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DISCLAIMER

q-l-l’is publication is intended solely for educational and informational
purposes. While every effort has been made to ensure the accuracy
and reliability of the information presented, the author and publisher
make no representations or warranties with respect to the completeness,
applicability, or fitness of the content for any particular purpose. The
author and publisher expressly disclaim any liability for errors, omissions,
or any loss, injury, or damages arising from the use of, or reliance on, the

information contained herein.

The inclusion of case studies, frameworks, or organisational examples

does not imply endorsement or affiliation.

The views expressed are those of the author and do not necessarily reflect

those of any institution or organisation with which the author is or has

been affiliated.

The book is not a substitute for professional or legal advice. Readers are
advised to consult relevant experts or institutions before making decisions

based on the contents of this publication.

All trademarks, names, and brands mentioned in the book are the
property of their respective owners and are used here for reference only.

Their inclusion does not imply endorsement.
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SUMMARY

q-l-:e carbon economy is no longer a niche topic—it is at the heart of
global climate action, green finance, sustainable business, and national
policy. Yet, for most people—students, entrepreneurs, professionals, even
board members— the world of carbon credits remains complex, jargon-

heavy, and difficult to navigate. This book bridges that gap.

Carbon Credit: A Beginner’s Guide ‘Demystifying the Carbon
Economy’ breaks down this complexity. It offers a lucid, engaging, and
structured introduction to the world of carbon markets and climate
action. It unpacks the science behind carbon emissions, the global
response to climate change, and how carbon credits have emerged as a

powerful mechanism for mitigation and sustainability.

Spanning across 18 simple yet rich chapters, this book covers everything
from how carbon credits are generated, traded, and regulated, to how
businesses and farmers can benefit from them. It explores key players,
registries, methodologies, financing instruments, and innovations
like digital MRV and blockchain. The content is structured with a
unique combination of technical clarity and storytelling—enriched by

infographics, sidebars, and real-world case studies.

The Indian perspective is a strong feature of this book. From India’s
national commitments to the emergence of carbon startups and rural
offset projects, the book provides deep insights into the opportunities and
challenges for India in this global transition. It also highlights strategic
sectors such as agriculture, solar irrigation, EVs, green energy, and rare

earths—showing how carbon credits intersect with India’s development
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Summary

goals. India has emerged as a global thought leader in advocating for

climate justice, lifestyle change, and green growth.

What makes this guide distinctive is its ability to simplify complex
ideas without diluting their depth. Whether you're a student, climate
professional, board member, policymaker, investor, or a curious reader,
this book equips you with the foundational knowledge and vocabulary to

participate in the carbon economy— meaningfully.
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INTRODUCTION

Carbon Markets in a Changing World
Why This Book Matters

Climate change is now an immediate and urgent crisis, no longer just
a distant threat. From unseasonal floods in India to wildfires in Europe
and prolonged droughts in Africa, the frequency and intensity of extreme
weather events are rising. The signs are stark—rising global temperatures,
erratic monsoons, melting glaciers, and climate-induced displacement.
Every sector of the economy now grapples with one central question:

How can we decarbonise fast enough?

This urgent question has led to the emergence of a parallel economy—the
carbon economy—where carbon is no longer just a cost, but a tradable

asset. Carbon credits lie at the centre of this transformation.

Carbon credits allow us to quantify and monetise emission reductions.
They enable a polluting entity to fund another’s carbon-saving action—
making climate mitigation more efficient and measurable. For countries

like India, they also represent a unique development opportunity.

While billions of dollars move through carbon markets each year, the
subject remains cloaked in technical language and opaque systems. For
most, it is a complex concept, understood by few, misused by some, and

overlooked by many who stand to benefit.

This book secks to change that.
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Introduction

A Beginner’s Compass
This guide is designed for readers at all stages of the learning curve:

e Students entering sustainability or ESG sectors

o Professionals shifting toward climate finance

e Entrepreneurs exploring carbon business models

e Rural development actors seeking to integrate carbon income

e Board members monitoring company’s sustainability performance

e Policy leaders aiming to align national targets with global markets

The goal is not to oversimplify—but to clarify. Concepts like MRV
(Measurement, Reporting, Verification), additionality, baseline emissions,
registries, and Article 6 are all explained through real-world examples,

visuals, and Indian-context narratives.

The Rise of the Carbon Market

The Kyoto Protocol (1997) was the birth moment of structured carbon
markets, introducing mechanisms like CDM (Clean Development
Mechanism). Itallowed developed countries to invest in emission-reducing
projects in developing countries and receive credits for those reductions.
The Paris Agreement (2015) further expanded global ambition, leading
to the Voluntary Carbon Market (VCM) flourishing alongside emerging
compliance systems like the Indian Carbon Market (ICM).

India’s climate narrative evolved in parallel—from hosting early CDM

projects to launching a national carbon market framework in 2023.
Today, carbon markets have split into two key domains:

1. Compliance Markets — governed by international or domestic law
2. Voluntary Carbon Markets (VCMs) — led by businesses and climate-

conscious entities
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Introduction

Globally, VCMs are growing rapidly. Tech companies, airlines, cement
firms, and even individual consumers are engaging in credit purchases to

meet net-zero commitments or offset unavoidable emissions.

The Indian Opportunity

India is uniquely positioned. It is the third-largest carbon emitter, yet
its per capita emissions are well below the global average. With our
vast agriculture base, renewable energy ambitions, and evolving ESG
framework, India can be a carbon credit superpower—but only if it

builds the right institutional, technical, and market foundations.

India has already initiated its Carbon Credit Trading Scheme (CCTYS)
under the Bureau of Energy Efficiency (BEE), and state governments are
exploring carbon income for rural communities. From solar irrigation
projects in Gujarat to mangrove protection in Odisha, the potential is

immense.

India, with its ambitious Nationally Determined Contributions
(NDCs) and fast-evolving carbon market, stands at a critical juncture.
The country’s leadership in renewable energy, afforestation, and green
technology offers a strong foundation for a vibrant carbon economy. Yet,
for India to fully capitalise on this potential, there is a pressing need for
awareness, capacity-building, and inclusive participation—from farmers

and small enterprises to banks, startups, and policy-makers.

Structure of the Book

This guide is structured into 18 chapters, starting from climate science
and the philosophy behind carbon credits, and moving into technical
areas like methodologies, project finance, trading, and India’s national

roadmap.
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Introduction

Along the way, you'll encounter:
e Infographics that simplify processes
o Case studies to link theory to practice

e Formulae and Glossary to aid real-world application

By demystifying the terms, systems, and strategies behind carbon credits,
the book enables readers to actively participate in India’s low-carbon

transition.

Key Takeaway

We are entering an age where carbon literacy will be as essential as digital
literacy. Be it policy, practice, research, or business—this book is your entry

point into the dynamic world of carbon credits and climate action.
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CHAPTER 1

CLIMATE CRISIS AND THE
ROLE OF CARBON CREDITS

1.1 The Climate Emergency

Over the last century, our planet has undergone an unprecedented
transformation. The global temperature has risen by more than 1.1°C
since the industrial revolution. This may seem modest, but even such a
change has triggered wide-ranging effects: rising sea levels, erratic rainfall,

longer droughts, severe floods, and the alarming loss of biodiversity.

The Earth is warming—and fast. Scientific evidence from the
Intergovernmental Panel on Climate Change (IPCC) confirms that
human activities, particularly the burning of fossil fuels, have caused
global warming above pre-industrial levels. With every additional fraction
of a degree, we face escalating risks: rising sea levels, intense heatwaves,

erratic monsoons, biodiversity loss, and agricultural disruption.

The past decade has witnessed record-breaking wildfires, floods,
droughts, and polar ice melt. Millions are already affected—especially
in developing countries like India, where rural livelihoods and agriculture

are highly climate-sensitive.

India, with its vast coastline and agrarian economy, is among the most
climate-vulnerable nations. From erratic monsoons to water scarcity, the

consequences of climate change are already being felt in rural and urban
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Demystifying the Carbon Economy

communities alike. Agricultural productivity is threatened by changing
rainfall patterns and heat stress. For a country with a population of over
1.4 billion, these challenges also pose serious threats to food security,

economic growth, and poverty reduction.

In India, emissions have grown rapidly over the past two decades, driven
by urbanisation, industrialisation, and energy demand. India is now
the third-largest emitter globally (after China and the US), though its
per capita emissions remain significantly lower. Balancing development

needs with climate goals remains a central challenge.

The science is clear: if the world fails to limit warming to 1.5°C,
catastrophic consequences will follow. This climate emergency has sparked
a global awakening. Climate change is no longer just an environmental
concern—it is now a central issue of development, equity, health, and
economic security. The climate emergency is also a wake-up call — a
catalyst for innovation, cooperation, and transformation. Governments,
businesses, and communities are beginning to act. Clean energy, circular
economy, sustainable agriculture, and green finance are no longer fringe

ideas — they are shaping the new economy.

1.2 The Impact of a 1.5°C Temperature Rise

Scientists and Environmentalists widely regard a 1.5°C increase in global
average temperature above pre-industrial levels as a critical climate
threshold. It poses serious and far-reaching risks to natural ecosystems,
human health, infrastructure, and global development. The IPCC Special
Reportand recent climate assessments highlight the distinct consequences

of this warming level.

Published by Manoj Kumar Rawat, Mumbsi, India (Open Edition) « CC BY-NC-SA 4.0



Climate Crisis and the Role of Carbon Credits

Changing Climate and Intensified Weather

o Heatwaves: More frequent, prolonged, and dangerous—especially
across regions such as South Asia, Sub-Saharan Africa, and Central
America.

o Extreme rainfall and flooding: Increased monsoon variability and
higher moisture in the atmosphere intensify floods in cities like
Mumbai, Jakarta, and Lagos.

e Droughts: Longer and more severe, particularly in the Mediterranean,
Australia, and Southern Africa, threatening water supply and food
systems.

e Tropical cyclones: Likely to become more intense, with increased

wind speeds, storm surges, and rainfall.

Threats to Ecosystems and Biodiversity

o Species decline: An estimated 6% of insects, 8% of plants, and 4% of
vertebrates may lose over half their range at 1.5°C.

o Coral reef loss: Up to 90% of tropical coral reefs face collapse
from warming and acidification, affecting marine life and coastal
communities.

e Arctic sea ice: Ice-free summers may occur once per century, altering
polar ecosystems and amplifying warming.

o Forest stress: Boreal and tropical forests face higher risks from fires,

pests, and drought, weakening key carbon sinks.

Rising Seas and Coastal Vulnerability

e Sealevel rise: Projected to rise between 0.26 and 0.77 metres by 2100,
driven by glacial melt and thermal expansion.
e Coastal displacement: Tens of millions in low-lying regions like

Bangladesh, the Maldives, and Kiribati face increased flood risks.
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Demystifying the Carbon Economy

Infrastructure threats: Major cities—New York, Kolkata, Ho Chi
Minh City—will see increased flood damage to transport, housing,

and utilities.

