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Abstract
The announcement of India’s 2070 net-zero target has demonstrated the power of a credible policy
signal and changed the course of India’s climate debate. While the Government of India (GoI) has
not specified whether this target refers to carbon-dioxide or all greenhouse gases, the
announcement has been a watershed moment in India’s climate policy. From questions related to
whether and at what pace should India decarbonize its economy, various actors in India are now
aligned towards this target. An important contribution to inform India’s net-zero journey has
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come through various modelling assessments undertaken by India’s institutions and researchers.
While a few economy-wide net-zero modelling assessments are available, a comprehensive and
integrated picture woven collaboratively by India’s climate experts is conspicuously missing. It is
critical to complement quantitative modelling-based assessments with insightful perspectives of
experts on India’s climate policy. Together, modelling based quantitative assessments and insightful
qualitative perspectives of climate experts would be an instrumental force that will ensure that the
country achieves its net-zero target by understanding synergies and trade-offs, harnessing
opportunities, and avoiding risks along the way. This collaborative article discusses various aspects
of pathways towards India’s net-zero goal to address the gap in literature by looking at broad and
inter-related dimensions of ‘national and sub-national perspectives’, ‘sectoral and technological
transitions’, and ‘enablers’ needed for India’s transition. While the larger net-zero debate relates to
all greenhouse gases, we focus on carbon dioxide in our current effort. The assessment aims to
inform not just India’s policy makers and stakeholders, but various researchers, practitioners and
governments around the world for them to be better aware of the various aspects of India’s net-zero
debate. It weaves the perspectives of experts from 24 institutions across the three broad dimensions
to give a comprehensive view of a roadmap towards India’s net-zero future.
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1. Introduction

Vaibhav Chaturvedi and Arunabha Ghosh
Council on Energy, Environment andWater (CEEW),
New Delhi, India

E-mail: vaibhav.chaturvedi@ceew.in
and arunabha.ghosh@ceew.in

The 26th Conference of Parties (COP26) will always
stand out as a milestone in India’s decarbonisa-
tion journey. At COP26, India’s Prime Minister
announced that India would become a net-zero coun-
try by 2070. While the Government of India (GoI)
has not specified whether this target refers to carbon
dioxide or all greenhouse gases, and more delibera-
tions are needed in this regard, the announcement
was significant, as this was the first time India had
signed on to an absolute emissions cap. The 2070 net-
zero goal includes an implicit acknowledgment that
India’s fast-growing emissions would have to peak in
absolute terms sometime during 2040–45 to achieve
the net-zero goal [1]. The announcement in 2021 was
followed by formal submission of updated nationally
determined contribution (NDC) [2] and Long-Term
Low Emissions Development Strategy (LTS) [3] to
the United Nations in 2022. This has since been fol-
lowed up by a host of policies and actions in terms
of domestic policies, including game changing ini-
tiatives like India’s domestic greenhouse gas (GHG)
emissions trading scheme [4].

India’s total GHG emissions in 2019 [5], exclud-
ing land-use, land-use change, and forest (LULUCF)
emissions stood at 3.13 Giga-tonnes of carbon diox-
ide equivalent (GtCO2e). Of these, carbon dioxide
emissions from energy and industrial processes and
product use (IPPU) accounted for 2.48 GtCO2, while
removals from the LULUCF sector accounted for
0.49 GtCO2. Of the energy sector and IPPU related
carbon dioxide emissions, the power sector accoun-
ted for almost half, while road transport accounted
for 11.1%, the rest being mainly the industrial sector
emissions. The fastest growth in emissions between
1999 and 2019 was observed in the waste sector, fol-
lowed by the energy sector. The bulk of non-CO2
emissions, at 0.42 GtCO2e, were emitted from the
agriculture sector.

In terms of future emissions in the business
as usual (BAU) scenario, most modelling studies
published between 2017 and 2021 show [6] that
India’s energy sector carbon dioxide emissions in
2050 would range between 5.6 GtCO2 to 7.7 GtCO2
in 2050, though three studies also project 2050
BAU emissions to be as high as 11.8–14.1 GtCO2.
The wide range shows the uncertainties associated
with a fast-growing economy, pace of decline in the
cost of low carbon technologies, as well as pace of

adoption of energy and resource efficiency meas-
ures across sectors. Various combinations of these
variables along with how investors and consumers
respond to these underlying combinations lead to
vastly different emission futures for India. In terms of
the 2070 net-zero scenarios, however, there is a clear
lack of modelling-based assessments for India. The
only two assessments [7, 8] that evaluate and present
2070 net-zero scenarios for India in our knowledge
show that the strategy has to depend on solar based
electricity as well as nuclear on the supply side. On
the end use side, electrification of end use sectors as
well as energy efficiency has to play amajor role, along
with the use of hydrogen in sectors like steel and fertil-
izers.Whilemodelling is important and provides crit-
ical insights for policy makers, decision makers and
stakeholders have to also account for various other
perspectives of sector and climate experts to under-
stand and inform India’s roadmap towards a net-zero
future. Broadly speaking, we categorise these per-
spectives into three broad dimensions (figure 1).

The first dimension relates to national and sub-
national perspectives. Equity is at the heart of India’s
climate policy debate. India, like any other developing
economy, has the right to develop and needs adequate
carbon space for the same, while ensuring that intra-
country energy inequity is not exacerbated. Equity
has to go hand in hand with economic growth. On
the macroeconomic front, the debate on the impact
of the net-zero transition on gross domestic product
(GDP) is not settled, while there are some clear gains
like lower oil import bill. It is imperative that there
are no shocks to the macro-economy. The net-zero
target is not just a climate change imperative, it is
about economic transformations across sectors, and
this economic transition has to be just. The challenge
of just transition is immense, and deliberations on
this issue are gainingmomentum at the highest policy
levels, particularly at the level of Indian states. States
are powerful actors in India’s federal system and their
decisions related to energy and land use change are
path defining, and the challenges at this governance
level matters. Cities, on the other hand, are centres of
economic growth and energy demand, and the way
we build and operate cities would have a strong bear-
ing on decarbonisation efforts. Increasingly, the pro-
file of urban areas in India’s decarbonisation debate is
increasing. Co-benefits, as a theme, resonates strongly
in India’s climate policy at the national as well as sub-
national level.

The second dimension relates to sectoral and
technological transitions. Energy demand and supply
sectors- power, industry, buildings, and transport-
will have to witness deep transformations given that
bulk of India’s emissions are from the energy sector.
Understanding challenges related to the energy sector
is key. More specifically, meeting the exponential
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Figure 1. Framing India’s net-zero debate.

rise in power demand through variable renewable
energy (VRE) would require India’s power market
to undergo an overhaul in purpose and design. The
design of India’s power markets, entangled in vestiges
of the past, has to be future ready. The debate on
technological transition within the power sector can-
not be blind to the conundrum related to batteries,
needed for high VRE share but dependent on short
in supply critical minerals. India’s critical mineral
supply chains are inadequate to meet the ambitious
solar, hydrogen, wind, and battery energy storage
goals, and this key vulnerability needs to be addressed.
Discussions around carbon dioxide removal (CDR)
in India are at an early stage, and their development
will take a separate course as compared to developed
economies. In addition to the various transitions in
the energy sector, emissions from land-use, land-
use change, and forest (LULUCF) sector have to be
addressed. This sector is very different in nature com-
pared to the energy sector. Conservation and restor-
ation of existing forests and land use systems, along
with soil carbon enhancement of agriculture lands,
and reducing GHG emissions from land use systems
is an important wedge.

The third dimension relates to that of enablers,
which are important to accelerate the transition
towards a net-zero future. Climate institutions are
important enablers, and whether the current institu-
tions will deliver or a fundamental rehaul is needed
is an important question. Along with ‘soft’ institu-
tions, India needs to scale up ‘hard’ climate finance
massively to facilitate its mitigation ambition, given
the fiscal challenges of a developing economy. Big

bang reforms in international climate finance and
access to low-cost capital would be a key enabler for
the transition. A successful channel for international
climate finance for the developing world has been
carbonmarkets, that alsominimize the aggregate cost
of mitigation by enabling the lowest cost mitigation
opportunities to be harnessed. While carbon market
is expected to spur innovation, it is not an alternat-
ive to dedicated investments in research and devel-
opment that has traditionally lacked in India. Co-
innovation, defined as a collaborative and iterative
approach involvingmultiple partners across the value
chain, could emerge as a compelling process to over-
come the limited success of climate technology trans-
fer. Along with innovation, sustainable lifestyles are
a key enabler. LiFE (Lifestyles for Environment) is
an Indian initiative that seeks to mobilize individu-
als, communities, private sector, and policy makers
to shift individual and collective behaviour towards
‘mindful and deliberate utilisation, instead of mind-
less and destructive consumption’ and needs to be pro-
moted. Finally, India is strengthening its monitoring,
reporting and verification (MRV) capabilities of its
domestic programmes and initiatives and continuous
progress in this direction would also be an important
enabler to accelerate the transition towards a net-zero
future for India.

We assemble this article with a motivation to
understand the key dimensions of India’s net-zero
debate in a comprehensive way. This assessment
presents the perspective of experts from 24 institu-
tions across the three broad dimensions to give a
comprehensive view of a roadmap towards India’s
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net-zero future. While the net-zero debate is about
all greenhouse gases, this India specific discussion
focuses only on carbon dioxide emissions from India’s
energy and land use sector, given that it accounts
for a bulk of India’s emissions story. This article is
written with the intent of informing not just India’s

policy makers and stakeholders, but various research-
ers, practitioners and governments around the world
for them to be better aware of the status of vari-
ous aspects of India’s net-zero debate, understand the
high-level issues and challenges related to the trans-
ition, and think about way forward for the same.
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2. National and sub-national perspectives

2.1. Net-zero and climate equity

Amit Garg1, Vidhee Avashia2

and Saritha Sudharmma Vishwanathan3
1 Indian Institute of Management Ahmedabad,
Vastrapur, Ahmedabad, Gujarat
2 Public Systems Group, Indian Institute of
Management Ahmedabad, Vastrapur, Ahmedabad,
Gujarat
3 Kyoto University, Katsura Campus, Kyoto (Japan)
and National Institute for Environmental Studies,
Tsukuba, Ibaraki, Japan

E-mail: amitgarg@iima.ac.in, vidhee@iima.ac.in
and sarithasv@iima.ac.in

Status
Equity is at the heart of the climate debate. Since 1850,
globally 2495 GtCO2 has been emitted—wherein
shares for US, EU and China stand at 24%, 17% and
14% respectively [9]. Consequently, only a small car-
bon budget, 320 GtCO2 for below 1.5 ◦C target and
1160 GtCO2 for below 2 ◦C world (>50% probabil-
ity) [10], between 2020 and 2070 is available for the
world going ahead.

While global GHG emissions need to peak this
decade to meet the carbon budget constraints, emis-
sion peaking timelines differs across countries, and
developing countries may take longer to peak due to
late start of their developmental cycles (Article 4.1)26

[11]. Global emissions are projected to reach net zero
between 2050 and 2070 in 1.5 ◦C scenarios and after
2080 in 2 ◦C scenarios [12]. Most European coun-
tries peaked during 1990s and USA in early 2000s.
They have committed to NZ by 2050 -time gap of
almost 50 years between peaking and NZ years. India
has not yet peaked and is likely to peak post 2040s
due to developmental deficit [8, 13]. An equitable car-
bon space is required to support development policies
as indicated by various effort sharing assessments [8,
14], and with time gap of 30 years net-zero 2070 is an
ambitious target for India [15].

Climate equity needs to be ensured not only
across countries but also within the country. India
has high variability in energy consumption and GHG
emissions across regions and economic strata. As
of 2022, India’s HDI was 0.633. Historically coun-
tries with relatively high HDI consume around
70–100 GJ/capita/year final energy consumption

26 Some examples of effort-sharing approach: equal cumulative
per capita emissions, contraction and convergence, grandfather-
ing, greenhouse development rights and ability to pay (https://link.
springer.com/article/10.1007/s10584-019-02368-y).

(FEC). In contrast, India’s average FEC is around
19GJ/capita/year. This average hides the large internal
inequality ranging between 6–91 GJ across states and
union territories (2019). FEC of 40–55 GJ/capita/year
would be required to achieve aHDI of 0.7–0.9 in 2070
[8]. Providing energy and electricity to the population
without access is a priority for India, while safeguard-
ing energy and climate security.

The Paris Agreement highlights the need for
sustainable finance to ensure equitable transition.
However, currently global climate financing is
inequitable at sectoral and regional level. It is
observed to be skewed towards transport, renew-
able energy and energy efficiency related technolo-
gies. While industry, building, land, water, waste, and
agriculture sectors that emits significant GHGs and
employ over 50% workforce but do not get adequate
financing. During 2010–22, around 63% investment
in early stage climate technologies by venture capital-
ists during 2010–2022 went to the USA and Europe,
25% to China, 3% to India and 9% to rest of the
world [16]. For equitable transitions, the global total
of green investmentmust increase alongwith increase
in the share of investments flowing to developing
countries across all sectors in the next few decades.

Current and future challenges
Assessments suggest that the US, the EU and China
would consume almost 45% and 91% of the 1.5 ◦C
carbon space by 2030 and 2050 respectively whereas
India’s 2070 net-zero pledges mean 59% less emis-
sions than China, 58% less than the US and 49%
than the EU cumulatively (1850–2100) [17]. For the
carbon space distribution to be equitable, firstly,
there needs to be a discourse on the subject with a
common global understanding on equity. Currently,
there exists no commonly accepted definition of
equity. Studies have explored fairness in the carbon
budget allocation across countries [18–20]. However,
the political outcomes under the UNFCCC processes
do not reflect a global agreement on ‘equity’ in the
context of carbon budget allocations.

A bigger challenge arises due to the geopolitics
of climate. The developed world is consistently push-
ing to dilute the core principles of UNFCCC which
include equity, historical responsibility, and com-
mon but differentiated responsibility with respective
capabilities (CBDR-RC). An honest reflection by the
developed world on the core principles of UNFCCC
may lead to additional responsibility, which is a big
challenge in any agreement on the climate equity
debate.

The energy sector makes up for 75% of the total
GHG emissions from India, with electricity produc-
tion comprising 40% [21]. Coal is one of the main
sources of domestic energy. As India moves to NZ,
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the challenges would be in dealing with stranded
assets, employment transition, revenue generation
alternatives and energy prices. Currently there is little
research that investigates the implications of India’s
NZ pathways on social costs and disproportionately
higher risks for vulnerable communities. One of the
challenges in undertaking such studies is lack of data
availability.

From the equity perspective, financing the trans-
ition activities of the informal sector—medium,
small and micro Enterprises (MSMEs) is a huge gap.
The MSMEs contribute almost 30% of India’s GDP,
45% of exports, and employs 110 million workers—
the second largest employer after agriculture [21]
and had a GHG footprint of 110 MtCO2e dur-
ing 2015–16 [22]. A key obstacle in accessing fin-
ance is the lack of consistent and comparable or a
‘common ground’ taxonomy that helps to identify
activities that could be considered ‘green’ and
‘sustainable’.

Way forward for policy and practice to address
challenges
A global dialogue on equitable allocation of car-
bon space is need of the hour. Parties to the
UNFCCC and Paris Agreement need to come
to a consensus on the operationalization of
equity principles in global carbon budget alloc-
ation to ensure timely achieving the Paris
goals.

NDC and LT-LEDS are living policy documents
[3, 23]. Every cycle needs to build climate equitable
actions (policy measures) to correct the injustices
caused and avoid future unfairness. India needs to
build its own body of research on inequity implic-
ations of NZ transitions. This includes the need
to investigate not only on the impact of fossil fuel
phase down on each of the sectors (directly and
indirectly) through socio-economic, technological
transformations, but also focus on development,
geography-based, temporal, inter-generational, and
gender-based inequities in a comprehensive man-
ner. Technology drivers such as digitalization have
ensured successful targeted policy implementa-
tion in the last decade. These advancements allow
governments to verify quality, monitor perform-
ance, and regulate financial transactions. It also
provides a window to obtain and analyse data
at scale and speed that enhances opportunities
for economic, environmental and social
action [24].

If climate change is the greatest calamity of 21st
century, nobody should try to generate extraordin-
ary profits through solution provision. Lack of tech-
nology availability and low-cost finance makes the
transition process incredibly challenging for develop-
ing countries. Only access to technology and finance

would help in make climate transitions equitable.
Therefore, technologies that promote transitions
should be made accessible to developing coun-
tries. Common ground green taxonomy could be
agreed internationally—for about forty transition
technologies27 anywhere in the world. This would
allow easier and equitable transition finance [25].
Multilateral and bilateral institutions should facilit-
ate low cost and grant based financing. Some coun-
tries lack capability to attract finance due to poor
credit profile, lack of robust institutions and high
debt to GDP ratio. Call-in capital28 for multilat-
eral development banks (MDBs) and blended fin-
ance29 options should be encouraged to get the funds
flowing,

Concluding remarks
A global understanding on equitable distribution of
carbon space to meet developmental deficits of coun-
tries is the need of the hour. Socio-technical trans-
itions to mitigate and adapt to the impacts of climate
change pose complex, multi-dimensional challenges
at spatial and temporal levels. An equitable trans-
ition requires high capital investments and transac-
tion costs, international financial support in addition
to access to desired technologies. The Government
of India has emphasised the principle of Vasudhaiv
Kutumbakam—one world, one family, one future,
where no one is left behind, a theme adopted by
India for its G20 presidency30 [26]. As the most
populous developing economy in the world, deal-
ing with climate inequities aggravates the current
social-economic-political-cultural inequalities due to
its size, geography, and limited resources (energy,
minerals, technology and finances). India may need
to select sub-optimal technologies to harness high-
impact transition opportunities. Low-cost finance is
a must for all such transitions. Last but not the least,
in addition to educating the society, India needs
to nurture entrepreneurs and integrators in every
field (social, political, technology, finance, climate)
that not only address the issue of social and cli-
mate equity but also drive these transitions at large
scale.

27 This includes battery storage, green hydrogen, CCUS, recycling
of critical minerals, and nuclear energy.
28 Call-in-capital/callable capital; constitutes an obligation for or
promise by shareholder governments to provide capital if ever
needed, thus accounts for about 60%–90% of each MDB’s capital.
29 Blended finance is the strategic use of development finance for
the mobilisation of additional finance towards sustainable devel-
opment in developing countries (OECD).
30 ‘Vasudhaiva Kutumbakam’ or ‘One Earth One Family One
Future’ is drawn from the ancient Sanskrit text of the Maha
Upanishad. The theme considers the value of all life of all kinds
(human, animal, plant, and microorganisms) and their intercon-
nectedness on the planet Earth and in the wider universe.
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2.2. Macro-economic trade-offs
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Status
Since 1991, the Indian economy has experienced an
average annual growth rate of 7%–8%, with the agri-
cultural sector decreasing from 42% to 17% and the
services sector increasing to 53% [27]. This economic
transition is unfolding along with an energy and cli-
mate transition. According to [28] climate change
could reduce India’s GDP by 0.42% in 2030, and 3%
by 2100, even if the global temperature rise remains
below 2 ◦C, under an unmitigated scenario it might
increase potentially up to 5% by 2050. As demon-
strated in [29] the long-run impact of 2 ◦C global
warming on India’s GDP is projected to cost around
6.4% per year, with a cost of around 10% per year in
3 ◦C scenario.

