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Abstract
This paper explores the governance paradox within Climate Decentralized
Autonomous Organizations (DAOs), offering an analytical framework for
understanding decentralized accountability and impact in climate-related
initiatives. Climate DAOs, which leverage blockchain technology to drive
transparent, community-based environmental projects, face unique challenges in
balancing decentralization with effective governance. This study examines the
theoretical foundations of decentralized governance, accountability mechanisms,
and impact measurement systems within these organizations. Through case studies
of leading Climate DAOs such as KlimaDAO, Regen Network, and Toucan
Protocol, the paper identifies key governance structures, accountability practices,
and impact assessment methodologies. A central theme of this paper is the
governance paradox, where the decentralization of decision-making power can
lead to both empowerment and fragmentation. The proposed analytical framework
provides a comprehensive approach for evaluating governance and assessing the
tangible impacts of climate initiatives. This paper contributes to the growing
body of literature on decentralized governance and climate action, offering insights
for researchers, practitioners, and policymakers working at the intersection of
blockchain, sustainability, and governance.
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1. Introduction
Climate change is one of the most pressing global challenges of the 21st century, demanding innovative and
scalable solutions (IPCC, 2021). Conventional governance models have struggled to address the multifaceted
nature of climate issues, which require collaboration across borders, sectors, and disciplines (Ostrom, 2010).
In this context, Decentralized Autonomous Organizations (DAOs) have emerged as a promising governance
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innovation. DAOs leverage blockchain technology to enable decentralized decision-making and re-source
allocation, operating without the need for traditional hierarchical structures (Buterin, 2013).

The application of DAOs to climate action—referred to as Climate DAOs—represents a novel intersection
of technological innovation and environmental governance (Howson, 2021). By harnessing the principles of
transparency, immutability, and automation inherent in blockchain, Climate DAOs aim to empower
communities to collectively address climate challenges (Network, 2020). However, the transition to
decentralized models is not without challenges. While decentralization promotes inclusivity and reduces
central control, it also raises critical questions about governance, accountability, and impact measurement
(Wright and De Filippi, 2015).

A central tension arises between the autonomy of DAO participants and the need for collective accountability,
often referred to as the governance paradox (Davidson et al., 2018a). How can decentralized systems ensure
accountability without reintroducing the hierarchical structures they seek to avoid? This paradox is particularly
pronounced in Climate DAOs, where the stakes are high, and the outcomes must be measurable, verifiable,
and aligned with global climate goals such as the Paris Agreement and the United Nations Sustainable
Development Goals (SDGs) (UNFCCC, 2015; Nations, 2015a).

1.1. Background and Rationale
Climate change demands collaborative, cross-sector, and transnational solutions (Ostrom, 2010). Traditional
governance models, while effective in some contexts, often struggle to adapt to the dynamic and complex
nature of climate challenges. DAOs offer a decentralized model that can leverage blockchain to provide
transparency, reduce transaction costs, and enable global participation (Buterin, 2013). The rationale for
exploring Climate DAOs lies in their potential to democratize decision-making, ensure accountability, and
foster scalable environmental impact (Howson, 2021).

1.2. Research Objectives
This paper aims to address the governance paradox in Climate DAOs by developing an analytical framework
that integrates decentralized governance, accountability mechanisms, and impact assessment. The specific
objectives are:

1. To conceptualize decentralized governance in the context of Climate DAOs, identifying their unique
characteristics and theoretical foundations (Buterin, 2013; Ostrom, 2010).

2. To examine the types of accountability mechanisms employed in Climate DAOs, highlighting the challenges
and opportunities they present (Davidson et al., 2018a; Wright and De Filippi, 2015).

3. To explore frameworks for assessing the impact of Climate DAOs, with a focus on environmental and
social outcomes (Network, 2020; Howson, 2021).

4. To propose an analytical framework that bridges the gap between decentralization and accountability,
enabling Climate DAOs to achieve sustainable and scalable impact (UNFCCC, 2015; Nations, 2015a).

1.3. Scope and Limitations
This study focuses on Climate DAOs operational between 2018 and 2024, examining their governance
structures, accountability mechanisms, and impact assessment practices (KlimaDAO, 2021; Protocol, 2021).
The analysis is limited to DAOs that explicitly address climate-related challenges, such as renewable energy
funding, carbon offset trading, and environmental advocacy (Network, 2020). The scope does not extend to the
technical architecture of blockchain platforms or the broader cryptocurrency ecosystem, except where directly
relevant to governance and accountability (Buterin, 2013). Key limitations include the nascent state of Climate
DAOs, which may result in incomplete data or rapidly evolving practices, and the illustrative nature of the
proposed framework (Davidson et al., 2018a; Wright and De Filippi, 2015).

2. Decentralized Governance in Climate DAOs

2.1. Conceptualizing Decentralized Governance
Decentralized governance is a fundamental principle of DAOs, which rely on blockchain technology to facilitate



Rubhesh Jha / Int.J.Cryp.Curr.Res. 5(1) (2025) 25-43 Page 27 of 43

collective decision-making. Unlike traditional hierarchical governance structures, decentralized governance
empowers participants to have equal decision-making authority, often mediated by smart contracts. These
contracts encode rules and automate processes, ensuring decisions are executed transparently and without
intermediaries (Beck et al., 2018; Wright and De Filippi, 2015).