Food and Water Insecurity

Reduced crop yields: Wheat, maize, and rice production could
decline sharply in climate-vulnerable regions, increasing hunger and
food inflation.

Water stress: Up to 178 million people may face reduced access to
freshwater due to rainfall variability and glacial retreat.

Fisheries collapse: Warming oceans and oxygen loss threaten fish

stocks vital to the food security of coastal populations.

Human Health and Development Risks

Heat-related illness: Higher heat stress and mortality, especially
among the elderly, children, and outdoor workers.

Disease spread: Warmer conditions expand the range of disease
vectors like mosquitoes, spreading malaria, dengue, and Zika.

Air quality degradation: Wildfires and increased ground-level ozone

will worsen respiratory health, especially in urban areas.

Economic Disruption and Social Tension

Global GDP loss: Climate change could reduce global GDP by up to
2.3% at 1.5°C, hitting developing economies hardest.

Climate migration: Rising displacement from uninhabitable zones—
coastal areas, drought-prone farmland—could increase social strain.
Conflict risk: Heightened resource competition, particularly over

land and water, may aggravate geopolitical tensions.
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Climate Crisis and the Role of Carbon Credits

Why 1.5°C Matters More Than It Seems (as per IPCC)

Thedifferencebetween 1.5°Cand 2.0°Cis not marginal—it'’s monumental:

e Arctic summers: Ice-free once per century at 1.5°C vs. once per decade

at 2°C.

e Coral reefs: <10% survival at

1.5°C; nearly complete loss at 2°C.

e Sea-level exposure: An additional 10 million people are at risk at 2°C.

Limiting warming to 1.5°Csignificantly reduces the chances of irreversible

tipping points, extreme weather events, and long-term planetary damage.

Current Global Warming Rate and Projections

Metric

Current global temperature

increase

~1.2°C above pre-industrial (as of
2024-2025)

Estimated year to cross

implementation of pledged
actions (NDCs)

1.5°C thres}}g@m ;}f@ """"""""""""
Path under"gg{l"’gnt policies ~25°C to 27°be 2100
Path with full ~2.1°C to 2.4°C by 2100

Pathway to limit warming to
1.5°C

12025 and fall by ~43% by 2030, and
reach net-zero by 2050

Requires emissions to peak before

Where We Are Now

As0f2024-2025, Earth is already about 1.2°C warmer than pre-industrial

levels, and the warming trend continues at ~0.2°C per decade. Without
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urgent global mitigation, the 1.5°C threshold may be breached as early

as the early 2030s unless:

There is a massive global shift to renewable energy,
Deforestation stops and restoration accelerates,
Carbon pricing and finance for mitigation/adaptation increase,

Consumption patterns and energy demand change rapidly.

What needs to be done

Phase out fossil fuels rapidly: No new coal, oil, or gas infrastructure.
Scale up renewables: Wind, solar, and green hydrogen

Nature-based solutions: Forest conservation, reforestation, peatland
protection.

Sustainable agriculture and cities: Efficient irrigation, climate-resilient
seeds, compact cities.

Finance and policy reforms: Align global capital flows with the Paris

Agreement

1.3 From Emissions to Action — How the World Responded

The response to the climate crisis has evolved over decades. Beginning

with early warnings in the 1980s, the global community rallied to form

frameworks like:

1992: United Nations Framework Convention on Climate Change
(UNFCCC)

e 1997: Kyoto Protocol — Introduced legally binding emission targets

for developed countries

e 2015: Paris Agreement — A landmark pact where countries pledged

Nationally Determined Contributions (NDCs) to limit warming
well below 2°C, aiming for 1.5°C
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Climate Crisis and the Role of Carbon Credits

This transition marked a critical shift: from vague commitments to

science-based, time-bound, and verifiable targets.

Countries, corporations, investors, and citizens are now aligning with the
principle of “common but differentiated responsibilities.” This means
every entity must act, though actions may vary based on capacity and

responsibility.

Yet, the challenge remains: How do we reduce emissions rapidly,
equitably, and at scale? This is where the concept of carbon pricing

and carbon credits comes into play.

1.4 The Concept of Net Zero

At the heart of climate action today lies a simple but powerful goal: Nez
Zero.

Net zero refers to achieving a balance between the greenhouse gases
emitted into the atmosphere and those removed or offset. In practical
terms, it means that any emissions produced are either eliminated,
reduced, or compensated by equivalent removals through carbon sinks,

afforestation, renewable energy, or carbon capture technologies.

Gt Co,

40

Historical Global
CO, Emissions

30
\ Net Zero
\ @ by 2070
\
Emissi \
missions \
\

\
N

" I\

m g AN
V- 4 ~.

Fossil Fuel Low-Carbon

Phase-Out  Transition

20

10

-10
1850 1900 1950 2000 2040 2050 2060 2070

Historical Global CO, Emissions
(fossil fuels and industry)
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Demystifying the Carbon Economy

Achieving net zero requires a two-pronged approach:

1. Deep decarbonisation — transitioning to renewable energy, improving
efliciency, and reducing emissions across industries.
2. Carbon removal — using natural methods (like afforestation) or

technology (like Direct Air Capture) to absorb residual emissions.

Almost 145 countries, covering 90% of global emissions, have now
pledged to reach net zero between 2050 and 2070. For both developed
and developing nations, net zero is not a destination — it is a long,
continuous process of transformation. Corporates are also stepping up—

thousands of companies globally have made net-zero pledges.

For India, the goal is Net Zero by 2070—a historic announcement made
at COP26 in Glasgow. This commitment requires transformative changes

across energy, industry, transport, agriculture, and forestry sectors.

But net zero isn’t just a government or corporate agenda—it requires
innovation, finance, accountability, and market-based mechanisms that
accelerate the transition. Carbon credits form one of the most powerful

such mechanisms.

1.5 Carbon Neutrality vs Net Zero

Carbon neutrality refers to balancing emissions with removals, often
using carbon offsets. An organisation can claim carbon neutrality by

offsetting all of its emissions through purchased credits.

Net zero, however, implies reducing emissions to as close to zero
as possible and then neutralising only the remaining, hard-to-abate
emissions through removals — typically requiring deep decarbonisation

and direct removals.

Carbon Neutral means offsetting carbon emissions only, often through

limited projects.
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Net Zero covers all greenhouse gases, including methane and nitrous

oxide, and involves long-term systemic change.

Term  Definition Key Mechanism
Carbon Balancing emissions by~ Offsetting emissions
Neutral offsets  through projects

Net Zero  Deep emissions reduction : Emissions reduced at source

-+ removals -+ removals

Carbon Neutral vs Net Zero: Key Differences

Parameter ~ Carbon Neutral Net Zero
What it Balancing CO, emissions : Reducing all types of
- Means - by supporting projects | greenhouse gases as much as |
| that reduce or remove possible, then removing the |
an equivalent amount small amount that’s left.
elsewhere.
Scope Mostly about CO,. All greenhouse gases — CO,,

- methane, nitrous oxide, etc. '

Approach  Often just buying offsets  First cutting your own
E without cutting much of emissions a lot, then

_your own emissions. - removing only what’s left.

Offset use  Uses offsets for most of ~ Uses offsets only for the
: . the emissions. - very last bit that’s hard to

‘ remove.

Timeframe Can be done quickly by Takes many years and big |
buying enough offsets. changes, often with targets
like 2050 or 2070.
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- Parameter Carbon Neutral Net Zero

Example | Company pays for Company switches to clean

5 planting trees but keeps  energy, changes suppliers,
running factories the and then removes the last
same way. bit of gases left.

Integrity  May risk “offset-only”  Follows science-based plans
E strategies that dont fix ~ with proven emission cuts

 before using offsets.

In short, carbon neutrality can be achieved quickly through offsets, while
net zero requires deep emissions cuts first and only uses offsets for residual

emissions.

1.6 What are Carbon Credits?

A carbon credit is a tradable certificate or permit that represents the
reduction or removal of one metric tonne of carbon dioxide (CO,)
or its equivalent in other greenhouse gases (COje). These credits
are generated by projects that either prevent emissions (e.g., renewable
energy, energy efliciency) or remove carbon (e.g., afforestation, soil

carbon, biochar).

One carbon credit is equivalent to one metric tonne of carbon dioxide
(COy,) or its equivalent (CO,e) reduced, avoided, or removed from the

atmosphere.

Think of it as a unit of climate benefit: when a project reduces emissions,
it earns carbon credits. These credits can then be sold to organisations

or governments looking to compensate for their own emissions.
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There are two main Types of credits:

1. Avoidance credits — generated by preventing emissions (e.g., switching
from diesel to solar)
2. Removal credits — generated by physically removing CO, (e.g.,

planting trees, direct air capture)

CARBON CREDIT FLOW
=%
i ﬂ@ >l P @ i @
PROJECT CREDITS CREDITS CREDITS OFFSET
ACTIVITY GENERATED ISSUED PURCHASED APPLIED
Carbon Data monitored; 1credit= Emitting entity Credit
reduction or validated & 1 metric tonne buys/trades retired;
removal certified CQ,e reduced credits emission
projects by standards or removed neutralized
(reforestation,
renewable
energy,
efficiency)

Credit types: Avoidance (emissions prevented) - Removal (CO,e removed/sequestered)

arbon credits act as an economic incentive to make climate-positive
Carb dits act tive t ke climat t
projects more financially viable—especially in regions where upfront

costs are high and local returns are limited.

1.7 Carbon Credits vs Carbon Offsets

Though often used interchangeably, carbon credits and carbon offsets
represent two distinct concepts in the carbon market. Understanding
their difference is essential for navigating climate finance and corporate

sustainability commitments.
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e A carbon credit is a verified unit representing 1 tonne of COye
reduced or removed. It exists as a certificate and can be traded, banked,

or retired.

Carbon Credits — A Tradable Emission Right

A carbon credit is a market instrument that gives the holder the right
to emit one metric tonne of CO,e. It is typically used in cap-and-trade
systems where governments or regulatory bodies impose emission caps
on industries. Companies that emit less than their quota can sell their
surplus credits, while those exceeding the cap must buy more. This creates

a market incentive to pollute less.

Think of it as the “product” of a climate project.

Examples:

e A reforestation project generates 100,000 carbon credits by capturing
CO, from the atmosphere.
e A renewable energy project avoids emissions from fossil fuel-based

power and earns credits accordingly.