Limited research exists on macro impacts of deep
decarbonization and net-zero pathways for India,
which analyses employing macro-economic models
and approaches to deepen India-specific understand-
ing (e.g. [30, 31]). As far as the impact on GDP is
concerned, Indian researchers have varying narratives
on low-carbon transitions. Chaturvedi and Malyan
[32] suggest that the early net zero targets will require
higher costs. A net zero in 2050 would imply that eco-
nomic losses as a percentage of GDP in 2050 would
be 6.9%–7.2% if CCS is unavailable and 4.2%–4.5%
if CCS is accessible. If 2070 is the net zero year, eco-
nomic losses in 2070 vary from 2.8 to 4.4% across
all technology availability scenarios. It is important
to acknowledge the fact that delays in mitigation may
lead to increased long-term costs (37% increase com-
pared to immediate mitigation) and risks in contain-
ing climate change impacts is also considerable [33].
Whereas, it is demonstrated in [34] that the over-
all effect of the low-carbon transition on India’s eco-
nomic growth is positive. The GDP in 2050 is pro-
jected to be higher than the reference scenario by
US$406 billion in theNet Zero Scenario (2018 prices).
The positive impact due to investments, reduced
energy costs, and increased demand from consump-
tion and employment, act as an enabler to the smooth
transition.

Considering energy sector jobs, net zero might be
promising for India since green investments would
likely fuel economic growth and create jobs. The
estimates, diverge ranging from3.4million additional
jobs [35] to 43 million additional jobs [36] in 2050.

Transition to cleaner fuels reduces fossil fuels
dependency and import bill, that further keeps for-
eign debt under control at the cost of lower household
consumption. Regions with economic activity reliant
on fossil fuels may require economic diversification
programs and reskilling of workers [31].

Current and future challenges
Decarbonisation regulations require capital realloc-
ation, shifting investments to expensive low-carbon
alternatives for climate change mitigation measures,
if the pace of transition is not managed [6]. On
the other hand, when accounting for environmental
damages via taxation or credit trading, the cost of
low carbon technologies might be cheaper than their
fossil equivalent. Moreover, the cost of technolo-
gies such as energy storage, including batteries, is
rapidly decreasing, while its capability is increasing
[37]. The falling costs of clean energy technologies,
such as LED bulbs, solar and wind, and electric
buses, offer an opportunity for an economically viable
transition [38].

Indian economy is grappling with unemployment
and steep fall in economic growth amid post-COVID-
19 pandemic. For instance, distribution companies
are facing potential revenue losses of 8%–10% due
to a 25% decrease in demand since the start of the
lockdown [38]. These uncertainties present further
challenges in defining policy strategies. The key chal-
lenges in net zero transition through the lens of mac-
roeconomics are discussed below.

Upfront capital investment requirement: Large
scale renewable energy (RE) penetration requires a
lot more upfront investment in electricity genera-
tion. While the levelized cost of electricity (LCOE)
is lesser for renewables compared to fossil fuels but
the upfront cost for the renewable power projects
remains high especially in a low-income economy
such as India. India might face significant capital
mobilisation related challenges for renewable capa-
city, transmission infrastructure, and energy storage
technologies [39].

Loss of tax revenue, royalties and coal sector jobs:
India imposes certain taxes on fossil fuels, which
further translates into an effective carbon tax rate
[38]. Indian states, like Chhattisgarh, Jharkhand and
Odisha may face financial difficulties due to loss of
revenue from the coal sector. Over half a million coal
mining employees may be required to find alternat-
ive employment, retrain in other energy industries,
or receive severance compensation if industry clos-
ure occurs, that creates an aggravate macroeconomic
imbalances [1].

Import dependence in RE segment: energy trans-
ition using modern RE technologies may create
increased dependence on critical minerals imports
particularly if India relies on domesticmanufacturing
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[40]. India lacks sufficient domestic resources of crit-
ical minerals, so low-carbon energy systems may lead
to increased import dependency, thus threatening
energy security [39].

Pass through impact of carbon prices: carbon
prices, driven internationally or domestically, may
lead to increasing energy costs for household and
industries that may lead to negative welfare effects
and loss of economic value in the country. Hence
equitable revenue recycling will ensure the balancing
of distributional effects while implementing carbon
pricing.

Supply shocks to GDP: concentration of critical
mineral supply chain, essential minerals utilised in
the RE and clean transportation sectors [1], in the
hands of any one nation could lead to supply shocks
for India’s GDP even if it might not be a huge import
bill like oil import bill.

Stranded assets: finally, higher investment in
fossils that may become stranded before its financial
life would lead to loss of economic value and such
investments should be avoided.

Way forward for policy and practice to address
challenges
RE investment surged in the past decade, driven by
economic growth, rising fossil fuel prices, technology
advancements, policy support, and citizen demand
for cleaner environments. Over 2019/2020, solar pro-
jects in India received the largest financial investment
of rupees 54 thousand crores, accounting for 41% of
total finance flows to the clean energy sector, implies
that there is an opportunity for the general public to
invest [41].

Additional policies and international support are
required to complement climate measures in order
to maximise economic opportunities and minim-
ise potential shocks. While recycling carbon reven-
ues and leveraging other tax-raising mechanisms are
important potential funding mechanisms for green
investments. Policies that encourage reskilling and
upskilling of the Indian workforce will also enable
employees to take full advantage of new job possib-
ilities created by a low-carbon economy [42].

Identifying compensatory methods for increased
costs in decarbonisation efforts, analysing
approaches, and implementing policies can help
address trade disruptions, skill demand, employment
losses, and income inequality. So, analysis on income
inequality by including the household classification
based on income in the economy-wide model is crit-
ical particularly in the context on India where there
is widespread income disparity [43]. Unabated coal
phase-out regulations, are particularly successful at
producing considerable emissions reductions in the
long term, but they can be expensive due to the high
expenses of government compensation for stranded

assets. Market-based tools, on the other hand, are
likely more successful than regulation due to stronger
societal support for these policies in the industrial
and residential sectors, particularly in the longer term
when no regulatory measures are in the pipeline. As
a result, a comprehensive package containing a com-
bination of regulatory and market-based interven-
tions that is customised to sector characteristics is
required [42].

Policymaker’s judicious decisions can help to
achieve high growth and a low-carbon economy
simultaneously. Technology transfer is crucial for
India’s growth, as economy’s shift from agriculture
to industries and services [31]. Low-carbon growth
requires structural changes in energy systems, includ-
ing renewables, reduced demand, and clean coal tech-
nology deployment [44].

There is an urgent need to address these chal-
lenges by developing a ‘hybrid’ tool that can
provide the inputs on national climate policy based
on the macroeconomic assessment of the mit-
igation and development pathways [45]. Model
setup can incorporate non-standard specifica-
tions for different sectors, like energy and non-
energy, to control the interface between top-
down and bottom-up models for assessing mac-
roeconomic trade-offs and informing policy
makers.

Concluding remarks
This chapter elucidates the significance of the mac-
roeconomic assessment of the low-carbon pathways
for India. There is a clear lack of agreement in the
current literature on whether, at the aggregate level,
the transition will hit the economy negatively or will
it provide an economic fillip. Indian context is dif-
ferent from that of other countries in terms of eco-
nomic structure, dependency on fossil fuel imports,
economic growth, and emphasis on manufacturing
in the recent years. The net zero targets and other
commitments on NDC for UNFCCC are likely to
impact the macroeconomic situation, so it is crit-
ical to investigate the energy-economy implications
of mitigation pathways. There are several challenges
in modelling the macroeconomic indicators partic-
ularly the consistency issues on soft-coupling the
two different modelling approaches: top–down and
bottom–up [46]. With focus on data collection, real-
istic assumptions,modelling constraints andmacroe-
conomic closure rules, it is possible to derive useful
inputs for the policy makers so that they can make
policies that achieve the mitigation and development
targets simultaneously.

Acknowledgments
The authors acknowledge the support received from
IIM Lucknow research project SM-273.

9



Environ. Res. Lett. 19 (2024) 112501 V Chaturvedi et al

2.3. Just energy transition imperatives

Chandra Bhushan and Srestha Banerjee
International Forum for Environment, Sustainability
and Technology (iFOREST), C - 902, 9th Floor,
Urbtech Trade Centre, Sector - 132 Noida 201304,
India

Email: chandra@iforest.global
and srestha@iforest.global

Status
In recent years, the Government of India (GOI) has
made significant announcements at various national
and international platforms and undertaken import-
ant policy measures that has underscored the coun-
try’s commitment to transitioning to clean energy
systems and building a low-carbon economy in the
coming decades. At the same time, there is a growing
emphasis on just transition in the context of energy
transition to strike a balance between ‘energy secur-
ity, environmental sustainability and socio-economic
development’ [47].

Deliberations on just transition at the highest
policy levels are gaining momentum as it is well
recognised that the transition away from fossil fuels
will have major social and economic consequences
for workers and local communities. It will also have
implications for government revenue at the national
and state levels, and social sector investments [48].
Therefore, building a low-carbon economy requires a
deep understanding of the socio-economic and polit-
ical consequences of the transition and developing
measures to minimise disruptions in the economic
and social systems [49].

In India, the national and the state governments
are rising to the challenge. For the country, just
transition is not just being viewed as an issue of
transitioning the fossil fuel-dependent workers and
communities, it is considered as a process of achiev-
ing sustainable development outcomes and inclus-
ive growth. Under India’s G20 Presidency, therefore,
the Government has been repeatedly emphasising on
‘just, affordable, and inclusive energy transitions’, as a
mean of enabling ‘secure, sustainable, equitable, and
inclusive growth’ [50].

Institutionalmechanisms at the national and state
levels are also being initiated to support just trans-
ition. For example, the Ministry of Coal has set
up a ‘Sustainability and Just Transition Division’ to
address sustainability and transition issues of the coal
sector and the coal regions. At the state level, India’s
first ‘Sustainable Just Transition Taskforce’ has been
set up by theGovernment of Jharkhand, one of India’s
key coal-dependent states.

Therefore, as the momentum grows, it becomes
important to understand the challenges and complex-
ities of just transition in India, and the policy and
planning aspects that need attention to ensure a well-
planned and well-managed transition process.

Current and future challenges
Four key challenges are essential to consider for
ensuring a just transition in India. These include,
the geographical scale of the transition, the work-
force distribution, the socio-economic vulnerabilit-
ies of fossil fuel-dependent regions, and the finan-
cial requirements for implementing just transition
measures.

There are at least 120 districts that have a signi-
ficant reliance on fossil fuel sectors and fossil fuel-
dependent industries (primarily large; if medium,
small and microenterprises are considered the num-
ber is higher) including, coal mining, oil and gas
production, thermal power plants, steel, cement,
automobile, refineries and fertilizer (urea) [51].
Considering the imperative for a fossil fuel trans-
ition to meet the climate goals, and develop a
net zero economy, these sectors will need trans-
ition planning in the coming decades. However,
In the immediate future, districts that are par-
ticularly at risk is where old and economically
unviable mines and old power plants are con-
centrated. For example, in states like Jharkhand,
West Bengal, Chhattisgarh, Madhya Pradesh and
Maharashtra, many such mines are primed for
transition [48]. For power plants, about 9% of the
country’s coal-based capacity (about 207 GW) is 21–
30 years old, 11% is 31–40 years old, and 2% is
41–57 years. Many units of the old units will be
retired by 2030 due to economic and environmental
concerns [52].

For workers, at least 20 million people engaged
formally or informally in the various fossil fuel indus-
tries will be impacted by the transition. Experiences
from top coal districts show that the informal work-
force is a major concern, as they are predominant
in sectors such as coal mining and coal-based power
[51]. Besides, there is high informality in the SMEs.
For example, in the brick sector, which employs about
11 million workers, over 80% are informal [53].

The vulnerability of the workers is further
enhanced by limited alternative economic oppor-
tunities in these regions. For example, in many coal
districts over 50%of the district GDP is dependent on
coal mining and coal-dependent industries [48]. The
poor status of social infrastructure further under-
mines the adaptive capacity of the local community.
An assessment of multidimensional poverty indic-
ators (exhibits the status of healthcare, education,
and living standards) shows that nearly 69% of the
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coal districts have more than 25% of the population
who are multidimensionally poor, which is the India
average [54].

Finally, the fossil fuel transition will have sig-
nificant impact on government revenue. Coal, oil,
and gas collectively contribute about 18.8% and
8.3% of the total revenue receipts of the cent-
ral and the state government(s) respectively [55].
Besides, a large sum of money will be neces-
sary to support various just transition meas-
ures. Therefore, planning for revenue substitution
and securing finances for just transition remain
crucial [56].

Way forward for policy and practice to address
challenges
Five key factors will be essential to ensure a just trans-
ition in India considering the context of the fossil fuel
industries and regions.

To begin with, economic diversification of
fossil fuel-dependent regions will be one of the
most important interventions to ensure economic
and social vitality of the impacted regions [57].
Measures should include investments in green indus-
tries and green energy, harnessing the potential of
local resources (such as forest and agri-based) to
strengthen SMEs and improve income opportunities
from these sectors, among others.

A closely related issue to economic diversification
is the repurposing of land and energy infrastructure.
Over 0.4 million hectares of land is available with
operational coal mines and power plants in various
states and districts. Reclamation and repurposing of
the land provide massive scope of creating immedi-
ate and long-term economic opportunities, including
the development of green industries and green energy
infrastructure [51].

Reskilling the existing workforce and providing
transition support to the impacted workers will be
another essential intervention. There is a massive
need to invest in skilling programmes and institutes
(including for higher order skills) and foundational
education to improve employability and income
opportunities of both formal and informal workers,
including women, and develop the workforce for the
low-carbon economy [58].

Beside measures of workforce transition, poor
socio-economic indicators in many fossil fuel-
dependent districts necessitate investments in social
infrastructure to improve local communities’ adapt-
ive capacity during transition and achieve long-term

developmental goals. The convergence of various
developmental programmes operational at the dis-
trict and state levels is an immediate opportunity to
support such measures.

Responsible environmental practices are also
equally important to ensure well-being of the local
communities. Many of the coal and industrial regions
have been identified as ‘critically’ or ‘severely’ pol-
luted areas by the Central Pollution Control Board
[59]. Therefore, the new economy should be planned
in a manner that the pollution problems are not
exacerbated. Besides, reduction of material and
resource use, and reuse of the same, must be ensured
through circular economy practices [60].

Finally, the central and the state government(s)
will need to plan for revenue substitution and also
mobilise resources for just transition. Early planning
for economic diversification will be crucial for diver-
sifying and substituting revenue sources of the gov-
ernment(s). Besides, the central government will have
a key role in mobilising public and private finances
from domestic and international sources to support
transition measures.

The above-mentioned factors should be con-
sidered for instituting policies and developing plans
and investment measures. Besides, strong institu-
tional mechanisms must be developed at the cent-
ral and state levels. Among others, a dedicated just
transition department at the national level, and an
office of just transition at the state level will be
required for interdepartmental coordination, facilit-
ating the development of policies and plans, fostering
stakeholder engagement and monitoring the imple-
mentation of just transition measures.

Concluding remarks
Considering the scale of the fossil fuel transition
in the coming decades, along of nature of work-
force and socio-economic realities of various fossil
fuel-dependent regions, developing just transition
policies, plans and investment measures for India will
require a holistic approach underpinned by a devel-
opment agenda, including a major focus on green
growth and jobs.

Overall, just transition must be planned as a stra-
tegic development intervention. A road map must be
developed for the coming decades, aligning with the
country’s energy transition ambition and net zero tar-
gets, and considering the opportunities in hand, to
usher a transformative change that is inclusive, just
and viable.
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Status
India has announced the goal of net zero emissions
by 2070, and in its updated NDCs has committed
to reduce emissions intensity of its GDP by 45%
from2005 and achieve 50%cumulative electric power
installed capacity from non-fossil fuel-based energy
resources by 2030. India’s progress on the NDC tar-
gets has largely been driven by national policies, but
the success of its net-zero ambition will depend on
how well low-carbon options are woven into the
development and economic frameworks of states as
default options. The diversity of Indian states, which
necessitatesmultiple pathways, will determine the lar-
ger national low-carbon transition.

The role of states in India’s low-carbon transition
is implicit in the ambition itself. Many of the sec-
tors that are key to the discourse fall either within
the legislative jurisdiction of states (e.g. agriculture)
or are concurrent (e.g. power, transport, forests) in
the Constitution of India. Many of these are fur-
ther devolved to urban and rural local governments
guided by the principle of subsidiarity. Further, the
extent and nature of vulnerabilities call for location
and region-specific adaptation and resilience meas-
ures. States as laboratories of policy innovations have
been instrumental to India’s energy transition. For
example, early initiatives by Gujarat and Rajasthan
on solar, and Maharashtra and Tamil Nadu on wind,
have contributed significantly to renewable energy
uptake at the national level. India’s achievements of
its 2022 target for 175 GW renewable energy offer
some insights into the importance of sub-national
action. While it achieved a significant portion of
the target, only Gujarat, Rajasthan, Karnataka, and
Telangana surpassed their individual targets. Four
states, Maharashtra,Uttar Pradesh, Andhra Pradesh,
and Madhya Pradesh, on the other hand saw consid-
erable shortfall in achievement of targets [61].

Thirty-four States /Union Territories (UTs) have
prepared, and some have updated their State Action
Plan on Climate Change (SAPCC) in line with
National Action Plan on Climate Change. SAPCCs
have served as the primary policy and programmatic
framework for short-term climate action at the sub-
national level. Analyses of the SAPCCs point to some

common institutional, financing, and capacity chal-
lenges discussed in the next section. Increasingly cities
are at the forefront of strengthening climate-sensitive
urban development. Many states are also developing
village-level climate action plans which involve local
communities in identifying climate risks, vulnerabil-
ities, and adaptation strategies. States are also begin-
ning to prepare long-term climate-resilient and low-
carbon development strategies.

