies.  Source: Author’s representation based on primary data collec-
tion

Challenges Mitigation

Managing forest fire
• Frequent and severe forest fires during hot summer months posed 

risks to forest sustainability and community safety
• Implemented fire protection trenches/strips as firebreaks to contain 

and control the spread of fires by about 50%, limiting tree loss to 
around 10% per hectare compared to 30–40% in unprotected areas

• Rapid spread of fires in dense forested areas increased potential 
damage

• Strategically placed trenches to slow down fire progression, mini-
mising ecological damage effectively

Training and preparedness
• Limited knowledge and skills among community members regard-

ing fire behaviour and firefighting techniques
• Conducted comprehensive training programmes that include 

understanding fire behaviour, using firefighting equipment, and 
safety protocols

• Insufficient emergency response capabilities and inability to 
execute safety measures during incidents

• Equipped cooperatives with firefighting tools and practical drills to 
ensure members are prepared for emergencies

Identification of genuine buyers
• Identification of genuine buyer of forestry-based carbon credits in 

the international market and assessing of fair prices of the carbon 
credits

• IFFDC hired consulting firm which is dealing in carbon credit sale 
since long time in the international market to overcome this chal-
lenge



Vol:.(1234567890)

Research	  
Discover Environment           (2025) 3:295  | https://doi.org/10.1007/s44274-025-00503-4

Ta
bl

e 
9  

S
W

O
T 

an
al

ys
is

 o
f I

FF
D

C 
m

od
el

.  
So

ur
ce

: A
ut

ho
r’s

 re
pr

es
en

ta
tio

n 
ba

se
d 

on
 p

rim
ar

y 
da

ta
 c

ol
le

ct
io

n

St
re

ng
th

s
W

ea
kn

es
se

s

In
te

rn
al

 fa
ct

or
s

• S
tr

uc
tu

re
d 

go
ve

rn
an

ce
 a

nd
 tr

an
sp

ar
en

t r
ev

en
ue

-s
ha

rin
g 

m
ec

ha
ni

sm
s 

pr
om

ot
ed

 
tr

us
t a

nd
 lo

ng
-t

er
m

 s
us

ta
in

ab
ili

ty
;

• S
tr

on
g 

co
m

m
un

ity
 e

ng
ag

em
en

t, 
re

du
ce

d 
re

si
st

an
ce

 a
nd

 e
ns

ur
ed

 p
ar

tic
ip

at
or

y 
de

ci
si

on
-m

ak
in

g 
an

d 
ow

ne
rs

hi
p;

• P
ro

ve
n 

fin
an

ci
al

 v
ia

bi
lit

y;
• D

iv
er

si
fie

d 
in

iti
at

iv
es

 in
cl

ud
e 

SH
G

s 
w

ith
 9

4%
 fe

m
al

e 
pa

rt
ic

ip
at

io
n;

• A
lig

ne
d 

w
ith

 to
ta

l o
f e

ig
ht

 S
D

G
s;

• T
ec

hn
ic

al
 e

xp
er

tis
e 

an
d 

ca
pa

ci
ty

 b
ui

ld
in

g

• L
im

ite
d 

aw
ar

en
es

s 
an

d 
kn

ow
le

dg
e 

am
on

g 
co

m
m

un
ity

 m
em

be
rs

 re
ga

rd
in

g 
ca

rb
on

 
cr

ed
it 

m
an

ag
em

en
t;

• H
ig

h 
in

iti
al

 in
ve

st
m

en
t a

nd
 v

al
id

at
io

n 
co

st
s 

po
se

d 
ch

al
le

ng
es

 fo
r s

ca
lin

g 
w

ith
ou

t 
ex

te
rn

al
 s

up
po

rt
;