Key Features:

e Exists within regulatory or compliance markets
e Tradable certificate issued under schemes like EU ETS, California
Cap-and-Trade

e DPurpose: Stay within emission limits

A carbon offset is the act of using a carbon credit to compensate for
emissions elsewhere. For example, a company emitting 100 tonnes of

CO, might purchase 100 carbon credits to “offset” its footprint.
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Carbon Credits vs Carbon Offsets

CARBON CREDITS </> CARBON OFFSETS

 Tradable units
representing the righi to
emit a certain amount do,
(1 credit = 1 metric ton CO:)

¢ Earned by projects directly
reducing or capturing
emissions

» Reductions in emissions
used to balance out
emissions produced
elsewhere

Purchased by entities to
compensate for their own
emissions

Carpon credits are earned by emission-reduction
projects, while carbon offsets are purchased to
compensate for emissions.

Think of it as the “use” of a carbon credit.

Examples:

e A company emits 10,000 tonnes of CO, from its operations and
purchases 10,000 carbon credits to offset that amount, thereby
claiming climate neutrality.

e Anairline offers customers the option to offset their flight emissions by

funding clean cookstove projects in developing countries.

Carbon Offsets — Proof of Emission Reduction FElsewhere

In contrast, a carbon offset is a measurable reduction or removal of
emissions achieved by a project — such as afforestation, renewable energy,
or biogas plants — that others can purchase to compensate for their

emissions. These are used mainly in voluntary carbon markets (VCM).

Key Features:

o Generated through specific climate-positive projects
e Often used by companies/individuals voluntarily

e Purpose: Offset own emissions for climate neutrality
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In short:
Credit = The unit
Offset = The action

Some institutions prefer the term “compensation” or “climate
contribution” to signal that offsets should not replace emissions

reduction at source—but only complement it.

Offsetting has faced criticism when used irresponsibly. Hence, modern
frameworks emphasize high-integrity offsets, verified additionality,

permanence, and transparency.

Key Differences at a Glance

Parameter  CarbonCredit  Carbon Offset
Definition  Unit representing 1 Action of compensating
tonne CO,e reduced _emissions using credits
Stage Supply side (project ‘Demand side (user offsettmg
generatlon) - emissions)
PurposeEnables ch&iéte ﬁnancemm Demonstraté; chmatew
flows ‘accountability
Ownershlp Ni;;(;)ect de\;éiéper or seller Buyer (1nd1v1duaﬂ or entlty
S offsetting)
Registries Issued via standards (e g Retired in registry to claim
- Verra, GS) § offset

1.8 India’s Response: National Commitments and Beyond

India, the world’s third-largest greenhouse gas emitter, has emerged as a
critical player in the global fight against climate change. Its climate policy

reflects a balance between development imperatives and environmental
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responsibility, rooted in the principle of common but differentiated

responsibilities (CBDR).

India has been an active participant in global climate negotiations while
balancing the need for development. At the COP26 summit in Glasgow,
Prime Minister Narendra Modi announced India’s “Panchamrit”—five

nectar elements of climate action:

1. Reach 500 GW of non-fossil energy capacity by 2030
2. Meet 50% of energy needs from renewables by 2030
3. Reduce emissions intensity of GDP by 45%

4. Cut projected carbon emissions by 1 billion tonnes

5

. Achieve Net Zero by 2070

India’s Nationally Determined Contributions (NDCs)

Emissions  Electricity Carbon Lifestyle for Climate

Intensity of Capacity Sink Environment* Adaptation
GDP . (LiFE) .
Reduce by Achieve 50% Create an addition1 Promote Provide
45 % by 2030 cumulative  carbon sink of 25  sustainable assistance
comparedto  powercapacity  to3 GtCO,e lifestyles to climate
2005 levels from non through forest inspired by vulnerable
fossil fuel and tree cover conservation cummmunities
saurces bv 2030 bv2030 an moderation

Under the Paris Agreement, India submitted its updated Nationally
Determined Contributions (NDCs) in 2022, pledging:

e A 45% reduction in emissions intensity of GDP by 2030, from 2005

levels

e 50% cumulative electric power installed capacity from non-fossil fuel-

based energy by 2030
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e The creation of an additional carbon sink of 2.5-3 billion tonnes of
CO,e through afforestation

e A commitment to net zero by 2070

e Continue efforts toward sustainable lifestyles through the LiFE

(Lifestyle for Environment) initiative

These commitments reflect India’s recognition that climate action must

align with its development trajectory.

India is also launching its own domestic carbon market—the Indian
Carbon Market (ICM)—to integrate compliance obligations with
voluntary action. Initiatives like the Perform, Achieve, and Trade

(PAT) and Renewable Energy Certificates (REC) have already laid the

foundation for carbon pricing.

In parallel, hundreds of Indian startups, farmer groups, and cooperatives
are exploring voluntary carbon projects across clean cooking,

agroforestry, solar irrigation, and regenerative agriculture.

With the right ecosystem—standards, registries, financing, and
awareness—India has the potential to be both a supplier and buyer
of high-quality carbon credits, turning the climate challenge into an

opportunity for inclusive growth.

Published by Manoj Kumar Rawat, Mumt&, India (Open Edition) + CC BY-NC-SA 4.0



CHAPTER 2

THE SCIENCE OF CARBON AND
EMISSIONS

2.1 Understanding Greenhouse Gases

At the heart of climate change lies a class of gases known as Greenhouse
Gases (GHGs). These gases trap heat in the Earth’s atmosphere, much
like the glass panels of a greenhouse. While this natural process keeps
our planet habitable, human-induced emissions have significantly

intensified the effect—causing global temperatures to rise abnormally.

The major GHGs include:

e Carbon Dioxide (CO,): Emitted from burning fossil fuels (coal, oil,
gas), deforestation, and cement production. It is the most abundant
and long-lived anthropogenic GHG.

e Methane (CH,): Released from livestock digestion, rice paddies,
landfills, and fossil fuel operations. Though less prevalent than CO,, it
is over 80 times more potent in the short term.

e Nitrous Oxide (N,0): Emitted from agricultural fertilisers, biomass
burning, and industrial processes.

o Fluorinated Gases: Synthetic gases used in refrigeration, air

conditioning, and electronics—extremely potent but less common.
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These gases differ in concentration, lifetime, and warming impact,

which leads us to the concept of Global Warming Potential.

2.2 Global Warming Potential (GWP)
Global Warming Potential (GWP) is a metric used to compare the heat-

trapping abilities of different GHGs over a specific time horizon—usually

100 years. It answers the question:

“How much heat would 1 tonne of this gas trap compared to 1 tonne of CO,?2”

By definition:

GHGs and GWP Chart
Greenhouse Gas Global Warming
Composition Potential (100-year)

16 %

6%

F-Gases
76%

0 5000 10000

GWP (100-year)
Greenhouse Gas

Composition

Hco, MCH, N,0 [ F-Gases

CO, has a GWP of 1 (used as the baseline)

Methane (CH,) has a GWP of ~27-30 (depending on the timeframe)
Nitrous Oxide (N,0O) has a GWP of ~-273

HFC-23 (a fluorinated gas) can have a GWP of over 12,000

This conversion allows all GHGs to be expressed in a common unit:

CO,-equivalent (CO,e)
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Carbon dioxide sets the benchmark for comparing warming impacts,
with methane and nitrous oxide having significantly higher potency on

a 100-year scale
1 tonne of CH, = 27 tonnes of CO,e
1 tonne of N,O = 273 tonnes of CO,e

Thus, GWP enables fair accounting in carbon projects and credit
calculations, helping standardise emission reductions across sectors and

gases.

2.3 How Emissions are Measured

Measuring greenhouse gas emissions is the first step in managing and
reducing them. Emissions are typically classified into three scopes,

especially for corporate and institutional accounting:

e Scope 1: Direct emissions from owned or controlled sources (e.g.,
factory emissions, company vehicles)

e Scope 2: Indirect emissions from the generation of purchased
electricity, steam, or heat

e Scope 3: All other indirect emissions occurring in the value chain (e.g.,

transportation, use of sold products, employee commuting)

Carbon credit projects often use IPCC Guidelines, CDM tools, and
project-specific methodologies to calculate emissions reductions. The

measurements can be:

e Direct: Using sensors or meters (e.g., biogas flow meters, smart meters)
e Indirect (Default Factors): Using standard emission factors published

by national or international agencies

Accurate emission measurement ensures environmental integrity and
protects against false claims. This is why monitoring systems, audits, and

third-party verifications are critical to carbon project credibility.
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2.4 Sinks, Sequestration, and Permanence

Not all climate solutions reduce emissions—some remove carbon
from the atmosphere. This is where the concept of carbon sinks and

sequestration becomes essential.

CARBON SEQUESTRATION

/ N\

-

Forests & Soils & Oceans &
Vegetation  Agriculture Blue Carbon
Photosynthesis Soils store Marine ecosystems

locks carbon more carbon sequester significant

in biomass & than atmosphere carbon
wood products & vegetation

\ combined /

Carbon Capture
& Storage (CCS/DAC)
Technology-based carbon

removal and storage

B

Carbon sequestration is nature’s balancing act—
and technology’s new frontier. Together, they hold
stability.

e A carbon sink is any process or system that absorbs more CO, than
it emits. Examples include forests, oceans, wetlands, and soils.

e Sequestration refers to the long-term storage of carbon—
either biologically (via afforestation, agroforestry, soil carbon) or

technologically (via carbon capture and storage, or direct air capture).

However, the effectiveness of sinks depends on permanence—how long
the carbon stays sequestered. Natural sinks, for instance, are vulnerable to

reversal from deforestation, fires, or land-use change.
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Projects must address:

e Permanence duration: Typically, 20—100 years
o Buffer pools: Reserve credits to compensate for accidental losses

e Monitoring protocols: To detect reversals or degradation

A high-quality carbon credit requires that the removal or reduction be

measurable, additional, and durable.

2.5 Leakage and Additionality in Projects

Carbon credit mechanisms must ensure real climate benefits—not just

on paper. Two critical concepts here are:

Leakage:

When a project unintentionally shifts emissions to another location,

reducing net global benefit.

Example: If a protected forest stops logging but logging shifts to an
adjacent forest, the emission reductions are undermined.

To address this:

e Projects define leakage boundaries
e Methodologies apply leakage deduction factors

e 'Third-party verifiers assess on-ground activity displacement

Additionality:

A project is additional if it would not have happened without the revenue

from selling carbon credits.

This is foundational. If the activity was already planned or financially

viable without the carbon incentive, issuing credits becomes questionable.
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To prove additionality, projects must demonstrate:

¢ Financial barriers (e.g., low ROI without credit revenue)
o Technological barriers (e.g., lack of access to green alternatives)
e Common practice analysis (e.g., showing the project is not already

widespread)

Without additionality, a project becomes non-eligible under most
crediting standards. These principles are discussed in greater detail —

along with permanence and other integrity safeguards — in Chapter 4.

Sources include IPCC reports and GHG Protocols.
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CHAPTER 3

UNDERSTANDING
CARBON MARKETS

C arbon markets serve as the operational core of climate action through
economic incentives. These markets serve as powerful tools to price
carbon, incentivise mitigation, and direct capital toward climate-positive
actions. They broadly fall into two categories: compliance markets and
voluntary markets. To effectively engage with carbon credit systems, it

is crucial to understand their structural types, participants, pricing, and

risks.

