COP26 Futures We Want — India Country Profile

The purpose of this region profile was to provide an evidence base to inform the
production of Net Zero Future visions. A consolidated version of material contained
here was used as stimulus for in-country workshops and creative translational
approaches that developed a plausible vision for each country. This document
provides a selection of relevant evidence for the sectors and themes identified through
the scoping exercise.

Part A: Executive summary

This country profile for India has been developed with the input from in-country
academic experts, including Prof Ambuj Sagar and Dr Suresh Babu, in the BEIS
COP26 Visions for a Net Zero Future project. It sets out a synthesis of the available
evidence base on regional challenges and opportunities for mitigation, adaptation, and
resilience measures for India associated with climate change and a global transition
to an inclusive, desirable, resilient net-zero future.

India presents a unique and complex set of challenges for tackling climate change and
approaching a net-zero future. As per the country's ratification to the Paris Agreement,
it has committed to bringing its greenhouse gas (GHG) emissions to 33% - 35% by
2030 below 2005 levels, increase the share of non-fossil-based energy resource to
40% of installed electric power capacity by 2030 and to create an additional
(cumulative) carbon sink of 2.5-3 GtCO2e through additional forest and tree cover by
2030. However, India does not specify the coverage and metrics of the emissions
intensity target in its NDC.

India has made considerable progress in its efforts towards decoupling economic
growth from GHG emissions. According to the third Biennial Report submitted to the
United Nations Framework Convention on Climate Change (UNFCCC) in February
2021, India's emission intensity of gross domestic product (GDP) has reduced by 24
% between 2005 and 2016, thereby achieving its voluntary goal to reduce the emission
intensity of GDP by 20-25% from 2005 levels, earlier than the target year of 2020.

Setting an economy-wide net-zero target will be challenging. However, given that the
development priorities of the vast majority of its population are yet to be met, it is
important that India sets a net-zero target in a manner that also supports its
development priorities. Over half of the country's population is dependent on climate-
sensitive sectors for their livelihoods, making India one of the most vulnerable
countries to the impacts of climate change. The associated short-term and long-term
socio-economic impacts of a net-zero transition needs a detailed analysis.

India's COz2 sink through land use, land-use change, and forestry (LULUCF) rose by
approximately 40% between 2000 and 2016". Forest and tree cover sequestered 331
MtCOz2 in 2016, around 15% of total CO2 emissions occurring in the country. Perform,
Achieve and Trade (PAT) scheme for energy efficiency in industries and other energy-
intensive sectors avoided 61.34 MtCO2 between 2012 — 2019". Besides mitigation, it
is a priority that India sets out comprehensive action points to address adaptation,
finance, technology transfer, capacity building and transparency of action and support.



There is a need to strengthen international cooperation to move India on an
accelerated and just pathway towards decarbonisation.

India's most pressing climate risks up to 2050 involve flooding, heatwaves, droughts,
water scarcity, extreme precipitation, and the many complex interdependencies
between physical risks. An example of this complex interdependency at play the
increased risk of vector-borne diseases due to rising temperatures, food and nutrition
security and livelihood loss.

The current focus of government action lies in the opportunities of electrification,
energy efficiency, and the enhanced use of biofuels in the transport sector. More
efforts are required to establish a robust supply chain and infrastructure for
decarbonising the transportation sector. Further research and development in battery
storage, hydrogen technology, and second and third-generation biofuels are needed
to achieve emission reduction targets in the transport sector.

India will more than double its building space over the next two decades, with 70% of
building stock still to be constructed in urban areas. Enhancing energy efficiency and
renewable integration can help mitigate the surge in building-related energy demand.
New construction in urban areas will also be a key driver for energy-intensive material
demand. For example, the demand for cement and steel is set to double by 20402.

Adaptation is critical for India and requires urgent action. At the same time, there is
need to plan fair mitigation strategies across India’s complex demographics. Greater
uptake of nature-based solutions can provide a range of environmental, social and
economic benefits while combatting the accelerating loss of biodiversity.