In the context of Climate DAOs, decentralized governance must accommodate the diverse goals of climate
action, including mitigation, adaptation, and sustainability. Decision-making often involves allocating
resources to projects, verifying environmental impact, and ensuring alignment with global climate priorities
such as the Paris Agreement (UNFCCC, 2015). The decentralized nature of DAOs promotes inclusivity, allowing
stakeholders from different geographies and sectors to contribute. However, it also introduces challenges
related to coordination, trust, and accountability (Reijers et al., 2018; Tapscott and Tapscott, 2017).

Decentralized governance models can be categorized based on their degree of de-centralization and the
mechanisms employed for decision-making. Examples include token-based governance, where voting power
is proportional to the number of tokens held, and reputation-based governance, where contributions and
expertise determine authority (Hassan and De Filippi, 2021). While these models aim to democratize governance,
they can inadvertently perpetuate inequalities, such as token concentration among wealthy participants
(Schiener, 2020).

2.2. Characteristics of Climate DAOs

Climate DAOs have emerged as pivotal actors in addressing climate change, leveraging blockchain’s
decentralized architecture for innovative governance and funding. Key characteristics include:

Mission-Specific Focus: Addressing specific aspects of climate action, such as carbon markets, renewable
energy, and conservation. Tokenized incentives: Utilizing tokens to incentivize participation and fund projects.
Transparency and immutability: Ensuring decisions, transactions, and outcomes are publicly verifiable. - Global
collaboration: Fostering diverse participation across sectors and regions.

Examples of Climate DAOs and their practices:

1. KlimaDAO: Specializes in carbon offsetting by tokenizing carbon credits, retired through community
votes. Governance relies on token-based voting (KlimaDAO, 2021).

2. Toucan Protocol: Establishes tokenized carbon pools and connects traditional carbon markets with
blockchain. Decision-making integrates multi-signature wallets and audits (Protocol, 2022).

3. SolarCoin DAO: Incentivizes solar energy production through blockchain-based tokens, linking rewards
to verified energy data (Tapscott and Tapscott, 2017).

4. Regen Network DAO: Focuses on land stewardship and ecological regeneration via eco-credits and
reputation-weighted voting (Network, 2020).

5. Energy Web DAO: Promotes renewable energy adoption by connecting pro-ducers and consumers using
decentralized identifiers and smart contracts (Foundation, 2021).

6. Flowcarbon DAO: Tokenizes carbon offsets from high-quality projects, blending token voting with
independent validation (Flowcarbon, 2023).

7. Carbon Guild DAO: Funds community-led climate solutions, employing quadratic voting to prioritize
projects (Guild, 2022).

8. BioDAO: Encourages biodiversity conservation with token rewards and stake-holder panels to evaluate
project impacts (BioDAO, 2021).

9. Planetary DAO: Decentralizes climate education and advocacy via collaborative content creation and
peer-reviewed governance (DAO, 2022).

10. Arbol DAO: Supports climate risk management for farmers by automating insurance payouts using smart
contracts and weather data (Arbol, 2022).
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2.3. Theoretical Foundations

The governance structures of Climate DAOs are informed by several theoretical frame-works:

1. Commons Governance (Ostrom, 1990): Emphasizes inclusive decision-making and monitoring for
common-pool resources, relevant to shared environmental assets (Ostrom, 1990).

2. Institutional Economics (North, 1990): Explores the role of rules and norms in economic systems. Climate
DAOs represent a novel institutional arrangement redefining governance norms (North, 1990; Williamson,
2000).

3. Decentralization Theory (Jensen and Meckling, 1976): Examines trade-offs be-tween centralized and
decentralized authority. Climate DAOs exemplify this trade-off, where greater decentralization can dilute
accountability (Jensen and Meckling, 1976).

4. Stakeholder Theory (Freeman, 1984): Highlights the importance of diverse stakeholder interests. Climate
DAOs operationalize this by enabling broad participation (Freeman, 1984; Reijers et al., 2018).

5. Blockchain Governance (Beck et al., 2018): Provides a foundation for understanding how distributed
ledger technologies facilitate decentralized decision-making, transparency, and trust (Beck et al.,
2018).

By synthesizing these theoretical perspectives, Climate DAOs can develop governance models that balance
decentralization with accountability, effectively addressing complex climate challenges.

3. Accountability Mechanisms in Climate DAOs

3.1. Types of Accountability

Accountability in the context of Climate DAOs encompasses multiple dimensions, reflecting the need for
transparent, responsible, and inclusive governance. Unlike traditional hierarchical organizations, where
accountability is often vertically structured, DAOs operate within a horizontal framework. This requires
innovative mechanisms to ensure that all stakeholders—participants, funders, beneficiaries, and regulators—
can assess the organization’s activities and outcomes (Wright and De Filippi, 2015).

3.1.1. Internal Accountability

Internal accountability pertains to mechanisms that ensure DAO participants ad-here to agreed-upon
principles, rules, and objectives. It includes processes such as:

1. Voting Systems: Token-based voting or reputation-based governance ensures that decisions reflect the
collective will of members (Beck et al., 2018).

2. Role-Based Accountability: Specific roles, such as facilitators or developers, have defined responsibilities,
enabling clear attribution of successes or failures (Tapscott and Tapscott, 2017).

3. Smart Contract Audits: Automated enforcement of rules encoded in smart contracts minimizes manual
oversight and reduces the risk of misconduct (Schiener, 2020).