3.1 Compliance Markets

National or international laws regulate compliance carbon markets and
require entities to reduce emissions under a formal cap-and-trade system
or similar regulatory mechanism. Governments set caps on allowable
emissions, and companies that exceed these limits must purchase

allowances or credits to comply.

Key examples:

e European Union Emissions Trading System (EU ETS): The largest
and most mature carbon market in the world.
e California Cap-and-Trade Program: Covers large emitters across

energy and industry sectors.
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e China’s ETS: Recently launched and rapidly scaling to become the
world’s biggest by volume.

e Indias Compliance Carbon Market: Expanding beyond energy
efficiency (PAT scheme) to full-scope credit trading.

In compliance markets:

e Allowances (often called EUAs or permits) are allocated or auctioned
to companies.

o Surplus allowances can be traded if a company emits less than its cap.

e Carbon credits from approved projects (e.g., CDM or Article 6) may
be used to partially fulfil compliance.

These systems are strictly monitored and have legally binding emission

limits, making them high integrity but complex to navigate.

3.2 Voluntary Carbon Markets (VCMs)

Voluntary markets are unregulated by law and function based on
voluntary commitments. Companies, organisations, and individuals
purchase credits to offset emissions, meet internal sustainability goals, or

align with ESG principles.

VCMs are driven by:

e Net Zero commitments

e Brand and investor pressure

e ESG reporting frameworks (e.g., TCFD, ISSB)
Corporate social responsibility (CSR)
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India’s Voluntary vs Compliance
Carbon Markets

Voluntary Market Compliance

Market
¢ Participates
voluntarily e Mandated by
« Driven by government
corporate regulation
sustainability ¢ Regulated with
goals specific targets
¢ Flexible and e Limited to
diverse initiatives defined sectors
b

Voluntary (corporate-led) +
Compliance (regulation-led) = India’s carbon market

India's Carbon Market Size
~USD 6-8 billion (2025 est.)
~USD 49 billion by (2030 proj.)

e VCMs are more flexible and diverse than compliance markets. Project
developers can choose methodologies, registries, and buyers based on
their goals. Credits here are usually verified under global standards
such as Verra, Gold Standard, and Plan Vivo.

However, VCMs also face challenges:

e Variable quality and transparency
o Lack of uniform pricing
e Risk of greenwashing

e Difficulty in assessing permanence and additionality
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Key Distinctions
Feature - Compliance Market Voluntary Market
Regulatlon ...... Legally enforced by Based on vgluntafy """""""
o eovemmens pledges
Participants Regulated industries, Corporates, NGOs,
governments individuals
Standards Government-approved Independent registries
protocols (Verra, GS, etc.)
Market Size Larger in volumeand  Growing rapidly in
enforcement flexibility and scale
Use Case  Legal compliance with ~ Offsetting, ESG
emission caps alignment, net zero

3.3 Key Players in the Carbon Market Ecosystem

The carbon market is a dynamic and multi-stakeholder system. It
involves a wide range of participants, each playing a critical role in the
development, validation, issuance, sale, purchase, and retirement of
carbon credits. Understanding these roles is essential to navigate the

ecosystem effectively.

1. Project Developers

These are entities or organisations that design and implement carbon
g g
projects — such as afforestation, solar farms, biogas units, or energy-

efficiency retrofits. Developers:

e DPrepare the Project Design Document (PDD)
e Choose the methodology and registry
e Opversee implementation, monitoring, and credit issuance

e May act independently or through aggregators in rural/remote contexts
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Standard Setting
& Verification Bodies

STANDARD SETTING
VERIFICATION

* Develop methodologies

« Verify carbon projects

* Set guidelines
« Validate emissions

* Ensure quality

[
STANDARD SETTING

VERRA Gold A. TUV Rheinland

Standard
Climate g SS;EIT?(\?IBcels'

Acti 3
Reserve @ American CONTROL
Registy UNION

2. Third-Party Validators and Verifiers (VVBs)

Validation and verification bodies are accredited independent auditors.

They:

e Validate the design and baseline of the project before execution
o Verify the emission reductions achieved after implementation

e Conduct on-site inspections, review data, and prepare reports

These bodies are critical to ensuring the credibility, transparency, and

accuracy of emission claims.

3. Carbon Registries

Types of Carbon Registries

oy

Voluntary Compliance
Independently operate Adhereto rules set
and follow their by regulatory authorities
own standards
i Ko
L] il
Government Blockchain
National repositories to Use distributed ledger
track climate technology for
commitments transparency
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Registries are platforms that:

e Approve methodologies
e Issue carbon credits (with unique serial numbers)
e Maintain a transparent ledger of transactions

e Retire credits to prevent reuse

Key registries include:

o Verra’s VCS Registry

¢ Gold Standard Registry

e American Carbon Registry (ACR)

e Plan Vivo, ART TREES, UNFCCC CDM Registry

e Puro.earth (for tech-based removals)

e Climate Action Reserve (CAR), Global Carbon Council (GCC)

Registries act as gatekeepers of market integrity.

4. Buyers and Offtakers

These are the organisations or individuals who purchase credits for:

e Meeting compliance obligations
e Achieving net zero goals
e Enhancing brand credibility

e Engaging in impact investing

Buyers can range from multinational corporations (e.g., Microsoft,
Apple) to banks, airlines, and even sovereign governments. Some prefer

spot transactions, others engage in long—term forward contracts.

5. Brokers and Marketplaces

Intermediaries who match credit supply with demand. They:
e Assist in pricing, due diligence, and documentation

e Provide liquidity and transparency
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e Operate both OTC (Over the Counter) and exchange-like platforms

Notable platforms:

e Xpansiv/ CBL

e AirCarbon Exchange

e Climate Impact X

e Kita, Patch, South Pole (tech-enabled brokers)

The carbon market ecosystem is evolving fast — with emerging players

m He

Governments Corporates

N /
6. Key Players O
- in the Carbon n

| Market Standard
Project Ecosystem Bodies

Developers
@ 4 ' h >
Validators &

Investors 7
Verifiers

Marketplaces

e MRYV tech startups
Blockchain registries

Insurance providers for permanence risk

Rating agencies (e.g., BeZero, Sylvera)

Each plays a role in building a trusted, liquid, and high-integrity carbon

market.
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3.4 Pricing Mechanisms and Carbon Exchanges

Carbon credits, like other commodities, are subject to market dynamics.
Their price depends on multiple factors, including project type, location,
co-benefits, certification standard, and prevailing demand. Unlike
traditional commodities, however, the carbon market has fragmented

pricing — especially in the voluntary space.

Carbon Credit Pricing: What Drives It2

Prices for carbon credits vary widely, ranging from approximately $5 per
tonne for lower-quality or legacy credits to over $50 per tonne—and
sometimes exceeding $100 per tonne—for high-integrity removals or

premium projects. Key price drivers include:

1. Project Type
e Avoided deforestation (REDD+), cookstoves, and renewable
energy often trade at lower prices.
e Carbon removals (DAC, biochar, afforestation) fetch higher

premiums.

2. Verification Standard
e Credits from Verra, Gold Standard, and ACR usually command
higher trust and price.

3. Vintage Year
e Older credits may be discounted (especially pre-2020 CERs).
e Recent vintages align with updated methodologies and monitoring

practices.

4. Location
e DProjects in Least Developed Countries (LDCs) often receive social
premium.
e DProjects with co-benefits for Indigenous or tribal communities may

be priced higher.
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5. Permanence & Additionality
e Strong guarantees against reversal (e.g., insurance, buffers) increase

pricing confidence.

6. Use Case
o Credits used for CSR or reputation may be priced lower than those

used for certified climate claims or ESG audits.

3.5 Carbon Exchanges and Trading Platforms

While many credits are still traded over the counter (OTC), several
exchanges and platforms now facilitate transparent price discovery,

standardisation, and liquidity.

Major carbon exchanges include:

e CBL/Xpansiv

The largest digital carbon exchange for spot and futures trading. Offers
VCM price benchmarks.

e AirCarbon Exchange (ACX)

Tokenised carbon credits with blockchain traceability.

¢ Climate Impact X (CIX)

Singapore-based platform focused on curated, high-integrity projects.
e Toucan Protocol

Blockchain infrastructure that tokenises carbon credits for decentralised

trading.
e India’s IEX Carbon Exchange (Planned)

Under the Bureau of Energy Efficiency (BEE), aims to launch a formal

trading mechanism for India’s compliance carbon market.

Published by Manoj Kumar Rawat, Mumbai 3#hdia (Open Edition) + CC BY-NC-SA 4.0



Demystifying the Carbon Economy

Price Benchmarks & Transparency Tools

To address pricing opacity, indices such as:

e VCMI Integrity Index

e BeZero Carbon Ratings

e Bloomberg NEF’s Carbon Offset Price Index

are increasingly used by institutional buyers.

Some platforms now offer API-based pricing feeds for portfolio tracking,

insurance modelling, and ESG reporting.

3.6 Risks and Safeguards in Trading

The rapid growth of carbon markets — particularly the voluntary segment
— has brought both opportunity and complexity. Alongside increasing
financial flows and project development, a range of risks have emerged
that threaten market credibility. Identifying and mitigating these risks is

crucial for building trust and resilience.

Key Risks in Carbon Markets

1. Greenwashing

o 'The most publicised risk.

e Occurs when companies make misleading claims about climate
neutrality by offsetting without reducing actual emissions.

e Example: Over-reliance on low-quality or outdated credits while

maintaining a high-emission business model.

2. Additionality Risk

e Credits must reflect emissions reductions that wouldn’t have
occurred without the project.
o If a project is financially viable without carbon revenue, its

“additionality” may be questioned.
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3. Permanence Risk

e Especially relevant to nature-based projects (e.g., afforestation).
o Forest fires, pests, or deforestation can reverse carbon sequestration.
o Technology-based removals also face durability issues.

4. Double Counting

e Happens when the same credit is claimed by two entities — e.g.,
host country and buyer.

e 'This undermines the environmental integrity of the market.

5. Leakage

e Reducing emissions in one area may inadvertently increase them

elsewhere (e.g., deforestation shifts to a neighbouring zone).

6. Market Manipulation & Fraud

o Inflated credit issuance, lack of transparency in pricing, or resale of

already retired credits.

A\ Risks and Safeguards in Trading

Risks
Price Reversal Lack of Fraud &
Volatility Effects Transparency Double

Counting

Safeguards

o | =k

Insurance | Verification | Regulatory Robust
& Buffer & Standards Registry
Pools Monitoring Systems
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Safeguards and Best Practices

1. Third-Party Verification

e Independent validation and verification bodies (VVBs) ensure

adherence to approved methodologies and real impact.