• D
ep

en
de

nc
e 

on
 li

m
ite

d 
ac

cr
ed

ite
d 

au
di

to
rs

 a
nd

 c
ar

bo
n 

re
gi

st
rie

s 
cr

ea
te

d 
bo

tt
le

-
ne

ck
s 

in
 v

al
id

at
io

n 
an

d 
ve

rifi
ca

tio
n 

pr
oc

es
se

s

O
pp

or
tu

ni
tie

s
Th

re
at

s

Ex
te

rn
al

 fa
ct

or
s

• R
is

in
g 

gl
ob

al
 c

ar
bo

n 
cr

ed
it 

de
m

an
d 

ca
n 

su
pp

or
t p

ro
je

ct
 e

xp
an

si
on

 a
nd

 th
er

eb
y 

ca
n 

in
cr

ea
se

 c
ar

bo
n 

se
qu

es
tr

at
io

n 
an

d 
in

co
m

e 
fo

r m
or

e 
fa

rm
er

s
• P

ar
tn

er
sh

ip
s 

w
ith

 in
te

rn
at

io
na

l v
ol

un
ta

ry
 c

ar
bo

n 
m

ar
ke

ts
 c

ou
ld

 e
nh

an
ce

 re
ve

nu
e 

an
d 

ba
rg

ai
ni

ng
 p

ow
er

• G
ro

w
in

g 
gl

ob
al

 in
te

re
st

 in
 lo

w
-c

ar
bo

n 
de

ve
lo

pm
en

t a
nd

 s
us

ta
in

ab
le

 fo
re

st
ry

 
off

er
s 

op
po

rt
un

iti
es

 fo
r r

ep
lic

at
io

n 
of

 th
e 

co
op

er
at

iv
e-

le
d 

m
od

el
• I

nt
eg

ra
tin

g 
te

ch
no

lo
gy

 fo
r m

on
ito

rin
g

• P
ot

en
tia

l f
or

 e
m

pl
oy

m
en

t g
en

er
at

io
n

• N
ur

tu
rin

g 
fa

rm
in

g 
co

m
m

un
ity

 fo
r s

us
ta

in
ab

le
 fa

rm
in

g

• R
is

ks
 o

f f
or

es
t d

eg
ra

da
tio

n,
 e

nc
ro

ac
hm

en
t, 

an
d 

cl
im

at
e 

ev
en

ts
 li

ke
 fo

re
st

 fi
re

s, 
dr

ou
gh

ts
, e

xt
re

m
e 

w
ea

th
er

, c
ou

ld
 im

pa
ct

 lo
ng

-t
er

m
 c

ar
bo

n 
se

qu
es

tr
at

io
n

• V
ol

at
ili

ty
 a

nd
 la

ck
 o

f s
ta

nd
ar

di
sa

tio
n 

in
 v

ol
un

ta
ry

 c
ar

bo
n 

m
ar

ke
ts

 m
ay

 a
ffe

ct
 p

re
-

di
ct

ab
le

 re
ve

nu
e 

st
re

am
s

• C
om

pe
tit

io
n 

fr
om

 o
th

er
 la

nd
-u

se
 in

iti
at

iv
es

 o
r m

ar
ke

t i
nt

er
m

ed
ia

rie
s 

m
ig

ht
 re

du
ce

 
m

ar
ke

t t
ra

ns
pa

re
nc

y 
an

d 
aff

ec
t s

ta
ke

ho
ld

er
 b

en
efi

ts



Vol.:(0123456789)

Discover Environment           (2025) 3:295  | https://doi.org/10.1007/s44274-025-00503-4 
	 Research

From these comparisons, several broader lessons emerged for scaling up cooperative-led low-carbon development:

•	 Community ownership and participatory governance build trust, accountability, and continuity;
•	 Transparent revenue-sharing systems reinforce equitable benefit distribution and encourage member participation;
•	 Integrated livelihood and sustainability components strengthen social inclusion and resilience;
•	 Reinvestment in new plantations ensures long-term viability and ecological regeneration;
•	 Aggregation through cooperatives enhances bargaining power and reduces transaction costs in voluntary carbon 

markets.

Overall, IFFDC’s agroforestry model demonstrated that cooperatives can effectively align climate action with rural 
development, offering a replicable, financially sustainable, and community-centric pathway for advancing India’s low-
carbon transition.