This profile is structured into three sections: 1. Country context, covering economic
and development context, and current greenhouse gas emissions; 2. Physical climate
change, covering risks, adaptation, and opportunities; and 3. Development-compatible
transition, covering risks, mitigation, and opportunities. The latter half of section 3
focuses on priority sectors/themes for development compatible transition in the region,
including agriculture, buildings, electricity generation, nature-based solutions and
surface transport.

Part B: Expert Committee Inputs
1. Country Context

1.a Economic Context
1.a.i Sectors that contribute most to the country’s GDP
Between 2009-2019, India’s predominant economic sector was services accounting

for 54.77% of GDP in 20193. Agriculture accounted for 17.76% of GDP and industry
27.47% (see Figure 1).
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Figure 1:1 India economy, GDP by sectors, 2019-20 (source:?)

1.a.ii Sectors that represent growth areas for the country economically (in
absolute terms, but also as a proportion of GDP)

NITI Aayog, a public policy think-tank of the Indian government, stresses five growth
drivers for India: employment; doubling farmers’ income; ‘Make in India’
(manufacturing); science, technology and innovation (STI); fintech and tourism (F&T)*.
India is expecting a V-shaped recovery from the pandemic crisis, with strong rebound
in manufacturing and several services sectors, while the agriculture sector continues
to perform steadily®.

India’s manufacturing sector is developing fast. The healthcare industry will grow over
£40 billion by 2022. The entertainment and media sector reached around £17.8 billion
in 2018 — creating a lucrative market for technology businesses with smart IPS.

The Indian Government’s ‘Make in India’ campaign is aggressively changing focus to
fostering investment, innovation, protecting intellectual property, and building best-in-
class manufacturing infrastructure®’. Significant effort is being placed on green
technology in automotive manufacturing®. Digital innovation-driven services is a
rapidly growing sector that is creating a demand for financial services, broadband
infrastructure, e-identity solutions (like Aadhar card) and cloud technology.

India’s energy market represents robust growth opportunities following the Indian
government’s net-zero renewable target of 450GW, which will require an investment



of £216 billion by 2030°. Financial, legal and professional services are growing at
105% annually since 2014’ Infrastructure development associated with smart city and
housing for all programs are aggressively growing sectors, especially roads, ports,
airports, power (including nuclear), rail, new cities and towns. NITI Aayog further
emphasises the opportunities for development of infrastructure for water resources,
sustainable environment, land resource and land-use planning and data-driven
governance?.

1.a.iii. Major trade-flows (goods and services) in and out of the country today

In 2019, India was a net importer of goods, with imports exceeding exports by £102B.
India’s total global exports equalled £223B. The top exports of India are refined
petroleum (£28.1B), diamonds (£18.2B), packaged medicaments (£11.2B), jewellery
(£9.9B), cars (£5.1B), rice (£4.9B), crustaceans (£3.3B), and non-retail pure cotton
yarn (£2B) exporting mostly to United States (£39.05B), United Arab Emirates
(£20.20B), China (£12.29B), Hong Kong (£8.12B), and Singapore (£6.73B)'° (Figure
2).
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Figure 2: 2 India exports (good) 2019. In 2019, exports totalled more than £223B,
18.41% of the country's GDP that year (source: The Observatory of Economic
Complexity™°).

In 2019, India’s global imports equalled £335B. The top imports are crude petroleum
products (£65.4B), gold (£23.8B), coal briquettes (£17.5B), diamonds (£15.1B),
petroleum gas (£11.5B), palm oil (£3.4B), nitrogenous fertilizers (£1.9B) and soybean
oil (£1.6B), importing mostly from China (£51.2B), United States (£23.8B), United Arab
Emirates (£18.9B), Saudi Arabia (£27.7B), and Iraq (£13.9B)'° (see Figure 3).



Iron and steel

2.38%

Mineral fuels, mineral Precious
metals, gems

and jewelry

oils and products of
their distillation

30.3%

‘Animal or vegetable fats and ol
and their clesvage products

2.08%

REERENEE M 2 =ZH

Figure 3: Imports to India (goods) 2019. In 2019, imports totalled more than £335B,
making India a net importer (source: The Observatory of Economic Complexity™).