2. Credible Registries and Standards

e Using established platforms like Verra, Gold Standard, and ACR

reduces reputational risk.

3. Rating Agencies

e Organisations such as BeZero, Sylvera, and Calyx Global provide
due diligence ratings for credit quality.

4. Corresponding Adjustments

e Under the Paris Agreement (Article 6), countries must adjust

national inventories to avoid double claiming.

5. Insurance and Buffer Pools

e Many registries require a portion of credits to be set aside as a buffer

to account for reversal risks.

6. Retirement Transparency

e Credits must be retired on-chain or in the registry with clear

metadata to prevent duplication.

7. Internal Emission Reductions First

e Leading companies follow a “Reduce first, offset later” principle —

ensuring credits are used for residual emissions only.
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CHAPTER 4

CARBON CREDIT PROJECT
CYCLE

4.1 Overview of the Carbon Credit Project Lifecycle

Carbon credits are not randomly created—they are the end product
of a structured, multi-step process. The Carbon Credit Project
Cycle ensures that every issued credit is real, measurable, verifiable, and

additional.

ether it’s a forest restoration project in Uttarakhand, a rooftop solar
Whether it j
project in Gujarat, or a clean cookstove initiative in rural Jharkhand —all

must follow a clearly defined project cycle to issue valid carbon credits.

The typical lifecycle includes the following stages:

From Idea to Issuance: Key Phases

Every successful carbon credit project progresses through a carefully
sequenced series of phases — from idea conception to credit issuance and
eventually trading or retirement. Each phase involves technical, financial,

and administrative milestones.
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Let’s break down the core phases from idea to issuance:

Phase 1: Project Ideation and Pre-Feasibility

CARBON CREDIT
PROJECT LIFE CYCLE

PROJECT DESIGN DOCUMENT

:

VALIDATION

.

REGISTRATION

.

[
E
[
[

.

CERTIFICATION

.

ISSUANCE

L S S S . VS WS (N WSS

e Define the type of activity (e.g., solar irrigation, composting, forest
regeneration).

e Assess preliminary baseline emissions and potential for additionality.

e Conduct stakeholder consultations, especially for community or
Indigenous-led projects.

e Choose the mostsuitable carbon standard (e.g., Verra, Gold Standard).

Outcome: Go/no-go decision to proceed based on impact potential and

cost-benefit analysis.
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Phase 2: Project Design Document (PDD) Preparation
e Prepare a detailed PDD including;

o Baseline scenario (what would happen without the project)
e Emission reduction calculation formula
e Monitoring plan and frequency
e Social and environmental safeguards
e Seclect the appropriate approved methodology from the chosen
standard.

Outcome: A technically robust, audit-ready project blueprint.

Phase 3: Validation
e Engage a Validation and Verification Body (VVB) accredited under

the chosen standard.
e VVB reviews PDD, conducts site visit, interviews stakeholders, and
confirms compliance with standard protocols.

e Incorporate feedback and submit the final validated report.

Outcome: External validation and readiness for registration.

Phase 4: Registration

e Submit the validated PDD and reports to the registry (e.g., Verra).

e Project undergoes final review by the registry, which may request
clarifications or supporting documents.

e Once approved, the project receives a unique registration ID and is

published in the registry database.
Outcome: Project is officially registered in the carbon market.

Phase 5: Implementation and Monitoring

e Begin project operations as per plan — whether planting trees,

installing equipment, or training households.
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e Monitor actual activity and data relevant to emissions reduction/
removal.
e Maintain logs, measurement devices, and evidence (photographs, GPS

logs, remote sensing data).

Outcome: Real-world emission reductions start accruing and are tracked.

Phase 6: Verification and Issuance

e Engage the VVB again to conduct a verification audit.

e VVB validates the emission reduction claims based on field data and
documents.

e Upon approval, the registry issues carbon credits in the developer’s

account.

4.2 Project Design Document (PDD)
The Project Design Document (PDD) is the backbone of a carbon

credit project. It lays out the technical, environmental, social, and
financial aspects of the project in a standardised format, as required by the
chosen registry or standard. Each stage requires rigorous documentation,
evidence, and compliance with the chosen standard. Failure to meet even

one step can disqualify the project from earning credits.

A well-prepared PDD enables:

e Transparency in project design
e Easier validation and approval by third parties
e Confidence among buyers and stakeholders

e Alignment with global reporting frameworks
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PDD
COMPONENTS

l

GENERAL
DESCRIPTION
OF PROJECT

[
) ! 1)

ENVIRONMENTAL
IMPACTS

ELIGIBILITY ADDITIONALITY

1

MONITORING PLAN

e —

STAKEHOLDER
CONSULTATION

GOVERNANCE

Key Components of a PDD:

1. Project Description — Scope, technology, location, timeline,
ownership

2. Baseline Scenario — What would happen without the project?

3. Additionality Assessment — Why the project is not business-as-usual

4. Emission Reduction Calculations — Based on methodology and
assumptions

5. Monitoring Plan — How data will be collected and verified

6. Sustainable Development Benefits — Contribution to SDGs, local
impacts

7. Environmental and Social Safeguards — Risk assessments and
mitigations

8. Stakeholder Consultation Summary — Record of community
engagement

9. Annexes — Technical data, diagrams, permits, and legal declarations

Most registries like Verra (VCS) or Gold Standard provide PDD
templates to ensure consistency. Some national schemes, like India’s

ICM, also mandate digital submissions in XML or standardised formats.
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4.3 Stakeholders in a Carbon Credit Project Design
Document (PDD)

1. Project Participants

e Project Developers / Proponents

The entity or consortium proposing and executing the project (e.g.,

renewable energy firm, FPO, agritech startup).
e Financiers / Investors

Banks, climate funds, or private investors funding the upfront capital for

implementation.

2. Local Stakeholders

e Community Members and Local Residents

Especially important in land-use or rural projects (e.g., afforestation,

agriculture, biogas).
e Farmer Groups / Cooperatives / FPOs
Often the direct beneficiaries and implementers on the ground.

e Local NGOs / CBOs

Support facilitation, awareness, grievance redressal, and mobilisation.

3. Regulatory Bodies and Authorities
o Designated National Authority (DNA)

Reviews PDDs for national alignment and approves host country

participation.
e State/Local Environmental Departments

Ensure compliance with environmental regulations, land use, and water

aCcess.
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4. Validation and Verification Bodies (VVBs)

o Accredited third-party entities responsible for:
e Validating the PDD and baseline data

e Verifying emission reductions and issuing monitoring reports

5. Carbon Registries and Standard Setters

o Registries: e.g., Verra, Gold Standard, Global Carbon Council

Maintain digital records of issued carbon credits and project data.
e Standards Bodies: ICVCM, VCMI, SD VISta, etc.

Provide methodologies and integrity benchmarks (e.g., Core Carbon
Principles).
6. Buyers / Offtakers

o Corporates secking carbon neutrality, often through voluntary
markets.
e Governments / Compliance Buyers under schemes like EU ETS or

India’s CCTS.
e Carbon Funds or Aggregators

May enter forward purchase agreements or support project registration.

7. Independent Experts / Technical Consultants

e DPrepare baseline studies, additionality assessments, leakage analysis,

and monitoring plans for inclusion in the PDD.

4.4 Baseline and Monitoring Methodologies

To quantify emission reductions, every carbon credit project must

compare two scenarios:
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e Baseline Scenario: The emissions that would occur in the absence of
the project

o Project Scenario: The emissions with the project in place

The difference between the two—after adjusting for leakage and

uncertainty—is the net emission reduction eligible for crediting.

Baseline Setting

e Must be realistic, conservative, and based on verifiable data

e Can be historical (past 3 years), regulatory (legal minimum), or
modelled

e Must not overestimate emissions to inflate credit volume
Monitoring Methodology
Specifies:

e What data must be collected (e.g., usage hours, biomass type, energy
readings)

How frequently and by whom

e Tools, devices, sampling methods

e Quality assurance and calibration processes

Registries provide approved methodologies for each project type.
Examples include:

e AMS-L.E for rural electrification

¢ AR-ACMO0003 for afforestation

e ACMO0022 for improved cookstoves

Projects must strictly adhere to the methodology. Any deviation can lead

to rejection or credit suspension.
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4.5 Validation, Verification, and Certification

The credibility of a carbon credit project hinges on its third-party
assurance mechanisms. These steps ensure that emission reductions are

real, measurable, and compliant with the selected methodology.

Validation:

e Conducted before project registration

) Sy E

VALIDATION VERIFICATION CERTIFICATION

e Involves checking the PDD, baseline assumptions, additionality, and
monitoring plan

e Performed by an accredited third-party known as a Designated
Operational Entity (DOE)

e Common DOEs include TUV SUD, DNV, E&Y, and others

Validation certifies that the project is eligible for carbon credits.

Verification:

e Conducted after the project has started generating emission
reductions

e Involves on-site visits, data checks, interviews, and sampling

e Verifies that emission reductions have actually occurred

e Can be periodic (e.g., annually or after 23 years)

Certification:

e Issued when a verifier confirms the reduction claim
e Leads to the issuance of Verified Carbon Units (VCUs) or other

registry-specific credits
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The certified units are then added to the project’s account in the registry

Without these checks, a project cannot enter the market or sell credits.

This system builds trust among buyers, investors, and regulators.

4.6 Registration and Issuance

Once validated, the project is formally registered with a carbon credit

standard or registry, which serves as the official platform for issuing,

tracking, and retiring credits.

Major Registries Include:

Verra (VCS) — World’s largest voluntary registry

Gold Standard — Known for co-benefits and sustainable development
criteria

CDM Registry — Linked to the Kyoto Protocol and used for
compliance credits

India’s ICM (Indian Carbon Market) — Emerging national-level
market

Puro.earth, Plan Vivo, ART TREES - Sector-specific and

innovation-driven

Issuance Process:

=

Verified emission reduction data submitted to registry
Registry reviews the verification report

Issues carbon credits to the project’s account

Project developer can now:

e Sell the credits in voluntary or compliance markets
e Transfer credits to buyers

e Retire them against own emissions
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Each issued credit carries a unique serial number, project ID, vintage year,

and crediting period. Registries maintain public ledgers for transparency.

4.7 Roles of Developers, Validators, and Verifiers

In the carbon credit project lifecycle, three key actors ensure the credibility
and success of the project — developers, validators, and verifiers. Each
plays a distinct yet interconnected role in ensuring that carbon credits

represent real, measurable, and additional climate benefits.

Project Developers

These are the initiators and implementers of the carbon project.