6 � Conclusion and recommendations

The IFFDC’s farm forestry and carbon credit initiative demonstrated that cooperative-led models can effectively combine 
environmental restoration with socio-economic empowerment, validating principles of collective action and participa-
tory governance [8, 37]. Through structured ownership, transparent revenue sharing, and reinvestment in community 
forestry, IFFDC created a replicable framework for inclusive low-carbon rural development.

Empirical findings revealed that long-term engagement with rural communities was central to IFFDC’s success. The 
participatory approach fostered a sense of ownership among farmers, enhanced trust, and ensured continuity of planta-
tion maintenance. Furthermore, reinvestment of carbon revenue into new plantations and cooperative capacity build-
ing sustained ecological and financial outcomes. These findings reaffirm the cooperative theory premise that collective 
ownership and local agency strengthen institutional sustainability and equitable distribution of benefits [7].

Drawing on these insights, the following policy and strategic recommendations are proposed aiming to enhance 
sustainability, impact, and scalability of cooperative-led carbon farming:

•	 A national cooperative with pan-India sub-operations should be promoted to coordinate renewable energy and 
carbon market participation. Such an institution can streamline registration and trading processes, provide technical 
and financial assistance, support R&D, and recognize cooperatives demonstrating excellence in ESG practices.

•	 Efforts should be made to develop robust domestic and international carbon markets through partnerships with 
public and private entities. Expanding market accessibility would enhance income potential for cooperatives and 
attract greater investment in green initiatives.

•	 Regular workshops, training programmes, and seminars on renewable technologies, carbon accounting, and sustain-
ability management should be organized to build technical and managerial capacities of cooperatives.

•	 Government agencies, private investors, and international organizations should work collaboratively, governments 
providing policy and financial support, the private sector offering technology and market linkages, and international 
partners facilitating capacity building and access to global carbon mechanisms. Such partnerships would ensure the 
long-term sustainability and scalability of cooperative-led low-carbon development models.

•	 Cooperatives should establish clear, equitable revenue-sharing agreements that are determined ex-ante, as IFFDC 
did with the tri-party agreement. This aligns incentives and reduces conflicts. Theoretical literature underscores that 
profit or revenue sharing mitigates free riding and sustains long-term participation in agroforestry programs [19, 49].

•	 IFFDC’s use of GPS, satellite imagery, third-party verification, and periodic audits offered both credibility and account-
ability. To scale up, cooperatives need policy support for MRV infrastructure, capacity building, and recognition in 
carbon market regulations. Studies show that collective action regimes with more rigorous MRV deliver better envi-
ronmental outcomes [8, 51].

•	 High initial costs (plantation establishment, validation, auditing) were a challenge for IFFDC. Policymakers should 
facilitate subsidised grants, soft loans, or matching funds to help cooperatives and farmers in managing financial 
burdens until carbon credit revenue kicks in.

•	 IFFDC’s success relied on inclusive participation, women’s SHGs, marginalized farmers, aligning with cooperative 
theory which holds that inclusive institutions yield stronger collective identity and commitment. Policies should 
mandate or incentivize inclusion, gender balance, and marginalised section participation in cooperative structures.
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•	 Cooperative initiatives should be integrated with governmental climate policies and rural development schemes. 
IFFDC’s cooperative model could be embedded in national carbon market frameworks or rural climate programs to 
leverage greater resources and institutional support.

•	 Part of the carbon credit revenue should be consistently reinvested into forest protection, new afforestation, capacity 
building, and community institutions.

Overall, IFFDC’s case underscores that climate action through cooperatives is not merely an environmental strategy 
but a socio-economic transformation pathway. Compared with corporate-led or privately managed agroforestry initia-
tives, IFFDC’s member-owned model proved more sustainable, transparent, and inclusive.

Future research should explore longitudinal carbon sequestration trends under cooperative management and assess 
how institutional design influences market participation and equity outcomes. From a policy perspective, enabling 
frameworks that recognise cooperatives as key actors in India’s carbon economy could accelerate the transition toward 
inclusive, community-driven, low-carbon development.