Current and future challenges
From the experience of states in developing SAPCCs
and more recently, long-term strategies, several com-
mon challenges stand out. A key issue relates to
inadequate detailing and prioritization of interven-
tions, and clear linkages to accountable agencies/de-
partments and alignment with development plans
and budgets. Another concern is the weak inter-
departmental coordination for mainstreaming and
monitoring climate action across sectors. While sev-
eral institutional mechanisms have been put in place
under the SAPCCs, the process is mostly led by
the Environment/Forestry Department, or Pollution
Control Board, which have limited authority or
levers within state governments to influence other
departments for mainstreaming SAPCC. Limited
capacity within and outside the government is often
a constraint in the design and implementation of loc-
alized programmes and projects based on long-term
strategies.

An issue that often does not get adequate atten-
tion relates to availability of credible, adequate, gran-
ular, and consistent data as the basis for scientific
assessment of future emission scenarios and climate
risks, including sector-specific impacts. Inconsistency
in data collected from different sources is another
challenge. Where information is available, lack of
local capacity may still restrict its analysis and
dissemination.

There are also practical challenges thrown up by
the federal structure of India. About 30% of India’s
installed thermal capacity is owned by central PSU’s
which can pose a challenge for a state in dealing
with net zero ambition. Similarly, an approach would
need to be evolved to account for emissions from
inter-state road transport, especially freight, and cent-
rally controlled modes of transportation such as rail-
ways. Physical constraints such as land, water and nat-
ural resource can limit the ambition of low-carbon
pathways- for example competing demand for land
from agriculture, forests, industry and urban devel-
opment can affect the solar potential that states are
able to effectively harness.

Indian states will have to find their unique devel-
opment pathways that balance multiple imperatives-
decarbonizing their economies and funding related

12

mailto:divya.datt@un.org
mailto:JBansal@unfccc.int


Environ. Res. Lett. 19 (2024) 112501 V Chaturvedi et al

capital expenditures, and enabling equitable eco-
nomic development, particularly by expanding access
to affordable, secure energy- in the face of compound-
ing climate risk. A state like Bihar, with over 75% of
its large population dependent on agriculture [62]
would need a different strategy than a Tamil Nadu
that has the largest number of persons engaged in
factories [63]. These tailored policy roadmaps will
have to be internalized in sectoral policy and budget-
ary frameworks, within an overarching policy and
governance framework that enables the required eco-
nomic, financial and behavioural transformation.

Way forward for policy and practice to address
challenges
Three elements will be critical in shaping states’ cli-
mate response.

First, governance approaches are needed
which ensure that climate action—mitigation and
adaptation—is embedded in development aspira-
tions at the highest level and steered by political and
executive leadership such that it percolates into the
long-term vision across sectors, as well as translates
tangibly into programmes, policies, and budgets. For
instance, Jharkhand, India’s largest coal-producing
state, established a Task Force for Just Transition in
November 2022 to create a roadmap for a transition
to cleaner energy [64]. The Task Force comprises 17
institutions, including different government depart-
ments, and is working on seven thematic areas—
livelihoods, energy transition, coal transition, electric
mobility, decarbonisation of industries, climate fin-
ance and capacity building.

Coordination is also necessary to enhance oppor-
tunities for co-benefits including ancillary and non-
market benefits, and limits maladaptation and trade-
offs. These include mitigation actions that increase
exposure and vulnerability to climate change or

adaptation action that underminesmitigation efforts.
States will have to focus on creating capacity to

understand and respond to challenges and oppor-
tunities thrown up by climate change across depart-
ments, tiers of governance, and stakeholder groups.
State-level training institutions will need signific-
ant strengthening in this respect. As an example,
the Kerala Institute of Local Administration (KILA)
has internalised training onEcosystem-basedDisaster
Risk Reduction into various livelihood guarantee
schemes [65]. At the same time, capacities would need
to be strengthened in States to access multilateral
funding.

Most critically, net zero pathways will need to be
backed by adequate finance. It would be important

for states to better leverage national and international
public climate finance to unlock private capital from
banks, investors, and capital markets. Tamil Nadu,
for example, has established the Tamil Nadu Green
Climate Company (TNGCC) as a special-purpose
vehicle to implement three key missions related to
climate, afforestation, and wetlands. The not-for-
profit company has an equity of INR 50 million
from the state government and can get funding or
grants from any source, including the Government
of India and international agencies. The recent steps
by the Government of India towards a domestically
regulated carbon market are significant for mobil-
izing private capital. Given India’s estimated urban
infrastructure investment deficit of USD 827 billion
for the period 2012–2031 [66], it is also important
to highlight the role of national support programs
for financing green infrastructure that are tailored
to help municipalities cover additional investment
costs. Underscoring all these policies is the need
to ensure that climate mainstreaming is reflected
in state budgets across departments. Initiatives such
as the Green Budget of Bihar can facilitate this
process [67].

More than anything, the 2070 net zero goal needs
to be viewed as multi-trillion, multi-decade invest-
ment opportunity by the states.

Concluding remarks
It is encouraging that several Indian states have set
ambitious climate goals or initiated significant efforts
in the energy andmobility sectors, among others. The
economic transformation required to achieve net-
zero emissions must be seen as an economic oppor-
tunity with social and economic co-benefits in terms
of inter alia health, livelihood, and conservation of
natural capital. It is an opportunity for states to take
advantage of cutting-edge technologies across almost
all sectors. At the same time, states need to invest
in understanding and planning for long, medium
and short-term risks of climate change. Governance,
capacity and finance will be critical aspects of this
transformation. This is especially relevant given the
long-term net-zero targets, which necessitate institu-
tionalized governance and monitoring mechanisms
that also allow for integration of the fast-evolving
technological ecosystem. As the world prepares for
the next round of NDCs by 2025 in line with the out-
comes of the global stocktake of the Paris Agreement
[68], there is a clear need for a review of ways and
means to enhance efforts on climate action where
sub-national governments can shine the light on
translating intent into action.
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Status
The sixth assessment report of the Intergovernmental
Panel on Climate Change shows that cities can get
to net zero greenhouse gas emissions by reducing
emissions within and outside the city boundary
[69]. Unlike other large developing countries (China,
Brazil, South Africa), India has a relatively low share
of urban population (34%) however, this is expected
to exceed 50% by 2050 [70]. Key drivers of emissions-
urbanization, population and income are expected
to grow over the coming decades influencing the
demand and patterns for urban housing, transport
and infrastructure.

Road transport, energy use in buildings and
methane emissions fromwaste andwastewater are the
highest emitting sectors in Indian cities. Transport
emissions mainly from fossil fuel-based vehicles are
expected to grow as travel distances increase due to
spatial sprawl. Energy use from buildings is increas-
ing by 8% annually [71]. Urban residential floor space
per capita is projected to increase by over three times
and the commercial sector floor areawill increase ten-
fold between 2020 and 2050 [72]. This would imply a
substantial increase in electricity demand for cooling,
lighting and appliances; and for building materials-
cement, steel and bricks. Switching away from con-
ventional to alternate construction materials could
save between 180–600 MtCO2 in 2050 [73, 74].

India’s long term low carbon strategy identi-
fies urban design, low-carbon transport, energy and
material efficiency in buildings and solid waste man-
agement as key elements in achieving net zero targets
[75]. The Smart Cities mission highlights the import-
ance of a sustainable environment and digital solu-
tions to deliver core infrastructure and provide a
decent quality of life to urban residents.Many sectoral
mitigation solutions have been successfully adopted
in cities however, climate change is not always a
key priority for local governments. Many initiatives
are implemented in a project mode funded through
international finance and often supported by external
agencies. A variety of plans exist (e.g. climate action
plans, urban development or sectoral plans) but these
are disjointed. Overall, climate action remains incre-
mental, lacking in ambition or poorly implemented.

Energy and emissions are unevenly distributed
across households. The energy and material con-
sumption patterns (electricity, LPG, residential floor
area) of wealthier urban households is significantly
higher than that of the large number of low income
households who live in slums with unmet housing
and infrastructure needs [76]. Urbanization needs to
address simultaneous challenges of reducing energy
andmaterial demands while also improving the qual-
ity of life of poorer households.

Current and future challenges
The gap between projected emissions from the BAU
and ambitious mitigation scenarios is sizeable [77]. A
net zero pathway implies a transformative shift away
fromBAU towards a sustainable pathway. Some of the
challenges are highlighted below:

1. Limited capacity of local governments: cities lack
adequate skilled staff resulting in limited capa-
cities for developing and enforcing plans [78].
Only a fraction of the thousands of staff positions
required at the local level are officially sanctioned.
The working strength is even lower, with vacant
positions ranging between 15 and 50%. A number
of Indian cities lack Master plans to guide urban
development. Poor urban planning has resulted in
haphazard sprawl and resource intensive growth.
Following existing trends will intensify environ-
mental and social challenges including traffic con-
gestion, air pollution, urban flooding, loss of
green spaces, urban biodiversity and inequality.

2. Challenges to financial flows and access: signi-
ficant upfront investments for infrastructures are
needed. Indian cities do not have a significant
source of generating their own revenue and largely
rely on national or state government funding. In
addition to the steep demand-supply gap, bar-
riers include limited capacity to utilise available
resources and to develop innovative financing
models.

3. Managing growing demand: growing income will
lead to changing lifestyles and higher consump-
tion of floor space, personal vehicles, appliances,
etc. Poorly insulated buildings will lead to a high
demand for electricity during summer months
especially on hot days. Meeting thermal com-
fort needs without a steep rise in emissions
will be a major challenge. Similarly, the grow-
ing demand for building materials and associated
process related CO2 emissions of cement produc-
tion is challenging, as low-cost alternative options
are not yet readily available.

4. Inadequate data and technical capacity: few cit-
ies have reliable local data on climate and sectoral
energy consumption, or an updated emissions
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inventory which are key to developing local cli-
mate action plans. Limited technical expertise and
capacity within urban local governments could
result in weak implementation and a higher reli-
ance on external actors and agencies for support.

5. Lack of autonomy: India’s existing system alloc-
ates higher powers to central and state gov-
ernments. The 74th Amendment of the Indian
Constitution (1992) was intended to facilitate
decentralisation by granting autonomy to local
governments. However, this was left to state gov-
ernments’ discretion and was not fully implemen-
ted, as a result city governments lack adequate
powers to execute mandated functions [79]. The
presence of multiple agencies at different levels
and siloed planning further limits the abilities of
cities to undertake ambitious action.

Way forward for policy and practice to address
challenges
The first step to achieving net zero emissions is
a robust emissions inventory starting with direct
emissions and progressively building data to include
indirect emissions occurring outside city boundaries.
Different types of cities (megacities/ million-plus cit-
ies/small towns, etc.) can then develop their own tar-
gets and roadmaps that align with their capabilities
and development priorities.

Substantial investments in public transport infra-
structure complemented by demand side measures
to restrict the ownership and use of private vehicles
will enable a sustainable transport transition. These
include improvements in road design and public
transport infrastructure, increasing service quality,
affordability, and improved information on public
transport, using digitalisation to integrate transport
modes especially including public transport and para
transit (3-wheelers) modes which will remain a key
mode in the near-future.

Electrification and shift to renewables will be a
major lever for decarbonisation. This will require a
systemic approach. For example, ambitious EVs tar-
gets complimented with changes in building regu-
lations, rooftop RE targets, grid augmentation, net
metering, time of day pricing, etc. will encourage
private investments in charging and renewables.

Digitalization, shared and on demand mobility
are quickly transforming the landscape for urban
mobility by improving access and affordability of
public transport modes. Urban planning guidelines,
and municipal bye laws need to ensure compact
and mixed-use development and more green spaces.
There is a need to raise the ambition in exist-
ing building regulations and providing incentives

towards achieving high efficiency standards, lowering
the cooling load, and improving existing construc-
tion practices. Policies and infrastructure, when com-
plemented with appropriate information on benefits,
and incentives to public can enable behaviour change
and reduce lifestyle consumption.

Investment estimates for India’s net zero trans-
ition are not insignificant. It will be challenging
for cities to undertake ambitious net zero actions
without dedicated funding, especially for medium
and small cities. Such funding could include a com-
bination of public finance (states and centre), inter-
national finance and the private sector. Multilateral
banks and city networks can support cities in devel-
oping innovative financing models and leveraging
international and domestic climate finance. Market
based mechanisms (tax rebates, incentives) and pub-
lic private partnerships encourage adoption and
upscaling.

Targeted efforts by the central and state gov-
ernments are needed to build technical capacity to
collect appropriate sectoral data, prepare emissions
inventories, develop net zero pathways, assess costs
and benefits of actions, and develop climate action
roadmaps. These would require specialised trainings,
city-to-city learning for transfer of good practices,
better coordination across agencies and engagement
with non-state actors.

Concluding remarks
An urban net zero transition is possible however, this
requires a massive shift in the existing urban plan-
ning and governance model. Such shifts are not easy
and changing status quo requires overcoming techno-
logical, socio-economic and political barriers. Steep
emission reductions can only be delivered through
ambitious policies, strong political will and beha-
vioural change. Building urban capacities to push
the necessary projects with increasing quality stand-
ards through the planning and permission process
pipeline needs attention. Significant and concerted
efforts for catalysing finance are needed, particu-
larly for the small and medium-sized cities. Future
urban plans and infrastructure investments would
need explicit consideration of climate change to
avoid locking-into carbon intensive infrastructure
and lifestyles.

A sustainable urban net zero transition, besides
delivering ambitious emissions reductions, will sup-
port a cleaner, less material intensive development
and the wellbeing of millions of residents.
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Status
India has adopted a net-zero emissions goal to be
achieved by 2070, despite a formidably increasing
energy appetite driven by the growing economic and
social energy needs. The present emissions landscape
of the nation is dominated by its energy sector con-
tributing to about 75% of the total GHG emissions.
Figure 2 illustrates sector-specific emissions in energy
sector, highlighting electricity as the dominant con-
tributor with a 40% share [80]. India has an installed
electricity generation capacity of 416 GW, of which
179 GW (43%) is from non-fossil fuels [81], though
about 73%of electrical energy is still produced by coal
[82]. Figure 3 shows the capacity and energy mix in
FY 2022–23 and YOY addition of RE [83]. As part of
its NDC (2021–30), the government has committed
to increase the share of non-fossil fuel-based energy
resources in total installed capacity to 50%.

There has been a positive trend of the energy
and emissions intensity of India falling over the last
two decades, primarily on the strength of energy effi-
ciency improvements mandated under the Energy
Conservation law. From 2005 to 2016, the emis-
sions intensity of India’s GDP declined by 24%. The
energy intensity of India decreased from 0.2801 MJ/₹
in 2012–13 to 0.2245 MJ/₹ in 2021–22 at a CAGR
of−2.43% [84].

Figure 4 exhibits the total energy supply mix in
India, highlighting the dominant roles of coal (45%)
and oil (24%). In this light, the government has
taken a few positive measures to promote energy
transition through mandates for energy saving, RE
use, fuel blending, and efficiency norms. Most note-
worthy mandates are RE purchase obligations for
DISCOMs, 40% RE generation obligation for gener-
ation companies, amending the Energy Conservation
Act to mandate minimum use of RE in designated
industries, and compulsory 100% procurement of
power from waste-to-energy plants. Perform, Achieve
& Trade scheme aims to reduce energy consump-
tion in energy-intensive industries. Building Energy
Efficiency Program is designed to implement energy-
efficient measures in government buildings. Unnat
Jyoti by Affordable LEDs for All initiative aims at
providing LED bulbs to consumers at subsidized

rates. Promotion of EVs in public transport system is
being supported through a subsidy scheme of Faster
Adoption and Manufacturing of Hybrid EVs. Phasing
out subsidies for petrol and diesel have been a major
policy shift towards a market oriented fiscal policy
in the energy sector. A domestic carbon market has
been put in place for trading of carbon-denominated
energy units and assist industry in meeting their
energy consumption targets.

Current and future challenges
The key challenges could be understood from both
the demand and the supply side. India’s total electri-
city demandwould be about 5500–6000 TWhby 2050
[85], implying significant ramp up in power supply.
Even with the lower variable costs, additional invest-
ments are likely to be in the range of $223 billion
between 2022–2029 to meet the stated solar and wind
capacity targets alone [86]. There is additional need
of almost 125 GW of RE capacity and 60–100 GW
of electrolyser production by 2030 just to meet the
goals of the National Green Hydrogen Mission which
targets yearly production of 5 MT by 2030 [87].
Mobilizing finance for these investments is a critical
challenge.

India has a declared target of installing 500 GW
of non-fossil fuel-based capacity by 2030. RE capa-
city additions are daunted by acute financial distress
of DISCOMs caused by inflexible energy subsidies,
outdated infrastructure, high AT&C losses, and cross-
subsidization of energy. Furthermore, the grid must
be equipped to store surplus RE energy given that grid
integration of intermittent RE is a critical challenge.
Scaling up provision of bio-energy is challenging due
to cost incurred in the supply chain as well as food
security related challenges.

Energy demand for space cooling is rising at
a rapid rate in urban segments. Air-conditioners
expected to contribute to 50% of total space cool-
ing demand by 2037–38, up from 7%–9% currently
(2021), which will change the shape of load curves.
Pushing and integrating higherRE in a high electricity
growth scenario with rapidly changing load curves is
a challenge that no country but India is witnessing.

Community and business participation in solar
rooftop has been muted largely on issues related to
high upfront capital cost and lack of sufficient incent-
ives. Off-shore wind, which has large potential, is very
costly. The progress on nuclear has also been slow due
to high cost and environment concerns.

On the demand side, inducing behaviour change
is a critical challenge. With rising incomes, people
are moving towards private mobility and the share
of public transport has been declining. Faster imple-
mentation of building codes has been a challenge due
to split incentives in the system.
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Figure 2. GHG emissions in energy sector.

Figure 3. Capacity and energy mix in FY 2022–23 and YOY addition of RE.

Figure 4. Total energy supply in India.

The transition in heat-intensive industries
(large and MSMEs) such as cement, steel, chem-
ical, petrochemical, and metallurgical industry, and
internal combustion-based transport, which together
contribute to 45% of total emissions, will be equally
difficult in the absence of innovative technologies.
Research and technology development that increase
energy efficiency, reduce emissions, and enhance
the overall sustainability of industries is a pressing
concern.

Way forward for policy and practice to address
challenges
India has put forward a low emission development
strategy for 2070 to reach net-zero target by 2070. This
envisages transition in six economic sectors: power,
transport, habitat/buildings, industries, and forests.
However, the roadmaps for transition in each sector
are yet to be prepared. The government has alsomade
a commitment to reduce the projected CO2 emissions
by 1 billion tons by 2030.
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If the RE share in generation has to go up, RE
capacity needs to be coupled with grid-scale energy
storage to support grid balancing and ancillary ser-
vices. BESS, CSP, and PSP appear to be most scalable
and cost-effective technologies necessitating invest-
ment and thoughtful policy formulation. Pilot stor-
age projects with various battery chemistries and
experimentation with emerging technologies (e.g.
compressed air, gravity storage, and hydrogen) are
also imperative. Awareness campaigns, consumer
subsidies and regulatory support are essential to
increase penetration of rooftop solar. Additionally,
energy banking for industrial consumers, encour-
aging captive wind farms, and initiating offshore
wind power development are crucial steps to boost
wind energy adoption. Improvement of DISCOMs’
financial health is key to future RE integration and
would depend on energy market reforms, solutions
to the problem of stranded assets and eventual phase
out of cross-subsidy.