Developers can be:

e NGO:s, startups, or CSR arms of corporates
e Farmer Producer Organisations (FPOs)
e Government bodies (e.g., forest departments)

e Entrepreneurs or cooperatives in rural/tribal areas

Key Responsibilities:

e Conceptualising the project idea

o Selecting applicable methodology and standard

e Preparing the Project Design Document (PDD)

e Managing community participation and benefit sharing
e Ensuring monitoring protocols and data capture

e Engaging with validation/verifier bodies

e Handling carbon credit sales and revenue management

A good developer combines technical expertise, field presence, and

financial acumen.
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Validators

Validation is the pre-registration audit conducted by an independent

third party. The Validation and Verification Body (VVB):

e Reviews the PDD for methodological compliance

e Verifies baseline assumptions and emission reduction claims
e Conducts field visits and stakeholder interviews

e Checks for safeguards and alignment with SDGs

e Issues a validation report with recommendations

Validators help confirm that the project is designed correctly and aligns
with the rules of the selected standard (Verra, GS, etc.).

Verifiers

Verification happens after the project is operational and emission

reductions have occurred. The VVB (often the same body) checks:

e Accuracy of monitoring data and logs

e Functioning of installed devices (e.g., biogas units, solar meters)
e Actual GHG reduction/removal outcomes

e Calculation methodologies and evidence trail

e Community or environmental co-benefits (if claimed)

Upon successtul verification, the VVB submits a report to the registry.
This triggers the issuance of carbon credits.

Ensuring Integrity through Separation of Duties

Importantly, carbon standards require that:

e Developers cannot validate or verify their own projects

o Validators and verifiers must be accredited and independent

India has a growing ecosystem of accredited V'VBs such as TUV Rheinland,
EKI Energy, EPIC Sustainability, KBS Certification, and DNV,
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Principles of a Just Transition:

Protect the interests of workers in fossil fuel sectors

e DProvide retraining and green job pathways
e Invest in social infrastructure and safety nets

e Recognise intergenerational and regional equity

Key Actions for India:

e Conduct Just Transition Assessments in coal belts like Jharkhand,
Chbhattisgarh, and Odisha

e Use carbon revenue to fund reskilling programmes and MSME
clusters

e Promote green entrepreneurship in semi-urban and rural regions

e Ensure tribal and forest-dwelling communities are part of benefit-

sharing in carbon forestry projects

A carbon-ready India must be a people-first economy, not just a net-

Zero economy.

India’s 10-Point Climate Leadership Agenda (2030)

Sl No Plllar - Agenda Statement

1 Reduce Emissions Lower GDP emissions intensity by 45%

: Intensity from 2005 levels by 2030.

2 Expand“ﬁ(')n- Achieve 500 GW of non-fossil er energy
Fossil Power capacity and ensure 50% of electricity

from renewables

3 Promote Carbon Operatlonahze the Carbon CI‘Cdlt T
Makst Trading Scheme (CCTS) and expand
| global participarion. |
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SI.No Pillar Agenda Statement

4 Mobilize Climate Target $1 trillion cumulative
Finance “mobilization by 2030 to bridge climate

- investment needs.

5 Scale Expand renewable adoption through
Decentralized panchayat-level and rural energy

 Renewables - interventions.

6 Strengthen MRV Establish a national digital registry
Systems and robust verification frameworks for

| transparency.

7 EAdvance Lead and deepen global coalitions in
South-South clean energy and climate resilience.

. Cooperation

8 Expand ESG Extend sustainability disclosures beyond
Reporting top listed companies to thousands more

,,,,,,,,,,,, by 2030.

9 Boost Green Jobs Create millions of green jobs supported

. & Skills by skilling and training programs.
10 Leverage Article 6 Engage in bilateral and multilateral V
: Mechanisms carbon trading under Paris Agreement

frameworks.

18.3 Green Innovation and Skill Ecosystems

Green innovation and skilling are central to India’s climate strategy. The
country is promoting Al-based MRV systems, biochar, and carbon removal
startups while embedding carbon finance education in vocational and

higher institutions through national accelerators and skilling programs.
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Key Focus Areas:

e Scaling climate tech startups in MRV, Al-based traceability, biochar,
nature-based offsets
e Integrating carbon curriculum in higher education and skilling

programs

Launching India Climate Innovation Missions

Empowering States, Panchayats, and Communities

India’s decentralised governance model enables states and panchayats to
launch carbon initiatives. Pilot markets in states like Maharashtra and
Gujarat are underway. Geo-tagged MRV tools, SHG inclusion, and FPO

empowerment are driving widespread grassroots climate action.

True climate leadership lies in decentralised climate governance.

Game-Changers:

e Panchayat-level carbon projects in afforestation, clean cooking,
agroforestry

o State climate budgets aligned with carbon markets

Digital platforms enabling smallholder access to VCMs

Role of Youth, Women, and Panchayats

Women as Climate Catalysts:

o Women’s Self-Help Groups (SHGs) are natural leaders in:

e Clean cooking

Composting
e Agroforestry
o Water conservation
e Carbon credits can become a new income stream for women-led

climate action
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Youth as Carbon Champions:

e Climate education in schools and colleges
e Campus-led clean tech startups

e Carbon audit clubs and green campus initiatives

Panchayats as Carbon Governance Hubs:

e Embed climate actions in Gram Panchayat Development Plans
(GPDPs)
e Maintain village-level carbon inventories

e Coordinate community-scale solar, biogas, afforestation

These local actors will make carbon markets socially rooted, trusted,

and scalable.

Community-Driven and Bottom-Up Carbon Markets

Carbon markets are gradually shifting from top-down offset mechanisms
to inclusive, locally anchored systems where communities and

cooperatives lead the way.

Community Carbon Projects:

e Farmer Producer Organisations (FPOs), SHGs, and tribal cooperatives
managing:
e Agroforestry
e Soil restoration
e Clean cooking

e Solar irrigation

These projects offer:
o Low-cost, high-integrity credits
e Local livelihood co-benefits

e Enhanced climate justice
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Key Enablers for Bottom-Up Models:

Digital MRV using mobile apps, 10T, satellite data

Simplified methodologies for smallholders (e.g., Plan Vivo)
e Microcredit integration and carbon-linked savings accounts

e Local carbon aggregators and project developers

Carbon revenue can be reinvested into:

e Rural infrastructure
e Agri-extension

e Women-led green enterprises

18.4 Leveraging Technology and Data

Technology is the great enabler that can make India’s carbon market

inclusive, credible, and future-ready.

Digital MRV Systems:

o Satellite imagery, drones, and geospatial tools for accurate baselining
and monitoring

e Mobile apps for farmer self-reporting and community verification

o loT-based sensors for smart irrigation, biomass tracking, and methane

reduction

Al, Blockchain, and Big Data:

o Al algorithms to detect greenwashing, baseline manipulation, and
leakage

o Blockchain for transparent registries and credit tracking

e Big Data for climate risk scoring and project benchmarkingIndia’s
Aadhaar-linked platforms, UPI infrastructure, and AgriStack provide

a launchpad for scaling technology in carbon governance.
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18.5 Vision 2047: A Carbon-Positive India

As India marches toward 100 years of independence, a bold vision must
guide our climate journey. As a nation we transform into a global leader
in sustainability, achieving carbon-positive status—removing more
CO, from the atmosphere than it emits. Here’s a visionary glimpse of
India in 2047:

1. Green Energy Powerhouse

e 100% Renewable Electricity: Solar, wind, hydro, and green
hydrogen meet all energy demands.

e World’s Largest Carbon Sinks: Afforestation, urban green belts,
and regenerative agriculture absorb millions of tons of CO,.

e Net-Zero Industries: Steel, cement, and manufacturing run on

clean energy and carbon capture tech.

2. Sustainable Cities & Smart Mobility

o Zero-Emission Transport: Electric and hydrogen-powered vehicles
dominate roads; hyperloop and high-speed rail connect cities.

o Self-Sufficient Green Buildings: Solar rooftops, vertical gardens,
and Al-driven energy efficiency are the norm.

e Sponge Cities: Urban landscapes designed to absorb rainwater,

reducing floods and replenishing groundwater.

3. Climate-Positive Agriculture

e Carbon-Sequestering Farms: Agroforestry, no-till farming, and
biochar enrich soil while trapping CO,.
e Lab-to-Land Innovations: Drought-resistant crops and precision

farming boost yields sustainably.
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4. Global Green Leadership
e India’s Carbon Credits Drive Global Markets: The world invests

in India’s afforestation & renewable projects.
e International Climate Diplomacy: India leads the Global South

in climate resilience & green tech transfer.

5. A Cultural Shift Towards Sustainability

o “Pro-Planet” Lifestyle: Circular economy, zero waste, and carbon
footprint tracking are embedded in daily life.
e Youth-Led Green Innovation: Startups pioneer carbon capture,

algae biofuels, and Al-driven conservation.

By 2047, India doesnt just achieve Net Zero—it goes beyond, healing
the planet while powering prosperity. A Carbon-Positive India is a

beacon of hope for the world.

This future is not guaranteed—it must be built. And that journey begins

with every project, every stakeholder, and every conscious citizen.
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SMALL ACTIONS, BIG IMPACT

Why Everyday Choices Matter

Climate change often feels overwhelming—something only governments,
corporations, or global institutions can tackle. The truth is that every

household and individual has the power to create a measurable impact.

Individually, these choices may seem small—a bulb switched, a meal
skipped, a bus ride taken—but together they create a ripple effect that

grows into real climate impact.

Ten Everyday Actions to Cut Carbon

Here are ten practical choices that together can cut over 5 tonnes of
CO,e annually per household—the equivalent of planting roughly

230 trees worth of annual carbon uptake .

1 Use LED bulbs ~450 kg ~20 &
2 . Vegetarlan e ﬂs()()kg~23
week
AlrdrYdOtheS H320kg ~15
VI —— ~900kg e ~41 . e
5 Carrya o ~70 kg~3
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6 Reduce AC use by 2 ~300 kg ~14
hrs/day :
7 S AVOldtWO O #700kg S ~32 B
o Hlights |
o R kwrooftop — Hl,ooo kg e ~45 .. e
- solar :
. Segregate&compost N AGOng S ~27 .. i

- organics

10 Set water heating to 40 ~250 kg ~11
°C

*Assumption: ~22 kg CO,e/treelyear.

Potential total (one household doing all 10 actions): ~5,090 kg CO e/
year = 230 trees/year.

Climate action is practical, measurable, and achievable at home. Here are
ten practical, everyday actions that can collectively reduce a household’s
carbon footprint by -5 tCO,e annually (=230 trees’ uptake), with tree-

equivalents for clear impact

(Assumption: one mature tree sequesters ~22 kg CO,elyear.)

1. Use LED bulbs — ~450 kg CO,e/yr
Tree equivalent: ~ 20 trees/year
Replacing ten incandescent bulbs with energy-efficient LEDs can
save around 450 kg CO,e annually, lower electricity bills, and

brighten homes more sustainably.
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2. Be vegetarian twice a week — ~500 kg CO,e/yr

Tree equivalent: ~ 23 trees/year

Cutting just two meat-based meals weekly has a powerful impact.
This simple shift can save about 500 kg CO,e annually, while also
improving nutrition and reducing food costs.