Acknowledgements  We sincerely thank the Managing Director of IFFDC and her team for their invaluable support in providing relevant data 
and information and facilitating discussions with their member cooperative societies essential for the successful completion of this research 
paper.

Author contributions  All authors contributed to the study conception and design. The work is our original contribution and has not been 
taken from anywhere.

Funding  We declare that no external funding was received for this study.

Data availability  The authors confirm that all data generated or analysed during this study are included in this published article.

Declarations 

Ethics approval and consent to participate  The study was reviewed and approved by the Ethics Committee of the National Cooperative Union 
of India. All procedures involving human participants were conducted in accordance with institutional ethical guidelines and the principles 
of the Declaration of Helsinki. Informed consent was obtained from all participants, and confidentiality was strictly maintained. All IFFDC 
representatives who participated in the study were fully informed about the objectives, methodology, and their rights. Written informed 
consent was obtained from each representative, ensuring voluntary participation on behalf of their organization.

Consent for publication  All participants provided written consent for the anonymised use of data from their organisation in publications and 
presentations arising from this research.

Competing interests  The authors declare no competing interests.

Open Access   This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License, which 
permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you give appropriate credit to 
the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the licensed material. You 
do not have permission under this licence to share adapted material derived from this article or parts of it. The images or other third party 
material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If 
material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://​creat​iveco​
mmons.​org/​licen​ses/​by-​nc-​nd/4.​0/.

References

	 1.	 Abbass K, Qasim MZ, Song H, Song H, Murshed M, Mahmood H, et al. A review of the global climate change impacts, adaptation, and 
sustainable mitigation measures. Environ Sci Pollut Res. 2022;29:42539–59. https://​doi.​org/​10.​1007/​s11356-​022-​19718-6.

	 2.	 Adenle AA, Azadi H, Arbiol J. Global assessment of technological innovation for climate change adaptation and mitigation in developing 
world. J Environ Manage. 2015;161:261–75. https://​doi.​org/​10.​1016/j.​jenvm​an.​2015.​05.​040.

	 3.	 Aggarwal A, Brockington D. Reducing or creating poverty? Analyzing livelihood impacts of forest carbon projects with evidence from 
India. Land Use Policy. 2020;95:104608. https://​doi.​org/​10.​1016/j.​landu​sepol.​2020.​104608.

	 4.	 Ajayi AD, Hayo L, Iliya JP, Hasegawa H. Exploring voluntary carbon markets as a tool for sustainable agriculture in Nigeria: opportunities 
and challenges. Sci Afr. 2025;29:e02923. https://​doi.​org/​10.​1016/j.​sciaf.​2025.​e02923.

	 5.	 Balasubramanian M, Birundha VD. Climate change and its impact on India. IUP J Environ Sci. 2012;6(1):31–46.
	 6.	 Bamanyisa MJ, Shirima D, Makundi W, Munishi P. The role of co-operatives in carbon trading in community managed carbon enhance-

ment activities in Tanzania. Int J Community Cooper Stud. 2019;7(3):62–77.

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1007/s11356-022-19718-6
https://doi.org/10.1016/j.jenvman.2015.05.040
https://doi.org/10.1016/j.landusepol.2020.104608
https://doi.org/10.1016/j.sciaf.2025.e02923


Vol.:(0123456789)

Discover Environment           (2025) 3:295  | https://doi.org/10.1007/s44274-025-00503-4 
	 Research

	 7.	 Birchall J, Ketilson LH. Resilience of the cooperative business model in times of crisis. Geneva: International Labour Office, Sustainable 
Enterprise Programme, ILO; 2009.

	 8.	 Bluffstone RA, Somanathan E, Jha P, et al. Does collective action sequester carbon? Evidence from the Nepal Community Forestry Program. 
World Dev. 2018;101:133–41.

	 9.	 Bretos I, Marcuello C. Revisiting globalization challenges and opportunities in the development of cooperatives. Ann Public Coop Econ. 
2017;88(1):47–73.

