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AN OVERVIEW

The energy landscape is undergoing a profound transformation, driven
by the urgent need to reduce greenhouse gas emissions and transition
to a more sustainable future. New energy technologies are emerging at
a rapid pace, offering innovative solutions to meet the energy demands
while minimizing environmental impact.

The Union Budget 2024-25 underscores India’s commitment to a
sustainable energy future. Commercializing indigenous Advanced Ultra
Super Critical (AUSC) thermal power plant technology, promoting
energy storage solutions for seamless integration of renewable energy,
exploring geothermal energy potential, advancing green hydrogen
production, and developing a robust carbon market are key steps
towards enhancing energy efficiency, ensuring grid reliability, reducing
carbon emissions, and fostering a sustainable energy landscape.

eTECHnNxt platform is created to serve as a catalyst for innovation,
discussing and showcasing the technologies and trends that will shape
the future of electrical and allied electronics industry.

Previous editions of eTECHnNxt have successfully illuminated pathways
in new and cutting-edge areas like EV’s, Green Hydrogen, Energy
Storage, IOT and Atrtificial Intelligence. The conference consistently
emphasizes the need for industry to seize these opportunities
proactively rather than passively waiting.



KEY TRACKS

The 4th edition of eTECHnNxt will delve in details on the below tracks:

Carbon Eco System & Markets

Decarbonization is a global imperative and carbon compliance & markets are emerging
as a critical tool. India is poised to play a significant role.

Focus Areas:

Understanding carbon eco Challenges & Opportunities for
system & markets (compliance the electrical and allied electronics
and voluntary) manufacturing industry

i
Carbon credit generation Policy landscape and

and trading future outlook




Energy Storage- Enabling RTC Renewable Energy
Energy storage is pivotal for grid integration of renewables, ensuring power reliability and

resilience. Battery storage technologies are advancing at an unprecedented pace, significantly
transforming the energy sector with increasingly efficient, scalable, and cost-effective solutions.

Role of Battery Storage in Enabling

Round-the-Clock Renewable Energy
Systems: Challenges, Opportunities,

Enhancing Grid Efficiency and Reliability by
Integration of Battery Storage with Renewable
and Policy Implications

Energy Forecasting and Scheduling Grid-scale

Challenges & Opportunities
for the electrical and
electronics industry

Focus Areas:

applications and case studies
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Policy and regulatory
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Roadmap for Utilities &

Industries to achieve frameworks for storage
Flexibility, Resilience, deployment
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Power Generation NxT- New Frontiers

While renewables are at the forefront, conventional generation continues to play a role.
New advancements and approaches are needed to blend diverse power sources and enhance

their efficiency and sustainability.
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Hybrid models combining
renewables with conventional
sources
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Small modular reactors (SMRs)
for distributed generation
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The evolving role of thermal and
nuclear within India’s energy mix
till 2032
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Welcome to the 4th edition of e TECHnNXxt. This year’s theme, “The Green Energy (R)Evolution”
will focus on key technologies and business opportunities that will drive significant value
creation in the green energy sector.

This edition of e TECHNnxt @ ELECRAMA 2025 features three key tracks

* The emerging “Carbon Eco System & Markets”

* The rapidly evolving area of “Energy Storage - Enabling Round the Clock Renewable
Energy”, across the Electricity value chain

» Power Generation NxT - New Frontiers

By focusing on these key tracks, eTECHnNxt aims to drive innovation, foster collaboration, and
accelerate the transition to a sustainable energy future.

Join us at eTECHnNxt 2025 to know more about the changing technology and policy landscape
and imagine business opportunities that you can pursue.
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According to the Integrity Council for the Voluntary Carbon Market (ICVCM), “a carbon credit
is a tradable intangible instrument that is issued by a carbon-credit program, representing a
GHG emission reduction to, or removal from, the atmosphere equivalent to one metric ton of
carbon dioxide equivalent, calculated as the difference in emissions from a baseline scenario
to a project scenario.”

Carbon credits are emerging as a transformative asset class, reshaping global investment
strategies. With governments, corporations, and communities embracing market-based
mechanisms for the energy transition, demand for carbon assets is soaring. The carbon
market is expanding swiftly in both volume and monetary value, attracting growing interest
from institutional investors.

By investing in carbon credits, corporations can offset their carbon footprints by acquiring
and retiring these assets. Targeted projects that avoid or absorb emissions—such as forest
conservation—generate carbon credits by preventing deforestation and absorbing CO2. These
credits can be sold to entities seeking to balance their emissions, creating financial incentives
to fund green initiatives and lower carbon footprints.

Carbon markets assign a price to CO2 emissions through two instruments: carbon emission
credits and carbon offset credits. Emission credits are based on allowances, while offset credits
are tied to specific emission reduction or absorption projects.

Carbon markets are emerging as pivotal tools in the global effort to combat climate change,
enabling countries, corporations, and individuals to offset carbon emissions while incentivizing
the transition to low-carbon economies. As the urgency to meet climate targets intensifies,
carbon markets are increasingly recognized for their ability to accelerate climate action by
providing financial mechanisms to reduce greenhouse gas (GHG) emissions. Below, we
explore the transformative role of carbon markets with a focus on their context, contribution to
global climate goals, alignment with net-zero pathways, and the significance of mechanisms
like the Carbon Border Adjustment Mechanism (CBAM).

1.1 Context

The Paris Agreement, adopted in 2015, represents a historic milestone in global climate action,
uniting countries under a shared goal to combat climate change. The agreement commits nations
to limit global warming to well below 2°C, with an aspirational target of 1.5°C, compared to
pre-industrial levels. Achieving these temperature goals necessitates transformative changes,
including a 45% reduction in global emissions by 2030 and reaching net-zero emissions by
2050. However, despite the urgency, global emissions continue to rise, largely driven by fossil
fuel consumption, which accounted for 36.8 billion metric tons of CO, emissions in 2022. This
alarming figure underscores the significant gap between climate pledges and tangible action.

Carbon markets have emerged as a critical tool to bridge this gap, providing a structured
approach to mobilize climate action. These markets function within two primary frameworks:
compliance markets and voluntary carbon markets (VCMs). Compliance markets are regulated
by governments and require companies and industries to meet specific emission reduction
targets. Entities unable to achieve these targets internally can purchase carbon emission
credits, which represent allowances to emit a certain amount of CO,,.
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Onthe other hand, VCMs enable corporations, organizations, and even individuals to voluntarily
offset their emissions by purchasing carbon credits generated from verified projects. These
projects, often focused on renewable energy, reforestation, or energy efficiency, directly
contribute to emission reductions or absorption. Each carbon credit corresponds to one metric
ton of CO, avoided or removed from the atmosphere.

By channeling investments into sustainable projects, carbon markets play an essential role in
accelerating the energy transition and promoting green initiatives. Beyond compliance, they
create economic incentives for innovation and drive financial flows toward climate-resilient
solutions, underscoring their importance in the global fight against climate change.

1.2 Role of Carbon Markets in Achieving Global Climate Goals
A Financial Incentive for Emission Reduction

Carbon markets monetize carbon emissions, assigning a financial cost to pollution. This pricing
mechanism incentivizes entities to adopt cleaner technologies and practices. For example, in
2023, the EU Emissions Trading System (EU ETS), the world’s largest carbon market, set a
record-high carbon price of €100 per ton, driving significant investment in renewable energy
and energy efficiency measures.

Funding Climate Projects Globally

Carbon markets serve as a vital mechanism for channeling investments into renewable energy,
reforestation, and carbon capture projects, particularly in developing countries. These markets
create economic incentives for reducing greenhouse gas emissions by funding initiatives that
drive sustainable development.

In 2024, voluntary carbon markets experienced remarkable growth, surpassing $1.4 billion in
value. This financial surge supported projects that collectively reduced an estimated 500 million
metric tons of COl, demonstrating their potential to significantly impact global emissions. By
fostering collaboration between investors and project developers, carbon markets contribute
to mitigating climate change while promoting economic growth and environmental resilience in
underserved regions.

Annual retirements by project type (MtCO2¢e)
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Accelerating Technological Innovation

High carbon prices encourage research and development in green technologies. For instance,
carbon capture and storage (CCS) projects are becoming viable due to carbon credits’
potential to offset costs. By 2024, there were over 200 CCS facilities in development globally,
representing an annual storage potential of 220 million metric tons of CO,,

1.3 Importance of Aligning Carbon Markets with Net-Zero Pathways
Setting Science-Based Targets

For carbon markets to meaningfully support global net-zero ambitions, aligning with science-
based targets is essential. This alignment ensures that projects funded through carbon credits
deliver measurable, permanent, and verifiable emission reductions. Without these standards,
there is a risk of enabling greenwashing practices, where entities claim environmental benefits
without achieving real climate impact. To maintain credibility and drive genuine progress,
carbon markets must prioritize rigorous evaluation and alignment with scientifically validated
pathways to limit global warming to 1.5°C.

Phasing Out Low-Quality Credits
A persistent challenge in voluntary carbon markets is the proliferation of low-quality or

unverifiable credits, which undermine the integrity of the system. These credits often fail to
deliver real and additional environmental benefits, eroding trust and effectiveness.