3. Air dry clothes — ~320 kg CO,e/yr

Tree equivalent: = 15 trees/year

By skipping the dryer and using sunlight and wind, households can
save around 320 kg CO,e each year, while also extending the life of
clothes.

4. Commute via metro, bus, or shared auto twice a week — ~900
kg CO,elyr

Tree equivalent: ~ 41 trees/year

Choosing metro/bus/shared auto-rickshaws instead of a private
two-wheeler or car for two commute days a week (=20 km/day) can
save ~900 kg CO,e annually, ease trafhic, and improve air quality..
5. Carry a reusable water bottle — ~70 kg CO,e/yr

Tree equivalent: ~ 3 trees/year

Avoiding 100 disposable plastic bottles annually reduces emissions
by around 70 kg CO,e. This builds sustainable habits and reduces
plastic waste.

6. Reduce air conditioner usage by two hours daily — ~300 kg
CO,elyr

Tree equivalent: ~ 14 trees/year

Optimising thermostat settings or cutting down unnecessary use
can save around 300 kg CO,e per year, reduce electricity costs, and
ease pressure on the power grid.

7. Avoid two short-haul flights per year — ~700 kg COe/yr

Tree equivalent: ~ 32 trees/year

Replacing flights with trains, buses, or virtual meetings can save

around 700 kg CO,e, while reducing travel stress and expenses.
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8. Install a rooftop solar panel (2 kW system) — ~1,000 kg CO,e/

10.

yr
Tree equivalent: ~ 45 trees/year

A small home solar system can offset fossil-fuel power and save about
1,000 kg CO,e annually, while providing long-term reductions in
electricity bills.

Segregate and compost organic waste — ~600 kg CO,e/yr

Tree equivalent: ~ 27 trees/year

Diverting organic waste from landfills avoids methane emissions,
saving around 600 kg CO,e annually, while producing nutrient-
rich compost for gardens.

Reduce water heating to 40 °C — ~250 kg CO,e/yr

Tree equivalent: = 11 trees/year

Optimising geyser or boiler settings for daily use can save around

250 kg CO,e per year and cut household energy costs.

The figures represent above are average estimates; actual savings depend

on the energy sources, travel distances, appliance efficiency, and household

behaviours.

The Bigger Picture — Why Small Actions Matter

e Adopting these ten actions cuts ~5 tonnes CO,e annually per
household (= 230 trees/year).

If one million households adopt them — ~5 million tonnes CO,e

saved, comparable to shutting down a medium coal plant for a year.

If ten million houscholds join — ~50 million tonnes CO,e saved,

enough to reshape India’s urban emissions profile.
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The Broader Impacts

e Save money on energy, fuel, and water bills.

e Improve health through cleaner air, healthier diets, and reduced waste.

e Strengthen communities through shared sustainable habits.

e Build a culture of climate responsibility where small actions inspire
others.

e Empower citizens as climate leaders, making climate action a people’s

movement.

Everyday Heroes of Carbon Action

These stories show how communities, farmers, and startups are turning

local action into measurable carbon impact.

Everyday Heroes of Carbon Action

1. The Bamboo Basket Revolution — Assam
Tribal women replaced plastic baskets with bamboo alternatives under
a VCS-certified project.
e 7,500 tCO,e mitigated in 3 years
e 380 women received climate-linked payments
o Local biodiversity protected
Tree equivalent: =~ 3.4 lakh trees (= 1.1 lakh/year)

2. Clean Commutes — Pune’s Youth Drive
CyclePay shared bicycle network created a zero-emission mobility
option.
e 1.2 million km logged
e 40,000 carbon credits issued (pending audit)
o Replicated in 3 other cities
Tree equivalent (if verified): = 18 lakh trees
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3. Methane to Money — Biogas in Bihar
A farmer collective installed 2,000+ biogas units under CDM.
e 19,000 tCO,e avoided annually
e 2,300 families benefitted
e Credit income reinvested in cattle care

Tree equivalent: ~ 8.6 lakh trees/year

4. Climate Literacy on WhatsApp — Rajasthan
SHG federation used WhatsApp for climate literacy campaigns.
e 1,200+ women sensitised
e 18 FPOs initiated soil carbon pilots
e BEE engaged for PAT+Agri integration

Tree equivalent: Impact to be determined once pilots scale up

5. Soil Carbon Farming — Biochar in Karnataka
An FPO piloted biochar with crop residues.
e 6,000 tCO,e locked in biochar
e Crop yields up 20-25%
e Carbon income projected to double in Year 2
Tree equivalent: ~ 2.7 lakh trees
(Assumptions: 1 million= 10 Lakh, 1 tree = 22 kg CO,e/year — 1
tCO,e = 45 trees. Figures rounded)

Tree Equivalent: The tree equivalent represents the approximate number
of trees needed to absorb the same amount of CO, as the action or project

avoids or reduces.

The figures provided in the book are indicative estimates meant for illustration;
actual impacts may differ based on local conditions and should ideally be

assessed through independent verification.
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From Small Steps to Shared Progress

Climate action is practical, measurable, and achievable in our daily

lives.

What begins with everyday habits—switching a bulb, skipping a flight,
planting bamboo—evolves into a collective climate movement. These
stories prove that carbon credits are not just numbers, but about lives,

livelihoods, and legacy.

“logether, everyday choices create extraordinary impact—proving that

climate leadership begins at home.”
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FORMULAE AND CALCULATIONS

ﬂ quick reference for carbon credit practitioners, covering essential
calculations for carbon credits, emissions, and project design. Formulas are
grouped by application for clarity. Use site-specific data and the latest IPCC/

national factors.

General Carbon Credit Calculations
1. Carbon Credits (Basic) / Emission Reduction (ER)

Formula: Carbon Credits (tCO,e) = Baseline Emissions (tCO,e) —
Project Emissions (tCO,e)

Explanation: Calculates the net CO, equivalent emissions reduced or
avoided by a project compared to a baseline (business-as-usual) scenario.

Used for most carbon credit projects.

2. Emission Intensity

Formula: Emission Intensity (tCO,e/unit) = Total Emissions (tCO,e) /
Total Output (e.g., GDP, tonnes of product)

Explanation: Measures emissions per unit of output, useful for comparing
efficiency across industries or processes.
3. Net GHG Emissions

Formula: Net Emissions (tCO,e) = Gross Emissions (tCO,e) —
Sequestration/Offsets (tCO,e)
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Explanation: Calculates residual emissions after accounting for carbon
sinks (e.g., forests) or purchased carbon credits. Used for net-zero or

carbon-neutral reporting.

4. Carbon Offset Purchase Requirement

Formula: Offsets Needed (tCO,e) = Total Emissions (tCO,e) — Internal
Reductions (tCO,e)

Explanation: Determines how many carbon credits an organization must

purchase to achieve carbon neutrality after internal emission reductions.

Example: Emissions of 10,000 tCO,e, internal reductions of 4,000
tCO,e: 10,000 — 4,000 = 6,000 tCO,e offsets needed.

5. Cost per Tonne of CO,e Reduced
Formula: Cost per Tonne ($/tCO,e) = Total Project Cost ($) / Total

Emission Reductions (tCO,e)

Explanation: Evaluates the cost-effectiveness of emission reduction
projects.

6. Carbon Market Revenue

Formula: Revenue ($) = Carbon Credits (tCO,e) x Market Price per
Tonne ($/tCO,e)

Explanation: Estimates revenue from selling carbon credits in compliance
or voluntary markets.

7. Marginal Abatement Cost (MAC)

Formula: MAC ($/tCO,e) = A Cost ($) / A Emission Reduction (tCO,e)

Explanation: Measures the cost of reducing one additional tonne of

COye, used to compare mitigation options.
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8. Social Cost of Carbon (SCC)

Formula: SCC ($/tCO,¢) = Estimated Climate Damages ($) / Total
Emissions (tCO,e)

Explanation: Quantifies the long-term economic damage of emitting

one tonne of CO,e.

9. Emission Reductions with Leakage & Buffer

Formula: Credits (tCO,e) = (Baseline Emissions — Project Emissions —
Leakage) x (1 — Buffer %)

Explanation: Standard in crediting, especially in forestry/AFOLU. The

buffer covers reversal risk as required by the methodology/registry.

10. Multi-Gas Conversion to CO,e (GWP Step)
Formula: CO,e (t) = X [Emissions of gas i (t) x GWP}]

Explanation: Convert CHy, N,O and other gases to tCO,e using a
single Global Warming Potential (GWP) set. If your data is already in
tCO,e, don’t multiply again.

11. Percent Reduction (vs Baseline)

Formula: % Reduction = (Baseline — Project) / Baseline x 100

Explanation: A simple progress metric commonly used in dashboards
and ESG reports.

Forestry and Sequestration
12. Forest Carbon Sequestration
Formula: Carbon Sequestered (tCO,e/year) = Area (ha) x Biomass

Growth Rate (t/ha/year) x Carbon Fraction (e.g., 0.47) x CO, Conversion
Factor (3.67)
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Formulae and Calculations

Explanation: Estimates CO,e sequestered annually in afforestation or
reforestation projects. Use t/ha/year (dry biomass) for Biomass Growth

Rate; if in tC/ha/year, omit Carbon Fraction.

Example: 100 ha x 5 t/ha/year x 0.47 x 3.67 = 862.45 tCO,e/year.

13. Carbon Sequestration by Trees

Formula: Carbon Sequestered (tCO,e/year) = Number of Trees x Avg.
CO,e per Tree per Year (e.g., 0.022 tCO,e/tree/year)

Explanation: Simplified estimate for carbon absorbed by trees. The
average (22 kg CO,e/tree/year) varies by species, age, and climate; use

site-specific data when possible.

Example: 1,000 trees x 0.022 tCO,e/tree/year = 22 tCO,e/year.

14. Soil Carbon Sequestration

Formula: Sequestration (tCO,e/year) = Area (ha) x Soil Carbon
Accumulation Rate (tC/ha/year) x CO, Conversion Factor (3.67)

Explanation: Used for agricultural projects (e.g., cover cropping, no-till)

that increase soil organic carbon. Rates vary by practice and soil type.

Example: 50 ha x 0.5 tC/ha/year x 3.67 = 91.75 tCO,e/year.

15. Avoided Deforestation Emission Reduction

Formula: Emission Reduction (tCO,e) = Area Protected (ha) x Carbon
Stock (tC/ha) x CO, Conversion Factor (3.67)

Explanation: Used for REDD+ projects to quantify avoided emissions

from preventing forest loss. Carbon stock depends on forest type.

Example: 100 ha x 100 tC/ha x 3.67 = 36,700 tCOe.
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16. Tree Survival / Mortality Adjustment

Formula: Adjusted Sequestration (tCO,e) = Gross Sequestration x
Survival Rate

Explanation: Applies realistic survival (e.g., 90-95%) so credits aren’t

overstated.