	10.	 Ceptureanu SI, Ceptureanu EG, Daniel O. Community based programs sustainability: a multidimensional analysis of sustainability factors. 
Sustainability. 2018;10(3):870. https://​doi.​org/​10.​3390/​su100​30870.

	11.	 Chaiya C. Empowering climate resilience: a people-centered exploration of Thailand’s greenhouse gas emissions trading and sustainable 
environmental development through climate risk management in community forests. Heliyon. 2025;11(2):e41844. https://​doi.​org/​10.​
1016/j.​heliy​on.​2025.​e4184.

	12.	 Chavan SB, Dhillon RS, Sirohi C, et al. Carbon sequestration potential of commercial agroforestry systems in Indo-Gangetic Plains of India: 
poplar and Eucalyptus-based agroforestry systems. Forests. 2023;14(3):559–82. https://​doi.​org/​10.​3390/​f1403​0559.

	13.	 Creswell JW, Creswell JD. Research design: qualitative, quantitative, and mixed methods approaches. 5th ed. Sage Publications; 2018.
	14.	 Dhyani SK, Ram A, Dev I. Potential of agroforestry systems in carbon sequestration in India. Indian J Agric Sci. 2016;86(9):1103–12.
	15.	 Duffy C, Toth GG, Hagan RPO, McKeown PC, Rahman SA, Widyaningsih Y, et al. Agroforestry contributions to smallholder farmer food 

security in Indonesia. Agroforest Syst. 2021;95:1109–24. https://​doi.​org/​10.​1007/​s10457-​021-​00632-8.
	16.	 Dushkova D, Ivlieva O. Empowering communities to act for a change: a review of the community empowerment programs towards 

sustainability and resilience. Sustainability. 2024;16(19):8700. https://​doi.​org/​10.​3390/​su161​98700.
	17.	 FAO. Climate-smart agriculture sourcebook. Food and Agriculture Organization of the United Nations; 2013. https://​www.​fao.​org/3/​

i3325e/​i3325e.​pdf. Accessed 4th Oct 2025.
	18.	 FAO. FAO strategy on climate change 2022–2031. Rome; 2022.
	19.	 Getnet K, Pfeifer C, MacAlister C. Economic incentives and natural resource management among small-scale farmers: addressing the 

missing link. Ecol Econ. 2014;108:1–7. https://​doi.​org/​10.​1016/j.​ecole​con.​2014.​09.​018.
	20.	 Grashuis J. Determinants of collective action by farm producers: a meta-analysis of the likelihood of co-operative membership. J Rural 

Stud. 2025;117:103639. https://​doi.​org/​10.​1016/j.​jrurs​tud.​2025.​103639.
	21.	 Gruere G, Nagarajan L, King EDIO. The role of collective action in the marketing of underutilized plant species: lessons from a case study 

on minor millets in South India. Food Policy. 2009;34(1):39–45. https://​doi.​org/​10.​1016/j.​foodp​ol.​2008.​10.​006.
	22.	 International Co-operative Alliance. Co-operative identity, values & principles; 2015. https://​www.​ica.​coop/​en/​coope​rativ​es/​coope​rative-​

ident​ity. Accessed 3 Oct 2025.
	23.	 ICA & ILO. Cooperatives and the sustainable development goals: a contribution to the post-2015 development debate; 2014. https://​

www.​ilo.​org/​sites/​defau​lt/​files/​wcmsp5/​groups/​publi​c/%​40ed_​emp/%​40emp_​ent/%​40coop/​docum​ents/​publi​cation/​wcms_​306072.​
pdf. Accessed 4 Oct 2025.

	24.	 IFAD. (2022). Thematic Evaluation of IFAD’s Support for Smallholder Farmers’ Adaptation to Climate Change. International Fund for Agricultural 
Development.

	25.	 IFFDC. 31st Annual report; 2023–24. http://​iffdc.​in/​annual%​20rep​orts%​20iff​dc/​Annual%​20Rep​ort_​31.​pdf. Accessed 20 Oct 2024.
	26.	 Jiang M, Jingrong L, Yunsheng M. Farmers’ cooperatives and smallholder farmers’ access to credit: evidence from China. J Asian Econ. 