In 2018, India exported £84.04B worth of services. The top services exported were
miscellaneous business, professional, and technical services ($34.9B), Personal
travel (£18.36B), Other government services (£13.42B), sea transport (£8.97B), and
air transport (£4.07B)°.

1.b Development Context
1.b.i What are the key development indices for this country?

India’s HDI value for 2019 is 0.645— which put the country in the medium human
development category—positioning it at 131 out of 189 countries and territories.
Between 1990 and 2019, India’s HDI value rose from 0.429 to 0.645, an increase of
50.3%"!. In the same period, India’s life expectancy at birth increased by 11.8 years,
mean years of schooling increased by 3.5 years and expected years of schooling
increased by 4.5 years''. India’s GNI per capita increased by about 273.9 percent
between 1990 and 2019"".

1.b.ii What are the priorities and barriers to enabling the country’s sustainable,
inclusive and resilient growth?

India’s National Action Plan on Climate Change (NAPCC) encompasses both climate
protection and adaptation'?. It defines eight priorities as ‘National Missions’: solar
energy; energy efficiency; sustainable housing; water; preservation of ecosystem in
the Himalayas; reforestation; sustainable agriculture; and strategic knowledge
management'2. Adaptation measures are an important part of this integrated climate
strategy. The first two areas (solar energy and energy efficiency) are mainly focused
on climate protection, while the others include adaptation components, especially in
the cases of agriculture and knowledge management'314,



1.c Development compatible greenhouse gas emissions (GHGs)
1.c.i Country’s current GHG emissions profile

e Territorial emissions (2019): 2.62 gigaton of carbon dioxide (GtCOz2), of which
1.67Gt from coal, 627.91 megaton (Mt) from oil, 143.66Mt from cement,
128.68Mt from gas and 1.58Mt from flaring'. Agriculture is the second largest
contributor to emissions in India with 718.70Mt in 2018.

e Consumption emissions (2018): 2.35GtCQO2'®

e Emissions per GDP: 1243.93 tCO2e/ million$ GDP (2018)'°

e Emissions per capita (Figure 4): 1.91 tCO2/person (2019)'6, 0.50 tCHa/person,
0.19 tN20O/person

Per capita CO2 emissions S
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Figure 4: Per Capita CO2 Emissions for India, 1990-2019. Figure from: Our World in
Data.

1.c.ii Sector-specific GHG emissions from the sectors which are key for
development in this country



Greenhouse gas emissions by sector, India
Breakdown of total greenhouse gas emissions by sector, measured in tonnes of carbon-dioxide equivalents (CO,e). Carbon

dioxide equivalents measures the total greenhouse gas potential of the full combination of gases, weighted by their relative

warming impacts.
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Figure 5: GHG emissions by sector for India (1990 - 2016). Figure from: Our World in
Data.

India’s greenhouse gas emitting sectors (carbon-dioxide equivalent, CO2e or GHGe)
are aggregated in Figure 5. Energy was the largest sector at 2.42Gt, with electricity as
the largest contributor to this sector (1.24Gt)'. It was followed by agriculture
(718.70Mt), manufacturing/construction (571.38Mt) and transportation (305.33Mt).
Flaring (other fuel combustion) contributed to 133.28Mt and the building sector
corresponded 118.84Mt'®. Land-use change, and forestry sequestered 28.36 Mt in
20186,

2. Physical climate change — risks, adaptation and opportunities

2.a Physical climate risk profile
2.a.i Physical climate risks that the country is already facing.