17. Uncertainty Deduction (where required)
Formula: Adjusted ER (tCO,e) = ER x (1 — Uncertainty Deduction %)

Explanation: Some methods deduct a small percentage when

measurement uncertainty exceeds a threshold.

Energy-Related Calculations

18. Renewable Energy Emission Reduction

Formula: Emission Reduction (tCO,e) = Energy Generated (MWh) x
Grid Emission Factor (tCO,e/MWh)

Explanation: Quantifies emissions avoided by replacing grid electricity

with renewable energy (e.g., solar, wind). Grid factors vary by region.

Example: 1,000 MWh x 0.7 tCO,e/MWh = 700 tCO,e.

19. Energy Efficiency Emission Reduction

Formula: Emission Reduction (tCO,e) = Energy Saved (MWh) x Grid
Emission Factor (tCO,e/MWh)

Explanation: Used for projects reducing energy use (e.g., efficient

lighting, motors).

Example: 1,000 MWh x 0.7 tCO,e/MWh = 700 tCO,e.
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20. Emission Reduction from Fuel Switching

Formula: Emission Reduction (tCO,e) = (EF_old — EF_new) (tCO,e/
unit) x Quantity of Fuel Used (unit)

Explanation: Applies to projects switching to lower-emission fuels (e.g.,

coal — natural gas).

Example: Coal 2.5 - Gas 1.8 = 0.7; 0.7 x 1,000 tonnes = 700 tCOe.

21. Carbon Footprint for Electricity Use

Formula: Emissions (tCO,e) = Electricity Used (kWh) x Emission Factor
(tCO,e/kWh)

Explanation: Estimates emissions from electricity consumption for

baselines or organizational footprints.

Example: 50,000 kWh x 0.0007 = 35 tCO,e.

22. Renewable Energy Credits (RECs)

Formula: RECs Generated (tCO,e) = Renewable Energy Produced
(MWh) x Grid Emission Factor (tCO,e/MWh)

Explanation: Quantifies avoided emissions from renewable power
displacing fossil-based grid electricity (for REC/attribute accounting).

REC:s are not carbon credits.

23. Net Renewable Generation (use in ER)

Formula: Net MWh = Gross MWh - Auxiliary Use - Transmission

Losses

Explanation: Use Net MWh in the renewable ER formula to avoid

overstating reductions.
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24. Grid Emission Factor (Combined Margin)
Formula: EF_grid = w_OM x EF_OM + w_BM x EF_BM

Explanation: Some methods require a weighted average of Operating

Margin and Build Margin factors.

Transport

25. Transport Emission Reduction

Formula: Emission Reduction (tCO,e) = [Distance Travelled (km) x
(EF_old — EF_new) (kgCO,e/km)] x Trips / 1,000

Explanation: Used for switching to lower-emission transport (e.g., diesel

— electric). Divide by 1,000 to convert kg to tonnes.

Example: 1,000 km x (0.2 —0.05) x 100 / 1,000 = 15 tCO,e.

26. Electric Vehicle Emissions (Grid Electricity)

Formula: EV Emissions (tCO,e) = Electricity Used (kWh) x Grid EF
(tCO,e/kWh)

Explanation: Lets you fairly compare EVs with diesel/petrol vehicles by
using electricity and grid factors.

27. Modal Shift (Passengers or Freight)

Formula: ER (tCO,e) = Activity x (EF_old - EF_new)

Explanation: Activity is passenger-km or tonne-km. Use per-mode EFs

(e.g., road vs rail/metro).
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Methane and Biogas Projects

28. Methane Avoidance Projects

Formula: Emissions Avoided (tCO,e) = Volume of CHy Captured
(tonnes) x GWP of CHjy (e.g., 28)

Explanation: Applies to landfill gas capture, manure management, or
coal mine methane projects. Use the GWP set required by your method
(e.g., ARS/ARG).

Example: 10 t CHy x 28 = 280 tCO,e.

29. Biogas Projects — Emission Reduction

Formula: Emission Reduction (tCO,e) = (Baseline Fuel Use x EF_fuel)
- (Biogas Use x EF_biogas)

Explanation: Compares emissions from traditional fuels (e.g., firewood,

diesel) to biogas in clean cooking or rural energy projects.

Example: 1,000 x 0.5 - 1,000 x 0.1 = 400 tCO,e.

30. Methane Capture with Destruction Efficiency

Formula: ER (tCO,e) = CH, Captured (t) x GWP_CHy x Destruction
Efficiency

Explanation: For flaring/oxidation/engine use; multiply by destruction
efficiency to reflect real performance.
31. Composting / Anaerobic Digestion (Avoided Landfill CH,)

Formula: ER (tCO,e) = Waste Treated (t) x (EF_landfill - EF_compost/
AD)

Explanation: Credits the methane avoided by diverting organic waste

from landfill to composting or anaerobic digestion.
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Waste Management

32. Waste Management Emission Reduction

Formula: Emission Reduction (tCO,e) = Waste Diverted (tonnes) x
Emission Factor of Waste (tCO,e/tonne)

Explanation: Used for projects diverting waste from landfills (e.g.,
recycling, composting). Emission factors vary with waste type and local

conditions.

Example: 500 tonnes x 1.5 tCO,e/tonne = 750 tCOse.

Project Design and Evaluation

33. Baseline Emissions

Formula: Baseline Emissions (tCO,e) = . (Activity Level; x Emission

Factor;)

Explanation: Establishes reference emissions for projects like energy

efficiency or fuel switching. Sum across all relevant activities.

Example: 10,000 kWh x 0.0007 tCO,e/kWh = 7 tCOse.

34. Leakage Emissions

Formula: Leakage Emissions (tCO,e) = Gross Project Emissions (tCO,e)
x Leakage Factor (%)

Explanation: Quantifies emissions increases outside project boundaries

(e.g., shifting deforestation).

Example: 1,000 tCO,e x 15% = 150 tCO,e.

35. Net Emission Reduction

Formula: Net Emission Reduction (tCO,e) = Gross Emission Reduction
(tCO,e) — Leakage Emissions (tCO,e)
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Explanation: Adjusts gross reductions for leakage to calculate the actual

emission reduction credited.

36. Additionality Assessment

Formula: Additionality is demonstrated through method tests
(alternatives, investment/barrier, common practice); not a numeric

formula.

Explanation: Determines if the project creates reductions beyond what

would occur without carbon finance (qualitative, method-driven).

37. Net Present Value (NPV) of Carbon Project
Formula: NPV ($) = £ [(Revenue; — Costy) / (1 + Discount Rate)t] —

Initial Investment ($)

Explanation: Evaluates economic feasibility by discounting future cash
flows. Revenues often come from carbon credit sales.

38. Internal Rate of Return (IRR)

Formula: IRR = Rate at which NPV = 0

Explanation: The discount rate that makes a projects NPV zero,
indicating break-even in present-value terms.

39. Break-Even Credit Price

Formula: Break-Even Price ($/tCO,e) = Total Project Cost ($) / Total
Credits (tCO,e)

Explanation: The minimum average price per tonne needed so the

project does not lose money.
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40. Simple Payback (Cash View)

Formula: Payback (years) = Initial Investment / Annual Net Cash Inflow

Explanation: Quick check on how fast the project recovers its upfront
cost (does not replace NPV/IRR).

Exact values and factors should be taken from the latest IPCC Guidelines,
UNFCCC toolkits, and national databases.

Published by Manoj Kumar Rawat, Mumbai2ffdia (Open Edition) » CC BY-NC-SA 4.0



GLOSSARY

Essential definitions for practitioners, students, and policymakers in

carbon markets.

A

Additionality: A project must reduce or remove emissions that wouldn’t

have happened without carbon finance, beyond normal operations.

Afforestation: Planting trees on land not forested for a long time to

capture and store carbon.

AFOLU (Agriculture, Forestry and Other Land Use): Sector covering
emissions and removals from farming, livestock, forestry, and land-use

changes.

Article 6: Paris Agreement rule allowing countries to trade emission

reductions to meet climate goals.

Article 6.2 Mechanism: Country-to-country trading of emission

reductions (ITMOs) to count toward national climate targets.

Article 6.4 Mechanism: UN-managed system for issuing carbon credits,

replacing the CDM, for global trading.

Avoided Deforestation: Protecting forests to prevent carbon release,

often part of REDD+ projects.
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B

Baseline Emissions: Emissions expected without the project, used as a

reference to measure reductions.

Baseline-and-Credit System: Issuing credits for emissions reduced

below a predefined baseline scenario.

Biochar: Stable carbon from heating biomass without oxygen, used to

improve soil and store carbon long-term.

Biogas: Renewable gas (mostly methane) from decomposing organic

waste, used to replace fossil fuels.

Biogas Projects: Projects generating biogas to reduce emissions compared

to traditional fuels like firewood or diesel.

Blue Carbon: Carbon stored in coastal ecosystems like mangroves,

seagrass, or salt marshes.

BRSR (Business Responsibility and Sustainability Reporting): SEBI’s

framework for top listed companies

Buffer Pool: Reserve of carbon credits set aside to cover potential losses,
like from forest fires.

C

Cap-and-Trade (Emissions Trading System, ETS): A system where a
regulator sets an emissions limit, issues tradable permits, and companies

trade to comply.

Carbon Budget: Total CO, that can be emitted to stay within a global
warming limit (e.g., 1.5°C).

Carbon Credit: A certificate representing 1 tonne of CO, equivalent
reduced or removed (1 tCO,e).
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Glossary

Carbon Dioxide Equivalent (tCO,e): Unit converting different

greenhouse gases to CO,’s warming impact using GWP.

Carbon Footprint: Total greenhouse gas emissions from a person,

product, activity, or organization.

Carbon Intensity: Emissions per unit of output, like grams of CO, per

kWh or tonne of product.

Carbon Leakage: Emissions increasing outside a project’s area due to

shifted activities (e.g., deforestation elsewhere).

Carbon Market: Systems (voluntary or compliance) where carbon credits

are created, traded, or used to meet climate goals.

Carbon Neutral: Achieving zero net emissions by reducing emissions

and offsetting the rest.

Carbon Registry: System to issue, track, transfer, and retire carbon

credits to avoid double counting (e.g., Verra, Gold Standard).

Carbon Removal: Taking CO, from the air and storing it long-term,

e.g., through forests, biochar, or direct air capture.

Carbon Sequestration: Capturing and storing CO, in plants, soils, or

products over time.

Carbon Stock: Amount of carbon stored in a system, like forest biomass

or soils, measured in tonnes of carbon per hectare.

CCS / CCUS (Carbon Capture and Storage / Utilization): Capturing
CO, from sources or air and storing it underground or using it in

products.

CCTS (Carbon Credit Trading Scheme, India): Indias planned
compliance carbon market, managed by BEE and MoEFCC.
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