To stabilize the rising energy demand, it is cru-
cial to implement building energy codes across all
municipal jurisdictions and include the enforce-
ment of appropriate Minimum Energy Performance
Standards (MEPS) for all appliances as a key com-
ponent of broader energy efficiency measures [88].
Integrated approaches combining passive building
design and affordable energy efficient technologies
to accelerate access to thermal comfort for all must
be promoted. Indian SMEs can be incentivised or
mandated to use the new and simplified standard, or
ISO 50 005. Their involvement in efficiency measures
could be promoted through (i) policies for higher
energy and material efficiency, (ii) energy audits, and
(iii) programme for motor replacement (IE class 3 or
above).

In the hard-to-abate sector, policies to promote
resource efficiency, electric arc furnaces in secondary
steel production and hydrogen or gas-based steel

production, battery based EVs, and innovations
in carbon capture use and storage technologies
are critical to reduce industrial emissions intensity.
Integrated mobility plans and policy support are crit-
ical for success of cost-effective public transport sys-
tems are necessary. In addition, financial and policy
support for the development and use of alternative
fuels in the energy intensive sectors and phased decar-
bonisation must also be prioritized.

Concluding remarks
India has to not just undertake energy intensity
reduction and fuel switching measures, it has to
do so while providing energy to millions of energy
poor households. Development aspirations are para-
mount. Within this context, transforming India’s
energy systems to achieve net-zero emissions by 2070
is economically challenging but technologically feas-
ible. The crucial questions that need to be addressed
in the medium term are primarily about doubling the
scale of current investments in RE capacity expan-
sion and making the process of RE integration in the
grid sustainable through reliable and durable energy
storage systems. In the long term, emission reduc-
tion from fossil fuel intensive sectors is possible if
energymarket reforms are undertaken, social impacts
of fossil fuel phase down are addressed, and technolo-
gical innovations become the basis for future invest-
ments. The pace and scale of transition in various sec-
tors of the economywill depend on the sectoral trans-
ition roadmap that has to be drawn up as part of the
long-term low emission growth strategy.
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Status
India’s stride towards becoming a Net Zero Economy
by 2070 will be marked by two key trends: rapid
end-use electrification of a growing economy, and
near-complete decarbonisation of power generation
[7]. Meeting this exponential rise in demand through
VRE would require India’s power market to undergo
an overhaul in purpose and design.

The current market structure is a result of several
design shifts over the past three decades in response to
changing socio-economic context, policy priorities,
and international developments. The decades of 1990
and 2000 saw unbundling of the generation, trans-
mission, and distribution segments, the opening-up
of generation and transmission sectors to private
players, and the establishment of the central trans-
mission utility and electricity regulatory authority.
The landmark Electricity Act of 2003 enabled non-
discriminatory open access to the transmission net-
work and bilateral trade of power culminating in the
opening up of two national power exchanges in 2008
[89].

These developments aimed to attract investments
and enable competition in the sector for enhanced
access to reliable and affordable electricity for the
growing economy and population. Market reforms
backed by policy measures have been successful to a
good extent. The generation capacity grew six-fold
from 64 GW to 370 GW between 1990–2020, with
nearly half of it now owned by private players [90, 91].
More than 70 distribution companies connected with
an integrated national grid are servicing∼290million
electricity connections [91]. These achievements have
made India the third-largest electricity system in the
world today.

The past decade has seen another wave of policy
and market reforms to support deployment of RE
and increase the efficiency of the wholesale mar-
ket. These include financial incentives for RE deploy-
ment and integration, competitive auctions to dis-
cover market-reflective prices, the introduction of
new electricity trading platforms such as the real-time
market (RTM), green day ahead market (GDAM),
and expanding the scope and framework for pro-
curement of ancillary services. As a result, India has
installed 122 GW of RE capacity with its share in
generation rising to 14% (in May 2022), and nearly
12.5 BUs of electricity traded in the national market
[91–93].

Notwithstanding the range of reforms, Indiamust
overcome several challenges to integrate the rising
share of renewables with the grid and realise its Net
Zero vision, as discussed below.

Current and future challenges
We list key challenges for India’s power markets here.

Gaps in mechanisms to ensure adequate resources
availability tomeet energy and peak demand. These
include variations in methods employed by states to
forecast load and an insufficient accounting of supply
and demand-side resources, which in turn is linked
to the limited institutional capacity. As a result, India
had an estimated surplus capacity of 35 GW in 2020
[94].

Inefficiencies in procurement, sharing, scheduling
and dispatch of resources. Power distribution com-
panies (discoms) in India rely heavily on bilateral
power purchase agreements, many of which have
rigid provisions like high take-or-pay levels, strict
minimum loading conditions, and lack of termina-
tion dates [89]. Inflexible contracts, lack of supply
in the market, deviation from merit order dispatch,
and limited sharing of surplus resources across states
lead to inefficient resource use and burden the dis-
coms with expensive power [95–97]. The systemic
cost of these inefficiencies is exorbitant. India could
have saved ∼USD 5 billion annually in fixed costs
through measures to avoid overcapacity and timely
resource sharing [94].

Illiquid wholesale electricity market. During 2021–
22, only about 7% of total electricity was procured
from the power exchange, despite the latter being in
operation for ∼15 years [93]. Legacy PPAs are the
primary cause. Additionally, the fragmented market
structure is responsible formultiple trading platforms
operating in silos (e.g. DAM, GDAM, RTM) [89].
Recently, India split itsDAM into a low andhigh-price
segment with pre-defined, and narrow tariff bands.
Such a ‘diversified’ market with low depth presents
price volatility risks and restricts cost-effective integ-
ration of RE [89, 98].

The poor financial health of public discoms. Most
public discoms are stressed with high losses des-
pite many reform packages. In 2020–21, the all-India
aggregate loss stood at 21%, around thrice the world
average [99]. This is due to high power purchase
costs, gaps in tariff design (cross-subsidies, static
and non-cost-reflective tariffs), and inefficiencies in
energy accounting, billing, and revenue collection
[100]. These operational and financial constraints
limit discoms’ willingness and ability to comply with
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renewable purchase obligations, facilitate open access
or invest in infrastructure and capacity upgrades
essential to scale RE.

Absence of a retail market for flexible resources.
Cost-effective integration of VRE would require
enhanced flexibility, with a significant contribution
from demand-side resources. However, limited policy
push and discom capacity, along with regulatory,
technological, financial and behavioural constraints
have hindered the development of a market for flex-
ible resources [101].

Way forward for policy andpractice to address chal-
lenges
India’s electricity system must transform to become
efficient, reliable and decarbonised. We discuss key
reforms necessary in this pursuit.

First, implementing robust resource adequacy
(RA) framework to guide investments in flexible,
clean technologies and transmission infrastruc-
ture. The Government of India has proposed integ-
rated resource planning guidelines [102]. It must now
equip states with simulation tools, expertise, best
practices, and institutional coordination mechan-
isms to help them conduct RA exercises that account
for emerging risks and uncertainties. While India
has seen limited transmission congestion so far [89],
more evidence-based planning and pricing reforms
must guide transmission expansion. For instance,
stakeholders must review the relevance of continu-
ing transmission charge waiver for renewables, and
assess the change in power flows and new conges-
tion hotspots with increasing VRE. A robust gen-
eration and transmission planning must precede
the wholesale market design reforms (discussed
next).

Second, rethinking market design to enhance
liquidity and attract investments in essential flex-
ible resources. This requires multiple interventions.
One, innovative mechanisms to restructure legacy
PPAs and allow economic dispatch of the system
while honouring existing contracts and incentivising
new entrants. For example, the pilot on Security
Constrained Economic Dispatch (SCED) has con-
tributed to higher utilisation of cheaper inter-state
coal power plants in India [103]. Two, support-
ing states for timely resource-sharing, for example,
through the proposed national portal for trading
surplus power. Three, regulators must focus on con-
solidating the spot market, devising new short-term
trading avenues, evaluating possible capacity market

designs and introducing financial derivatives market,
while ensuring robust systems for regulation against
price volatility [104, 105].

Third, preparing discoms for a clean energy
future—financially sound, efficient and dynamic.
Indian government’s Revamped Distribution Sector
Scheme is at aimed at supporting discoms’ finan-
cial turnaround through investments in advanced
metering infrastructure and robust energy account-
ing and management. A consumer-centric approach
to the scheme’s roll-out, and strengthening discoms’
capacity to leverage this infrastructure would be cru-
cial to ensure the scheme’s success [106]. In par-
allel, states must reform the governance structure to
decouple the sector from politics and embed a culture
of change such that discoms can respond to the chan-
ging demand-supply context. Finally, regulators and
discomsmust collaborate to unlock the power of grid-
edge innovations (e.g. distributed solar, battery stor-
age, smart meters and sensors) through pilots, smart
tariff design, and regulatory innovation to enable
new business models [107]. This would be funda-
mental to establishing retail electricity market essen-
tial for cost-effective management of demand-supply
variations.

Concluding remarks
In pursuit of its Net Zero Goals, India needs to chart
a unique journey of decarbonising an expanding
electricity system, which is already the world’s third
largest. Success of this transition would rest on India’s
ability to pivot its power market to serve a renewed
purpose albeit within enhanced system constraints.

A systemic approach would be essential to integ-
rate an increasing share of VRE in an expanding and
modernising grid. This would require parallel efforts
to develop resource adequacy plans at national and
sub-national levels to inform generation and trans-
mission planning, redesigning of wholesale markets,
creation of new markets for distributed and flexible
resources, and importantly, a revamp of the distribu-
tion sector.

Many progressive steps are underway, but much
more is needed. Here, it is important to highlight that
electricity is a concurrent subject under the Indian
Constitution, implying shared roles and responsibil-
ities of central and state governments in the sector’s
governance. Thus, centre-state alignment through
periodic dialogue on seminal policies and regulations
would be the key to India’s sustained progress towards
a Net Zero power sector. For this, policy makers must
guide the system actors to collaborate, innovate and
upgrade to shape a new electricity future.
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Status
Critical minerals (CMs) are integral to renewable
technology, electric vehicles (EVs), hydrogen, and
digitalisation. They are poised to play a crucial role in
achieving net zero by 2070. CMs include lithium, cop-
per, nickel, cobalt, rare earth elements, silicon, and
many other materials. India’s CMs supply chains are
inadequate to meet the ambitious solar, hydrogen,
wind, and battery energy storage goals.

With energy independence within the ambit of
the Government of India (GoI) and various reports
discussing energy independence or net-zero trans-
ition by 2050 [108, 109], the installed capacity of solar
and wind is expected to be around 3076 GW [110]
and 500 GW [111], respectively. Every megawatt of
installed solar capacity requires 7 tonnes of silicon,
7 tonnes of copper, and 14.4–37.4 kg of silver [112,
113]. Likewise, onshore (offshore) wind requires
nickel, copper, and rare earth. Corresponding figures
are∼10.5 (49.5), 1.74 (381), and (0.640) tonnes/MW,
respectively [111].

India’s transport sector contributes nearly 14% of
the total GHG emissions. The transition to battery
powered EVswill reduce these emissions significantly.
A 60 kWh nickel-manganese cobalt (NMC622) car
battery requires 6 kg of lithium, 11 kg of cobalt, 32 kg
of nickel, 10 kg of manganese, 50 kg of graphite, and
19 kg of copper [114].

India plans to produce 5 million tonnes of green
hydrogen (GH2) by 2030, and it is projected to
increase approximately 5–6 times, reaching 28million
tonnes by 2050 [115]. A polymer electrolyte mem-
brane electrolyser requires 0.3 kg MW−1 of plat-
inum, 0.7 kg MW−1 of iridium, and 500 kg MW−1

of titanium [116]. It is very clear from these estim-
ates that, going forward, the demand for CMs will

grow exponentially to meet net-zero goals. The crit-
ical material required in each sector is expected to
change based on the technology upgrade or advance-
ment with time.

The Ministry of Mines, GoI, has identified
30 CMs, out of which lithium, cobalt, nickel,
vanadium, niobium, germanium, rhenium, beryl-
lium, tantalum, and strontium have 100% import
dependency [117]. Rare earth elements have 100%
import dependency, and 94% of the global supply
of heavy rare earth elements is controlled by China,
which is essential for permanent magnets used in
EVs. Solar photovoltaics (PV) requires CMs such as
silicon, silver, indium, arsenic, gallium, tellurium,
and germanium, none of which are domestically pro-
duced. Solar PV is expected to play a crucial role in
decarbonisation, but domestic production has been
impacted because of high production costs, lack of
supportive policies, access to low-cost finance, and
low-priced exports.

Curbing import dependency, managing supply
chain management, finding suitable substitutes, and
adopting a circular economy will be crucial going
ahead. Figure 5 depicts circular economy adoption in
the life cycle of minerals for enabling the transition.

Current and future challenges
In the ongoing clean energy transition, India is facing
the following challenges:

(1) Supply and import dependency risk: insuffi-
cient CM reserves tomeet domestic demand and
import dependency on countries such as South
Africa, Congo, and China are escalating the sup-
ply risk for India [118].

(2) Cost risk: higher inflation is being driven by the
overwhelming demand for CMs, and the near
monopoly of China and some Western coun-
tries regarding CM reserves is creating a higher
cost risk for India. The dollar denomination in
international trade practices is further accelerat-
ing the prices of CMs.

(3) Environmental risk: formal means of recycling
have limited applicability for some CMs, and
certain CMs are not adaptable to recycling, res-
ulting in garbage accumulation instead of fos-
tering reusability for future demand. Electronic
consumer goods recycling by the informal sector
is a perfect example of an environmental threat.

(4) Controlled supply risk: china is investing in
overseas cobalt and lithium mines, which can
create controlled supply risk [119, 120]. In 2019,
70% of the global cobalt demand was met
by Democratic Republic of Congo, a major-
ity of which was supplied to China—a leading

21

mailto:asingh@icrier.res.in
mailto:anjalisinghromi@ gmail.com
mailto:thirumalai@cstep.in
mailto:sss21@cam.ac.uk


Environ. Res. Lett. 19 (2024) 112501 V Chaturvedi et al

Figure 5. Application of circular economy at each stage of the mineral life cycle. Dematerialisation or substitution is applied at the
initial stage.

importer of mined cobalt and exporter of pro-
cessed cobalt [121]. This will lead to near mono-
poly or duopoly in the supply of CMs.

(5) Limited data availability: limited availability of
literature that discusses the demand projections
of CMs in different renewable, clean energy, and
energy storage sectors in the Indian context.

(6) Geophysical and geochemical mapping: India
lacks detailed geophysical and geochemical
mapping [121] for a more accurate classification
of resources and reserves. As per the Ministry of
Mines, GoI, only 4% of the total land mass has
been assessed through geochemical surveys sand
less than 40% of the total land mass has been
evaluated through geophysical surveys [122].

(7) Low recycling and substitution rate: India’s
low recycling and substitution rates lead to
resource scarcity risk. Currently, recycling in
India is mainly handled by informal sectors and
unskilled labour, and they use energy-intensive

recycling methods. India lacks significant recyc-
ling capacity for CMs, except for copper, iron,
and aluminium [123].

(8) Technology innovationandresearchanddevel-
opment (R&D) initiative: there is a lack of tech-
nology advancement and domestic R&D initiat-
ives for exploring terrestrial (green-zoned) CM
reserves.

India must overcome various challenges for a
sustainable and resilient supply of CMs. As per the
International Energy Agency, CM prices are skyrock-
eting because the current and planned production of
CMs is insufficient to meet the demand for lithium
and other CRMs.

Way forward for policy and practice to address
challenges
Science and technology will be crucial in mak-
ing India self-reliant on CMs and finding suitable
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substitutes for some CMs used in green technology.
Indigenous R&D is one such area that requires fur-
ther push and increase the rate of reuse and recycling
as evident from EU practices [124]. Rare earth ele-
ments (REE) processing through Japan is an instance
where India collaborated with Japan to meet its per-
manentmagnet need despite being resource sufficient
in monazite ore [122]. It is not only creating an extra
cost burden but is also time-consuming.

In the coming years, the following technology/
policy options have the potential for significant
advancements:

• India’s participation in CMs mapping initiatives
(CMMI) [121] and CMs mapping initiatives will
aid in locating new reserves and enhancing our
comprehension of existing and potential mineral
reserves. The transition towards a circular eco-
nomy, encompassing raw material extraction to
end-of-life product management, will prove use-
ful in mitigating supply risk associated with CMs.
Additionally, finding a suitable substitute for CMs
will also be helpful.

• Investment in overseas mines and domestic cur-
rency denominated international trade participa-
tion will subside cost associated risk of CMs at
greater extent.

• Adopting urbanmining [125] will help recycling of
CMs from the electronic waste of urban landfills,
scrapyards, and dump yards

• Recycling critical minerals can help address sup-
ply challenges and reduce environmental impacts.
Policies can be crucial in addressing the rapid
increase in waste volumes by incentivizing the
recycling of end-of-life products, supporting effi-
cient collection and sorting activities, and fund-
ing research and development for new recycling
technologies.

• To form Organization of Petroleum Exporting
Countries (OPEC) like organization or to be the
part of such organization will help India as well
entire globe of smooth supply of CMs.

• Encouraging educational research activities in
premier institutes and think tanks will lead to
the creation of a larger database, which could
help in sustainably managing the supply of crit-
ical minerals.

• Design-level engineering of products for sustain-
able application of circular economy will enhance
the recycling rate at a lower cost. Further invest-
ment in R&D will help in identifying suitable sub-
stitutes for CMs.

• Technology transfer, academic collaboration, and a
skilled workforce will aid R&D infrastructure.

• A technology assessment framework can also be
used for deciding the best-suited technology to
achieve net-zero goals in different sectors [126].

• Quadrilateral Security Dialogues (QUAD) and
Indo-Pacific Economic Framework (IPEF) is an
existing GoI initiative for meeting CRM needs
while a strategic alliance with Central Asian
neighbours e.g. Kazakhstan, Uzbekistan etc., will
give extra leverage in minimizing the import
risk.

Reducing the import duty is another area where the
GoI can support domestic healthcare manufacturers.
CMs used in medicine, EVs, and renewable energy
technology could be on the ‘no import duty’ list. The
Production Linked Incentive Scheme [127, 128] is
another good initiative by the GoI in the battery and
renewable sectors.