Organizations such as the ICVCM are addressing this issue by developing robust standards to
enhance transparency and credibility. Ensuring the quality of carbon credits involves stringent
verification processes that confirm additionality, permanence, and accurate measurement of
emission reductions. Projects that cannot demonstrate these attributes must be excluded to
prevent the dilution of net-zero efforts. Strengthening these mechanisms is critical for fostering
trust and ensuring that carbon markets contribute effectively to global climate goals.




TEGH™

Strengthening Developing Nations’ Capacities

Developing countries hold significant potential to contribute to net-zero pathways through
renewable energy, reforestation, and other climate-friendly projects. However, their participation
in voluntary carbon markets remains limited. For instance, in 2023, Africa accounted for only
14% of voluntary market projects, highlighting the need for greater investment in these regions.
Carbon markets must prioritize equitable participation by channeling funds into projects
that deliver both climate and socio-economic benefits. Building local capacity, ensuring fair
access to financial resources, and fostering partnerships between global investors and local
stakeholders are essential steps to unlock this potential.

1.4 Overview of Carbon Border Adjustment Mechanism (CBAM)

The Carbon Border Adjustment Mechanism (CBAM) represents a significant policy innovation
aimed at aligning international trade with climate objectives. Introduced by the European
Union, CBAM imposes carbon costs on imported goods from countries with less stringent
climate policies.

The Need for CBAM

One challenge with importing is carbon leakage—when companies relocate production to
countries with weaker emission regulations. CBAM addresses this as a complimentary tool
to EU ETS by ensuring that imports into the EU bear the same carbon cost as domestically
produced goods and by addressing and balancing some loopholes in EU ETS. In 2023,
industries such as steel, cement, and aluminum were among the first to be subjected to CBAM.

CBAM'’s Impact on Global Trade

The EU aims to reduce emissions by at least 55% by 2030 and become climate-neutral by
2050. To reach these goals, the EU has created a variety of climate change measures. CBAM
incentivizes trading partners to adopt stricter climate policies, promoting global convergence
on carbon pricing. In 2022, the World Bank estimated that 73 countries, accounting for 23%
of global emissions, were implementing or planning carbon pricing mechanisms. CBAM’s
introduction is expected to accelerate this trend, with analysts predicting that it could affect
$16 billion in annual imports by 2030.

Challenges and Opportunities

While CBAM encourages emission reductions, it poses challenges for developing countries
that rely on exports to the EU. Countries like India and others in the Global South have
registered strong objections to CBAM accusing it of being a neo-colonialism approach. To
mitigate adverse effects, the EU has proposed funding mechanisms to support low-carbon
transitions in these regions. For example, the Innovation Fund, financed through EU ETS
revenues, allocated €2 billion in 2022 to projects advancing clean technologies globally.
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Data-Driven Insights into Carbon Markets

Growth Trajectory of Carbon Markets

The expansion of carbon markets has been notable in recent years. In 2023, the global carbon
market’s value reached approximately €881 billion (around $949 billion), marking a 2% increase
from the previous year. The European Union Emissions Trading System (EU ETS) remains the
largest, accounting for about 87% of this market value.

This growth reflects a broader adoption of carbon pricing mechanisms worldwide. As of 2024,
there are 75 carbon pricing instruments in operation globally, covering 24% of global emissions.
These instruments generated a record $104 billion in revenue in 2023, with over half allocated
to climate and nature-related programs.

Contribution to Global Emission Reductions

Carbon markets have significantly contributed to emission reductions. By assigning a cost to
carbon emissions, they incentivize companies to adopt cleaner technologies and practices. In
2022, these markets facilitated the reduction of approximately 1.5 billion metric tons of COu,
equivalent to the annual emissions of about 320 million cars.

However, challenges persist in ensuring the integrity and effectiveness of these markets.
Concerns over the quality and verification of carbon credits have led to calls for enhanced
standards and regulations to prevent greenwashing and ensure genuine emission reductions.

Corporate Participation

Major corporations are increasingly engaging with carbon markets as part of their sustainability
strategies. For instance, Microsoft has been a leading purchaser of carbon removal credits,
accounting for over two-thirds of all such purchases in recent years. The company aims to be
carbon negative by 2030, utilizing a combination of emission reductions and carbon credits.

Similarly, other tech giants and multinational corporations are investing in carbon credits to
offset their emissions and meet net-zero targets. This corporate engagement not only drives
demand in carbon markets but also stimulates investment in carbon reduction and removal
projects globally.

Microsoft and Everyone Else
12000 tons
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As carbon pricing initiatives expand, their potential to influence global trade, technology
adoption, and equitable climate finance grows. By leveraging these markets effectively, the
world can make significant strides toward achieving the goals set forth in the Paris Agreement
and securing a sustainable future.

The Path Ahead
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2.1 Voluntary Carbon Markets (VCMs) vs. Compliance Markets
Compliance Market

Carbon markets under compliance are established based on legally enforceable regulations
at national or sectoral levels. These markets are driven by a country’s or region’s commitment
to reducing emissions within a specified limit. There are two main types of instruments in
compliance markets:

1. Cap-and-Trade or Emission Trading System:

Governments at regional and national levels set emission limits for major polluting industries
and businesses. These limits, known as allowances, cap the maximum amount of carbon
that entities are allowed to emit. Entities that need to emit more can purchase additional
allowances from those that emit less, thus creating a secondary market for trading these
allowances.

2. Baseline-and-Credit System:

In this system, emissions are not capped. Instead, entities that reduce their emissions below
a certain baseline can earn credits. These credits can then be traded to other entities that
need them to comply with their own emission reduction targets.

Voluntary Carbon Market

Voluntary carbon markets enable companies to offset their carbon emissions, either partially
or entirely, by purchasing credits from emissions-reduction projects. These projects focus
on preventing, reducing, or removing carbon emissions from the atmosphere. Organizations
involved in such initiatives generate offset credits, which can then be sold to other companies
aiming to balance their emissions.

These markets are experiencing significant growth, with a projected compound annual growth
rate (CAGR) of 11.7% from 2021 to 2027. Despite this rapid expansion, voluntary carbon
markets remain largely unregulated. To ensure the credibility of carbon credits, several global
standards, including the Gold Standard, Verified Carbon Standards, and the Global Carbon
Council, provide certification and guidelines.

2.2 Key mechanisms: Cap-and-trade and Carbon offsets
Carbon markets rely on two primary mechanisms: cap-and-trade systems and carbon offsets.
These mechanisms provide organizations with tools to manage and reduce greenhouse gas

(GHG) emissions, fostering a transition to a low-carbon economy.

Cap-and-Trade

The cap-and-trade system is a regulatory approach designed to control emissions by setting
an upper limit, or “cap,” on the total amount of GHGs that specific industries or entities can
emit. Governments or regulatory bodies distribute or auction a set number of allowances, each
representing the right to emit a specific quantity of carbon dioxide equivalent (CQOre). Entities
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that emit less than their allocated allowances can sell their surplus permits to those that exceed
their limits, creating a dynamic market for trading emissions rights.

This system incentivizes cost-effective emissions reductions. Organizations with lower
reduction costs are encouraged to innovate and cut emissions, generating allowances for
sale. Conversely, entities facing higher reduction costs can purchase allowances instead of
implementing expensive measures. The cap is typically lowered over time, gradually reducing
the overall emissions allowed and aligning with long-term climate goals.

Cap-and-trade has been successfully implemented in several regions, including the European
Union Emissions Trading System (EU ETS) and California’s Cap-and-Trade Program. These
systems have demonstrated that economic growth and emissions reduction can coexist,
encouraging a shift toward sustainable practices.

Carbon Offsets

Carbon offsets complement mechanisms like cap-and-trade by enabling organizations to
neutralize their emissions through investments in projects that reduce or remove GHGs.
Offset projects span diverse activities such as reforestation, afforestation, renewable energy
generation, methane capture, and soil carbon sequestration. For example, afforestation
projects absorb COl from the atmosphere as trees grow, while renewable energy projects
displace fossil fuel use by generating clean power.

By purchasing offsets, entities can compensate for their emissions while supporting global
sustainability efforts. This approach is particularly valuable for sectors where achieving net-zero
emissions is challenging due to technological or economic barriers. Voluntary carbon markets
have become a vital platform for trading these offsets, enabling businesses to demonstrate
climate responsibility and align with global carbon reduction goals.

Together, cap-and-trade systems and carbon offsets offer flexible, market-driven solutions
for managing emissions, fostering innovation, and promoting investment in sustainable
developmentinitiatives worldwide. These mechanisms underline the importance of collaboration
and economic incentives in addressing the urgent challenge of climate change.

2.3 Types of tradable carbon credits
Avoidance or Reduction:

Carbon credits generated through avoidance or reduction projects focus on preventing or
decreasing the amount of greenhouse gases (GHGs) released into the atmosphere. These
projects are designed to either stop emissions before they occur or significantly reduce their
volume from existing processes. Renewable energy initiatives are a key example of avoidance
projects. Solar, wind, biomass, and geothermal power generation technologies produce
energy with little to no carbon emissions, directly replacing fossil fuel-based power generation,
which is one of the primary sources of GHGs. By avoiding the carbon emissions that would
have been generated from traditional energy sources, these projects contribute significantly to
global efforts to combat climate change.

Am==m O .