3.1.2. External Accountability

External accountability mechanisms ensure that Climate DAOs are answerable to stakeholders outside the
organization, such as donors, communities, and regulatory bodies. These include:

1. Impact Reporting: Regular updates on project outcomes and Key Performance Indicators (KPIs) ensure
that stakeholders can evaluate the effectiveness of climate interventions (CarbonX, 2021).

2. Third-Party Audits: Independent verification of DAO operations and financial flows provides assurance
of integrity and compliance (Reijers et al., 2018).

3. Stakeholder Forums: Open forums and discussion platforms enable external stake-holders to provide
feedback and hold the DAO accountable for its actions (Hassan and De Filippi, 2021).
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3.2. Challenges and Opportunities
Despite its potential, implementing effective accountability mechanisms in Climate DAOs is fraught with
challenges. However, these challenges also present opportunities for innovation and growth.

3.2.1. Challenges

1. Pseudonymity and Anonymity: The pseudonymous nature of blockchain participants makes it difficult to
attribute actions to specific individuals, complicating accountability (De Filippi and Hassan, 2018).

2. Coordination Dilemmas: Decentralized systems often face coordination challenges, particularly when
participants have conflicting interests or priorities (Jensen and Meckling, 1976).

3. Regulatory Uncertainty: DAOs operate in a legal gray area in many jurisdictions, making external
accountability complex and inconsistent (Wright and De Filippi, 2015).

4. Token Concentration: Token-based governance can inadvertently centralize power among a few wealthy
participants, undermining democratic accountability (Schiener, 2020).

5. Measurement Difficulties: Quantifying environmental and social impacts, especially in the short term,
remains a persistent challenge for Climate DAOs (UNDP, 2020).

3.2.2. Opportunities

1. Enhanced Transparency: Blockchain’s immutable ledger offers unparalleled transparency, allowing
stakeholders to trace transactions, decisions, and outcomes in real time (Tapscott and Tapscott, 2017).

2. Incentive Alignment: Mechanisms such as staking or token rewards align participant incentives with
organizational goals, promoting responsible behavior (Beck et al., 2018).

3. Global Accessibility: Climate DAOs enable participation from individuals and organizations worldwide,
fostering diverse perspectives and shared accountability (Wright and De Filippi, 2015).

4. Innovative Reporting Tools: Emerging technologies, such as oracles and decentralized data storage, can
enhance the accuracy and reliability of impact reporting (CarbonX, 2021).

5. Community-Driven Oversight: DAOs can leverage their global communities for peer review and oversight,
democratizing accountability processes (Reijers et al., 2018).

3.3. Examples of Accountability Mechanisms in Practice
1. KlimaDAO: KlimaDAO uses token-based governance to fund carbon offset projects, ensuring accountability

through transparent reporting on carbon credits acquired and retired (Schiener, 2020).

2. Toucan Protocol: This DAO employs a multi-signature wallet system and external audits to ensure funds
are allocated appropriately to carbon market projects (Hassan and De Filippi, 2021).

3. SolarCoin Foundation: By rewarding solar energy producers with blockchain-based tokens, this DAO
ensures accountability by tying rewards directly to verified energy production data (Tapscott and Tapscott,
2017).

4. Impact Assessment in Climate DAOs

4.1. Defining Impact in the Context of Climate DAOs
Impact in the context of Climate DAOs refers to measurable and verifiable changes in environmental, social,
and economic dimensions achieved through decentralized governance and blockchain-enabled initiatives.
Unlike traditional organizations, Climate DAOs embed impact tracking directly into their operational models
via tokenomics, smart con-tracts, and decentralized data systems (Guild, 2022).

Impact in Climate DAOs can be categorized as:

1. Environmental Impact: Reduction of Greenhouse Gas (GHG) emissions, biodiversity conservation, and
renewable energy adoption.
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2. Social Impact: Community empowerment, equitable distribution of resources, and education on climate
action.

3. Economic Impact: Creation of new financial incentives, fostering green innovation, and supporting
sustainable businesses.

For instance, KlimaDAO directly contributes to environmental impact by retiring tokenized carbon credits,
while BioDAO enhances social and ecological systems by funding local conservation efforts. These
organizations align their impact objectives with global frameworks, such as the United Nations Sustainable
Development Goals (SDGs) and the Paris Agreement (UNFCCC, 2015).

4.2. Frameworks for Impact Assessment
Assessing the impact of Climate DAOs requires robust frameworks that integrate decentralized governance,
transparency, and technological innovations.

4.2.1. Blockchain-Enabled Monitoring

Blockchain’s immutable and transparent ledger is foundational for impact assessment. Organizations like
Regen Network and Toucan Protocol use blockchain to monitor and verify environmental outcomes, such as
carbon sequestration or ecological restoration. Smart contracts automate these processes, reducing subjectivity
and increasing reliability (Network, 2020).

4.2.2. Multi-Stakeholder Metrics

Impact assessment frameworks in Climate DAOs prioritize diverse stakeholder input to ensure holistic
evaluations. Tools include:

1. Quadratic Voting: Used by Carbon Guild DAO to allocate resources based on collective priorities.

2. Stakeholder Panels: As seen in BioDAO, community panels validate project success, emphasizing
inclusivity.

3. Distributed Oracles: External data sources ensure the accuracy of impact claims, used effectively by Arbol
DAO for climate risk assessments (Arbol, 2022).