Concluding remarks
The sustainable use of CMswill decide countries’ suc-
cess in cutting down carbon emissions to net zero.
India has a lesser share of the total CM reserves in
the world but is a mega contributor of carbon emis-
sions followed by United States and China. India can
achieve its net-zero targets by dematerialisation and
the adoption of a circular economy. The supply risk
of CMs will be a bigger threat in mission net zero.
Ongoing R&D in the areas of solar, EVs, hydrogen,
and wind technology will further reduce the use of
CMs and make India self-reliant. India can critic-
ally benefit from investing in areas such as plastic
electronics and PVs, magnesium-based batteries, and
solid-state refrigeration.
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Status
The IPCC Sixth Assessment Report indicates near-
essential deployment of CDR technologies if global
temperatures are to be constrained to 1.5 ◦C by 2100
[129]. This consensus around CDR has developed
since the mid-2010s, as modelling has demonstrated
that emission reductions alone will not be adequate
in reaching the Paris Agreement goals. For instance,
under 1.5 ◦C scenarios without overshoot, the scale
of engineeredCDRdeployment is projected to be 2.5–
7.5 Gt-CO2/year globally in 2050 [129]. Even as CDR
technologies are anticipated to be a key component of
net-zero economies, their required scale is dependent
on the rate of emission reductions in the near-term.

Several CDR platforms are reliant on nature-
based solutions, such as afforestation/reforestation
and biochar sequestration. Others are heavily engin-
eered and include direct air capture (DAC) of CO2
[130]. Finally, bioenergy with CO2 capture and stor-
age (BECCS) and enhanced weathering (EW) are
hybrid platforms which fuse engineering and nature-
based solutions to produce negative emissions and
value-added products.

India’s historic cumulative GHG emissions have
been low, and as such, equity-based analyses of
global CDR requirements show low uptake of these
approaches here. For instance, one study estimates
that cumulative CDR allocation to India based on
share of cumulative emissions through 2100 would
be less than 1 Gt-CO2, while they may increase to
>100 Gt-CO2 under pathways solely focus on cost
minimization [131]. The Government of India has
indicated that CDR may be a part of the decarbon-
ization portfolio in its recent long-term low-carbon
development strategy [132].

To our knowledge, there has been no unified
assessment of CDR in India. But estimates have been
published for different technologies (table 1). For
instance, the government’s Paris INDC itself com-
mits to creation of forest cover that would sequester

2.5–3.0 Gt-CO2 by 2030—to this end, over $27 mil-
lion was invested in 2022–2023 financial year [133].
There is a similarly large potential for biochar util-
ization as existing crop residues may be converted
to sequester>200 Mt-CO2 annually [134]. Coupling
BECCS with enhanced oil recovery can remove CO2
at $20–40/t-CO2 in western India [135]. India also
has large basalt deposits, where EW may be viable.
Because of the large costs, DAC has not been con-
sidered in the Indian context, although upcoming
indigenously developed technologies such as those
with UrjanovaC may offer scalability and low-cost
[136].

Current and future challenges
CDR approaches are impeded by a variety of tech-
nological, economic and regulatory challenges.
Engineering-heavy technologies are currently expens-
ive, with cost of avoidance being well above $100/t-
CO2 without additional co-product revenue or gov-
ernment support [130]. Nature-based solutions such
as afforestation/reforestation and biochar are gen-
erally cheaper. However, the accounting of carbon
fluxes in these cases is often more challenging and
their permanency uncertain.

Potential assessments on CDR deployment gen-
erally are emphasize the role of BECCS and DAC,
which are technologies that require low-cost geolo-
gic CO2 storage. Various estimates pit the geologic
storage potential of CO2 in India at 100–614 Gt-
CO2 [141–143]. However, these estimates have been
published with limited data availability. In India,
subsurface characterization of aquifers has largely
been done at shallower depths with the interest
of exploring groundwater reserves for human use.
However, aquifers suitable for CO2 storage are gener-
ally at depths of 1000–3000 m, where there has been
little-to-no characterization. This may be framed as
the most critical challenge to CDR in India [144].
Capturing CO2 from flue gas is also an expensive pro-
cess with costs of avoidance of $50–80/t-CO2 from
most point sources in India [145]. These costs have
inhibited CO2 capture across the world, with most
existing CCS facilities globally being limited to cap-
turing high-purityCO2 sources (e.g. ethanol ferment-
ation) [146]. Recent progress on CCS in Indian con-
text includes initiation of project for CO2 capture at
a coal-fired power plant and its reaction with green
hydrogen to produce methanol. For translating this
progress into CDR, such capture must be initiated
where biomass is co-fired. That said, co-firing bio-
mass is more expensive and less efficient than coal,
which requires more sophisticated technologies such
as gasification that are at a lower technological readi-
ness level in India, as compared to combustion [139].

Nature-based solutions, while less costly,
have challenges pertaining to carbon accounting.
Emissions inventory in the agricultural and land use,
land-use change and forestry (LULUCF) sector as per
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Table 1. State-of-the-art for CDR in India (Indicated TRLs are country-specific).

Technology Country-specific status Key states/regions Costs References

Afforestation/
reforestation

High: TRL-9. Government
of India intends to
sequester 2.5–3.0 Gt-CO2
and has allocated
$27 million last year in this
area.

Rajasthan, Madhya
Pradesh, Karnataka,
Andhra Pradesh, Odisha,
West Bengal

$4–25/t-CO2 [137]

Biochar
sequestration

Medium: TRL 3–6.
Detailed estimates and
protocols published. Lab
analyses carried out.

Uttar Pradesh, West
Bengal, Bihar,
Chhattisgarh, Andhra
Pradesh, North Eastern
States

$20–50/t-CO2 [138]

Enhanced
weathering

Moderate: TRL 3. Lab
characterization carried
out.

Andhra Pradesh,
Maharashtra, Jharkhand,
Bihar

$80–180/t-CO2 [139]

BECCS Low: TRL 3.
Proof-of-concept analysis
carried out.

Gujarat $200–250/t-CO2 (without
EOR), $20–40/t-CO2 (with
EOR; but may undercut
carbon removal)

[135, 140]

DAC Very Low: TRL 1 — $225–600/t-CO2 [139]

India’s existing institutional arrangements is carried
out using Tier-1/2 methodology [144]. This induces
a much higher uncertainty than most energy-related
activities. If CDR is adopted at a large scale, this
could fail to appropriately incentivize carbon removal
unless site-specific emission factors are developed.
This is particularly true because these forms of CDR
approaches are temporary. For example, only about
50% of the gross carbon sequestered in Indian shrub-
lands is anticipated to be retained over a 200 year
period [146].

Way forward for policy and practice to address
challenges
Indian technology developments have largely focused
on CO2 utilization based on the existing government
policy directives. CO2 capture technologies—both
for point sources and DAC—are at a less advanced
stage than global counterparts [139]. India is a parti-
cipant in the Mission Innovation program, wherein a
number of countries are collaborating for technology
development. This creates a mechanism for enabling
technology transfer for CO2 capture that can also pro-
pel the scale-up of CDR in India.

As discussed earlier, BECCS andDAC at scalemay
not be established without detailed characterization
of geologic formations. Thus, funding provision is
needed for effective assessment of sink availability.
Here, targeting data collection in eastern India may
be most viable due to close proximity of coal, shale
and basalt formations, while that in the western India
may be favoured by the occurrence of depleting oil
and gas fields and saline aquifers. Drilling new study
boreholes will be required to collect adequate inform-
ation for a robust geologic inventory. The quantum

of funding for such activities may be matched with
funds like the Global Environment Fund (GEF). It is
notable that past developments in the coalbed meth-
ane industry in this region were greatly accelerated
through the GEF [147].

As technologies reach higher readiness (TRL 7–
9), funding would need to be diversified to the Global
Climate Fund and other sources such as low-cost fin-
ancing fromMDBs.MDBs provided $81 billion glob-
ally in climate funding in 2021–22, and this may facil-
itate commercial stage deployment [145]. The Asian
Development Bank also has demarcated CCUS funds
where only select countries, including India, could be
eligible to receive finances. As green finance develops,
sustainability-linked loans are anticipated to receive
more traction which would be linked to the environ-
mental, social and corporate governance metrics of
individual companies. As such, improving the qual-
ity of such disclosures for Indian companies relevant
to CDR development is necessary.

Finally, measurement, reporting and verification
(MRV) protocols need to be developed in the next five
years to reduce uncertainty in net carbon sequestra-
tion. This is particularly true for afforestation/refor-
estation where an improved focus on carbon dynam-
ics via remote sensing and in situmethods is necessary
[148]. At the same time, there is a need for devel-
oping more transparent and accessible methods for
maintaining spatial and temporal carbon dynamics
for long-term MRV in this domain.

Concluding remarks
Discussions aroundCDR in India are at an early stage,
and their development will take a separate course as
compared to developed economies. Specifically, there
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may be a greater focus on bio-based technologies,
where protocols are necessary to account for carbon
dynamics. For more engineered technologies, pilot
data availability is critical before commercial scale
development could be undertaken. Funding avail-
ability and technology transfer need to be catalysed
for India to develop CDR in the next 5–10 years.
There is an opportunity to pursue CDR develop-
ment in India such that is accompanied by sev-
eral co-benefits such as employment, ecological con-
servation and economic growth. In terms of co-
benefits, both biochar and EW can improve soil
health and agricultural productivity, while afforesta-
tion could potentially aid in flood management and

soil conservation. BECCS can helpwith farm employ-
ment. Some configurations of DAC can be carried
out with water harvesting. Similarly, BECCS conver-
sion processes can improve management of waste
biomass feedstock. Ultimately, the choice of CDRs
is likely to depend several regionally differentiated
factors such as costs, resources, and socio-political
acceptability.
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Current status
In the year 2016 about 15% of the national CO2 emis-
sions were sequestered by the Land Use, Land Use
Change and Forest (LULUCF) sector. Old growth
and new forests, trees outside forests (ToFs), and
agricultural soils contributed to much of the sink
in the sector [80]. At the twenty sixth conference of
parties (COP26) of the United Nations Framework
Convention on Climate Change (UNFCCC) in
Glasgow India committed to Net Zero (NZ) goal
for the year 2070. A review of quantitative national
studies (N = 34) on long-term emission pathways
captures the uncertainties associated with India’s NZ
goal [6]. The review finds that despite best efforts, and
most favourable assumptions, still a large emission
gap (∼2 GtCO2 yr−1 in 2050) would remain. Future
state of LULUCF sink/source would thus substan-
tially affect this emission gap, underpinning LULUCF
sink’s critical role in India’s NZ strategy.

Figure 6 outlines the universe of possible LULUCF
sector mitigation strategies31. Most important mitig-
ation strategies are highlighted below. Indian forests
currently hold about 30 billion tonnes of CO2
[149], thus conservation of existing forests, ecosys-
tem functions and biodiversity that maintain their
carbon stock, remain the singular most valuable
strategy towards long-term sustainability of forest
sinks in India. Amidst these existing forests, reside
some of the hottest hotspots of biodiversity on this
planet. Second most important strategy is the res-
toration of impaired (degraded) forests. Forest and
tree cover expansion along roads, railways, water
bodies, wastelands, grasslands, and settlements,
in an environmentally sustainable and socially just
way constitutes the third most important strategy.
Detailed analysis of the second and third strategies
are available in FSI (2019) [149]. Expansion of ToFs/
agro-forestry on croplands, along with soil carbon
enhancement in croplands is considered to be the
fourth most important strategy [150, 151]. Here
we argue that ToFs on croplands should be viewed
as an opportunity to restore degraded and marginal

31 From emissions accounting perspective (Good Practice
Guidance, 2006 and 2019 amendment) Bioenergy is not accounted
as part of the LULUCF sector. It covers emissions from biomass
and soil pools of the key landuse categories (figure 6 outlines the
universe of possible LULUCF sector mitigation strategies, to drive
home this point). As such discussion on Bioenergy is not included
in this chapter.

croplands, contributing to land fertility and farmer’s
well-being.

Despite high population density India has gen-
erally done well in forest conservation space since
1980s, still some level of deforestation and forest
degradation continues in specific parts of the coun-
try including in some of the biodiversity hotspots
[152]. Many of the LULUCF sector mitigation
strategies listed above have received strong policy sup-
port in India. Examples include, India’s Long-term
Low Emission Development Strategies (LT-LEDS)
[75], forest and tree cover related goals in India’s
Nationally Determined Contributions, and the Bonn
Challenge. Additional policy push is required for
easing out constraints on implementation, espe-
cially access to finance, for scaling up the restoration
projects.

Current and future challenges
For each of the four mitigation strategies, the key
challenges along their timeline of project life cycle are
listed here (figure 7).

At the planning stage one of the key challenges is
identification of priority areas for mitigation actions
[151, 153]. Fleischman et al [154] added social
dimension to the land based mitigation debate, and
argued that land use priorities should not be decided
by the top–down approach rather such priorities
should arise as result of a dialogue and negotiation
among different stakeholders. Land-based projects
often have multiple stakeholders with varied and
many a times contrasting interests. Reconciling the
interests of different stakeholders while safeguard-
ing the interest of the most vulnerable entities is a
challenge [154].

Implementation of mitigation action on the
ground faces a multitude of problems, especially as
these projects interact strongly with communities
and their livelihoods. Lack of guidelines/protocols for
selection of areas and practices for restoration, avail-
ability and access to ‘mitigation technologies and pro-
tocols’, availability and access to specialised nurser-
ies, and the availability and policy mainstreaming of
verification mechanisms for mitigation projects con-
stitute key challenges at this stage. Land-based pro-
jects are often cost-intensive, in some cases wasteful
expenditure has been highlighted as a concern [155],
in others especially for scaling up of restoration pro-
jects, lack of funds is identified as a key bottleneck
[156].

While mitigation actions are planned and imple-
mented with best intentions, how do these actions
fare in the long run and interact with the environment
and society across scales, is an important research
challenge in context of India’s NZ transition in the
LULUCF sector. India is experiencing developmental
transformations, along with rising incomes and food
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Figure 6. LULUCF change matrix describing possible strategies for carbon storage/ sequestration in the sector [Note: This matrix
imagines different LU and LU Change (LUC) possibilities from today to 2070, e.g. current FL may remain FL (forest
conservation) or it may change to CL, SL etc (deforestation).

Figure 7. Key challenges for mitigation actions in the LULUCF sector.

demands. Concurrent to these developmental trans-
formations as India plans large scale expansion and
restoration of forests and tree cover, it is important
to understand the implication of these transformative
developmental andmitigation actions on carbon sink
capacity as well as on social and economic systems,
e.g. employment opportunities, import, export, GDP
etc [157]. As India plans large scale expansion and
restoration of forests and tree cover, it is important
to understand the implication of different scenarios
of these transformative mitigation actions on social
and economic systems, e.g. employment opportun-
ities, import, export, GDP etc [157]. Further, it is

also important to understand how these large scale
changes interact with the elements of climate sys-
tems and water cycle. Long-term impacts of mitiga-
tion actions can be assessed with a combination of
systematic observations, and integrated modelling.
Historically India has limited number of Long-Term
Ecological Observations (LTEOs), covering limited
number of ecosystems and LU types. Additionally,
there is limited capacity on integrated long-term LU
sector modelling in India.

Climate change presents an additional challenge
in the form of exposure of forests and tree cover
to warmer temperatures and erratic rainfall regimes
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[158], increased forest fire risk [80] and other climatic
extremes.

Way forward for policy and practice to address
challenges
Priority area identification for mitigation action in
the LULUCF sector requires access to reliable, scalable
and up-to-date land use and land cover (LULC) data-
sets. Open source (accessible) LULC maps are avail-
able for some of the geographies [159, 160]. There is
a need to develop open source LULC maps for India
with the active participation from themembers of the
local communities and citizen scientists. Long-term
sustainability of carbon sinks are interlinked with
biodiversity, its ecosystem services and human well-
being [153, 161]. Up-to-date open source LULUC
maps with environmental descriptors are also use-
ful for scanning any possible detrimental effect of the
project on existing land cover, its ecosystem services
and biodiversity. Such maps are also useful in monit-
oring and verification of mitigation actions [160].

Restoration ecology across the diversity of Indian
ecosystems is not very well understood, and there is
a dearth of such studies. There is therefore a need to
institute studies across different ecosystems to gener-
ate knowledge and evidence. More importantly, there
is a need to integrate knowledge from existing studies
(e.g [162, 163].) into relevant implementation pro-
tocols. Further, it is important to ensure that qual-
ity seedlings/ saplings are available for restoration
and afforestation through provisioning of nurseries,
equipment, and training on the ground.

Forest conservation is an area where policy sup-
port is particularly helpful. Policy initiatives such as
increase in protected areas (PAs), identification and
demarcation of ecologically sensitive areas (ESAs)
would go a long-way in halting, slowing and revers-
ing losses from deforestation and forest degradation.
Redlisting of Indian ecosystems could be an useful
policy tool in prioritizing conservation actions [164].

In India LTEO sites are being increased in recent
years, however we need to scale up LTEOs by an order
of magnitude, covering diversity of LUs, ecosystems
and carbon pools. Long-term near-surface remote
sensing based observations of natural ecosystems
[165] and Farm-scale monitoring initiatives such as
Soil Health Card (SHC) scheme needs to be sus-
tained in long-term and strengthened with finance
and policy support.

Bridging the capacity deficit on integrated LU
sector modelling in India is key to understanding

the implications and interactions of the LU sector
mitigation actions with society and environment in
long-term.

Further, under a warming climate, adaptation
actions such as development and deployment of early
warning systems (EWS), and integration of other cli-
mate change adaptation strategies in forest working
plans at local scale should be prioritized to ensure
long-term sustainability of forest carbon sinks.

Concluding remarks
Long-term emission pathways (up to 2050) for India
suggest that despite best efforts, and most favour-
able assumptions, still a substantial emission gap-
would remain. Future development of LULUCF sink
would substantially affect this emission gap. Forest
conservation, restoration of impaired forests, expan-
sion of forests and trees, and agro-forestry, are pro-
posed as the four key mitigation strategies, to help
meet India’s NZ goal. Key challenges for each of
these mitigation strategies include identification of
priority areas, access to mitigation technologies and
protocols, verification of mitigation actions, under-
standing the long-term interaction of mitigation
actions with society and environment, and lastly
the emerging challenge of climate change. We pro-
pose the following science and technological advances
to meet these challenges: Participatory open source
LULC maps, Restoration ecology studies across dif-
ferent ecosystems, scaling up of LTEOs, near surface
remote sensing monitoring of ecosystems, and build-
ing national capacity in integrated Long-termmodel-
ling. Whereas, the suggested policy advances include:
easing out constraints on access to finance, provision-
ing of nurseries, equipment and training on ground-
zero of implementation, Redlisting of ecosystems,
expansion of PAs, identification and demarcation of
ESAs, and integration of climate change adaptation
strategies in forest working plans.
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Status
Advances in the comparative politics literature over a
decade suggest that climate ambition and implement-
ation are significantly shaped by domestic political
economy variables, including institutional structures
established for regulating carbon emissions [166–
170]. These climate institutions are shaped by a vari-
ety of forces, including national and subnational
political institutions, interactions with the interna-
tional system (such as exigencies arising from climate
negotiations), and bureaucratic patterns and prac-
tices [169]. In this piece, the term ‘climate institu-
tions’ refers to rules, norms, routines, and organisa-
tional structures that directly and intentionally affect
climate outcomes, as well as those that have incidental
effects on climate outcomes, and over time are more
explicitly considered to be relevant to climate action
[171].