In recent years India experienced various extreme weather events like heatwaves,
floods and tropical storms'®. There has been an observed decrease in mean rainfall
over most parts of the eastern and central north regions of India during 1973 — 2019
due to interannual variability in monsoon caused by changes in the Indian Ocean and
Arabian Sea temperature and moisture content. Change in land cover and noticeable
reduction in vegetation cover also contributed to the decrease in rainfall'’. A heatwave



during the 2016 drought left much of northern India above 40°C for weeks'8. In 2015,
it was reported that heatwave claimed over 2500 lives in India, although unreported
death may be much higher. Risks include increased heat stress-related mortality and
morbidity, particularly in urban areas and among agricultural workers'®2°. Flood risk is
increasing in the country’s interior, including in the capital Delhi, and along both coasts
due to the combination of increasing intensity and frequency of heavy rainfall events,
sea level rise and poorly managed urban development?'-23, Flood-related mortality
and morbidity has increased, including a rise in gastrointestinal disease from degraded
water quality?*2°. Increase in temperature and greater precipitation have expanded
transmission windows for malaria and dengue?®.

Based on India’s National Communication, NAPCC and available literature, India’s
most vulnerable sectors to the effects of climate change are water, agriculture and
food security, forests, natural ecosystems, public health, and energy security'?'4. The
anticipated future impacts of climate change identified by the Indian government are,
i) decreased snow cover (with precipitation falling as rain instead of snow), affecting
snow-fed and glacial systems such as the Ganges and Brahmaputra?’; ii) erratic
monsoons with serious effects on rain-fed agriculture, peninsular rivers, water and
power supply; iii) decline in wheat production by 4-5 million tonnes with as little as a
1°C rise in temperature from 2010 levels; iv) rising sea levels causing displacement
along one of the most densely populated coastlines in the world and threatening
freshwater sources and mangrove ecosystems; v) increased frequency and intensity
of floods; increased vulnerability of people in coastal, arid and semi-arid zones of the
country; vi) over 50% of India’s forests are likely to experience a shift in forest types,
adversely impacting associated biodiversity and regional climate dynamics, as well as
livelihoods based on forest products'?'4. For the more than 800 million Indians who
live in rural areas and depend on climate-sensitive sectors for their livelihoods—
agriculture, forests and fisheries—the future looks alarming with the prospect of
declining crop yields, degraded lands, water shortages and ill health'14,

In India, climate-sensitive rainfed agriculture accounts for 60% of cultivated area and
40% of national production'282°r, Increasing temperatures and more severe dry
seasons are likely to exacerbate drought impacts®®. By 2030, India’s agriculture sector
is expected to suffer more than $7 billion of annual losses due to drought alone®°. A
1°C rise in temperature from 2010 levels will put strain on India’s nutrient security?®-
31 Risks from increased temperatures include reduced grain yields and quality due to
heat stress; reduced plantation productivity where temperature thresholds are
exceeded, and diminished milk production due to heat stress3%32-34, The frequency of
heavy precipitation events has increased over India, while the frequency of moderate
rain events has decreased since 1950335 More extreme rainfall events and severe
dry season effects make smallholding farmers particularly vulnerable to degraded
crops and pastureland from flooding, erosion and drying3°:3%, Sea level rise risks storm
surges, saltwater inundation and intrusion, impacting coastal aquaculture and
agricultural land productivity3e.



Risks from increased temperature on the ecosystem include reduced and shifted
ranges for species, leading to biodiversity loss?®%". Increased frequency of regional
droughts may shift forest covers, especially affecting central and western India’®-3°.
More severe dry seasons can lead to increased forest degradation from wildfires,
impacting biodiversity and forest-dependent livelihoods®’—4%. Sea level rise will cause
degradation/loss of coastal wetland habitats and mangroves*'42,

India’s water resources are considerably stressed due to population growth, increased
production of water-intensive crops, pollution and lack of government planning*.
Glacial melt, due to temperature increases and the role played by black carbon, leads
to flooding and water logging**, while increased evaporation and decreased
precipitation in Central and Northern India are expected to raise the risk of
drought?34546_|In urban areas, projected increased flooding due to heavy rainfall is
expected to stress sewerage and drainage infrastructure, leading to the higher risk of
water contamination®4748 In coastal aquifers, reduced freshwater flows during
drought may increase the risk of saline intrusion, which may be further exacerbated
by sea level rise*’4°.