TEGH™

Additionally, energy-saving initiatives, such as energy-efficient technologies or practices, play
an important role in the avoidance category. These include the adoption of more efficient
lighting, heating, and cooling systems, as well as improvements in industrial processes that
reduce overall energy consumption. Such measures lower the demand for energy generated
from fossil fuels, thereby reducing associated carbon emissions. Moreover, emission reduction
projects often target industrial sectors that produce significant amounts of GHGs, such as
cement, steel, and chemical manufacturing. These projects can include technologies designed
to capture or destroy industrial GHG emissions before they are released into the atmosphere,
significantly curbing their impact on global warming. For example, flue gas desulfurization and
nitrogen oxides (NOXx) control technologies can prevent harmful gases from entering the air.

Removal or Absorption:

Incontrastto avoidance and reduction projects, removal or absorption projects focus on capturing
carbon dioxide (COD) and other GHGs from the atmosphere and permanently sequestering
them in natural or engineered systems. Nature-based solutions (NbS) are a prominent type
of removal project, where ecosystems like forests, wetlands, and grasslands are restored or
managed to absorb and store carbon. One of the most well-known NbS projects is afforestation
and reforestation, which involves planting trees or restoring forests. Trees absorb COIl from the
atmosphere during photosynthesis, storing it as biomass and effectively reducing the overall
concentration of carbon in the air.

Carbon capture and storage (CCS) and bioenergy with carbon capture and storage (BECCS)
are two other key technologies used in removal projects. CCS involves capturing COl emissions
directly from power plants or industrial sources and storing them underground in geological
formations, preventing the COl from entering the atmosphere. BECCS combines biomass
energy generation with CCS, creating a carbon-negative cycle, where biomass is burned for
energy, and the resulting COl emissions are captured and stored. Direct air capture (DAC) is
another advanced technology that captures COIl directly from the atmosphere using chemical
processes, storing it for long-term sequestration. These removal and absorption projects play
a crucial role in achieving net-zero emissions, as they directly reduce the concentration of COl
in the atmosphere, helping to mitigate the impacts of climate change.

2.4 Key stakeholders: Corporates, governments, and NGOs
Corporates

Corporates play a central role in carbon markets by driving the demand for carbon credits. As
companies increasingly recognize the need to address climate change, they are committing
to ambitious sustainability and net-zero emissions goals. These commitments are often part
of broader corporate social responsibility (CSR) strategies, aligning their operations with
environmental, social, and governance (ESG) principles.

To achieve these goals, companies rely on carbon credits to offset the emissions that they
are unable to eliminate through direct reductions. By purchasing credits from verified carbon
projects, corporations can support global emissions-reduction initiatives while working toward
their sustainability targets. In this context, the voluntary carbon market becomes an essential
mechanism for businesses to demonstrate their commitment to reducing their carbon footprint.
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The growing corporate demand for carbon credits not only drives market activity but also
fosters greater investment in green projects that contribute to long-term climate resilience.

Governments

Governments play a critical role in shaping the structure and function of carbon markets,
particularly in compliance markets. By establishing national or regional emissions-reduction
regulations, governments create the frameworks for these markets to operate.

For example, India’s Carbon Credit Trading Scheme (CCTS) is a national initiative designed
to encourage industries to reduce their carbon emissions by providing a mechanism to trade
carbon credits. Governments set caps on emissions, allocate allowances, and regulate the
trading of carbon credits to ensure that companies adhere to their climate commitments.

They also establish compliance standards, monitor progress, and enforce penalties for non-
compliance. By doing so, governments ensure that carbon markets operate within a structured
and legally binding framework, driving down emissions across sectors while enabling
businesses to remain competitive.

NGOs and Standard-Setters

Non-governmental organizations (NGOs) and standard-setters are pivotal in ensuring the
integrity and transparency of carbon markets. These organizations certify carbon offset
projects, ensuring they meet rigorous environmental and social standards before credits can
be traded. Key players in this space include the Gold Standard and Verified Carbon Standard,
which provide certification processes and guidelines that prevent the sale of fraudulent or low-
quality credits.

NGOs also play an advocacy role, promoting best practices in carbon offsetting, ensuring
that projects have genuine climate impacts and benefit local communities. Their work helps
maintain public trust in carbon markets and ensures thatinvestments in carbon credits contribute
meaningfully to global emissions-reduction efforts. Through certifications and advocacy, these
stakeholders help ensure that carbon markets are effective and reliable in supporting climate
action.
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3.1 Understanding CBAM and its objectives

The Carbon Border Adjustment Mechanism (CBAM), officially endorsed by the European
Commission on May 10, 2023, represents a landmark initiative in the EU’s approach to
addressing carbon emissions in global trade. Designed to prevent carbon leakage—when
industries relocate production to regions with weaker environmental regulations—CBAM aims
to impose a carbon price on carbon-intensive goods entering the EU market.

This mechanism is intended to create a fair and level playing field between domestic EU
products and those produced abroad, promoting climate-friendly production practices on a
global scale.

Through this initiative, the EU hopes to ensure that companies within its borders face the full
environmental cost of their emissions, which will help the EU meet its ambitious climate goals.
These include a 55% reduction in carbon emissions by 2030 and achieving carbon neutrality
by 2050.

The phased implementation of CBAM, which starts with a reporting system for specific goods
in October 2023 and progresses to full financial levy payments by 2026, underscores the
EU’s commitment to linking trade and environmental sustainability. By putting carbon costs on
imports, CBAM seeks to prevent emissions from shifting to other regions with less stringent
regulations, ensuring that global trade is more aligned with climate objectives.

3.2 Sectoral focus: Steel, cement, fertilizers, and electricity imports

CBAM is strategically focused on high-emission sectors, which are some of the largest
contributors to global carbon emissions. These sectors include steel, cement, fertilizers, iron
and steel, aluminium, hydrogen, and electricity.

Starting from October 2023, the regulation will require importers of these goods to report the
carbon emissions embedded in their products. Over the next three years, the regulation will be
expanded to cover more industries, with the full implementation planned for January 2026. At
this stage, importers will need to purchase carbon certificates that correspond to the carbon
emissions of their imported goods.

This will effectively align the carbon cost of imported products with the EU’s domestic
emissions trading system (ETS). The ultimate goal is to create an equitable environment for
EU-based industries and prevent the outsourcing of carbon-intensive production to countries
with laxer emissions standards. By making carbon costs an integral part of the international
trade process, CBAM hopes to drive global industries toward greener practices and encourage
the transition to low-carbon economies. The EU’s careful focus on sectors with the highest
emissions ensures that the mechanism targets areas where it can have the most substantial
environmental impact.

3.3 Impacts on global trade and industries

While CBAM presents a noble vision for curbing carbon leakage, it has sparked considerable
debate, particularly concerning its potential impact on global trade and industries in developing
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countries. Critics argue that the mechanism disproportionately affects nations in the Global
South, imposing uniform carbon pricing requirements on all countries regardless of their
economic capacity or technological development.

This approach overlooks the principle of “common but differentiated responsibilities,” a key
tenet of the UNFCCC that recognizes the differing historical contributions to climate change
and the varying capabilities of countries to address environmental challenges. For example,
countries like India, which contribute a smaller proportion of global carbon emissions compared
to industrialized nations, may find it disproportionately difficult to comply with the same carbon
pricing structures imposed on their European counterparts.

The increased carbon costs associated with CBAM could further limit the competitiveness
of exports from these developing nations, particularly in industries like steel, cement, and
fertilizers, which are more carbon-intensive than their EU counterparts. As the regulation
extends to more sectors, the impact on countries with emerging economies will likely become
more pronounced, complicating their trade relations with the EU.

The imposition of a uniform reporting system could also raise concerns about sovereignty
and fairness, especially for countries whose industrial capacities are still evolving and are
dependent on carbon-intensive production methods.

3.4 Synergies between CBAM and domestic carbon pricing mechanisms

The CBAM initiative is designed to complement and reinforce existing domestic carbon pricing
mechanisms, most notably the EU Emissions Trading System (ETS). By aligning the carbon price
for imports with the cost faced by EU-based industries, CBAM helps to create a more cohesive
regulatory framework that encourages global industries to adopt more sustainable practices.

The synergy between CBAM and ETS also provides a clear signal to businesses, both within
and outside the EU, that the cost of carbon emissions will be a central factor in their operations
moving forward. This alignment could incentivize businesses worldwide to adopt greener
technologies and practices in order to remain competitive in the EU market.

However, the implementation of a uniform carbon pricing system has the potential to create
tensions in international trade, especially with countries that have limited resources to transition
to greener technologies.

A more equitable approach to carbon pricing may involve recognizing the specific challenges faced
by different nations and providing flexibility in compliance. For instance, CBAM could be adjusted
to account for varying levels of technological development and economic capacity, ensuring that
developing countries are not unfairly burdened by the costs associated with carbon pricing. The
EU could consider introducing differentiated carbon pricing rates for different countries, allowing
developing nations to face a lower price slab based on their unique circumstances. Such an
approach would promote a fairer global transition to low-carbon economies while respecting the
principle of common but differentiated responsibilities.