Historically, in India, the institutional structure
has frequently changed form. Institutions built spe-
cifically for climate governance were first established
in 2007, beginning with the PrimeMinister’s Council
on Climate Change (PMCCC) to create a National
Action Plan on Climate Change (NAPCC) ahead of
the 15th Conference of Parties (COP) at Copenhagen
in 2009. The NAPCC was detailed through eight sec-
toral ‘missions’ (in areas as varied as solar energy
and maintaining Himalayan ecosystems), and led
to the creation of climate units in several national
ministries. It established an incipient implement-
ation coordination structure in the PM’s Special
Envoy for Climate Change, which was replaced by an
Executive Committee on Climate Change (ECCC, a
body of senior bureaucrats established 2013) headed
by the chief bureaucrat in the Prime Minister’s
Office (PMO). The coordination of climate policy
falls within the jurisdiction of the environment min-
istry under the country’s Allocation of Business
Rules [172], but has frequently been assumed by the
PMO to solve inter-ministerial coordination prob-
lems. Most institutions have, however, not endured;
the PM’s Special Envoy was discontinued in 2010,
the ECCC met a relatively meagre six times between
2013 and 2019, and the PMCCC met only once
in that period [171]. Through the 2010s, several
Indian states also established their own policy frame-
works through State Action Plans on Climate Change

(SAPCCs), which are varied in scope and multi-
sectoral in nature.

A growing body of comparative literature on cli-
mate institutions points to a diversity of institu-
tional forms across countries, with the implication
that institutions should suit national context [169,
173, 174]. Further evidence is needed on the condi-
tions under which robust, effective institutions grow,
and whether these conditions can be replicated across
countries as decarbonization becomes more urgent.

Climate institutions should be capable of address-
ing governance tasks that are all simultaneously
present in addressing the climate crisis: they must be
able to define analytically robust national strategic
pathways; coordinate across ministries and vertic-
ally among subnational governments; and build con-
sensus among stakeholders on these pathways [175].

Current and future challenges
Here, we analyse how India has performed in building
climate institutions, and the main challenges associ-
ated with them.

Strategy: India’s core strategic institution, the
PMCCC, has been inactive in recent years, even as cli-
mate policies have grown in number and ambition.
For example, by 2018, six years after the PMCCC had
ceased to meet regularly, 25 of India’s 35 listed mit-
igation actions were being implemented beyond the
remit of the national climate plan and the PMCCC
[171]. As India commits to more ambitious targets
such as net-zero by 2070, and as Indian states craft
their own climate actions in diverse areas, the absence
of a climate-specific strategic institution could reveal
two vulnerabilities: an inability to coordinate mul-
tiple divergent policy pathways towards economy-
wide goals; and the absence of in-government capa-
city to weigh and choose between multiple policy
pathways and technological choices.

Coordination: The Ministry of Environment,
Forest and Climate Change (MoEFCC) is tasked with
coordinating climate action, but past evidence sug-
gests it faces challenges in mobilising the bureau-
cratic authority to shape policies and implementation
across government ministries [171]. In the build up
to COP 26 at Glasgow, the MoEFCC established the
Apex Committee for the Implementation of the Paris
Agreement (AIPA), comprised of senior bureaucrats
across ministries, to coordinate the delivery of India’s
NDCs. Further research is needed to establish how
effective this body has been.

Consensus building: In the absence of active
government-wide climate institutions, consultations
with stakeholders occur within sectoral frameworks.
Close coordination is reported in areas of high
policy activity such as solar energy, electric vehicles,
and energy efficiency [171]. Future challenges like
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consensus-building around the national carbon mar-
ket might, however, require more institutionalised
structures to mediate political fault lines all suggest
the need for federal institutionalmechanisms to build
a stable long-term policy consensus.

Finally, dynamics between national and state gov-
ernments in climate policy have evolved in recent
years. India’s top-heavy federal structure—i.e. where
fiscal and agenda-setting powers vest more in the
national government than more classical forms
of federalism [176]—calls for close cooperation
between national and state governments. This seems
to be emergent with the national government setting
policy frameworks (such as the NAPCC), establish-
ing new fiscal instruments, and filling gaps in bur-
eaucratic capacity for the states, while the states use
these resources to experiment with new policies and
create examples for national emulation. Yet, there are
limitations to experimentation due to capacity and
finance constraints [176].

Way forward for policy and practice to address
challenges
Countries tend to respond differently to various gov-
ernance tasks [177–179], and change their responses
over time based on changes in the underlying polit-
ical economy. India will therefore have to build a
bespoke institutional structure that is responsive to
current lacunae but evolves with the context. Like
most developing countries starting from a low base of
emissions, India’s challenge of planning a low-carbon
development pathway rather than rapidly decarbon-
izing places an emphasis on robust decision-making
processes to foresee and avoid future emissions. This
suggests the need for an institutional model that is
different from net-zero regulatory frameworks used
in countries that are past their emissions peak. What
form should an institutional structure for low-carbon
development take?

One plausible approach would combine institu-
tions that: supply credible policy information; create
procedural requirements for national and state gov-
ernments; and establish coordination structures that
work together work to facilitate low-carbon policies
and technologies. Together, these factors will shape
the nature of India’s policy lock-ins.

The creation of an independent analytical body
within government to recommend strategic path-
ways, and evaluate policy and technological options
for policymakers has precedent in the UK Climate
Change Committee and has been adopted elsewhere
[179]. Critically, however, this analysis should focus
on low-carbon development pathways rather than
mitigation alone. If embedded within a transparent

operating culture, a similar institution in India could
also serve deliberative functions and build consensus
among stakeholders, similar to the role played by
Brazil’s Climate Change Forum [180].

Strategy implementation would require a sys-
tem of interlocking procedural requirements that
establish transparency, and—responding to India’s
federal structure—alignment between subnational,
national and international objectives. This could take
the form of mandated reporting requirements from
national ministries and state governments to legis-
latures, and updates to the national legislature from
the independent analytical body described above
[180, 181].

Implementation would also require revamped
coordination mechanisms, such as statutory back-
ing for the ECCC and a mandated meeting sched-
ule, and the continued existence of the AIPA to
coordinate international positioning and reporting
requirements. Federal coordination might be par-
tially achieved through periodic, mandated updates
of the SAPCCs (with due consideration of changing
national targets), and new consultation mechanisms
[180, 181].

Finally, these institutional innovations might
require an anchor in law to promote institutional
robustness, which has otherwise been lacking in
Indian climate governance. However, again by con-
trast with past global precedent, any law should
be tailored to Indian requirements and foreground
mainstreaming climate concerns into adaptation and
mitigation [182].

Concluding remarks
The institutional approach laid out here stands
apart from compliance-based regulatory systems
built around net-zero goals in developed economies.
Developing country contexts must contend with the
twin challenges of reducing their emissions peak and
bringing it forward in time even while meeting devel-
opment needs, and then creating the institutional
conditions for rapid decarbonisation thereafter. This
places an emphasis on pathways rather than tar-
gets, and procedural requirements that allow the
transparent flow of policy information through the
system.

Of particular importance is the political sustain-
ability of the institutional framework. Global evid-
ence suggests that institutions fail when they are
incongruent with the underlying political economy
[177, 183, 184]. Equally, appropriately structured
institutions could generate positive political feed-
back by empowering the winners of current cli-
mate policies, thereby creating conditions for more

31



Environ. Res. Lett. 19 (2024) 112501 V Chaturvedi et al

ambitious institutional frameworks in the future
[185]. The correct sequencing of institutions could
lead to policy stability, stimulate sustained market
environment, and allow for dexterity inmanaging the
long-run distributional consequences on the path to
net-zero.

Acknowledgments
This chapter builds on joint work with Navroz
K Dubash at the Centre for Policy Research over
the years. I thank him for comments on a draft,
and anonymous reviewers for their comments and
insights.

32



Environ. Res. Lett. 19 (2024) 112501 V Chaturvedi et al

4.2. The climate finance challenge

Vibhuti Garg
Director, South Asia, Institute for Energy Economics
and Financial Analysis (IEEFA), United States of
America

Email: vgarg@ieefa.org

Status
Climate change is one of the biggest threats the world
faces. Natural calamities have increased in the last few
years, raising the demand for countries to act fast
to limit global warming. While affected people need
protection, investment needs for climate mitigation
are also rising.

The International Energy Agency’s (IEA)
Roadmap to Net Zero Emissions by 2050 [186]
requires annual global clean energy investment to
more than triple by 2030 to around US$4 trillion.
The IEA’s latest 2023 report [187] finds that annual
clean energy investments in emerging and developing
economies need tomore than triple fromUS$770 bil-
lion today to as much as US$2.8 trillion by the early
2030s.

A CEEW study [188] estimates India requires a
cumulative investment of US$10.1 trillion to achieve
net-zero emissions by 2070. BNEF [189] pegged the
investment opportunity to fund India’s net-zero by
2050 goal at US$12.7 trillion, representing an aver-
age of US$438 billion per year. Out of the total
investment, an investment of US$2.1 trillion is for
grid expansion with increasing adoption of electric
vehicles, electrification of industrial processes, elec-
trolyzers for hydrogen production etc. While there is
no comparative analysis for the 2070 horizon for the
net-zero and fossil fuel driven BAU scenarios, ana-
lysis for the 2050 net-zero horizon shows that higher
investmentwould be needed tomet the net-zero scen-
ario compared to the BAU scenario: 37%higher in the
2026–30 period [190] and 35% higher in the 2021–
30 period [191]. At the same time, higher investment
in renewable energy would lead to a decline in sav-
ings due to fossil fuel imports, which could signi-
ficantly offset the higher investment need. Detailed
assessments are needed to compare higher investment
needs with cost savings across sectors for the Indian
economy.

While India is providing a success story by
increasing renewable energy adoption, however there
is a big gap in terms of capacity installed and invest-
ment versus what is needed to achieve 2030 targets.
The chart below (figure 8) illustrates investments
in India’s clean energy technologies since the Paris
Agreement. The majority was in renewable energy,
while other technologies also witnessed an increasing
trend over the last few years.

Emerging economies need investments for
deploying new clean technologies and transition fin-
ancing for fossil fuel phaseouts. While India has set
clean development goals, the transition must be just
and equitable.

Public finance can play a big role to help India
achieve its net zero target. While renewable energy is
under the priority sector lending, the limit needs to
be increased. A separate limit to fund clean energy
projects can increase the money available with public
financing institutions. Also, other public sector non-
banking financial corporations (NBFCs) can also play
a big role in making investment available for renew-
able energy infrastructure expansion.

India needs access to domestic and interna-
tional capital from both public and private sec-
tors. It needs to tap a growing ESG (Environment,
Social and Governance) capital pool, green bonds,
sustainability-linked bonds etc., in addition to con-
ventional sources like banks and financial institu-
tions. For attracting ESG capital, this will entail
taking steps such as adopting green bond frame-
works, enhancing credit rating of projects, adopt-
ing globally recognized ESG frameworks and prin-
ciples and creating a robust investor outreach
program.

Climate mitigation requires both public and
private sector investment. The public sector, along
with MDBs and philanthropic capital, can de-risk
investments by providing guarantees or concessional
capital and unlock private capital, especially for new
technologies and fossil fuel phaseouts. New innovat-
ive business models and financing mechanisms are
needed, especially for nascent technologies like bat-
tery storage, offshore wind or green hydrogen.

Further, Infrastructure investment trusts
(INVITs) will be useful to recycle capital from one
set of investors to the next set (usually more long
term risk averse investors).

Current and future challenges
Indian companies have been unable to tap a large part
of the capital pool in this decade to achieve their net
zero targets, increasing their capital costs. This is due
to risks [192] like foreign exchange, inflation, regu-
latory uncertainty and offtaker or payment risks. The
pipeline of green projects is slim due to weak demand
for products like green steel. Only a few large compan-
ies have set net zero goals, resulting in low demand for
clean energy solutions.

Access to long-tenure financing remains a signi-
ficant challenge for developing India’s clean energy
ecosystem due to the high upfront cost and long
lifecycle. Shallow and illiquid domestic capital mar-
kets, especially for debt, restrict long-term investment
opportunities. India also needs concessional finance
and grants to help fossil fuel phaseouts in states. Its
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Figure 8. India investment in different energy transition technologies (debt and equity) (US$ billion) Source: BNEF. As of May
2023; CCSS since 2018; electrified transport since 2016.

unavailability is delaying the closure of fossil fuel
assets.

India can access ESG capital, but the lack of
transparent, consistent and comprehensive ESG
disclosures [193] and concerns regarding green-
washing restrict long-term debt availability. Further,
without a green taxonomy, defining green versus
non-green becomes difficult for capital providers.

Asset tagging is not yet mainstream. Without a
clear definition, green tagging assets can be mislead-
ing. With taxonomies varying in different countries,
interoperability is also essential to avoid ambiguity.

There is a shortage of financing for innovat-
ive financing ecosystems. While several start-ups are
increasingly establishing in India, most will perish in
the ‘valley of death’ without project financing and
cash flow assistance.

While large players can raise capital from themar-
ket, Micro, Small and Medium Enterprises (MSMEs)
need more support to access low-cost capital [194]
because of their poor creditworthiness.

Various stakeholders, including banks, financial
institutions, regulators, consumers and others, do not
fully understand climate risks, climate disclosures,
reporting etc., limiting their availability to tap inter-
national capital.

Way forward for policy and practice to address
challenges
Policy certainty is key to accelerating investment into
the renewable energy ecosystem. The government
must avoid policy rollbacks that increase project costs
or reduce investor returns. It can create demand-
side signals through public procurement, demand
aggregation and by building a strong pipeline of green
projects.

Economic planning in states through budget
tagging [195] exercises should be done tomainstream
climate finance at the state level. Budgets can provide
a self-assessment tool and help identify financing gaps
for procuring it from alternative public and private
capital sources.

Banks andNBFCs should be required to report on
the climate risk on their books through exposure to
fossil fuel vs low carbon loans. Thiswill nudge them to
diversify their loan books towards low-carbon solu-
tions. Technical assistance in the form of capacity
building for appraising climate risks in underwriting
and investment practices should be provided.

Given the high risks associated with new tech-
nologies, for MSMEs and some sectors like trans-
port and steel, developing blended finance mech-
anisms that include guarantees, grants, non-interest
loan components, concessional loans etc., can unlock
private capital. Here government, MDBs, philan-
thropies, DFIs and commercial capital providers
should all come together and provide the risk capital.

For mobilising capital, a few other broader finan-
cial sector reforms needed are:

• Clearer definition: By providing a clear, science-
based definition, a taxonomy [196] can help classify
sustainability in black and white.

• Climate-related disclosures: It is important that
banks adopt standard guidelines for measuring
and disclosing climate-related risks. Mandating
climate-risk disclosure and assessment for its reg-
ulated entities can ensure banks within the country
diversify their climate risk by providing more fin-
ancing for low-carbon sectors.

• Widen priority sector lending (PSL) and increase
the borrowing limits for clean energy technologies.
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Current limit is Rs 30 crores to corporate
borrowers. The current PSL bracket for banks for
renewable energy should be increased in line with
the 2030 target.

• Reserve Bank of India (RBI) should provide
prudential regulations by considering renewable
energy loan book as statutory liquidity ratio (SLR)
compliant, introducing climate capital buyers etc.
RBI to designate sustainable bonds from top-rated
issuers in the country eligible for SLR [197], which
will help channel capital into low-carbon activities.
Allow using green debt, like sovereign green bonds,
as collateral for borrowing from the central bank.

• Relax external commercial borrowings limits,
including for clean energy companies, to raise loans
from non-resident entities.

• Allow innovative use of foreign exchange reserves
to mobilise foreign investment into clean energy
infrastructure. Several central banks have star-
ted incorporating climate risk into their foreign
exchange reserve management. RBI can use a small
portion of the foreign exchange reserve to mobil-
ise foreign investment into clean energy infrastruc-
ture, using capital from forex reserves to provide
risk mitigation facilities, such as subsidies for cur-
rency hedging costs and providing credit guaran-
tees to clean energy borrowers.

Lastly, a robust market for carbon credit trading
through a compliance market and framework for
trading through the voluntary market can help gen-
erate revenues for the projects, improving project
viability and increasing capital flow to clean energy
projects.

Concluding remarks
India needs to scale up climate finance massively
to facilitate its mitigation ambition. At the same
time, it must formally present its international
finance requirement to the world. Domestic and
global financial institutions must increase their
capital exposure to clean energy technologies for
meeting the requirements of the developing world.
MDBs should provide technical assistance and
guarantees from blended finance to nascent clean
energy technologies. Furthermore, private cap-
ital is not yet flowing in the volumes necessary
to transition to net-zero emissions at the required
speed.

There is an urgent need to phase down fossil fuels
and bring big bang reforms in climate finance, as
access to low-cost capital will be key in tripling renew-
able energy deployment, doubling energy efficiency
and hydrogen production, as well as facilitate sectoral
transitions to achieve India’s net zero goal.
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Status
India’s transition to net-zero is projected to cost
trillions, considering the existing scale of techno-
logy development and policy scenario [109]. Carbon
markets, implemented as compliance or voluntary
market mechanisms, can be a key driver of climate
finance. Equally important is the fact that carbon
markets reduce the aggregate cost of mitigation by
harnessing the lowest cost mitigation opportunities.
The emission trading system (ETS) is a compliance
mechanism that involves trade of emission allowances
(ex-ante units) among obligated entities, and aims
at minimizing the cost of achieving climate targets.
The offset market involves trade of ex-post emission
reduction/removal units generated through volun-
tary activities, both for compliance (Article 6) and
voluntary purposes. The offset market also aims at
economic efficiency, that is reducing the economic
burden of mitigation. Taking stock of the current
carbon market highlights, there is increased traction
by policy makers on setting up ETSs, implementing
Article 6 of the Paris Agreement and leveraging vol-
untary carbon market (VCM) mechanisms.

Currently, there are 36 ETSs covering 17.6% of
global emissions. By 2022, the ETSs had generated
a cumulative revenue of ∼$65 billion, with emis-
sion allowance prices peaking at $90+/tCO2e(tons
of carbon dioxide equivalent) [198]. India recently
announced a ‘Carbon Credit Trading Scheme
(CCTS)’ that establishes the regulatory framework
for setting emission intensity targets for obligated
entities and the trading of carbon credit certificates.