2024;92:101746. https://​doi.​org/​10.​1016/j.​asieco.​2024.​101746.
	27.	 Kassie GW. Agroforestry and farm income diversification: synergy or trade-off? The case of Ethiopia. Environ Syst Res. 2017;6(1):8. https://​

doi.​org/​10.​1186/​s40068-​017-​0085-6.
	28.	 Katariya I, Pradhan L, Tripathi N. Comparative economic analysis and environmental benefits of agroforestry systems: a case study from 

Saharanpur, India with global perspectives. Indian J Agric Res. 2025;59(4):664–71.
	29.	 Kay S, Rega C, Moreno G, et al. Agroforestry creates carbon sinks whilst enhancing the environment in agricultural landscapes in Europe. 

Land Use Policy. 2019;83:581–93. https://​doi.​org/​10.​1016/j.​landu​sepol.​2019.​02.​025.
	30.	 Kumar A, Malik MS, Shabnam S, et al. Carbon sequestration and credit potential of gamhar (Gmelina arborea Roxb.) based agroforestry 

system for zero carbon emission of India. Sci Rep. 2024;14:4828. https://​doi.​org/​10.​1038/​s41598-​024-​53162-5.
	31.	 Lal R. Soil carbon sequestration impacts on global climate change and food security. Science. 2004;304(5677):1623–7. https://​doi.​org/​

10.​1126/​scien​ce.​10973​96.
	32.	 MoEF&CC. Net zero emissions target. Ministry of Environment, Forest and Climate Change. Press Information Bureau; 2023. https://​pib.​

gov.​in/​Press​Relea​seIfr​amePa​ge.​aspx?​PRID=​19454​72. 03 Aug 2023 5:04PM by PIB Delhi.
	33.	 Montagnini F, Nair PKR. Carbon sequestration: an underexploited environmental benefit of agroforestry systems. Agroforest Syst. 

2004;61:281–95. https://​doi.​org/​10.​1023/B:​AGFO.​00000​29005.​92691.​79.
	34.	 Newaj R, Chavan SB, Prasad R. Climate-smart agriculture with special reference to agroforestry. ICAR-Indian J Agrofor. 2015;17(1):96–108.
	35.	 Pathak M, Patel S, Some S. Climate change mitigation and sustainable development goals: evidence and research gaps. PLoS Climate. 

2024;3(3):e0000366. https://​doi.​org/​10.​1371/​journ​al.​pclm.​00003​66.
	36.	 Paustian K, Lehmann J, Ogle S, et al. Climate-smart soils. Nature. 2016;532:49–57. https://​doi.​org/​10.​1038/​natur​e17174.
	37.	 Piyadarshini P, Padaria RN, Burman RR, et al. Structural modelling of collective action behavior of farmers for natural resource manage-

ment. Indian J Agric Sci. 2022;92(1):95–100. https://​doi.​org/​10.​56093/​ijas.​v92i1.​120847.
	38.	 Raina N, Zavalloni M, Viaggi D. Incentive mechanisms of carbon farming contracts: a systematic mapping study. J Environ Manage. 

2024;352:120126. https://​doi.​org/​10.​1016/j.​jenvm​an.​2024.​120126.
	39.	 Ran G, Wang G, Du H. Relationship of cooperative management and green and low-carbon transition of agriculture and its impacts: a 

case study of the Western Tarim River Basin. Sustainability. 2023;15(11):8900. https://​doi.​org/​10.​3390/​su151​18900.
	40.	 Rao S, Jagadesh M, Baral K, Karthik R. Carbon farming strategies for sustainable development goals in India. Indian J Fertilisers. 

2024;20(7):644–57.
	41.	 Roy MM, Tewari JC. Agroforestry for climate resilient agriculture and livelihood in arid regions of India. ICAR Indian J Agrofor. 