The EU could work with other regions to help them implement their own carbon pricing mechanisms,
creating a global network of carbon pricing systems that work together to drive down emissions and
accelerate the shift toward sustainability.
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The global carbon market has experienced notable growth in recent years, driven by increasing
awareness of climate change and the implementation of policies aimed at reducing greenhouse
gas emissions. We are exploring the current state of the carbon market, regional dynamics,
supply-demand balance, price volatility, and how industries can leverage these markets for
decarbonization.

4.1 Global carbon market size and growth trends

The global carbon credit market is experiencing explosive growth, driven by a confluence
of factors. In 2023, it was valued at approximately USD 480.11 billion, a figure projected to
skyrocket to around USD 13,322.68 billion by 2033, translating to a staggering compound
annual growth rate (CAGR) of 39.42%.

Governments worldwide are increasingly implementing and enforcing stricter environmental
regulations, including carbon taxes and ETS. These policies compel businesses to reduce
their carbon footprint, driving demand for carbon credits.

A growing number of corporations are integrating sustainability into their core business
strategies. Many have set ambitious net-zero emissions targets and are actively seeking to
offset their carbon emissions through the purchase of carbon credits. This corporate demand
significantly fuels the growth of the carbon credit market.

_$100 BILLION _

The geographical scope and coverage of carbon pricing mechanisms are expanding rapidly. In
2024, carbon pricing revenues surpassed $100 billion for the first time, covering a remarkable
24% of global emissions, a substantial increase from the 7% coverage two decades ago.
This trend indicates a growing global consensus on the need to price carbon and incentivize
emissions reductions.

4.2 Regional dynamics: Europe, North America, Asia-Pacific, and emerging markets

Europe

Europe remains a leader in carbon market development, primarily through the European
Union Emissions Trading System (EU ETS). The EU ETS has been instrumental in reducing
emissions and setting a precedent for carbon pricing mechanisms globally. The introduction of
the Carbon Border Adjustment Mechanism (CBAM) further underscores Europe’s commitment
to addressing carbon leakage and promoting global decarbonization efforts.
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North America

In North America, regional initiatives such as the Western Climate Initiative (WCI) and the
Regional Greenhouse Gas Initiative (RGGI) have established carbon markets in the absence
of a federal system in the United States. Canada has implemented a federal carbon pricing
system, with provinces having the flexibility to design their own programs, leading to a patchwork
of carbon pricing mechanisms across the country.

Asia-Pacific

The Asia-Pacific region is witnessing significant developments in carbon markets. China’s
national ETS, launched in 2021, has become the world’s largest carbon market by volume,
covering approximately four billion tonnes of CO2 emissions. Other countries, such as South
Korea and New Zealand, have also established ETS, while nations like Japan and Indonesia
are exploring carbon pricing mechanisms to meet their climate targets.

Emerging Markets

Emerging markets are increasingly recognizing the importance of carbon pricing in achieving
sustainable development. Latin American countries, including Mexico and Colombia, have
introduced carbon taxes, and discussions are underway in nations like Brazil to implement
carbon pricing mechanisms. In Africa, South Africa has implemented a carbon tax, and other
countries are considering similar measures to address climate change and attract green
investments.

4.3 Supply-demand balance and price volatility

The supply-demand dynamics in carbon markets are shaped by a confluence of regulatory
frameworks, economic conditions, and technological advancements. The heightened focus on
achieving ambitious emission reduction targets has driven an increase in demand for carbon
credits. As governments and industries align with global climate goals, the pressure to secure
sufficient carbon credits intensifies.

However, the supply of these credits hinges on the availability of certified emission reduction
projects, such as renewable energy initiatives, reforestation efforts, and energy efficiency
programs. The establishment and scaling of such projects require time, investment, and
favorable policy environments, which can create mismatches between supply and demand.

Price volatility is a defining feature of carbon markets, arising from factors such as policy shifts,
economic fluctuations, and speculative trading. For instance, the European Union Emissions
Trading System (EU ETS) has experienced pronounced price swings due to changes in
allocation rules, geopolitical tensions, and broader economic crises. To address these
fluctuations, mechanisms like the Market Stability Reserve (MSR) have been implemented.
The MSR adjusts the supply of allowances based on predefined triggers, such as surplus
levels, to stabilize prices.

The value of carbon credits is determined by various factors, including market conditions, implementation
costs, and the benefits generated by the associated projects. Key influences on pricing include project
type, size, location, vintage, and alignment with Sustainable Development Goals (SDG) criteria.
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Despite these interventions, balancing supply and demand remains a challenge. This volatility
underscores the importance of robust policy design and adaptive market mechanisms to
ensure long-term market stability and efficacy.

Carbon Pricing
Internal Pricing

Internal carbon pricing is a strategy employed by businesses to establish their own valuation
for carbon credits. This approach helps guide investment decisions, ensuring alignment with
sustainability objectives. Companies calculate the internal price of carbon credits based on
specific organizational factors, creating a structured framework for integrating environmental
accountability into financial planning.
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External Pricing

External pricing is governed by market supply and demand dynamics, alongside legal
frameworks and international climate agreements. The value of carbon credits in the external
market fluctuates with these factors, offering a real-time reflection of the cost of emissions
reductions. This system aligns market incentives with global climate goals.

Carbon Tax

A carbon tax introduces a fixed price for greenhouse gas emissions, requiring companies
to purchase credits proportional to their emissions. This consistent pricing model provides
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businesses with predictability, aiding long-term planning for emissions reduction investments.
By setting a baseline cost for carbon emissions, carbon taxes encourage proactive measures
to curb greenhouse gases

Crediting Mechanisms

Crediting mechanisms operate by quantifying emissions reductions from specific activities
and issuing credits accordingly. These credits can then be traded or sold in the carbon
market, ensuring funds are directed toward projects that offset emissions. This system fosters
collaboration between emitters and reduction projects, advancing the broader objective of
minimizing greenhouse gas emissions.

4.4 Leveraging carbon markets for industrial decarbonization
Carbon Pricing Integration

Incorporating carbon pricing into business models is a proactive step toward mitigating
environmental impact. By assigning a monetary value to carbon emissions, companies are
incentivized to invest in energy efficiency, renewable energy, and low-carbon technologies.
This approach not only reduces a company’s carbon footprint but also minimizes exposure to
fluctuating carbon costs.

Businesses that embed carbon pricing into their decision-making processes often gain a
competitive edge by anticipating regulatory changes and aligning with stakeholder expectations.
For example, setting internal carbon prices can guide investments in green infrastructure and
cleaner technologies, driving long-term sustainability.

Investment in Carbon Credits

Purchasing carbon credits from certified projects enables companies to offset emissions
that cannot be eliminated through internal measures. This strategy directly supports global
emission reduction initiatives, such as reforestation projects, renewable energy installations,
and methane capture systems.

By investing in high-quality carbon credits, companies contribute to the transition to a low-
carbon economy while meeting their own emission reduction targets. Additionally, aligning
such investments with Sustainable Development Goals (SDGs) enhances corporate social
responsibility efforts and strengthens brand reputation.

Participation in Emission Trading Systems

Emission Trading Systems (ETS) provide businesses with a flexible mechanism to meet
emission reduction commitments. Companies can trade surplus allowances or purchase
additional ones, optimizing their compliance costs. This market-based approach incentivizes
cost-effective abatement strategies, as organizations with lower mitigation costs can sell
allowances to those facing higher costs.

Participating in ETS not only facilitates regulatory compliance but also creates opportunities for
revenue generation through the sale of unused allowances.
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Innovation and Technology Adoption

Investing in cutting-edge technologies is a cornerstone of effective carbon market engagement.
Solutions such as carbon capture and storage (CCS), bioenergy with carbon capture and
storage (BECCS), and advancements in renewable energy technologies can significantly
reduce emissions.

Businesses can monetize these innovations by generating carbon credits for the voluntary or
compliance markets. By embracing technological advancements, companies not only lower
their emissions but also position themselves as leaders in sustainable innovation.

Policy and Regulatory Frameworks

The global commitment to combating climate change is anchored as well as shaped by a
complex web of many policies and regulatory frameworks designed to facilitate emissions
reductions, promote carbon market efficiency, and ensure equitable climate action. These
frameworks, spanning international agreements, regional mechanisms, and legal structures,
play a critical role in shaping the carbon market landscape and driving meaningful environmental

progress.
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5.1 Key global policies
United Nations Framework Convention on Climate Change (UNFCCC) - 1992

The UNFCCC is the foundational treaty that established the global commitment to addressing
climate change. Ratified at the Rio Earth Summit, it provides the framework for international
climate negotiations and sets the stage for carbon markets by promoting cooperative action on
emissions reductions.

Kyoto Protocol - 1997

The Kyoto Protocol was the first legally binding international agreement on emissions reduction.
It introduced mechanisms that directly shaped carbon markets, including:

Clean Development Mechanism (CDM): Allowed developed countries to invest in emission
reduction projects in developing countries and earn Certified Emission Reductions (CERS).

Joint Implementation (J1): Facilitated similar projects in other developed countries.

International Emissions Trading (IET): Enabled countries with surplus emission allowances to
sell them to others.

The Kyoto Protocol established the foundational architecture for project-based carbon offset
mechanisms and compliance markets.