Several pilots under Article 6.2 (i.e. bi-lateral
cooperation between regions/countries) and Article
6.4 (i.e. a centralized crediting mechanism) are
underway with more than $345 million committed
to them [199]. A few examples of Article 6.2 pilots
are the Canada–Chile cooperation to reduce meth-
ane emissions in the waste sector and Switzerland-
Ghana agreement to promote climate smart agri-
culture. India recently announced the list of eligible
activities for Article 6.2 participation across three cat-
egories: (i) greenhouse gas (GHG) mitigation (such
as energy storage, off-shore wind, tidal energy, green
hydrogen, compressed biogas, fuel cells for mobility,
sustainable aviation fuel etc.), (ii) alternate materials

(i.e. green ammonia); and (iii) removal activities
(i.e. carbon capture utilization and storage).

The VCM, primarily driven by corporate volun-
tary offsetting, channelized $1.5–$2.0 billion into cli-
mate investments in 2022 [200]. India has the highest
share of carbon offset generating projects globally,
with total issuances and retirements of ∼42 million
tCO2e and ∼37 million tCO2e in 2022 [201]. Prices
vary depending on the project type, ranging from
$2/tCO2e to $15+/tCO2e, with higher prices for pro-
jects that yield co-benefits.

Current and future challenges
India’s CCTS is envisioned to evolve into a fully-
fledged ETS in the long-term. The conceptualization
and design of India’s CCTS factors in the learnings
from other ETS but it needs to overcome several chal-
lenges that are inherent in ETSs. These challenges
include: (i) policy barriers such as below optimal
target setting, ineffective enforcement of penalties,
lack of well-defined sectoral emission pathways, and
potential adverse distributional implications of car-
bon pricing mechanisms; (ii) institutional bottle-
necks related to the limited technical capacity of poli-
cymakers to design and implement ETSs, lack of
clearly defined institutional roles and responsibilities,
and limited number of accredited verification agen-
cies; and (iii) market infrastructure constraints such
as a lack of interoperable registries, and high upfront
cost of establishing digital MRV systems. While India
also has its own learning from itsmarket-basedmech-
anisms such as the Perform, Achieve and Trade (PAT)
scheme, and renewable energy certificates, there is a
need to enhance understanding on how ETS works
in practice (especially on sectoral coverage, alloc-
ation mechanism—free/auction, MRV framework,
revenue distribution etc.) [202]. The optimal target
setting for different sectors, developing robust mar-
ket stability measures, and stringent enforcement of
rules emerged as key dimensions where these schemes
could have done better.

There remains some ambiguity regarding the
operationalization of Article 6 in the international
carbonmarket. Some of the key aspects that need cla-
rification before finalizing India’s Article 6 engage-
ment strategy include the process of host authoriz-
ation of internationally transferred mitigation out-
comes (ITMOs), rules on corresponding adjust-
ments, accounting of voluntary climate action within
nationally determined contributions (NDCs), and
market and legal framework necessitated for interna-
tional interlinkages.

Globally, the offsetmarketwitnessed a slight slow-
down in 2022, mainly due to concerns over the
quality of credits (especially regarding permanence
and additionality), price transparency and delays in

36

mailto:santosh.singh@intellecap.net
mailto:kavya.hari@intellecap.net


Environ. Res. Lett. 19 (2024) 112501 V Chaturvedi et al

registration and validation processes by independent
standards [203]. In India, there are specific challenges
such as the difficulty in identifying reliable method-
ologies for projects, limited information on the role
of voluntary mechanism within the CCTS, ambiguity
regarding the use of carbon credits in the country’s
net-zero strategy, and uncertainty on interplay of the
domestic CCTS with the international carbon mar-
ket. These challenges have increased the perception of
risk among investors and buyers in the Indian mar-
ket regarding the type of projects to finance, potential
return on investment, and accrual of estimated car-
bon offsets.

Way forward for policy and practice to address
challenges
India needs to establish robust market infrastruc-
ture (including registry, digital MRV, GHG emission
inventory system), define science-based methodolo-
gies and prepare comprehensive policy frameworks
aligned to global best practices.

Emerging digital technologies (such as smart
sensors, remote sensing, and blockchain) can improve
transparency and cost-efficiency32. Developing regis-
trieswith peer-to-peer linkages to international coun-
terparts can ensure accurate transaction tracking.
Blockchain technology is being leveraged to demon-
strate interoperability between registries and har-
monizemarket data, a venture led by theWorld Bank.
Digital MRV systems are being piloted to track emis-
sions and reductions for approved sectors and tag
the results to the country’s NDCs. Countries such
as Ghana, Jordan, Chile, and Singapore are actively
building end-to-end digital infrastructure.

Countries have limited practical experience in
establishing the authorization process for Article 6
[204]. The Climate Action Data Trust is piloting a
digital carbon asset development process [205] with a
few countries, incorporating a country-level author-
ization process with corresponding adjustment rules.
In terms of policy advancements, few countries have
begun outlining their Article 6 strategy, encom-
passing aspects such as the country’s role as a
buyer/seller of ITMOs, methodologies for emis-
sion accounting, models for Mitigation Outcome
Purchase Agreement transactions, and contribution
of ITMOs into NDCs.

Global voluntary initiatives, such as the Integrity
Council for the Voluntary Carbon Market (ICVCM)
and Voluntary Carbon Markets Integrity Initiative
(VCMI), are developing frameworks to improve the
understanding of carbon offsetting and to establish

32 Note: digital MRV is expected to lead to savings of at least 20%–
30%across all stages of aVCMproject (i.e. planning and validation,
monitoring and verification, issuance and distribution of carbon
revenues)

a uniform governance framework. This includes
VCMI’s ‘claims code of practices’ as well as ICVCM’s
ten core carbon principles to provide threshold stand-
ards for carbon credits, including scientific recom-
mendations on emissions impact. Several agencies
(such as BeZero Carbon, Sylvera and Calyx Global)
have started rating individual projects acrossmultiple
criteria, such as the likelihood of additionality and the
risk of carbon leakage, by utilizing digital verification
methods. Key independent standards organizations
are updating methodologies across sectors to incor-
porate science-based estimations.

The core challenge related to lack of know-
ledge of ETS market in the Indian ecosystem can
only be solved through consistent engagement with
stakeholders along with a well-planned roll out that
includes the pilot phase and then expansion phase
with structured channels for feedback and regular
improvements in market design. In addition, analyt-
ical research is going to be critical to continuously
evaluate the impact of ETS on different sectors and
communities, and understand the interaction effects
of ETS with other policies co-existing in the system.

Concluding remarks
The carbon market landscape is at an evolving stage
in India, with two mechanisms being institutional-
ized: (i) transitioning the existing PAT scheme to a
CCTS; and (ii) establishing key provisions of Article
6.2 and 6.4. This necessitates setting up a robust policy
and market infrastructure for the domestic carbon
market, with potential linkages to the international
market.

Some noteworthy policy developments for India
include developing national and sectoral emission
reduction pathways as integral components of it is
net-zero strategy, defining science-based method-
ologies (utilizing globally recognized frameworks
like Science Based Target Initiative) for emission
accounting across eligible sectors (especially hard-
to-abate sectors with tax implications under the
Carbon Border Adjustment Mechanism), and defin-
ing market stability measures (such as price ceil-
ing, market stability reserve etc.) for the CCTS.
Moreover, there is a need to formulate compre-
hensive regulations for Article 6 implementa-
tion, particularly addressing corresponding adjust-
ments, the authorization process of ITMOs, and the
incorporation of voluntary climate actions within
NDCs.

It is recommended to establish an end-to-end
digital carbon asset development process for improv-
ing transparency and efficiency. This could encom-
pass an emission inventory system, potentially linked
with a blockchain-based meta-registry for recording
and tracking transactions of all carbon assets, and a
digital MRV mechanism.
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Status
Technology transfer (TT) is the process of dissem-
inating systematic knowledge to enable the cre-
ation of products, processes, or services [206]. While
proponents argue that TT can expedite innovation
and aid developing nations in achieving sustain-
able socioeconomic goals [207], its transformational
potential often remains unrealised. This is partially
because the typical focus in TT on generating demand
for specific products and services undermines the
broader impact of TT. Moreover, the limited absorp-
tion capacities and underdeveloped ecosystems in
developing economies may further impede its effect-
iveness. As a result, the transformative promise of TT
often appears more as a mirage than a reality.

Like any other country, India too is in need for
advanced technologies to address climate crisis and
accelerate to net-zero transitions. To achieve these
quick and significant changes, bolstering technology
collaboration with countries with advanced techno-
logies is imperative [208]. Incremental changes are
insufficient; substantial and swift transformations
are required to bridge the gap in access to pivotal
technologies [209]. The question then arises: how can
TT truly drive transformation in India?

A shift from a narrow product-oriented approach
to a holistic knowledge-sharing framework is essen-
tial. Rather than merely focusing on transferring spe-
cific products to India, TT should emphasise the com-
prehensive dissemination of knowledge ecosystems.

Capacity building also plays a pivotal role. India
cannot often fully harness transferred technologies.
Effective TT should integrate capacity-building ini-
tiatives that enhance local skills, infrastructure, and
regulatory frameworks. This can empower the coun-
try not only to adopt technologies but to adapt and
create contextually relevant solutions and innovate
further, leading to sustainable and transformative
outcomes. However, this cannot be done alone by
the government to government engagement. Other
stakeholders including private sectors, research insti-
tutions in both supplier (source) countries and India

(recipient) must collaboratively facilitate TT, with
shared societal and environmental goals at the fore-
front. This shift from short-term gains to long-
term benefits promotes a more inclusive and equit-
able transformation. By embracing co-innovation—
defined as a collaborative and iterative approach
involving multiple partners in innovating, manufac-
turing, and scaling technologies—TT can indeed be
transformational, driving impactful changes and pav-
ing the way for a more equitable and sustainable
future.

Current and future challenges
The pivotal role of TT in addressing climate change
has been acknowledged for over three decades,
as evidenced by the United Nations Framework
Convention on Climate Change (UNFCCC) [210].
However, the actual progress in achieving this goal has
been lacklustre. Numerous studies have observed lim-
ited success in initial efforts to facilitate TT under the
climate regime [211]. The Intergovernmental Panel
on Climate Change (IPCC) has highlighted financial,
institutional, and technical challenges that hinder
various stages of the TT process, and stressed the need
for national innovation systems to overcome these
obstacles [212]. These have clear implications for
India’s climate objectives. Current research continues
to echo these findings [213], exemplified by China’s
rapid progress in solar PV technology, attributed to
systemic changes within the country and among its
partners [214].

As research delves into systemic changes, many
of the chief challenges to India in achieving net-zero
transitions have become clearer: affordability, adapt-
ability, and scalability.

Affordability is crucial as imported low-carbon
technologies often have high initial and operational
costs. Adaptability is equally vital. Often, imported
technologies are ill-suited to Indian contexts due to
a lack of demand or misalignment with development
goals [215, 216]. Challenges can arise from a dearth
of supporting infrastructure and human resources,
hindering contextualisation [217]. Scalability poses
a third challenge for India. Treating TT as one-off
exchange by source countries limits its transformative
potential. To catalyse change within existing systems,
innovations must penetrate expanding markets.

Addressing these challenges demands cooperat-
ive efforts, adaptable design, and a focus on mar-
ket expansion in the Indian context. A transform-
ational approach to TT requires not only tech-
nological exchange but also systemic changes in
governance, policies, and knowledge dissemination.
India, along with technology suppliers will need
to collectively tackle these challenges to realise the
potential advanced technology solutions for net-zero
transitions and sustainable development.
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Figure 9. Co-innovation framework.

For India, technology collaboration and build-
ing a meaningful engagement with developed coun-
tries in capacity development is crucial. Two examples
are worth examining. First, India’s micro, small and
medium enterprises (MSME) sector is a major con-
tributor to the country’s GDP and in the fiscal year
2021–22 the share ofMSME gross value added (GVA)
in all India GDP was 29.15%. However, the sec-
tor faces multiple challenges pertaining to energy
efficiency and best practices. Collaborating with
countries having advanced technologies is of crucial
importance to India.

Similarly, as India’s renewable energy sector is
growing, hydrogen sector is increasingly gaining
importance. The significance of overseas stakehold-
ers in India’s hydrogen development initiatives is
unquestionably substantial. Given that the advance-
ment of green hydrogen necessitates a technology-
driven approach, Indian states rich in renewable
energy resources must incorporate cutting-edge tech-
nologies from these overseas players.

Way forward for policy and practice to address
challenges
Co-innovation offers an alternative to traditional TT
[218, 219]. Affordability concerns can be alleviated
by joint efforts of technology developers, investors,
and governments at national and sub-national level
in India. Sourcing locally available materials and
talent will be crucial in addressing the affordabil-
ity concerns. Addressing adaptability entails inter-
disciplinary collaboration to design and test solu-
tions tailored to local requirements and constraints
[220]. By incorporating local knowledge, lessons from
customer demand and local expertise into design,
adaptability of the technology can be improved. The
scalability challenge is surmounted through collabor-
ations among technology developers, manufacturers,

distributors, and users, establishing resilient supply
chains and support networks to facilitate rapid and
efficient scaling.

The process of co-innovation, as illustrated in
figure 9 based on [221], unfolds across three distinct
steps to address the limitations of conventional TT.

As a first step, India will need formalised collab-
oration which can involve pooling financial and intel-
lectual resources to create context-specific solutions.
Preliminary research underpins this step, encom-
passing technology needs assessments and mar-
ket studies that provide the necessary groundwork
for productive and beneficial collaboration. In the
second step, with the technology source country
India can engage in diverse collaborations, span-
ning ideation, co-manufacturing, joint research and
development, and scaling. Collaboration can occur
at any stage, with the ultimate goal of refining
and customising technologies for application to suit
domestic contexts [219]. The final step encom-
passes the delivery and distribution of benefits. Co-
innovation offers multifaceted advantages. Source
partners expand their market presence, while India
can gain economic, environmental, and employment
co-benefits. Both parties reap shared benefits through
enhanced scalability, reduced emissions for envir-
onmental gains, and the mutual sharing of carbon
credits.

Co-innovation stands out as a promising process,
fostering collaborative technology development and
implementation between India and overseas techno-
logy partners. It directly addresses barriers to tech-
nology adoption, yielding diverse benefits for all
stakeholders involved. By adopting a co-innovation
approach, source countries and India can jointly
drive substantial and sustainable progress, effectively
addressing the pressing challenges of TT in the face of
global issues like climate change.
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Concluding remarks
Achieving net-zero objectives necessitates the pro-
found transformation of unsustainable socioeco-
nomic systems. Within this context, TT holds the
promise of playing a pivotal role in developing coun-
tries. Nevertheless, conventional TT models have
often fallen short of delivering on their transforma-
tional potential. This paper has illuminated the co-
innovation approach as an alternative strategy cap-
able of fostering iterative learning, while simultan-
eously reducing initial and operational costs, tailoring
technologies to specific contexts, and nurturing the
necessary supportive ecosystems for sustainable sys-
temic changes.

Redirecting the emphasis from conventional
TT to co-innovation holds the potential not only
to advance climate change mitigation and net-
zero aspirations but also to bring about profound

transformations in India. Policymakers in India
will need to prioritise co-innovation in all pos-
sible technology collaboration. Such collaborat-
ive and innovation-driven approach stands poised
to redefine the trajectory of TT, effectively cata-
lysing enduring change in the global endeav-
our towards a more sustainable and equitable
world.
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Status
LiFE: Lifestyles for Environment is an India-led global
initiative to shift individual and collective behaviour
towards ‘mindful and deliberate utilisation, instead of
mindless and destructive consumption,’ [222] to com-
bat the triple planetary crises of climate change, biod-
iversity loss, and pollution [223]. LiFEwas introduced
to theworld by India’s PrimeMinisterNarendraModi
at the UNFCCC COP26 in 2021 [222] to promote
pro-environment lifestyles [224] that blend tradi-
tional wisdom with scientific methods to:

• Nudge behaviour towards responsible consump-
tion patterns (demand);

• Enable markets towards production of sustainable
goods and services (supply); and

• Influence policies to support demand and supply
levers [225].

In 2023, inspired by LiFE, the G20 unan-
imously adopted nine High-Level Principles
(HLPs) on Lifestyles for Sustainable Development,
encompassing ‘all three dimensions of sustainable
development—economic, social, and environmental—
in a balanced and integrated manner,’ making LiFE a
major international effort.
The HLPs suggest leveraging behavioural sci-

ence approaches to ‘promote environmentally
friendly individual and community behaviour’ and
ramp up ‘sustainable value chains, technological
transitions, innovations and investments in key
areas’ through ‘international cooperation, collective
action and partnerships.’ The HLPs provide ‘strong
political impetus’ for high-impact mitigation and
adaptation action, especially in developing coun-
tries, and lay the foundation for global cooperation
in data collection, analytical research, policy for-
mulation, and pragmatic, measurable, and scalable
implementation [226]

Associating human development with
consumption-led lifestyles is driving a linear ‘use-
and-throw’ economy with a massive ecological
footprint [227].Unsustainable resource consumption
[228] has spiked global material use from 43 billion
tonnes (BT) in 1990 to ∼92 BT in 2017 [229]. The
HLPs support UN Sustainable Development Goal
(SDG) 12, which encourages responsible production

and consumption and urges governments and cit-
izens to ‘work together to improve resource efficiency,
reduce waste and pollution, and shape a new circu-
lar economy’ [223]. This resonates across goals like
SDG 11 to make cities and communities resilient and
sustainable, and will help improve the availability of
resources like clean water and energy while combat-
ing climate change.

In the 2015 Paris Agreement, 194 countries recog-
nised the need for ‘sustainable lifestyles and sus-
tainable patterns of consumption and production.’
Leading by example, India has included LiFE in its
Paris Agreement commitments and outlined 75 ‘LiFE
actions’ to conserve energy and water, reduce waste,
promote healthy lifestyles, and adopt sustainable food
systems [224].

LiFE’s objectives go beyond siloed and sec-
toral transitions and address complete life systems,
i.e. ways of living, of people. They emphasise the
need for policy-led, scientifically-sound, commer-
cially viable, financially sustainable, co-developed
tools and actions to create a shared pro-environment
future.

While LiFE has received political and multilateral
support from developed and developing countries,
there are major challenges to implementing its ambi-
tions at scale. Especially since in today’s connected
world, sustainability must be engineered into global
value chains of goods and services, extending beyond
national jurisdictions. This Chapter delves into some
of these challenges.