2.a.ii How these risks are likely to change by 2050 due to climate change
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Figure 6: Annual probability of lethal heatwave (> 35C wet-bulb temperature) in India
is expected to increase between 2018 and 2050 (source:®9).

By 2050, India could become one of the first places in the world to experience heat
waves that cross the survivability limit for a healthy human resting in the shade®%5'(see
Figure 6). Rising heat and humidity levels will impact labour productivity and economic
growth, affecting lives of around 310 — 480 million people®'. Rising temperatures and
changing monsoon rainfall patterns are estimated to cost India 2.8% of GDP and



depress the living standards of nearly half the country’s population by 205052,
Extreme heat will also decrease the capacity for outdoor work by 15% during daylight
hours®2.

It is also estimated that as many as 160,000 people could die every year in India by
2050 due to a decrease in food production® arising from shifts in the timing and
amount of monsoon rain®. Compounded with heatwave events, this means the
morbidity and mortality may be very significantly higher than the current levels®3. More
than 36 million Indians could lose their homes and livelihoods to flooding due to rising
sea levels, and more intense monsoon rainfall, with impacts concentrated in
megacities like Mumbai, Kolkata, Chennai and Kochi®®-%5. A recent modelling study
showed that an increase of 20-30% in the potential for more severe storms (especially
tropical cyclones) will cause more damage to infrastructure and livelihoods, and further
intensify saltwater intrusions in storm surges®®-.

2.a.iii What additional long-term climate risks might be incurred before 2100

India’s second national communication to UNFCCC in 2012%° projected climate
change and climate variability to impact water resources with increasing severity
through the century. The impacts are likely to affect irrigated agriculture, installed
power capacity, environmental flows in the dry season and higher flows during the wet
season, thereby causing severe droughts and flood problems in urban and rural
areas?®. Estimation show that forest conservation efforts can increase the Net Primary
Productivity (NPP) of forests by 56.2% by 2085%°. However, increased pressure from
anthropogenic activities, livestock grazing, insect and pest outbreaks, forest fires
make conservation efforts challenging in coming years.

There are likely to be significant health impacts due to increased heat stress-related
morbidity and mortality, with likely 50 - 150 days per year where temperatures exceed
the heat stress threshold of 41°C'":2°. India is projected to see a 10% increase of
death rates due to climate change compared to current death rates in 2019. These
include a likely expansion of transmission windows by 2-3 months in northern India for
malaria and dengue with increased temperature and precipitation. Pathogen load for
gastrointestinal disease from degraded water quality is expected to increase due to
warming trends favouring pathogen growth, increased rainfall and extreme
precipitation (straining sanitation systems and distributing pathogens), and drought
(causing people to resort to low-quality water sources)?6:29:32,

It is predicted that at least one third of the region's glaciers will melt by 2100, even if
average global temperature rises are limited to 1.5°C. This melting will reduce
available water for agriculture and impact the region’s food security and also increase
the risk of flash flooding due to glacial burst?”- 5-5° Heatwaves will further intensify



from 2050 baselines, affecting livelihood of around 600 million Indians by 21008°. One
study by the Asian Development Bank estimated that India could see economic losses
of up to 8.7% of GDP by 2100 due to the impacts of climate change*,

2.a.iv How might different physical, sociological and economic risks and
vulnerabilities interact? (correlated and cascading risks, multiple interacting
risks, interconnectivity between these different physical climate risks)

All climate risks and opportunities in India are interdependent on the diversity of the
country. Not every socioeconomic group will be impacted equally or in a similar way,
which itself is one of the greatest mitigation and adaption challenges for the
country'??®. There are interdependencies across heatwaves and public health,
especially through increase in vector-borne diseases like malaria, dengue and
diarrhoea?6-2°.