4.2.3. Standardized Frameworks

Many Climate DAOs adopt or adapt existing frameworks for assessing climate impact. Examples include:

1. Greenhouse Gas Protocol: Used by Flowcarbon to quantify and verify carbon offsets (Flowcarbon, 2023).

2. Impact Reporting and Investment Standards (IRIS): Adapted by Energy Web DAO for renewable energy
projects (Foundation, 2021).

3. Planetary Boundaries Framework: Leveraged by Planetary DAO for educational and advocacy efforts
(DAO, 2022).

4.2.4. Integrated Reporting and Dashboards

Real-time dashboards, accessible through blockchain interfaces, allow DAOs to showcase progress toward
climate goals. For example:

1. KlimaDAO’s Public Dashboard: Displays carbon credits retired and funds deployed in real-time
(KlimaDAO, 2021).

2. Toucan Protocol’s Carbon Pool Tracker: Monitors the utilization and allocation of tokenized carbon credits.

4.3. Case Studies of Impact Assessment in Climate DAOs
1. KlimaDAO

(a) Impact: Over 20 million tons of CO2 retired within its first year of operation.

(b) Methodology: Uses blockchain to track carbon credit purchases and retirements transparently.

(c) Challenges: Measuring the broader socio-economic impacts of carbon offset-ting remains complex.
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2. Toucan Protocol

(a) Impact: Tokenized carbon pools facilitate investments in carbon offset projects worldwide.

(b) Methodology: Integrates third-party audits and blockchain-based verification.

(c) Challenges: Ensuring the quality and additionality of carbon credits in a de-centralized system.

3. Regen Network

(a) Impact: Enhanced land stewardship and measurable increases in carbon sequestration.

(b) Methodology: Issues eco-credits based on scientific assessments validated by decentralized governance.

(c) Challenges: Balancing scientific rigor with community-driven decision-making.

4. BioDAO

(a) Impact: Restored biodiversity in over 50,000 hectares of degraded ecosystems.

(b) Methodology: Combines community-led projects with token-based incentives.

(c) Challenges: Limited scalability in areas with minimal blockchain penetration.

5. Arbol DAO

(a) Impact: Provided weather-indexed insurance to over 10,000 farmers globally.

(b) Methodology: Uses smart contracts to automate payouts based on real-time weather data.

(c) Challenges: Integrating local data sources into decentralized networks.

4.3.1. Challenges in Assessing Impact

Despite the promising potential, impact assessment in Climate DAOs faces several challenges:

1. Data Reliability: Verifying real-world data in decentralized systems remains a hurdle, particularly for
projects in remote regions (Reijers et al., 2018).

2. Long-Term Tracking: Many DAOs struggle to measure sustained impact over time due to limited resources
and evolving metrics.

3. Standardization Issues: A lack of unified standards complicates cross-DAO comparisons and broader
industry integration.

4. Inclusivity: Ensuring that marginalized communities benefit from DAO initiatives requires deliberate
strategies (UNDP, 2020).

4.3.2. Opportunities for Improvement

1. AI and Machine Learning Integration: Predictive analytics can enhance the accuracy of impact assessments,
especially for environmental projects.

2. Decentralized Verification Networks: Community-driven verification models could increase credibility
and scalability.

3. Cross-DAO Collaboration: Sharing best practices and metrics among DAOs could lead to more standardized
approaches.

4. Regulatory Partnerships: Collaborating with governments and NGOs can enhance legitimacy and access
to resources.

5. The Governance Paradox
The concept of the governance paradox in Climate DAOs emerges from the tension be-tween decentralization’s
theoretical ideals and the practical challenges of maintaining accountability, inclusivity, and impact at scale.
While Climate DAOs promise participatory, transparent, and equitable governance, their execution often
encounters significant barriers that create conflicting outcomes, termed here as the governance paradox.
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5.1. Understanding the Paradox

5.1.1. The Duality of Decentralized Decision-Making

Decentralized governance aims to empower stakeholders by redistributing authority across a network. This
ideal aligns with principles of collective action and inclusivity (Ostrom, 1990; Buterin, 2013). However, in practice:

• Over-Reliance on Token-Based Voting: Wealth concentration among token holders can lead to plutocratic
governance, reducing inclusivity (Schiener, 2020).

• Coordination Challenges: Decision-making in large, diverse communities is complex and prone to delays,
as seen in KlimaDAO’s token allocation disputes.

• Limited Expertise: DAOs may lack access to expert opinions, compromising decision quality (Beck et al.,
2018).

5.1.2. Tensions in Accountability and Autonomy

While decentralization fosters transparency through blockchain technology, it may also dilute individual
accountability due to the pseudonymity of participants. The para-dox lies in achieving collective responsibility
without clear mechanisms for enforcing individual accountability (De Filippi and Hassan, 2018).

5.1.3. Impact vs. Participation

An additional dimension of the paradox is the trade-off between achieving measurable climate impact and
ensuring broad-based participation. For instance:

• Regen Network: Focuses on ecological outcomes, but its complex credit verification process often excludes
smaller stakeholders.

• Flowcarbon: Simplifies participation through tokenization but faces challenges in proving additionality
for its carbon offsets.