Current and future challenges
Key challenges to implementing LiFE-centric initiat-
ives at scale include:

No definitions and metrics for sustainable pro-
duction and consumption, especially in the con-
text of socio-economic growth: Linking socio-
economic success to the output-centric economic
metric of GDP has constrained public receptive-
ness, and thus, political will, to research, evaluate,
introduce, and scale methods and incentives to move
individuals and communities towards more sustain-
able lifestyle choices, while improving—or without
compromising—quality of life. Current GDPmetrics
do not value sustainability-oriented industrial pro-
cesses and market mechanisms. Absence of appropri-
ate definitions will impact the on-ground rollout of
LiFE.

Need for scientific innovations and technological
interventions that engineer sustainability into life-
styles: sectoral transitions such as switching to
cleaner fuels only address parts of the sustainable
lifestyles challenge. Scientific product and process
innovations must combat ‘mindless and destructive
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consumption’ while creating transformative systems
for ‘mindful and deliberate utilisation.’

Integrating efforts across systems and countries:
institutional cues, norms, personal desires, and
resource availability determine individual and col-
lective behaviours that drive societal consumption
patterns [230]. Coordinating efforts across individu-
als, communities and institutions entails significant
transaction and transition costs and effort.

Lack of incentives: In current linear models, ∼90%
of materials, upstream and downstream, are wasted,
lost, or unavailable for use [231]. Beyond profit-
linked efficiencies,markets have no incentive to adopt
more sustainable systems via complex and costly
shifts in design, investment, resource supply, produc-
tion, packaging, transportation, retail, and end-of-life
processes [232]. Markets need a coordinated pull via
consumer demand and a push via policies to move
towards more sustainable production and consump-
tion systems.

Inadequate finance for SDG-linked LiFE initiatives:
the world needs USD 4.2 trillion annually to achieve
the SDGs, including for sustainable production and
consumption [233]. Political impetus, policies and
frameworks are needed to redirect the 1.1% of global
financial assets towards closing the SDG finance gap.

Managing complex trade-offs: government policies
to replace unsustainable systems with better options
often involve major socio-economic trade-offs—
resource security, product specification, cost, market
disruption, and public resentment—with few aven-
ues to absorb resultant shocks. Arbitrary efforts to
inculcate sustainability in lifestyles often force-fit
technocratic fixes that overlook nature, communities,
and traditions, overengineer materials and processes,
and deepen technology and societal gaps.

Way forward for policy andpractice to address chal-
lenges
As India has proposed and led this initiative, research
and stakeholder engagement work should begin in
India to better understand the social, economic, sci-
entific, political, and multilateral constructs of LiFE.
Implementing informed decisions will help struc-
ture initial processes, establish proofs of concept, and
make it easier to build consensus within and out-
side India. The HLPs should be applied to individual
and collective behaviours nationally and multilater-
ally, in specific and measurable ways replicable across
geographies and communities, such that LiFE-centric
public and industrial policies can be institutionalised
and driven at scale [224].

Today, the capacity to procure and consume
resource-rich goods and services is the key indic-
ator of people and countries’ wealth and well-being.
However, lifestyles are derivatives, and not definers,

of global political, social and economic systems. This
is a major area for scientific research, public con-
sultation, and policy formulation. Quantified, LiFE
actions should help define the degree of sustainability
of lifestyle choices and set metrics for a pro-growth,
nature-aligned aspirational quality of life.

Applying LiFE needs scientific nudges to reduce
the gap between consumers’ intentions and actions
by redefining their contexts, including by simpli-
fying access to information or altering influencer
networks [227]. Nudges can leverage social norms
to encourage ‘good behaviour’, or mandate desired
outcomes via policy [234]. Shifting individual and
collective consumer choices and actions at scale
through behavioural science, assuming that with
the right nudges suited for India’s context, people
can—and likely will—avoid embedding themselves
in the high consumption pathways of the developed
world, needs research to generate evidence and ease
implementation.

Integrating circularity into resource-intensive
product and service value chains to improve market
capacities needs mapping, tracking, and modifica-
tions of intricate, multinational systems of millions
of enterprises and consumers. To enablemarket shifts,
governments, industry and academia must collabor-
atively design policies and products to provide prac-
tical and affordable alternatives [226]. For instance,
policies to ban single-use plastic must also ensure
the availability of affordable recycled and biode-
gradable materials [225]. Also, if India can cham-
pion the bio-economy agenda, it will set a practical
example for enhancing circularity across many other
countries.

Industrial symbiosis, technology co-
development, global standards and protocols, and
consumer education will help integrate resource
efficiency and circular economy in value chains to
reduce, reuse, recycle, and recover material resources
[222, 232, 235, 236]. Indigenous knowledge and
techniques are rich repositories of locally and cul-
turally viable solutions, and could inspire modern
innovation [237].

Low-cost, outcome-linked financing and incent-
ives for LiFE initiatives need to be estimated for
India by leveraging data and digital technolo-
gies, and included in national budgets, corporate
investment plans, and multilateral lending pro-
cesses. Financial levers like taxes and cesses could
disincentivise unsustainable consumption choices,
while subsidies, tax breaks, low-cost financing, and
production-linked incentives can improve capital
availability to scale new products, services, and
processes [225].

Concluding remarks
LiFE, inspired by India’s millennia-old civilizational
wisdom and practices that recognise and inculcate
the interconnectedness of human beings with nature,
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could bring a paradigm shift to sustainable devel-
opment. It is, therefore, critical to be mindful of
the national circumstances and capabilities of each
country infusing LiFE into their policies and actions,
especially developing countries that must maintain a
balance between basic developmental goals, peoples’
aspirations, and sustainability.

The HLPs on LiFE have generated political
consensus and global dialogue on sustainable

lifestyles. The infusion of LiFE into individual and
community behaviours using well-researched, struc-
tured, measurable, replicable, transparent, and equit-
able policy and market mechanisms could help
reorient human aspirations and consumption pat-
terns towards more sustainable choices. Given the
imperatives of net-zero India, it is critical that LiFE
is put into practice and adopted by individuals, com-
munities, markets, and policy makers.
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Status
India has always endorsed transparency in climate
actions. It has adhered to the reporting obligations
under the United Nations Framework Convention on
Climate Change (UNFCCC) and has submitted five
communications (two National Communications
and three Biennial Update Reports)1. In these reports,
India also highlighted that there is considerable scope
for improvement across all areas of reporting and
that it needs additional support to address its capa-
city constraints [238, 239].

The domestic arrangements that support report-
ing on climate actions in India are need-based and
project-oriented [240]. Multiple ministries, govern-
ment departments, civil society entities and research
institutions provide inputs towards the preparation of
these climate reports. The Ministry of Environment,
Forest andClimate Change (MoEFCC) acts as a nodal
point (implementing and executing entity) towards
facilitating this reporting process [238].

In the last few years, it has been observed that
India is strengthening its MRV capabilities of its
domestic programmes and initiatives. This is vis-
ible from various real-time interactive web portals
and digital dashboards, which track the effective-
ness of national schemes across all states. Further,
the nodal ministries, as well as the public depart-
ment, have developed substantial reporting capabilit-
ies and are maintaining centralised data repositories.
For important schemes/programmes, a decentralised
MRVhas been adoptedwhere key actors across differ-
ent levels of governance track and monitor the effect-
iveness of the programme [238]. Table 2 below high-
lights some key MRV arrangement in India:

Parallel to these governmental initiatives, the
non-state actors are also strengthening India’s climate
transparency. Academic institutions are involved in
scientific studies to enhance the knowledge of emis-
sion factors; several public policy research institu-
tions/ private entities are independently estimating
GHG inventories [241]; and some independent agen-
cies are involved in undertaking technical assessments
of programmes and policies [238, 239].

Current and future challenges
Support in form finance or capacity building to devel-
oping countries to report on climate action has been
under discussion formore than a decade. This is evid-
ent fromUNFCCC’s review documents and synthesis
reports, where developing countries have stressed on

their limited capacities and the need for enhanced
support, especially for the newer enhanced transpar-
ency framework (ETF) under the Paris Agreement
[242, 243].

The newer guidelines of the ETF demand more
timely, granular, and accurate data than before [244].
Hence, even the existing arrangement in India, which
is project-oriented and need-based in nature, facil-
itated adhering to the MRV framework established
under the Cancun Agreements2 (decision 1/CP.16),
it is not appropriate or suitable for meeting the new
reporting requirements under ETF [240].

As per ETF, Parties signatory to Paris Agreement
are obligated to submit their first biennial trans-
parency reports (BTR) from 2024 onwards [245].
For several mandatory aspects of BTR, India has no
experience in reporting. This includes tabular disclos-
ures of detailed sectoral emissions (at three segrega-
tion levels), the detailed base year emissions, disclos-
ure of historical emissions aswell as projections, artic-
ulating NDCs progress indicators—qualitative or
quantitative—and reporting progress against them.
While the agreed rules do offer flexibilities to develop-
ing countries to report them, owing to their capacity
constraints, it also urges them to develop improve-
ment plans and gradually build their domestic capa-
city to report on the elements where flexibilities are
availed [245].

To be able to adhere to the newer transparency
requirement, India would need to strengthen its exist-
ing institutional arrangements and technical capab-
ilities. So far, there is no formal mandate to share
climate-reported data (in an easy-to-use format)
among departments and ministries [240]. Hence,
data sharing among the institutions involves a lot
of paperwork and, at times, manual entry, costs
and time [246]. Further, institutions lack technical
and analytical capabilities, which results in a limited
understanding of country-specific data and emission
factors for sources and sinks.

Very often, data points are based on assumptions.
This is because, sometimes, the data represent only a
portion of the required observation or follow a dif-
ferent timeline, which makes it difficult to use data
directly for analysis. Also, in some cases, MRV frame-
works associated with initiatives (sustainable devel-
opment policies) are confined to the project-level
objectives and track only a few parameters whichmay
not directly showcase climate co-benefits.

Way forward for policy and practice to address
challenges
India’s domestic MRV system needs to evolve to
adhere to the comprehensive reporting obligation of
the Paris Agreement. It should consider an integ-
rated arrangement, which would track the state’s
climate efforts, its GHG inventories and develop
standards/guidelines to track the progress of actions
by its non-state actors. This is because, moving
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Table 2. Examples of MRV arrangement in India.

Dashboard/ Web-based platform National Power Portal; National UJALA dashboard; Faster
Adoption and Manufacturing of (Hybrid &) Electric Vehicles in
India (FAME India); Farmers Portal; Large Forest Fire Monitoring
Programme; India SDG Dashboard; India Climate and Energy
Dashboard

Data repository Central Electricity Authority Database; Energy Statistics, Annual
Survey of Industries by Ministry of Statistics and Programme
Implementation; Reports and studies by Petroleum Planning and
Analysis Cell; National Forest Inventory by Forest Survey of India

Scheme specific MRV Perform, Achieve and Trade scheme; Standards & Labelling
Programme; Renewable Energy Certificates; Twenty Point
Programme; Smart Cities Mission

Source: India’s Third Biennial Update Report, 2021; NITI Aayog, 2023.

forward, enhanced transparency on assumptions
which drive carbon emission and non-carbon statist-
ics (for key sectors) would be necessary. Further, an
integrated MRV system would bring a holistic under-
standing of India’s efforts internationally by not just
focusing on detailing inventory/mitigation but also
highlighting its sustainable development initiatives
and associated co-benefits, along with outcomes of
adaptation and support measures. To drive the trans-
ition towards an integrated MRV system, the follow-
ing are some proposed recommendations:

• Institutionalising the reporting process: a formal
legislative directive should be established to insti-
tutionalise the reporting process on a continu-
ous basis. This directive should bring together
key actors, regulators, databases, and related agen-
cies and ease the data-sharing protocols among
them. Also, the legislation should ensure that
entities become accountable (retain capacity) and
identify the budgetary provisions towards making
the reporting process self-sustaining over the long
run.

• Standardise reporting templates, guidelines and
procedures: it is important to first map the gaps
across different databases and understand the
challenges in the existing reporting formats/tem-
plates to support transparent reporting on climate
actions. Based on this understanding, the exist-
ing reporting templates could be modified or new
standardise reporting templates could be formu-
lated towards meeting the new reporting require-
ments. To ensure adoption of standards and tem-
plates, data providers and analysts should not only
be trained at the end but should also be involved in
its formulation process.

• Deploying state-of-the-art technology: techno-
logy in the form of a robust data management sys-
tem and a web-based digital interface is the need
of the hour. Such an interface, based on a block-
chain framework, can play a role of a facilitator

in the flow of information among the entities and
automate data collection as well as verification pro-
cess. It will provide transparent, accurate, consist-
ent, and readily available information for the pre-
paration of BTRs. Further, the inherent design of
blockchain promotes standardisation and network
security to protect (mask) confidential informa-
tion and ensure privacy. Additionally, for cases
where the bottom-up calculation of GHG emis-
sions remains a distinguishing challenge, satellites,
along with ground-based monitoring technologies
(sensors), can be utilised to provide information on
the atmospheric composition of GHG emissions.

To transition to an integrated MRV system, India
should receive timely financial and technical support,
so that the reporting obligations do not lead to an
undue burden on them.

Concluding remarks
It is evident that India has made noteworthy efforts
towards ensuring transparency in its domestic cli-
mate action. However, the overall approach to climate
reports which is need-based and project-oriented
may not be appropriate moving forward because of
enhanced reporting obligation of Paris Agreement,
necessitating timely and granular information.

Moving forward, domestic climate actions are
bound to increase as a result of India’s updatedNDCs,
the net-zero commitment and Mission LiFE. In this
context, it is important to highlight that the act-
ors supporting implementation of climate action in
India are no longer limited to national governments.
The efforts of non-state actors, which include busi-
nesses, organisations, cities and regions, should also
be monitored.

As India prepares itself to communicate its cli-
mate actions in the best possible way, it need not build
a new system. However, India needs to leverage upon
its excellent domestic capacity and strategically take
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steps towards formalising the reporting process, for-
mulate standard templates and deploy state-of-the-
art technology in the form of data management sys-
tems andweb-based platforms. Thiswill not only help

in tracking the direct impact of mitigation efforts but
also quantify the co-benefits associated with various
policies and support evaluating the effectiveness of
the programmes holistically.
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5. Conlcusion

India’s Prime Minister’s commitment to make India
net-zero by 2070 entails multiple simultaneous and
overlapping transitions. Irrespective of whether this
target relates to carbon dioxide or greenhouse gases
which should be clarified in due course, it is critical
to view these multiple transitions through the lens of
various perspectives to understand the current status
of India’s net-zero debate, current and evolving chal-
lenges, and way forward for policy and practice to
address these challenges. This India specific collabor-
ative effort seeks to present a comprehensive view of
India’s net-zero debate by encompassing various per-
spectives woven through a common thread within the
larger India specific narrative.

We look at three broad dimensions of India’s net-
zero debate. The first is national and sub-national
perspectives which includes issues related to climate
equity, macro-economic trade-offs, just transition,
and state and city level actions. The second dimension
relates to sectoral and technological transition which
includes views on sectoral transition (power, trans-
port, industry and buildings), power markets of the
future, critical minerals and dematerialisation, CDR,
and land use, land use change and forestry emis-
sions. The third dimension discusses key enablers for
India’s net-zero transition including institutions, fin-
ance, carbon markets, co-innovation, the concept of
LiFE, and system for measurement, reporting and
verification (MRV).

Beyond the current status of the debate and the
evolving challenges, the assessment presents ideas
related to the way forward for policy and practice.
Some of the important suggestions are: (i) a global
dialogue on net-zero equity is need of the hour and
India needs to build its own body of research on
inequity implications of NZ transitions; (ii) tools
that can provide inputs on national climate policy
based on macroeconomic assessment of mitigation
and development pathways need to be developed and
strengthened; (iii) economic diversification of fossil-
fuel dependent regions in India, repurposing of land
and energy infrastructure, reskilling existing work-
force and investment in social infrastructure is key
for a just transition; (iv) governance approaches that
embed climate actionwithin development aspirations
and invest in capacity building at the state level are
critical; (v) a city level emissions inventory, substan-
tial investment in public transport infrastructure, and
climate aligned urban planning guidelines need to be
created; (vi) integration of RE capacity with grid scale
energy storage, awareness campaigns and regulatory
support for climate action, policies for higher energy
and resource efficiency in hard-to-abate sectors, and
integrated mobility plans need to be devised for
energy sector transition; (vii) a power market design
to attract investment in essential flexible resources
is a strategic choice that needs to be made, and

power distribution companies should become fin-
ancially sound, efficient and dynamic for a net-zero
future; (viii) participation in global critical minerals
mapping initiatives and investment in overseas mines
as well as recycling infrastructure for critical min-
erals is imperative; (ix) funding provision from the
Government of India aswell as other funds likeGlobal
Environmental Fund (GCF) for effective on-ground
assessment of India’s geological sink availability is
crucial; (x) the capacity deficit on long-term ‘integ-
rated’ land-use sector modelling that can provide
insights related to trade-offs between land-use emis-
sions, energy, food and water sectors to inform the
net-zero transition, along with open-source land-use
and land-use change maps, is a fundamental gap that
needs to be addressed; (xi) an institutional innova-
tion that suits India’s own context and focuses on low
carbon development pathways rather thanmitigation
alone, and is anchored in law to promote institutional
robustness, is integral for India’s net-zero push; (xii)
along with policy certainty, a few broad financial sec-
tor reforms (including clear definitions, disclosures,
priority sector lending, etc.) are needed to attract
capital to accelerate India’s low carbon efforts; (xiii)
a robust market infrastructure (including registry,
digitalMRV, GHG emission inventory system), emer-
ging digital technologies, robust governance frame-
work, and deep stakeholder engagement process are
vital to realize the potential of offset carbon markets
and the cap-and-trade system for India; (xiv) a form-
alised collaboration with other countries which can
involve pooling financial and intellectual resources
to create context-specific solutions to deliver on the
idea of co-innovation needs to be designed and
executed; (xv) research and stakeholder engagement
work should begin in India to better understand the
social, economic, scientific, political, and multilat-
eral constructs of the LiFE initiative and its high-level
principles; and (xvi) India’s domestic MRV system
should consider an integrated arrangement, which
would track the state’s climate efforts, its GHG invent-
ories and develop standards/guidelines to track the
progress of actions by its non-state actors, in order to
adhere to the comprehensive reporting obligation of
the Paris Agreement.

India is one of the fastest growing economies of
the world. Its diplomatic weight in the global climate
negotiations and discourse is also increasing given
that its greenhouse gas emissions are on an increas-
ing path. The integrated perspectives presented in
this India specific collaborative assessment seeks to
inform not just India’s policy makers and stakehold-
ers, but various researchers, practitioners and gov-
ernments around the world for them to be better
aware of the status of various aspects of India’s net-
zero debate, understand the high-level issues and
challenges related to the transition, and think about
way forward for the same. India’s net-zero push is
bound to be transformative not just for the country,
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but for communities and ecosystems around the
world.
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