There is also an estimation of 15% loss of labour productivity from 2020 levels due to
heat-stress by 2030%°. The rising temperature is also set to significantly affect
agricultural productivity, putting millions of smallholder farmer’s livelihood at risk.
There are added risks from an increase in crop damage due to pest/insects, and
nutrition security3!. The loss of nutrition from staple crops like rice, wheat, millet and
legumes will particularly impact child malnutrition'”-31.60,

Saline intrusion into topsoil in low-lying areas due to sea level rise will further impact
agriculture and productivity affecting millions of livelihoods. Warming trends will
increase heat stress on dairy animals (mainly water buffaloes and cows), leading to a
decrease in milk production of up to 15 million tons annually by 2050'7-€°. Forest cover
is expected to shift to drier forest types that will increase the incidents of forest
fires39.61.62 Significant changes in forest cover would impact the 275 million people,
including many indigenous communities, who are directly dependent on forests for
their livelihoods*°. Climate change impacts on agriculture and livelihoods can increase
the number of climate refugees®3.

Melting of Himalayan glaciers will impact more than 660 million Indians through
changes to water availability and flood risk. Urban areas will see changes in climate
variability, with frequent flooding events affecting most of Indian megacities'”?",
compromising their sustainable development. Changes in waterflow will also impact
India’s energy security by placing severe stress on hydropower and thermal power
generation infrastructure®3.

The increased risk of vector-borne diseases also possesses a significant economic
problem that could hamper India’s development. A 2017 study put the economic cost
of malaria alone at US$1940 million, with the 75% due to lost earning and 25% due to



treatment costs®. With rising temperatures increasing the transmission rates of
vector-borne diseases, the economic cost to households as well as India’s wider
economy could be significant®4.

2.b Sectoral and socioeconomic impacts of physical climate risks

2.b.i Economic sectors listed in section 1.a which are most exposed/vulnerable
to physical climate risks.

Businesses in India are feeling the effects of recent droughts, which have increased
prices and reduced water availability®>. Thermal power plants are particularly at risk of
shutdown in drought prone areas, which threatens India’s energy security. For
example, in 2016, a coal power plant in West Bengal (a state in eastern India) had to
shut most of its power-generating capacity for 10 days due to lack of water for cooling.
40% of India’s thermal power plants are in highly water-stressed areas®®.

Studies have also identified climate-related risks across companies’ values chains,
with direct operations being the most severely affected and exposed most to acute
physical risks, followed by emerging regulation, current regulations and chronic
physical risks®”. The downstream value chain is estimated to be most affected by
market risks arising from climate change, followed by acute physical risks®’. Changing
consumer behaviour could critically affect a business operation with a shift in the
demand for low-carbon intensive and higher energy efficiency product, regulations and
standards.

2.b.ii Examples of how these sectors may be impacted by climate change
including any material impacts on trade flows.

Indian suppliers reported $3.2 billion in extra costs by 2026 from environmental risks®.
Declining farm yield due to climate change will cause a shift in imports and export
rates of agricultural products. Forecasts estimate that India will raise its net imports by
20% by 2050 due to harvest shortages, net exports are projected to decrease by
roughly 20% by 2050%°, while India’s food purchasing power is projected drop by
around 6%7°. The same forecasts indicate consumers will experience a 4.6% increase
in food consumer prices as domestic yield levels fall and import level rise®®70. Securing
international trade routes will become increasingly important as climate change
impacts food security in India”".

2.b.iii Demographic and ethnographic groups most at risk from climatic
changes

There lie significant challenges in recognising and responding to climate impacts
among minority groups in India that greatly exacerbates their suffering’>-74. In 2007,
the minority rights commissions were urging greater attention to the plight of Dalits,
Muslims and Adivasis in India following unusually severe monsoon floods”3. Dalits and
Adivasis are especially vulnerable due to their dependence on earnings from
agricultural labour (landless labourers), livestock rearing dependent on forests and
other non-timber forest products’®7%76, Their spatial, social and economic



vulnerabilities place a greater burden on their ability to adapt to the impacts of climate
change. Moreover, the present institutional mechanisms in India for disaster
management do not recognise caste induced vulnerabilities’3 7476,

The gender imbalances in land ownership are very acute in India with less than 14%
of women being landowners, leaving them especially vulnerable to climate change
impacts’’. Dalit women are particularly at risk due to intersectional discrimination on
the basis of gender and caste’37577. Similar instances of gendered climate injustice
can be seen across India. For example, lower caste families, women and other
marginal groups in the Himalayan villages in northwest India and Nepal are more
susceptible to climate-related effects due to decline in ecosystem services impacting
the livelihood of these communities’®.