2020;14(1):49–59.

https://doi.org/10.3390/su10030870
https://doi.org/10.1016/j.heliyon.2025.e4184
https://doi.org/10.1016/j.heliyon.2025.e4184
https://doi.org/10.3390/f14030559
https://doi.org/10.1007/s10457-021-00632-8
https://doi.org/10.3390/su16198700
https://www.fao.org/3/i3325e/i3325e.pdf
https://www.fao.org/3/i3325e/i3325e.pdf
https://doi.org/10.1016/j.ecolecon.2014.09.018
https://doi.org/10.1016/j.jrurstud.2025.103639
https://doi.org/10.1016/j.foodpol.2008.10.006
https://www.ica.coop/en/cooperatives/cooperative-identity
https://www.ica.coop/en/cooperatives/cooperative-identity
https://www.ilo.org/sites/default/files/wcmsp5/groups/public/%40ed_emp/%40emp_ent/%40coop/documents/publication/wcms_306072.pdf
https://www.ilo.org/sites/default/files/wcmsp5/groups/public/%40ed_emp/%40emp_ent/%40coop/documents/publication/wcms_306072.pdf
https://www.ilo.org/sites/default/files/wcmsp5/groups/public/%40ed_emp/%40emp_ent/%40coop/documents/publication/wcms_306072.pdf
http://iffdc.in/annual%20reports%20iffdc/Annual%20Report_31.pdf
https://doi.org/10.1016/j.asieco.2024.101746
https://doi.org/10.1186/s40068-017-0085-6
https://doi.org/10.1186/s40068-017-0085-6
https://doi.org/10.1016/j.landusepol.2019.02.025
https://doi.org/10.1038/s41598-024-53162-5
https://doi.org/10.1126/science.1097396
https://doi.org/10.1126/science.1097396
https://pib.gov.in/PressReleaseIframePage.aspx?PRID=1945472
https://pib.gov.in/PressReleaseIframePage.aspx?PRID=1945472
https://doi.org/10.1023/B:AGFO.0000029005.92691.79
https://doi.org/10.1371/journal.pclm.0000366
https://doi.org/10.1038/nature17174
https://doi.org/10.56093/ijas.v92i1.120847
https://doi.org/10.1016/j.jenvman.2024.120126
https://doi.org/10.3390/su15118900


Vol:.(1234567890)

Research	  
Discover Environment           (2025) 3:295  | https://doi.org/10.1007/s44274-025-00503-4

	42.	 Saikanth DRK, Kishor AJ, Sadineni T, et al. A review on exploring carbon farming as a strategy to mitigate greenhouse gas emissions. Int 
J Plant Soil Sci. 2023;35(23):380–8. https://​doi.​org/​10.​9734/​ijpss/​2023/​v35i2​34253.

	43.	 Sapkota TB, Vetter SH, Jat ML, et al. Cost-effective opportunities for climate change mitigation in Indian agriculture. Sci Total Environ. 
2019;655:1342–54. https://​doi.​org/​10.​1016/j.​scito​tenv.​2018.​11.​225.

	44.	 Savari A, Sharifzadeh M, Karami A. Assessing sustainability performance of community-based fish farming cooperatives: a comprehensive 
checklist. Environ Sustain Indicat. 2024;24:100469. https://​doi.​org/​10.​1016/j.​indic.​2024.​100469.

	45.	 Sharma V. Roadmap for achieving additional 2.5–3 BillionTonnes CO2e sequestration from forestry sector by 2030. The Energy and 
Resources Institute; 2017. https://​www.​teriin.​org/​sites/​defau​lt/​files/​2018-​02/​co2e-​seque​strat​ion.​pdf

	46.	 Smith P, Soussana JF, Angers D, et al. How to measure, report and verify soil carbon change to realize the potential of soil carbon seques-
tration for atmospheric greenhouse gas removal. Glob Change Biol. 2020;26(1):219–41. https://​doi.​org/​10.​1111/​gcb.​14815.