Paris Agreement, Article 6

The Paris Agreement, adopted in 2015, serves as a cornerstone of global climate policy, uniting
nations in a collective effort to limit global temperature rise to below 2°C above pre-industrial
levels, with an aspiration to restrict it to 1.5°C. Central to this agreement is the principle of
Nationally Determined Contributions (NDCs), where countries outline their emission reduction
targets and strategies. These commitments are critical for aligning global efforts, fostering
transparency, and holding nations accountable for their progress.

Within the Paris Agreement, Article 6 establishes the framework for cooperative approaches
to emissions reduction through carbon markets. It allows countries to trade Internationally
Transferred Mitigation Outcomes (ITMOs) and supports mechanisms like project-based
crediting. Article 6.2 enables bilateral agreements for ITMO trading, while Article 6.4 creates
a centralized system to certify carbon reduction projects, replacing the Clean Development
Mechanism (CDM) under the Kyoto Protocol. These mechanisms not only facilitate cost-
effective mitigation but also promote sustainable development in participating nations.

5.2 Regional carbon pricing mechanisms and their effectiveness

Various countries and regions have implemented their own carbon pricing mechanisms,
including:

European Union Emissions Trading System (EU ETS) - 2005
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The EU ETS was launched as the first and largest international carbon market. It established a
cap-and-trade system that capped total emissions while allowing companies totrade allowances.
The EU ETS has served as a model for carbon markets globally and has undergone several
phases to tighten caps and improve efficiency.

Carbon Border Adjustment Mechanism (CBAM) - 2021

Introduced by the EU, CBAM imposes carbon tariffs on imports from countries with less stringent
emissions regulations. It aims to prevent carbon leakage and incentivize global industries to
adopt higher emissions standards.

China’s National ETS - 2021

China launched its national emissions trading system, focusing initially on the power sector
and set to expand to other industries. As the largest carbon market by volume, it reflects the
growing influence of emerging markets in shaping global carbon pricing trends.

International Civil Aviation Organization (ICAO) - CORSIA (2020)

The Carbon Offsetting and Reduction Scheme for International Aviation (CORSIA) mandates
airlines to offset emissions above 2019 levels through the purchase of carbon credits. It marks
a sector-specific approach to carbon market integration.

International Monetary Fund (IMF) Proposal for Global Minimum Carbon Price - 2021
The IMF proposed a global minimum carbon price to harmonize carbon pricing across nations
and prevent competitive distortions. While not yet implemented, it has sparked discussions
about the need for standardized pricing.

Other Regional and National Carbon Pricing Initiatives

California’s Cap-and-Trade Program (2013): Covers multiple sectors and links with Quebec’s
system.

Regional Greenhouse Gas Initiative (RGGI) — 2009: A cooperative cap-and-trade program
among U.S. states in the Northeast.

Canada’s Carbon Pricing System (2019): Includes a federal backstop pricing mechanism.

South Korea ETS (2015): Asia’s first nationwide ETS, covering key industries.
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Effectiveness of Regional Carbon Pricing Mechanisms
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5.3 Legal and compliance challenges for businesses under CBAM

The Carbon Border Adjustment Mechanism (CBAM), introduced by the EU, is a pioneering
policy aimed at preventing carbon leakage by imposing carbon tariffs on imports from countries
with less stringent emissions regulations. While CBAM is designed to level the playing field for
European industries and incentivize global decarbonization, it presents significant legal and
compliance challenges for businesses.

One primary challenge is the requirement for comprehensive emissions reporting. Importers
must provide verified carbon data for their goods, covering direct and, in some cases, indirect
emissions. This necessitates collaboration across supply chains to gather accurate information,
which can be complex and resource-intensive, particularly for companies operating in countries
with limited emissions monitoring infrastructure.

Another issue lies in double pricing. Many nations already impose carbon taxes or operate their
own ETS. CBAM'’s uniform pricing structure does not account for existing domestic carbon
costs, potentially leading to disputes over double taxation and unfair trade practices. For
example, developing countries argue that CBAM disproportionately impacts their industries,
contravening the common but differentiated responsibilities principle under the UNFCCC.

Legal uncertainty further complicates compliance. As the CBAM framework evolves,
businesses must navigate shifting regulations, adapt their strategies, and anticipate financial
risks. Companies must also prepare for potential legal challenges at international trade bodies,
such as the World Trade Organization (WTO), which may scrutinize CBAM’s compatibility with
global trade laws.
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5.4 Role of multilateral organizations in standardizing frameworks

Multilateral organizations, including the United Nations Framework Convention on Climate
Change (UNFCCC), the World Bank, and the International Monetary Fund (IMF), play a pivotal
role in harmonizing carbon market frameworks and fostering international cooperation.

The UNFCCC has been instrumental in establishing global climate agreements, such as
the Kyoto Protocol and the Paris Agreement. Its ongoing negotiations provide a platform for
countries to align their carbon pricing mechanisms, ensuring consistency and avoiding market
fragmentation. Through initiatives like the Carbon Market Platform, the UNFCCC supports
dialogue between nations to develop common standards and methodologies.

The World Bank’s Carbon Pricing Leadership Coalition (CPLC) promotes best practices and
provides technical assistance to countries implementing carbon pricing mechanisms. Similarly,
the IMF advocates for a global minimum carbon price, arguing that a harmonized approach
would prevent competitive distortions and accelerate global emissions reductions.

Standard-setting organizations, such as the Verified Carbon Standard (VCS) and the Gold
Standard, ensure the credibility of carbon offset projects by establishing rigorous methodologies
for verification and certification. These standards enhance transparency and build trust among
market participants, encouraging investment in high-quality projects.

The harmonization efforts of these organizations are crucial for addressing disparities in
carbon pricing and ensuring that developing nations are not disproportionately burdened. They
also provide guidance for integrating carbon markets with other policy instruments, such as
renewable energy subsidies and energy efficiency mandates, to maximize their impact.
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6.1 Cost-benefit analysis of carbon pricing and CBAM adoption

Carbon pricing mechanisms, including carbon taxes and emissions trading systems assign a
monetary value to carbon emissions, incentivizing businesses to reduce their carbon footprint.
The adoption of a Carbon Border Adjustment Mechanism (CBAM) complements these efforts
by mitigating carbon leakage—the transfer of emissions-intensive production to regions with
weaker environmental regulations.

Benefits:

1. Environmental Gains: Carbon pricing directly drives emission reductions by creating
financial incentives for cleaner technologies and processes. CBAM enhances this by
ensuring a level playing field for domestic industries while encouraging global adoption of
similar measures.

2. Revenue Generation: Governments can reinvest carbon pricing revenues into renewable
energy projects, infrastructure development, and subsidies for green technologies, further
accelerating the transition to a low-carbon economy.

3. Market Efficiency: By internalizing the external costs of carbon emissions, these
mechanisms encourage innovation, leading to cost-effective solutions for decarbonization.

Costs:

1. Economic Burden: Industries reliant on fossil fuels may face higher operational costs,
potentially leading to short-term economic disruptions.

2. Administrative Challenges: Implementing and managing carbon pricing systems and
CBAM requires robust regulatory frameworks, transparent reporting mechanisms, and
enforcement capabilities.

3. Equity Concerns: Without appropriate measures, carbon pricing can disproportionately
affect lower-income populations, necessitating compensatory mechanisms like targeted
rebates or social programs.

From a carbon market perspective, the CBAM adoption aligns with voluntary and compliance
markets by reinforcing the integrity of carbon pricing. By penalizing high-carbon imports, CBAM
drives demand for high-quality, verifiable carbon credits, supporting global climate goals while
minimizing competitive disadvantages for domestic industries.

6.2 Investment potential in carbon markets and green projects

The global transition to a low-carbon economy has unlocked immense investment potential in
carbon markets and green projects. Carbon markets, whether compliance-based or voluntary,
create financial opportunities by attaching monetary value to emission reductions. For instance,
companies seeking to offset their carbon footprints are driving demand for carbon credits,
particularly those certified under rigorous standards like CORSIA or the Verified Carbon
Standard (VCS).
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Investment in green projects—renewable energy, reforestation, and energy efficiency—is
also expanding as governments and corporations commit to net-zero targets. These projects
generate carbon credits while contributing to sustainable development goals (SDGs). For
example, solar and wind energy projects not only reduce emissions but also promote energy
access and economic development in underserved regions.

Financial institutions are increasingly channeling capital into climate-aligned investments
through green bonds, sustainability-linked loans, and carbon credit funds. These instruments
offer competitive returns while meeting the growing demand for Environmental, Social, and
Governance (ESG) investments. The voluntary carbon market alone is projected to grow
significantly in the coming decades, driven by corporate net-zero pledges and evolving
regulations.

However, challenges remain. Investors must navigate risks such as fluctuating carbon prices,
regulatory uncertainty, and the potential for project underperformance. Robust due diligence,
diversification, and adherence to high-quality standards can mitigate these risks, ensuring that
carbon markets and green projects remain attractive and viable.

6.3 Funding mechanisms for scaling voluntary markets

Scaling voluntary carbon markets requires innovative funding mechanisms to ensure
accessibility, reliability, and scalability. Traditional financing through banks and private equity is
being supplemented by new models designed to address the unique needs of carbon projects.
One effective mechanism is blended finance, which combines public and private capital
to de-risk investments in high-impact projects. Public funds from multilateral institutions or
governments are used to absorb initial losses, encouraging private investors to contribute.
This approach is particularly useful for projects in developing countries, where perceived risks
are higher.