In the urban context, those living in slums are at most risk from increased flooding
events due to climate change due to poor sanitation and drainage, especially in low-
lying cities®®. These groups are also at extreme risks from heatwaves due to poor
quality housing. India is rapidly urbanising, and the challenges of climate action and
sustainable development are particularly critical to its cities. By 2050, 53% of India’s
population is projected to be urban by adding 416 million urban dwellers’>72. One in
six urbanites are predicted to be living in slums, accommodations officially defined as
‘unfit for human habitation’”374. Between 2036 and 2060, it is estimated that India will
have 57 cities with a million-plus population, out of which 33 cities are likely to
experience increases in extreme rainfall and exacerbated flood risk, while 24 cities will
see precipitation declines, indicating higher drought risk38. Heatwaves are already
becoming frequent, which is projected to increase four-fold by 2050 and 12-fold by
2100 under 2°C warming’®. Such extreme climatic events will intersect with existing
vulnerabilities, leading to increased morbidity, the spread of vector-borne diseases,
and loss of livelihood®3.

Within the current policy framework, there is a further need to acknowledge and
address the significant risk that climate change poses to India's vulnerable groups.

2.b.iv Broader risks to sustainable development within the country/
region that arise from physical climate change

Climate change will impact the degree to which India can meet several key United
Nations Sustainable Development Goals: i) agriculture and food insecurity
development ; ii) water stress and water insecurity; iii) regional conflict arising due to
water scarcity; iv) rise in sea level threatening India’s key urban and economic centres;
v) threats to coastal biodiversity; vi) threats to ecosystem and biodiversity in heat and
water stressed regions; vii) threat to public health from new pathogens; viii) collapse
of trade routes and financial instability'6.21.63,

2.c Adaptation: Solutions & Opportunities

2.c.i Country specific adaptation and resilience priorities against anticipated
levels of climate change impacts

Priorities for adaptation in response to the climate risks are set out at the National
Action Plan for Climate Change (NAPCC)'® . It emphasises the policy priority of



maintaining high economic growth rates to raise living standards, the plan “identifies
measures that promote our development objectives while also yielding co-benefits for
addressing climate change effectively”’? . The Action Plan identifies eight core
“national missions” running through to 2017: Solar Energy; Enhanced Energy
Efficiency; Sustainable Habitat; Water; Sustaining the Himalayan Eco-system;
Green India; Sustainable Agriculture; and Strategic Knowledge for Climate
Change'%2°,

India’s current adaptation priorities as per the NAPCC directives and missions are
mostly in development. These projects are focused on policy formulation and
integration, water, and agriculture, with a smaller number focused on coastal zones,
forestry, agricultural, land and nature'. India’'s NAPCC progress on adaptation is
illustrated in Table 1.

Table 1. India's NAPCC adaptation progress (source:'3)

National mission | Mission objective Implementation Budgetary
under NAPCC status allocation (2012 -
2017)
National Water To conserve Revised National US$31.6 million
Mission (NWM) water, minimize Water Policy
wastage, and (2012). Created
ensure equitable 1,082 new
distribution groundwater
monitoring wells
National Mission To transform Developed 11,000 | US$2.1 billion
for Sustainable agriculture into an | ha of degraded
Agriculture ecologically land. Brought 1
sustainable, million ha of land
climate-resilient under micro-
production system | irrigation. Created
5.4 million tonnes
of agricultural
storage capacity.
National Mission To evolve Established six US$2.1 billion
for Sustaining the | management new centres
Himalayan measures for relevant to climate
Ecosystem sustaining and change in existing
safeguarding the institutions in
Himalayan glaciers | Himalayan states.
and mountain Created an
ecosystem observational
network to monitor
the health of the
Himalayan
ecosystem.
National Mission Tousea Planning phase US$2.1 billion
for a Green India combination of
adaptation and
mitigation




measures to
enhance carbon
sinks in
sustainably
managed forests
and other
ecosystems.
National Mission To identify the Established 12 US$403 million
on Strategic challenge and the | thematic
Knowledge for responses to knowledge
Climate Change climate change networks.
through research Developed three
and technology regional climate
development models. Trained
75 high-quality
climate change
professionals.

