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Abstract—Market-oriented tools like carbon credits play 

a key role in fighting climate change by putting a price 

on greenhouse gas releases. Each credit equals one tonne 

of CO₂ equivalent avoided or absorbed, letting entities 

balance their emissions via mandatory or optional 

trading platforms. This analysis covers the evolution, 

workings, cost models, initiatives, rules, upsides, and 

hurdles of these setups, spotlighting mandatory schemes 

like the EU ETS and optional ones tied to business green 

pledges. It scrutinizes issues like extra value, lasting 

effects, overlap claims, and false eco-claims, plus tech 

progress, rule changes, and pacts like Paris shaping 

trades ahead. Results indicate credits supplement, rather 

than replace, efforts for worldwide zero-emissions goals. 

 
Index Terms—Carbon credits, Emissions Trading System 

(ETS), Voluntary Carbon Market (VCM),Climate 

change, Carbon pricing Net-zero, Carbon offsetting, 

Kyoto Protocol, Paris Agreement 

 

I. INTRODUCTION 

 

Climate change represents one of the most significant 

environmental, economic, and social challenges of the 

modern era. Scientific assessments by the 

Intergovernmental Panel on Climate Change confirm 

that anthropogenic greenhouse gas emissions are the 

primary drivers of global warming. Rapid 

industrialization, fossil fuel combustion, deforestation, 

and unsustainable agricultural practices have 

significantly increased atmospheric concentrations of 

carbon dioxide (CO₂). 

 

The climate crisis poses major threats to environments, 

economies, and societies today. IPCC reports link 

human-driven gases mainly to rising temperatures, 

fueled by industry growth, fossil fuels, tree loss, and 

poor farming. 

 

Pacts like Kyoto and Paris launched efficient trade 

systems to cut gases affordably. Credits offer versatile 

economics, shifting cuts to optimal spots. 

 

This study reviews global carbon credit setups' design, 

operations, results, and outlook. 

 

This research paper analyzes the structure, 

functioning, effectiveness, and future trajectory of 

carbon credit systems globally.                  
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Fig:-Carbon Credit 

 

Historical Evolution of Carbon Credits 

The concept of emissions trading was rooted in 

environmental economics during the late 20th century. 

The Kyoto Protocol (1997) formally introduced: 

1. Clean Development Mechanism (CDM) 

2. Joint Implementation (JI) 

3. International Emissions Trading (IET) 

These mechanisms allowed developed nations to 

invest in emission reduction projects in developing 

countries and receive certified emission reductions 

(CERs). 

The Paris Agreement (2015) further expanded global 

participation and introduced Article 6 mechanisms for 

international carbon markets. 

 

II. TYPES OF CARBON MARKETS 

 

Compliance Carbon Markets 

 Compliance markets are government-regulated 

systems where emission caps are imposed on 

industries. 

Example: 

• European Union Emissions Trading System 

• China National ETS 

• California Cap-and-Trade Program 

In these systems: 

• A cap is set on total emissions. 

• Allowances are distributed or auctioned. 

• Companies trade allowances to meet compliance. 

Voluntary Carbon Markets (VCM) 
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Voluntary markets allow companies to offset 

emissions beyond regulatory requirements. These are 

often linked to ESG commitments and net-zero goals. 

Major certification standards include: 

• Verified Carbon Standard (VCS) 

• Gold Standard 

• Climate Action Reserve 

 

Mechanism of Carbon Credits 

Cap-and-Trade System 

1. Government sets emission cap. 

2. Emission allowances allocated. 

3. Companies exceeding limits buy credits. 

4. Companies emitting less sell credits. 

 

Carbon Offset Projects 

Carbon credits are generated through: 

• Afforestation and Reforestation 

• Renewable Energy Projects 

• Methane Capture 

• Energy Efficiency Improvements 

• Carbon Capture and Storage (CCS) 

Each project must undergo validation and third-party 

verification. 

 

Carbon Pricing Mechanisms 

Carbon pricing assigns a monetary value to carbon 

emissions. 

Types include: 

1. Carbon Tax 

2. Emissions Trading System (ETS) 

3. Hybrid systems 

Carbon price depends on supply-demand dynamics 

and regulatory policies. 

 

 Economic Significance 

Carbon markets: 

• Promote cost-effective emission reduction. 

• Encourage technological innovation. 

• Channel climate finance to developing nations. 

• Support green investment portfolios. 

According to reports from the World Bank, carbon 

pricing initiatives now cover a significant share of 

global emissions. 

 

Environmental and Social Impact 

Positive Impacts: 

• Reduction in greenhouse gas emissions 

• Promotion of renewable energy 

• Biodiversity conservation 

• Sustainable rural development 

 

Negative Concerns: 

• Land rights conflicts 

• Unequal distribution of benefits 

• Risk of monoculture plantations 

 

Challenges in Carbon Credit Systems 

 Additionality 

Projects must prove emission reductions would not 

occur without carbon finance. 

Permanence 

Forest carbon may be reversed due to fires or 

deforestation. 

Double Counting 

Same reduction counted by multiple parties. 

Market Volatility 

Price fluctuations reduce investor confidence. 

Greenwashing 

Companies may rely excessively on offsets instead of 

reducing emissions internally. 

 

Technological Innovations in Carbon Markets 

1. Blockchain-based carbon tracking 

2. AI-driven monitoring systems 

3. Satellite verification technologies 

4. Digital MRV (Monitoring, Reporting, 

Verification) systems 

These innovations improve transparency and 

accountability. 

 

Case Study: European Union Emissions Trading 

System 

The European Union Emissions Trading System is the 

largest carbon market globally. 

Key features: 

• Covers power and industrial sectors 

• Operates in phases 

• Gradual reduction in emission cap 

• Carbon price stabilization mechanisms 

The EU ETS has significantly reduced emissions 

while maintaining economic growth. 
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Carbon Credit vs Carbon Tax 

Feature Carbon Credit Carbon Tax 

Mechanism Market-based Direct taxation 

Price Market 

determined 

Government 

fixed 

Flexibility High Moderate 

Certainty Emission cap 

certainty 

Price certainty 

 

III. FUTURE DIRECTIONS 

 

1. Strengthening Article 6 mechanisms under the 

Paris Agreement 

2. Expansion of national carbon markets 

3. Integration with sustainable finance 

4. Standardization of global verification systems 

5. Greater transparency and digital innovation 

6. Alignment with global net-zero targets by 2050 

 

IV. RESEARCH GAPS 

 

1. Lack of uniform global regulatory standards 

2. Limited transparency in voluntary markets 

3. Need for improved long-term impact assessment 

4. Insufficient integration with biodiversity and 

social metrics 

Future research should focus on improving 

governance frameworks and measuring real climate 

impact. 

 

V. CONCLUSION 

 

Carbon credits represent a vital instrument in global 

climate mitigation strategies. By introducing 

economic incentives for emission reduction, carbon 

markets promote efficiency, innovation, and 

international cooperation. However, challenges such 

as additionality concerns, market integrity, and price 

volatility must be addressed to ensure environmental 

credibility. Strengthened international coordination, 

technological transparency tools, and stricter 

regulatory oversight are essential for the long-term 

success of carbon credit systems. While not a complete 

solution, carbon credits serve as a powerful 

complementary mechanism in the global transition 

toward a low-carbon and sustainable economy. 
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