Crowdfunding platforms are also emerging as tools to democratize investment in carbon
markets. By enabling individuals to invest in carbon projects, these platforms expand the pool
of available capital and foster public engagement in climate action.

Moreover, carbon credit pre-purchase agreements provide upfront funding for project
developers. In this model, buyers commit to purchasing future credits at a fixed price, ensuring
developers have the capital needed to initiate and scale projects. Such agreements are often
backed by corporations seeking to secure high-quality credits for their offsetting strategies.

To scale voluntary markets further, transparency and integrity are critical. Technological
innovations like blockchain are being deployed to enhance the traceability and authenticity of
carbon credits, building investor confidence. Additionally, the establishment of international
standards, such as those promoted by the Taskforce on Scaling Voluntary Carbon Markets,
ensures credibility and fosters greater participation.
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6.4 Risks and uncertainties in carbon pricing strategies

While carbon pricing is a cornerstone of climate policy, its implementation is fraught with risks
and uncertainties that require careful consideration.

Price Volatility: Carbon prices can be highly volatile, influenced by market dynamics, political
decisions, and economic conditions. For instance, sudden regulatory changes or shifts in
demand for carbon credits can cause price fluctuations, affecting market stability and investor
confidence.

Regulatory Risks: Inconsistent policies across jurisdictions pose significant challenges.
Companies operating in multiple regions must navigate a patchwork of regulations, which
can lead to inefficiencies and increased compliance costs. The lack of alignment between
voluntary markets and compliance mechanisms further complicates matters.

Economic Competitiveness: Carbon pricing strategies may disproportionately impact energy-
intensive industries, leading to concerns about competitiveness and job losses. Without
measures like CBAM or transitional assistance, these industries may struggle to adapt,
particularly in economies heavily reliant on fossil fuels.

Social Impacts: Carbon pricing can exacerbate inequalities if the costs are passed on to
consumers, disproportionately affecting low-income households. Policymakers mustimplement
measures such as revenue recycling to mitigate these effects, ensuring the benefits of carbon
pricing are equitably distributed.

Environmental Integrity: The effectiveness of carbon pricing depends on robust monitoring,
reporting, and verification systems. Weak governance can undermine the environmental
integrity of the market, allowing fraudulent credits or double counting to persist.

To address these challenges, adaptive policymaking is essential. Regular evaluations of
carbon pricing frameworks, stakeholder engagement, and the integration of complementary
measures like CBAM can enhance the resilience and effectiveness of these strategies. As the
world progresses toward net-zero emissions, striking a balance between economic efficiency,
environmental integrity, and social equity will be critical for the long-term success of carbon
markets.
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The urgency to combat climate change has catalyzed a wave of innovation in carbon markets,
with technology at its forefront. From digital solutions to cutting-edge nature-based approaches,
advancements are reshaping how carbon emissions are measured, managed, and traded.
This article delves into the technological innovations driving the evolution of carbon markets,
including digital MRV systems, blockchain technology, advances in carbon capture, and
integration with broader sustainability frameworks.

7.1 Digital MRV (Measurement, Reporting, and Verification) systems

Measurement, Reporting, and Verification (MRV) systems are the backbone of any carbon
market. Accurate MRV ensures that emissions reductions are credible, verifiable, and aligned
with regulatory requirements. The advent of digital MRV systems has revolutionized this
process by introducing automation, transparency, and efficiency.

Digital MRV systems leverage advanced technologies such as remote sensing, satellite
imagery, loT sensors, and artificial intelligence. These tools enable real-time monitoring of
carbon emissions, allowing for precise quantification and verification. For example, loT-enabled
devices can continuously track emissions from industrial facilities, feeding data into centralized
platforms for analysis. Satellite imagery and remote sensing are particularly valuable for
monitoring large-scale activities like deforestation or agricultural emissions.

Artificial intelligence (Al) plays a critical role in analyzing vast datasets generated by digital
MRYV systems. Machine learning algorithms can identify patterns, detect anomalies, and predict
future emissions trends, providing valuable insights for policymakers and market participants.
By streamlining data collection and analysis, digital MRV systems reduce the risk of errors and
fraud, enhancing the credibility of carbon credits.

7.2 Blockchain for secure and transparent credit trading

Blockchain technology is emerging as a transformative force in carbon markets, addressing
longstanding issues of transparency, traceability, and fraud. A blockchain is a decentralized,
tamper-proof ledger that records transactions in a secure and transparent manner. When
applied to carbon trading, it ensures that every credit is tracked from issuance to retirement.

One of the primary benefits of blockchain is its ability to eliminate double counting, a common
problem in carbon markets where the same credit is sold to multiple buyers. With blockchain,
each credit has a unique digital identifier, and all transactions are recorded on an immutable
ledger accessible to stakeholders. This fosters trust among market participants and enhances
the integrity of the market.

Smart contracts, a feature of blockchain technology, further streamline carbon trading. These
self-executing contracts automate transactions based on predefined conditions, reducing
administrative overhead and minimizing delays. For example, a smart contract can automatically
transfer ownership of carbon credits once payment is received, ensuring timely and secure
transactions.

Several platforms have already begun integrating blockchain into carbon markets. These
initiatives aim to democratize access to carbon credits, enabling smaller players and developing
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countries to participate more effectively. By reducing transaction costs and enhancing
transparency, blockchain is paving the way for a more inclusive and efficient carbon market.

7.3 Advances in nature-based solutions and carbon capture technologies

Nature-based solutions (NBS) and carbon capture technologies are at the forefront of efforts
to remove carbon dioxide from the atmosphere. These approaches complement emission
reduction strategies by directly addressing existing greenhouse gases.

Nature-Based Solutions

NBS focus on leveraging natural processes to sequester carbon. Examples include
afforestation, reforestation, soil carbon sequestration, and wetland restoration. Advances in
satellite monitoring and Al are enhancing the scalability and effectiveness of NBS projects. For
instance, satellite data can track tree growth and assess the carbon sequestration potential of
forests, while Al algorithms optimize land use planning to maximize carbon storage.

New techniques, such as biochar production, are also gaining traction. Biochar, a form of
charcoal produced from organic waste, can be used as a soil amendment to enhance carbon
storage and improve soil fertility. Innovations in biochar production are making it a viable option
for large-scale deployment.

Carbon Capture and Storage (CCS)

Carbon Capture and Storage (CCS) technologies are advancing rapidly, offering scalable
solutions for industrial emissions. CCS involves capturing CO2 from industrial processes or
directly from the air and storing it underground or repurposing it for industrial use.

Recent breakthroughs in direct air capture (DAC) technologies have garnered significant
attention. Companies are developing modular DAC units that can be deployed in various
locations, making carbon removal more accessible. Enhanced mineralization, a process where
CO2 reacts with minerals to form stable carbonates, is another promising area of research.

Innovations in CCS are also reducing costs and improving efficiency. For instance, new
solvents and materials for capturing CO2 are increasing capture rates while lowering energy
requirements. These advancements make CCS a viable option for hard-to-abate sectors such
as cement and steel production.

7.4 Integration with other sustainability frameworks (e.g., ESG metrics)

Carbon markets are increasingly intersecting with broader sustainability frameworks such as
Environmental, Social, and Governance (ESG) metrics. This integration is driving a holistic
approach to sustainability, aligning carbon reduction efforts with corporate responsibility and

long-term value creation.

Alignment with ESG Goals

ESG metrics provide a framework for assessing a company’s environmental and social impact
alongside its governance practices. By incorporating carbon credits into ESG strategies,
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companies can demonstrate their commitment to reducing emissions while addressing broader
sustainability objectives.

Forinstance, investments in high-quality carbon credits that support community development or
biodiversity conservation align with both environmental and social aspects of ESG. Companies
can leverage these credits to enhance their ESG scores, attract socially conscious investors,
and strengthen their market position.

Technological Integration

Technology is playing a pivotal role in aligning carbon markets with ESG frameworks. Digital
platforms are enabling companies to track and report their carbon footprint in real time, providing
transparency and accountability. These platforms often integrate with existing ESG reporting
tools, simplifying compliance and reporting processes.

Moreover, advancements in data analytics and Al are enabling companies to assess the impact
of their carbon reduction initiatives on ESG performance. These insights help organizations
identify opportunities for improvement and demonstrate measurable progress to stakeholders.
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Carbon markets are a critical mechanism in the global effort to combat climate change, enabling the
trading of carbon credits to incentivize emissions reductions. Beyond their economic implications,
carbon markets significantly impact environmental and social dimensions, influencing sustainable
development, addressing unintended consequences, and ensuring equitable benefits. This article
examines the role of carbon markets in fostering sustainable development, mitigating carbon
leakage, ensuring inclusivity for developing countries and vulnerable communities, and tackling
greenwashing through enhanced transparency and credibility.