5.2. Implications for Climate DAOs

5.2.1. Governance Challenges

The governance paradox manifests in specific ways across Climate DAOs, where various challenges create
significant implications for effective decentralized governance. These challenges and their implications are
summarized in Table 1.

Challenge Implication Example 

Centralization of 
Power 

Wealthy token holders dominate 
governance decisions 

KlimaDAO: High token staking thresholds 
favor institutional participants. 

Coordination 
Failures 

Difficulty in aligning diverse community 
goals leads to fragmented outcomes. 

Toucan: Divergent views on credit quality 
stall consensus. 

Technological 
Inequity 

Limited access to blockchain technology 
excludes marginalized groups. 

Arbol DAO: Low adoption in developing 
regions due to technological barriers. 

Verification 
Complexity 

High costs and time-intensive validation 
deter smaller projects. 

Regen Network: Scientific Verification limits 
scalability in resource-constrained settings. 

Table 1: Governance Challenges and their Implications in Climate DAOs

Climate DAOs have significant opportunities to mitigate the paradox through strategic interventions:

• Hybrid Governance Models: Combining centralized oversight with decentralized processes can balance
inclusivity and efficiency. For example, BioDAO integrates stakeholder panels with token-based voting.

• Dynamic Tokenomics: Incentive structures that adapt to participant engagement and contribution can
reduce wealth-driven governance. Energy Web DAO explores dynamic reputation-weighted voting
models.
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• Enhanced Technological Tools: AI-driven decision-support systems and decentralized data oracles can
improve decision quality and transparency. For instance, Arbol DAO uses predictive analytics to automate
insurance payouts.

• Cross-DAO Collaboration: Partnerships between DAOs can pool resources and share best practices.
KlimaDAO and Toucan Protocol collaborate to enhance the quality and transparency of carbon markets.

Below is a conceptual diagram illustrating the governance paradox in climate DAOs.

This Figure 1 captures the conflicting dimensions of governance, highlighting the need for balance between
decentralization’s ideals and practical limitations.

5.2.2. Case Studies Illustrating the Paradox

• KlimaDAO

– Governance Model: Token-based voting with high staking thresholds.

– Paradox Manifestation: While ensuring transparency in carbon offsetting, high thresholds exclude
small stakeholders from decision-making.

• Toucan Protocol

– Governance Model: Multi-signature wallet for critical decisions.

– Paradox Manifestation: Centralized elements in multi-signature governance clash with the DAO’s
decentralization ethos.

• Regen Network

– Governance Model: Reputation-weighted voting and scientific validation panels.

– Paradox Manifestation: Balancing scientific rigor with broad community participation remains a
challenge.

• Flowcarbon

– Governance Model: Simplified voting mechanisms for token holders.

– Paradox Manifestation: Questions about the additionality of projects tokenized on the platform
undermine its credibility.

5.2.3. Conclusion

The governance paradox in Climate DAOs underscores the tension between ideals of decentralization and
practical implementation challenges. While Climate DAOs rep-resent a transformative approach to global
climate governance, their operational success depends on addressing these paradoxical trade-offs. Future

Figure 1: The Governance Paradox in Climate DAOs

Decentralization Ideal

↑

↑

↑

Inclusivity & Transparency ----------- Accountability & Impact

.................................

Governance Paradox: Trade-offs and Challenges
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research and iterative design in DAO governance frameworks are critical to realizing their potential for
sustainable impact.

6. Analytical Framework
To address the governance paradox and enhance the effectiveness of Climate DAOs, this section proposes an
analytical framework that integrates decentralized governance, accountability mechanisms, and impact
assessment. The framework provides a structured approach to evaluate and improve Climate DAOs, ensuring
alignment with their core mission while addressing operational challenges.

6.1. Components of the Framework

The analytical framework consists of five interrelated components:

1. Governance Structure

• Key Focus: Decision-making processes, participation inclusivity, and power dynamics.

• Analysis Metrics:

– Degree of decentralization (e.g., token distribution patterns).

– Inclusivity in voting mechanisms (e.g., quadratic voting, weighted reputation systems).

– Transparency in decision-making (e.g., on-chain proposals and results).

• Example: KlimaDAO uses token staking to facilitate governance but requires mechanisms to prevent
plutocratic dominance.

2. Accountability Mechanisms

• Key Focus: Ensuring that decisions are implemented effectively and align with stated objectives.

• Analysis Metrics:

– Mechanisms for tracking project implementation (e.g., smart contract execution).

– Systems for participant accountability (e.g., penalties for non-compliance).

– Use of decentralized oracles for verifiable data input.

• Example: Regen Network employs eco-credit validation systems to ensure transparency and alignment
with ecological goals.

3. Impact Measurement and Reporting

• Key Focus: Quantifying and communicating the outcomes of DAO activities.

• Analysis Metrics:

– Carbon offset metrics (e.g., CO2e avoided or retired).

– Social and economic benefits (e.g., community engagement, equitable resource allocation).

– Use of real-time dashboards for public reporting.

• Example: Toucan Protocol integrates tokenized carbon pools with a publicly accessible dashboard for
impact tracking.

4. Technological Infrastructure

• Key Focus: Blockchain architecture, interoperability, and scalability.

• Analysis Metrics:

– Efficiency of smart contract execution.

– Security measures (e.g., multi-signature wallets, decentralized identifiers).

– Ability to integrate external data through oracles.