	47.	 Stake RE. The art of case study research. Sage Publications; 1995.
	48.	 Staton T, Breeze TD, Walters RJ, Smith J, Girling RD. Productivity, biodiversity trade-offs, and farm income in an agroforestry versus an 

arable system. Ecol Econ. 2022;191:107214. https://​doi.​org/​10.​1016/j.​ecole​con.​2021.​107214.
	49.	 Suich H. The effectiveness of economic incentives for sustaining community based natural resource management. Land Use Policy. 

2013;31:441–9. https://​doi.​org/​10.​1016/j.​landu​sepol.​2012.​08.​008.
	50.	 Tanveer U, Ishaq S, Hoang TG. Enhancing carbon trading mechanisms through innovative collaboration: case studies from developing 

nations. J Clean Prod. 2024;482:144122. https://​doi.​org/​10.​1016/j.​jclep​ro.​2024.​144122.
	51.	 UNFCCC. Handbook on measurement, reporting and verification for developing country parties. United Nations Climate Change Secre-

tariat, Germany; 2019. ISBN 978-92-9219-128-3
	52.	 van Haren N, Fleiner R, Liniger H, Harari N. Contribution of community-based initiatives to the sustainable development goal of Land 

Degradation Neutrality. Environ Sci Policy. 2019;94:211–9. https://​doi.​org/​10.​1016/j.​envsci.​2018.​12.​017.
	53.	 Villalba R, Joshi G, Daum T, Venue TE. Financing climate-smart agriculture: a case study from the Indo-Gangetic Plains. Mitig Adapt Strateg 

Glob Change. 2024;29:33. https://​doi.​org/​10.​1007/​s11027-​024-​10127-3.
	54.	 Wadkar SK, Kumar M, Goswami V, Kaul A. Market diversification strategies for enhancing competitiveness of Indian marketing coopera-

tives: lessons from Gujarat State Cooperative Marketing Federation Ltd. (GUJCOMASOL). Int J Glob Bus Compet. 2024;19:1–14. https://​
doi.​org/​10.​1007/​s42943-​024-​00108-3.

	55.	 Yin RK. Case study research and applications: design and methods. 6th ed. Sage Publications; 2018.
	56.	 Yu L, Nilsson J, Li Y, Guo M. Cooperative membership and farmers’ environment-friendly practices: evidence from Fujian, China. Heliyon. 

2023;9(10):e20819. https://​doi.​org/​10.​1016/j.​heliy​on.​2023.​e20819.

Publisher’s Note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.9734/ijpss/2023/v35i234253
https://doi.org/10.1016/j.scitotenv.2018.11.225
https://doi.org/10.1016/j.indic.2024.100469
https://www.teriin.org/sites/default/files/2018-02/co2e-sequestration.pdf
https://doi.org/10.1111/gcb.14815
https://doi.org/10.1016/j.ecolecon.2021.107214
https://doi.org/10.1016/j.landusepol.2012.08.008
https://doi.org/10.1016/j.jclepro.2024.144122
https://doi.org/10.1016/j.envsci.2018.12.017
https://doi.org/10.1007/s11027-024-10127-3
https://doi.org/10.1007/s42943-024-00108-3
https://doi.org/10.1007/s42943-024-00108-3
https://doi.org/10.1016/j.heliyon.2023.e20819

	Charting cooperative pathways to net zero through the IFFDC agroforestry model
	Abstract
	1 Introduction
	2 Promises of the cooperative approach
	3 Research methodology
	4 Case study: IFFDC
	4.1 Organisational overview
	4.2 Key project activities and achievements
	4.3 Carbon credits generation: lifecycle, challenges, and impact
	4.3.1 Challenges in carbon credit validation and market participation
	4.3.2 Impact of carbon credits on IFFDC
	4.3.3 Strategic reinvestment and expansion of carbon credit projects

	4.4 IFFDC farm forestry project: advancing sustainable development goals
	4.5 Community-centric approach, challenges and mitigation strategies

	5 Analytical discussion
	5.1 SWOT analysis
	5.2 Comparative insights and broader lessons

	6 Conclusion and recommendations
	Acknowledgements 
	References