8.1 The role of carbon markets in promoting sustainable development

Carbon markets are intrinsically linked to sustainable development by channeling investments
into projects that reduce greenhouse gas emissions while delivering co-benefits to the
environment and society. Projects funded through carbon credits often promote renewable
energy, reforestation, and energy efficiency, directly contributing to environmental conservation.
For example, renewable energy projects supported by carbon markets reduce reliance on
fossil fuels and provide clean energy to underserved regions. Reforestation initiatives not
only sequester carbon but also restore ecosystems, protect biodiversity, and enhance water
resources. These projects align with the United Nations Sustainable Development Goals
(SDGs), such as Goal 13 (Climate Action), Goal 7 (Affordable and Clean Energy), and Goal
15 (Life on Land).

On the social front, carbon market investments often create employment opportunities and
improve livelihoods in local communities. For instance, clean cookstove projects reduce indoor
air pollution, benefiting public health while providing economic opportunities for women and
marginalized groups involved in manufacturing and distribution. By prioritizing projects with
high social and environmental impacts, carbon markets can serve as catalysts for sustainable
development in both developed and developing countries.

8.2 Addressing carbon leakage and unintended consequences of CBAM

Carbon leakage occurs when emissions reduction efforts in one region lead to increased
emissions elsewhere, undermining the global impact of climate policies. The Carbon Border
Adjustment Mechanism (CBAM) aims to address this by imposing tariffs on carbon-intensive
imports, levelling the playing field for domestic industries subject to stringent climate regulations.
While CBAM has the potential to prevent carbon leakage, its implementation poses challenges.
Critics argue that it may inadvertently burden developing countries that lack the capacity
to comply with advanced emissions standards. These countries risk losing market access,
exacerbating economic disparities.

To address these unintended consequences, policymakers must design CBAM frameworks
that consider the varying capabilities of trading partners. This could involve providing technical
and financial support to help developing countries transition to low-carbon production methods.
Additionally, transparent methodologies for calculating embedded emissions in imports are
essential to ensure fair and equitable application of CBAM.

Carbon markets themselves can contribute to mitigating leakage by creating incentives for global
participation in emissions reduction. By integrating carbon credits from international projects,
markets can support emissions reductions in regions where costs are lower, achieving cost-
effective climate mitigation without displacing emissions.
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8.3 Ensuring inclusivity: Benefits for developing countries and vulnerable communities

One of the greatest potentials of carbon markets lies in their ability to drive investments toward
developing countries and vulnerable communities. These regions often face disproportionate
climate risks while lacking the resources to adapt and mitigate effectively. Inclusive carbon
markets can bridge this gap by channelling funds to high-impact projects in these areas.

For example, forestry projects in tropical regions generate carbon credits while protecting
biodiversity and providing sustainable livelihoods to local communities. Agroforestry initiatives
empower smallholder farmers by enhancing soil fertility, diversifying income sources, and
building resilience against climate shocks. Renewable energy projects in developing countries
not only reduce emissions but also improve energy access, fostering economic development.

Ensuring inclusivity requires a concerted effort to design carbon market mechanisms
that prioritize social equity. This includes incorporating safeguards to prevent land grabs,
ensuring fair distribution of benefits, and actively involving local stakeholders in project design
and implementation. Certification standards like the Gold Standard and Verra’s Climate,
Community, and Biodiversity (CCB) Standards play a vital role in ensuring that carbon credits
deliver measurable social and environmental benefits.

8.4 Transparency and credibility: Tackling greenwashing

The credibility of carbon markets hinges on their ability to deliver genuine emissions reductions
and avoid greenwashing—the practice of misleading stakeholders about the environmental
benefits of actions or products. Greenwashing undermines trust in carbon markets and can
erode public support for climate action.

Transparency is a cornerstone of credible carbon markets. This involves robust MRV
(Measurement, Reporting, and Verification) systems to ensure the accuracy of emissions data
andthe validity of carbon credits. Digital technologies, such as blockchain, enhance transparency
by providing immutable records of carbon credit transactions, enabling stakeholders to trace
the origins and lifecycle of credits.

To combat greenwashing, stringent certification standards are essential. High-quality carbon
credits should meet criteria for additionality, permanence, and verifiability. Additionality
ensures that projects generate emissions reductions that would not have occurred otherwise,
while permanence addresses the long-term stability of carbon storage. Verifiability ensures
that emissions reductions are independently validated and monitored.

Public disclosure of project details, methodologies, and verification reports further enhances
accountability. Companies participating in carbon markets must adopt clear and consistent
communication about their climate strategies, avoiding exaggerated claims about the impact of
carbon offsets. Independent audits and third-party certifications add an extra layer of assurance.
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Carbon markets boost is driven by increasing global ambition to address climate change. This
analysis explores key future trends shaping this dynamic landscape.

9.1 Emerging sectors: Aviation, shipping, and e-commerce

Carbon markets are expanding beyond traditional sectors like energy and manufacturing to
encompass emissions-intensive sectors with significant environmental impact:

Aviation
The aviation sector, a major contributor to greenhouse gas emissions, is on the cusp of
significant carbon market integration.
* International Civil Aviation Organization (ICAO) initiatives like the Carbon Offsetting and
Reduction Scheme for International Aviation (CORSIA) are laying the groundwork for a
global framework.

e Sustainable Aviation Fuels (SAFs) will play a crucial role, with potential for carbon credit
generation through lifecycle assessments.

* Technological advancements in aircraft design and propulsion systems will further enhance
efficiency and reduce emissions, creating new avenues for carbon credit generation.

Shipping

* The International Maritime Organization (IMO) is developing a global market-based measure
(MBM) to address emissions from international shipping.

* This could involve a levy on bunker fuels, an emissions trading system, or a combination
of both.

* The success of this MBM will depend on its design, implementation, and enforcement, as
well as the ability to ensure fair and equitable participation from all countries.

E-commerce

* The rapid growth of e-commerce has significantly increased logistics and delivery activities,
contributing to a rise in transportation emissions.

e Carbon markets can incentivize e-commerce companies to optimize delivery routes, invest
in electric vehicles, and implement carbon offsetting strategies.

* This may involve developing sector-specific methodologies for calculating and reporting
emissions associated with e-commerce operations.

9.2 Evolution of CBAM and its global adoption prospects

The European Union’s CBAM represents a pioneering approach to combating “carbon leakage,”
where companies might shift production to nations with less stringent climate regulations
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to evade domestic carbon costs. By addressing this issue, CBAM seeks to maintain the
competitiveness of industries in regions with robust climate policies.

Globally, the success of CBAM could inspire other economies to adopt similar measures,
fostering a more level playing field for industries in countries pursuing ambitious climate targets.
Such policies could also serve as a powerful incentive for nations worldwide to strengthen their
climate commitments, contributing to a collective push towards global emissions reduction.

However, implementing CBAMs comes with challenges. Trade disputes may arise, as
countries express concerns over potential trade barriers and accusations of protectionism.
Designing CBAMSs that are fair and inclusive will require careful consideration, particularly to
avoid disproportionately impacting developing nations.

Measures like product-specific adjustments and financial or technical support for developing
countries will be critical to ensuring equity.

Achieving global cooperation will be of the utmost importance in such a scenario when
most countries, especially in the Global South are dead set opposed to it. Open dialogue
and collaboration among nations will certainly help in addressing concerns, harmonizing
policies, and supporting the transition to a global carbon pricing framework. With thoughtful
implementation and international consensus, CBAM has the potential to become a cornerstone
of global climate strategy.

9.3 Role of nature-based credits in the carbon economy

As global awareness of climate change intensifies, the demand for high-quality carbon offsets
is surging. Nature-based solutions, which include projects like afforestation, reforestation,
wetland restoration, and soil carbon sequestration, are poised to play a pivotal role in meeting
this growing demand. These solutions not only capture and store carbon effectively but also
provide co-benefits such as biodiversity conservation, improved water quality, and enhanced
ecosystem resilience.

Growing Demand

With their ability to address both environmental and social challenges, nature-based solutions
are becoming increasingly significant in the carbon markets. Businesses and governments
are recognizing their potential to achieve immediate and impactful emissions reductions while
supporting global climate goals.
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Growth of Nature -Based Carbon Credits Market
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Ensuring Quality and Additionality

For nature-based carbon credits to gain widespread acceptance and credibility, it is essential
to ensure their environmental integrity, permanence, and additionality. Environmental integrity
ensures that the carbon reductions claimed are real and verifiable, while permanence
guarantees that the sequestered carbon remains stored for the long term. Additionality ensures
that the emissions reductions would not have occurred without the specific project.

Robust monitoring, reporting, and verification (MRV) systems are fundamental to achieving these
standards. Advanced technologies like satellite imaging, Al-driven analytics, and blockchain
can track carbon sequestration, prevent double counting, and enhance transparency. These
tools ensure that nature-based solutions are sustainable and reliable contributors to carbon
markets.

Complementarity with Technological Solutions

Nature-based solutions should not be seen as a standalone solution but as a complement
to technological approaches like renewable energy and carbon capture and storage (CCS).
While nature-based solutions excel in providing immediate carbon sequestration, technological
innovations address hard-to-abate emissions and ensure scalability. A balanced approach that
integrates both strategies is essential for holistic and effective climate action, enabling the
world to transition towards a net-zero future more sustainably and equitably.