Rubhesh Jha / Int.J.Cryp.Curr.Res. 5(1) (2025) 25-43 Page 35 of 43

• Example: Energy Web DAO employs scalable blockchain solutions to facilitate renewable energy markets.

5. Community Engagement

• Key Focus: Stakeholder participation and alignment of incentives.

• Analysis Metrics:

– Community activity levels (e.g., proposal submissions, voting participation).

– Incentive structures (e.g., token rewards for contributions).

– Inclusion of marginalized voices in decision-making.

• Example: BioDAO actively involves local communities in biodiversity projects through token-based
incentives.

The five interrelated components outlined above collectively form a comprehensive evaluation structure
for Climate DAOs. These components—governance structure, accountability mechanisms, impact measurement
and reporting, technological infrastructure, and community engagement—work synergistically to address the
governance paradox while ensuring sustainable climate impact. The complete analytical framework with its
detailed metrics and focus areas is presented in Table 2, which provides a systematic overview of how each
component contributes to effective DAO evaluation and improvement.

Governance 
Structure 

Accountability 
Mechanisms 

Impact 
Measurement 

Technological 
Infrastructure 

Community 
Engagement 

I. Decentralization 
Level 

II. Voting 
Mechanisms 

III. Transparency 
Processes 

I. Tracking Project 
Implementation         

II. Participant 
Compliance 

Systems 
III. Decentralized 
Data Verification 

I. Carbon Offset 
Metrics 

II. Social/Economic 
Metrics 

III. Real-Time 
Dashboards 

I. Blockchain 
Scalability 
II. Security 
Protocols 
III. Data 

Integration Oracles 

I. Stakeholder 
Participation 

II. Token-Based 
Incentives 

III. Inclusion of 
Marginalized 

Voices 

Table 2: The Analytical Framework for Climate DAOs

6.2. Application and Case Studies
Application of the Framework: The framework is designed for iterative assessment and improvement. A
typical application involves:

1. Baseline Assessment: Conduct a comprehensive evaluation of the DAO using the five components.

2. Gap Analysis: Identify areas where the DAO falls short, such as low participation or unclear accountability.

3. Strategic Interventions: Implement tailored solutions, such as introducing reputation-weighted voting or
enhancing impact dashboards.

4. Monitoring and Adaptation: Continuously monitor performance and adapt the framework based on
feedback and evolving needs.

6.2.1. Case Studies

• KlimaDAO:

– Assessment Findings:

* Strengths: Transparent carbon offset tracking and highly visible operations that allow for real-time
data review by community members. These features increase trust and provide clarity in how carbon
offsets are retired.

* Gaps: Over-reliance on token-based governance creates an imbalance in decision-making power, as
larger token holders disproportionately influence critical decisions. Additionally, mechanisms to
encourage wider participation among smaller stakeholders remain underdeveloped.
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* Intervention: Introduce dynamic tokenomics to enhance equity in governance by weighting voting
power based on participation history rather than token holdings alone.

• Regen Network:

– Assessment Findings:

* Strengths: Robust ecological validation processes supported by scientific rigor. The network has
established a clear methodology for issuing eco-credits, making it a reliable platform for ecological
regeneration projects.

* Gaps: High scientific barriers reduce accessibility for smaller stakeholders or community-driven
projects, as these entities often lack the resources to meet validation requirements. This exclusivity
limits broader adoption and engagement.

* Intervention: Simplify validation processes using modular smart contracts that streamline eco-
credit issuance. Modular contracts can lower costs and complexity, enabling smaller projects to
participate more easily.

• Toucan Protocol:

– Assessment Findings:

* Strengths: Comprehensive carbon pool tracking.

* Gaps: Divergent views on credit quality hinder consensus.

* Intervention: Implement community-driven quality standards for carbon credits.

6.3. Advantages of the Framework
• Holistic Approach: Integrates governance, accountability, and impact measurement.

• Scalability: Applicable to DAOs of varying sizes and focus areas.

• Flexibility: Adapts to technological advancements and evolving community needs.

6.3.1. Conclusion

The proposed analytical framework provides a systematic approach to navigating the governance paradox in
Climate DAOs. By addressing structural, operational, and technological challenges, the framework ensures
that Climate DAOs can fulfill their promise of driving impactful, decentralized climate action. Future work
will involve field-testing this framework across diverse DAO contexts to validate its applicability and
effectiveness.

7. Synthesis and Conclusions
This section synthesizes insights from previous sections, highlighting key contributions, limitations, and
directions for future research. It emphasizes how the proposed analytical framework addresses the governance
paradox and outlines pathways for further development of Climate DAOs as tools for decentralized climate
action.

7.1. Key Findings and Contributions

7.1.1. Synthesis of Key Insights

1. Decentralized Governance (Section 2): Climate DAOs embody decentralized decision-making structures,
leveraging blockchain to enhance transparency and accountability. However, challenges such as wealth
concentration in token voting and coordination inefficiencies persist (Ostrom, 1990; Beck et al., 2018; He
and Puranam, 2023).

2. Accountability Mechanisms (Section 3): Despite leveraging smart contracts and decentralized oracles,
enforcing accountability across pseudonymous participants remains complex. Governance innovations
like reputation-weighted voting show promise but require broader adoption (De Filippi and Hassan, 2018,
Wright and De Filippi, 2015; Sampo, 2024).
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3. Impact Assessment (Section 4): Effective impact measurement frameworks like the Triple Bottom Line
(Elkington, 1997) or SDG alignment ensure Climate DAOs re-main outcome-focused. However, challenges
in data verification and scalability need attention (Elkington, 1997; Nations, 2015b; Research, 2024).