16th Edition

*’ ELECRAMA 2025

’ Powering the Future of Energy

9.4 Intersection of carbon markets with renewable energy certificates (RECs)

Carbon markets and Renewable Energy Certificate (REC) markets have the potential to work
in harmony to accelerate decarbonization. While carbon markets drive emissions reductions
across diverse sectors by placing a cost on carbon, RECs directly incentivize the generation of
renewable energy by certifying its production. Integrating these two mechanisms can create a
more cohesive and robust system to address climate goals.

Mechanisms for Integration

One approach to integration is allowing RECs to offset emissions in certain sectors, offering
entities a flexible pathway to meet climate commitments. For instance, an organization could
purchase RECs to account for emissions they cannot eliminate, bridging the gap between
renewable energy generation and broader carbon reduction goals. This flexibility could lower
compliance costs while ensuring progress toward decarbonization.

Another potential mechanism s linking REC and carbon markets via a common trading platform.
This integration would enhance market liquidity by creating a larger pool of participants and
streamlining transactions. A unified platform could facilitate the exchange of both RECs and
carbon credits, driving efficiency and enabling market participants to optimize their investments
in renewable energy and emissions reductions.

Challenges to Integration

Despite these potential benefits, integrating these markets presents challenges. Ensuring
environmental integrity is paramount—particularly avoiding double counting emissions
reductions. A robust framework must be established to ensure that emissions reductions
represented by RECs are not also claimed as offsets in carbon markets.

Additionally, market dynamics such as the price and availability of RECs and carbon credits
could be affected by integration. A sudden influx of RECs into carbon markets might lead to
price distortions, impacting the incentives for renewable energy generation and emissions
reductions.

To address these challenges, policymakers must carefully design integration frameworks
that balance flexibility with environmental rigor, ensuring that the combined markets drive
meaningful progress toward climate goals.
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As CBAM evolves, its impact ripples across governments, industries, investors, and researchers
worldwide, especially in the Global South who have not been shy in expressing their obvious
displeasure with the approach of this policy. This tussle is the reason why we feel it necessary
to discuss a comprehensive suggested roadmap offering actionable recommendations for
stakeholders to navigate this transformative mechanism.

10.1 For Policymakers: Strengthening international cooperation on CBAM

Policymakers play a crucial role in harmonising CBAM with global trade frameworks and
climate ambitions. To ensure equitable implementation, the following actions are essential:

Enhancing Bilateral and Multilateral Dialogues

CBAM compliance requires alignment between nations. Policymakers must negotiate clauses
in Free Trade Agreements (FTAs) to address trade losses caused by CBAM. For instance,
clauses recognising energy levies as deductions and limiting data sharing within EU institutions
can help safeguard national interests.

Promoting Climate Diplomacy

CBAM underscores the emergence of a “super-regulator” in climate governance. Policymakers
should advocate for shared governance mechanisms, ensuring that the regulatory framework
supports global equity and does not disproportionately burden developing economies.

Leveraging National Policies

Align domestic taxation systems, such as coal cess or energy levies, with CBAM requirements by
converting them into carbon price equivalents. This approach can enhance the competitiveness
of exports and reduce compliance costs.

Supporting Decarbonisation Subsidies:

Develop subsidies and incentives that mirror CBAM principles to encourage industries to transition
to low-carbon processes. Creating a national fund for decarbonisation, as highlighted in CPAE
(Carbon Price Adjustment on Exports), can mitigate the economic impact on domestic industries.

10.2 For Investors: Identifying high-potential sectors for carbon investments

Investors are uniquely positioned to drive decarbonisation by targeting sectors with high growth
potential under CBAM. Strategic investments can maximise returns while supporting climate
objectives.

Focus on Renewable Energy and PPAs

Power Purchase Agreements (PPAs) with industries like steel and aluminium, which are
heavily impacted by CBAM, present lucrative opportunities. Transitioning these sectors to
renewable energy sources can significantly reduce their carbon footprints and enhance their
global competitiveness.

Emerging Markets for MRV Technologies
Monitoring, Reporting, and Verification (MRV) technologies are essential for CBAM compliance.
Investing in startups and companies specialising in emissions tracking, data privacy solutions,
and automated reporting tools will be critical.
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Decarbonisation in Heavy Industries

Carbon-intensive sectors such as cement, steel, and fertilisers offer opportunities for large-
scale impact. Investments in technologies like carbon capture and utilisation (CCU) and green
hydrogen production can align with CBAM standards and yield high returns.

Supply Chain Optimisation

Companies optimising their supply chains to meet CBAM requirements, such as by sourcing
low-carbon materials or streamlining emissions, present another area of growth. Funding
innovations that integrate emissions reduction at every stage of production can unlock value.

10.3 For Industry Leaders: Strategies to navigate CBAM compliance

Standardising Emissions Data

CBAM mandates detailed reporting on product-specific emissions. Industries must implement
systems to standardise and verify emissions data, ensuring accuracy and compliance. Investing
in open-source software for computation and emissions tracking is essential.

Realigning Supply Chains
CBAM impacts not just exports but entire value chains. Industries should realign their supply chains
to prioritise low-emission inputs and adopt greener technologies at every stage of production.

Engaging in Innovation Partnerships

Collaborating with research institutions and technology providers can accelerate the
development of low-carbon alternatives. For instance, automating emissions computation
through geolocation-based identifiers can streamline compliance efforts.

Advocating for Recognition of National Policies

Industries should work with policymakers to ensure that domestic carbon taxes and levies
are recognised as deductions under CBAM. This step can reduce duplication of costs and
enhance the viability of exports.

Training and Capacity Building
Equip teams with the skills and knowledge needed to manage CBAM requirements effectively.
Offering training on emissions reporting, data management, and compliance strategies is crucial.

10.4 For Researchers: Innovation priorities in carbon markets and MRV technologies

Researchers are key to advancing the technologies and methodologies that underpin CBAM
and broader carbon market goals.

Advancing MRV Systems

Innovations in Monitoring, Reporting, and Verification (MRV) are critical for accurate emissions
tracking. Researchers should prioritise developing cost-effective, automated systems that
integrate blockchain for data security and geolocation for accuracy.

Decarbonisation Technologies
Focus on breakthrough solutions such as green hydrogen, bioenergy with carbon capture and
storage (BECCS), and advanced material science for low-carbon alternatives in heavy industries.
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Carbon Pricing Models

Develop robust carbon pricing models that align with CBAM’s principles. These models should
account for sectoral differences and provide a transparent framework for pricing emissions
across supply chains.

Integration of Digital Tools

Explore the use of artificial intelligence (Al) and machine learning (ML) to optimise emissions
tracking and compliance processes. Digital twins and predictive analytics can play a role in
improving efficiency and reducing costs.

Addressing Data Privacy Concerns

With CBAM requiring detailed emissions data, privacy becomes a critical issue. Researchers
should focus on developing frameworks that ensure data security while maintaining compliance
with international standards.

Disclaimers

This report has been prepared by Carbon Markets Association of India (“CMAI” or “we”) with
the assistance of the Indian Electrical and Electronics Manufacturers Association (IEEMA).
This disclaimer applies to all third parties (“third-party”) who may access or rely upon this
report.

CMAI and IEEMA have taken reasonable steps to ensure that the information contained in this
report has been sourced from reliable and publicly available data. While due care has been
exercised to validate the authenticity and accuracy of the sources used, neither CMAI, IEEMA,
nor any of their respective partners, officers, employees, consultants, or agents provide any
warranties, expressed or implied, regarding the completeness, accuracy, or reliability of the
information, data, or opinions obtained from third-party sources.

The information and visuals (if any) included in this report have been collated from industry
sources, public-domain references, and internal databases. Although reasonable efforts have
been made to verify the data presented, no independent audit, due diligence, or verification has
been conducted by IEEMA or CMAI. Any images included are for conceptual representation
only and do not depict any specific development or project.

Thisreportisintended forinformational purposes only and should notbe considered professional,
financial, tax, legal, or other regulated advice. No third party should act solely based on the
information in this report without seeking appropriate professional guidance relevant to their
specific circumstances.

This report, or any portion thereof, may not be copied, paraphrased, reproduced, or distributed
in any form—whether electronically, in print, via the internet, or within another document—
without prior written permission from both CMAI and IEEMA.

The CMAI, IEEMA, and their members, partners, employees, and agents do not accept or
assume any responsibility or liability in respect of this report, or decisions based on it, to any
third party in relation to the content of the report. Should, such third party choose to rely on this
report, then that third party does so at its own risk.

Am==m O .




eTEO_In)(t

NOTES




eTECH™

KNOWLEDGE PARTNER

CMAI

Carbon Markets Association of India

I6GMG ‘ 3

your link to electricity

For details, please contact:

Kumar Rahul
kumar.rahul@ieema.org | +91 87890 98209
Ginni Banga
ginni.banga@ieema.org | +91 9958198875
Pratik Shah

pratik.shah@ieema.org | +9175060 75756

16th Edition

ELECRAMA 2025

Powering the Future of Energy

India Expo Mart

-26
bruary 2025 ‘ Greater Noida, Delhi NCR

Indian Electrical & Electronics Manufacturers' Association
85A, First Floor, Rishyamook Building, Panchkuian Road, New Delhi-110001, INDIA
T: +91-11-23363013 | F: +91-11-23363015

etechnxt.elecrama.com
www.facebook.com/etechnxt | www.linkedin.com/company/etechnxt | twitter.com/etechnxt