4. Governance Paradox (Section 5): Climate DAOs face inherent tensions between decentralization ideals
and practical limitations. Hybrid governance models and adaptive tokenomics can mitigate these paradoxes,
as evidenced by case studies like Regen Network and Toucan Protocol (Hsieh et al., 2018; Davidson et al.,
2018b; Fund, 2024).

5. Analytical Framework (Section 6): The proposed framework bridges theoretical gaps by integrating
governance, accountability, impact assessment, technological infrastructure, and community engagement
into a cohesive evaluation model (Tapscott and Tapscott, 2016; Swan, 2015; National Academies, 2020).

7.1.2. Contributions to Literature and Practice

Theoretical Contribution: This paper extends DAO governance theory by exploring the specific challenges
and opportunities in Climate DAOs, enriching the discourse on decentralized organizational structures (Buterin,
2013; Beck et al., 2018; He and Puranam, 2023).

Practical Contribution: The analytical framework serves as a decision-support tool for practitioners, helping
Climate DAOs balance inclusivity, accountability, and impact.

The comprehensive nature of these contributions is systematically outlined in Table 3, which demonstrates
how this research addresses critical gaps across four key areas of Climate DAO development. The table
illustrates that each contribution area—from governance challenges highlighted through KlimaDAO’s
inefficiencies to the integration of five key components for DAO evaluation—provides both theoretical insights
and practical applications. This structured approach ensures that the analytical framework serves not only as
an academic contribution to decentralized governance literature but also as a actionable tool for practitioners
seeking to implement more effective Climate DAO operations.

Area Key Contribution Example 

Governance 
Highlights the paradox of token- 

based voting systems. 

KlimaDAO’s governance 
inefficiencies. 

 

Accountability 
Proposes enhanced mechanisms 

like reputation systems. 
Regen Network’s eco- 

credit validation. 

Impact Assessment Aligns Climate DAO metrics with 
global standards. 

SDG-aligned impact 
tracking in Toucan Protocol. 

Analytical Framework 
Integrates five key components 

for DAO evaluation. 
Case studies on Energy Web DAO 

and BioDAO. 

Table 3: Summary of Contributions

7.2. Future Research Directions
1. Refining Governance Models: Explore hybrid governance structures combining de-centralized autonomy

with expert-led oversight (e.g., governance councils) (Sampo, 2024).

2. Advancing Technological Solutions:

• Investigate the integration of AI and machine learning to enhance decision-making and accountability
in DAOs (Research, 2024).

• Develop scalable and inclusive blockchain solutions to reduce participation barriers in underserved
regions (National Academies, 2020).

3. Enhancing Impact Metrics:

• Align Climate DAO objectives with evolving global standards, such as the Science-Based Targets initiative
(SBTi) (Fund, 2024).
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• Standardize methodologies for measuring additionality and permanence in carbon markets (He and
Puranam, 2023).

4. Expanding Case Study Applications: Test the analytical framework across diverse DAOs to validate its
adaptability (Sampo, 2024).

The evolutionary trajectory of Climate DAOs, as illustrated in Figure 2, demonstrates a clear progression
from initial decentralization-focused models (2020-2022) through the current integration of hybrid governance
structures (2023-2024) toward future AI-driven frameworks with global standardization. This evolution
underscores the critical need for adaptive research methodologies that can accommodate the rapid technological
and governance innovations characterizing the Climate DAO landscape. Future research must therefore embrace
this evolutionary perspective, recognizing that the challenges of scalability and interoperability identified in
earlier phases are giving way to more sophisticated questions about AI integration, global standardization
protocols, and fully adaptable governance frameworks that can respond dynamically to emerging climate
challenges.

8. Conclusion
This study provides a robust analytical framework to navigate the governance paradox in Climate DAOs. By
balancing the principles of decentralization with practical mechanisms for accountability and impact
assessment, Climate DAOs can better fulfill their potential as transformative actors in climate governance.
Future research and practical experimentation will determine the scalability and adaptability of the proposed
framework.
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Appendix A

Governance Model Comparison of Selected Climate DAOs

This appendix presents a comparative table of governance models used by various Climate DAOs,
showcasing their unique features and governance structures.

Table 1: Governance Model Comparison of Selected Climate DAOs

Climate DAO Governance Model Key Features Challenges 

KlimaDAO 
Token-based governance 
with staking mechanisms 

Uses token staking to 
vote on carbon credit 

purchases. 

High concentration of voting 
power among large token holders. 

Regen Network 
Quadratic voting and 
reputation-weighted 

systems 

Reputation-weighted 
voting for ecosystem 

validators. 

Barriers for smaller stake holders 
to participate in governance. 

Toucan Protocol 
Delegated voting, with 
multi-signature wallet 

system 

Delegated voting and 
eco-credit validation via 

decentralized oracles. 

Conflicting views on carbon credit 
quality and validation standards. 

BioDAO 
DAO with incentive-based 

token omics 

Stakeholders earn 
tokens for biodiversity 

conservation efforts. 

Complexity in measuring 
biodiversity impact and benefits. 

Energy Web 
DAO 

Hybrid governance 
combining centralization 

Balances autonomy 
with expert oversight. 

Reconciling centralized oversight 
with DAO principles. 

Proof of Impact 
DAO 

Proof-of-impact consensus 
model 

Tracks real-world 
impact using 

decentralized oracles. 

High verification costs and data 
integrity challenges. 

PlanetWatch 
DAO 

Consensus-based 
governance with data 

verification 

Uses IoT sensors for air 
quality data collection. 

Ensuring data quality and 
combating manipulation of 

sensors. 
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Appendix B

Framework Evaluation Matrix

This matrix illustrates how the proposed analytical framework applies to different Climate DAOs by
evaluating their governance structures, accountability mechanisms, and impact measurement practices.

DAO Governance 
Structure 

Accountability 
Mechanisms 

Impact 
Measurement 

Technological 
Infrastructure 

Community 
Engagement 

KlimaDAO 
Token-based 
governance 

On-chain voting 
and proposals 

for 
transparency. 

Carbon credit 
purchases 
tracked on 
blockchain. 

Ethereum-
based, token 
staking for 

governance. 

Active community, but 
voting power 

concentration among 
large holders. 

Regen 
Network 

Quadratic 
voting 

Reputation-
weighted 

governance and 
eco-credit 
validation. 

Environmenta
l metrics for 
ecosystem 

restoration. 

Uses Cosmos 
SDK for 

scalability. 

High engagement from 
environmentalists and 

local communities. 

Toucan 
Protocol 

Delegated 
voting 

Decentralized 
oracle system 
for validation 
and impact. 

Carbon offset 
metrics 
verified 
through 
oracles. 

Ethereum-
based with 

decentralized 
oracle 

network. 

Moderate engagement, 
with challenges around 

trust in data. 

BioDAO 
Reputation-
based voting 

Tokens for 
participation in 

biodiversity 
monitoring. 

Biodiversity 
metrics 

tracked on 
blockchain. 

Uses smart 
contracts for 
biodiversity 

conservation. 

Strong local community 
involvement, though 
diverse stakeholder 

engagement is needed. 

Energy Web 
DAO 

Hybrid 
governance 

On-chain 
tracking for 
renewable 

energy project 
approvals. 

Renewable 
energy 

Adoption 
metrics. 

Uses 
blockchain for 

energy 
markets and 

grid 
management. 

Strong industry 
partnerships, but lower 
grassroots participation. 

Proof of 
Impact DAO 

Proof-of-
impact 

consensus 

On-chain 
verifiable 

impact reports 
via 

decentralized 
oracles. 

Verifiable 
social and 

environmental 
outcomes. 

Ethereum-
based, 

decentralized 
oracles for 

Impact 
verification. 

Moderate community 
engagement, focus on 

impact verification 
experts. 

PlanetWatch 
DAO 

Consensus-
based 

IoT sensor data 
for real-time air 

quality 
monitoring. 

Air quality 
improvement 

tracked in 
real-time. 

IoT sensor 
network 

integrated 
with 

blockchain. 

Active community 
participation, especially 

in urban areas. 

Celo 
Foundation 

Hybrid 
governance 

Carbon offset 
tracking and 

project approval 
system. 

Carbon offset 
impact 

tracking. 

Uses Celo 
blockchain for 

mobile-first 
solutions. 

Strong global 
community focus, 

though access is limited 
in developing regions. 
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GreenDAO 
Token-based 
governance 

Smart contracts 
for energy 

project funding 
and approvals. 

Renewable 
energy 

production 
and emission 

reduction 
tracked on 
blockchain. 

Ethereum-
based with 

integration to 
IoT devices for 

energy 
consumption 

tracking. 

Community-driven, but 
requires more 

engagement from 
diverse stakeholders. 

The 
DAOStack 

Reputation-
based 

Holographic 
consensus and 
decentralized 

decision-
making. 

Environmenta 
impact tracked 
on blockchain. 

Holographic 
consensus and 

Ethereum-
based. 

Highly technical 
community, but lower 

public engagement. 

 

Appendix C

Impact Measurement Methodologies

This appendix provides a detailed overview of different impact measurement methodolo-gies commonly
used in Climate DAOs, their applicability, and the challenges associated with each.

Impact Measurement 
Methodology Description Challenges Example DAO 

Carbon Offset 
Verification 

Verifies the amount of CO2e 
reduced or offset by projects. 

Difficulty in ensuring 
additionality, permanence, 

and leakage. 
Toucan Protocol 

Social and Economic 
Metrics 

Measures social and economic 
benefits such as job creation, 

poverty reduction, and 
community development. 

Complex measurement of 
long-term social impact. Regen Network 

Biodiversity Impact Tracks the restoration of 
ecosystems and biodiversity. 

Lack of standardized 
methodologies for 

measuring biodiversity. 
BioDAO 

Renewable Energy 
Metrics 

Assesses energy production, 
emission reductions, and energy 

efficiency improvements. 

High data requirements for 
scalability. 

Energy Web DAO 

Real-Time 
Environmental Data 

Uses IoT sensors and other 
technology to track environmental 

changes in real-time. 

Data manipulation and 
sensor calibration issues. PlanetWatch DAO 

Appendix D

Detailed Governance Mechanism

This flowchart illustrates the decision-making process within a typical Climate DAO, from proposal
submission to voting and implementation, highlighting key checkpoints for accountability and impact
assessment.
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