2.c.ii Current/future solutions which have the potential to satisfy this country’s
adaptation needs, including transformation.

Although adaptation planning and reporting is still at an early phase in India, the
following are a range of current solutions that relate specifically to the priority areas
identified in the country’s second communication to UNFCCC?°7°,

Forests: The present state of knowledge on the relationships between climate and
forest ecosystems is grossly inadequate for the purpose of modelling future climate
change impacts and hence for identifying robust adaptation strategies for forests and
plantation systems in different agro-ecological zones of India’®. Further research is
therefore a priority.

Agriculture:This is a key sector in India and identification of appropriate adaptation
strategies is critical to ensure its food and livelihood security.

Agriculture is the primary source of livelihood for about 49% of the country’s
population, contributing to 15.4% of India’s GDP in 20168°. It accounts for just under
18% of its gross national emissions (334 Mt COze), mainly through rice cultivation,
livestock production, fertiliser use and burning of crop residues (see Figure 1)%.

Increasing atmospheric CO2 concentration lowers zinc content in C3 grain legumes
(e.g., soybeans, wheat, rice, oats and green beans) which is estimated to impact the
nutrition security of 48 million Indians by 20503'. Heat stress from the warming climate
affects dairy breeds leading to a reduction in the nutritional content of milk3+81, In
poultry, heat stress leads to poor meat and egg quality®?.

Rice yield is estimated to be reduced by 3% to 15% with an increase in temperature
by 1.5°C and reduction in the precipitation of 2mm83, however, studies have also
reported rising atmospheric COz2 is expected to improve rice yields®. Most farmers



cultivating rainfed rice are smallholders whose local livelihood is most vulnerable to
such climate impacts. Since 1980, smallholder farmers increased by ~77% to almost
66 million in 2010-118%. Climate change might be reducing annual agriculture income
in the range of 15% to 18% and up to 20% to 25% for unirrigated areas®®-

Figure 9: Total GHG emissions (Mt COe) from crops, livestock and crop plus livestock
combined (Source:?8)

India is expected to surpass China to become the world’s most populated country by
2027, yet its landmass accounts for only 2.4% of the global land. The average size of
landholding per state is 1.08 hectares, according to the Agricultural Census 2015-16
87 Smallholder farmers are especially vulnerable to climate change as it directly or
indirectly influences the water availability, intensity and frequencies of drought and soil
quality®. Studies have shown that climate warming reduced wheat yields by 5.2%
from 1981 to 2009, despite adaptation measures®389. Considerable resources are
needed to research conservation architecture (efficient use of resource), change in
crop management and crop diversification. Adaptation strategies and opportunities
also include adjusting cropping season, early warning systems and crop insurance,
water and watershed management.

Augmenting production and income for future climatic stress conditions is also
envisioned as an adaptation solution. Harvest and post-harvest management can be
carried out for minimizing the losses due to extreme climatic events or mean climate
change conditions. Farmers in South Asia, often poor and marginal, have been
adapting to climatic variability using vernacular techniques for a long time. For
example, traditional organic composting in the Himalayan villages enhances the soil's
organic matter which subsequently leads to increase carbon sequestration. Similarly,
rice-fish culture is a 1500-year old practice in India that reduces fertilizer
dependencies. There is a wealth of indigenous knowledge for a range of measures
that can help in developing technologies to overcome climate vulnerabilities.

Livestock: The livestock sector is one of the significant contributors to GHG emissions
in India. Livestock species of India are well-adapted breeds, and prospects for these
animal species to adapt to increased air temperature through traditional breeding and
genetic modifications appear to be promising. Livestock management and proper
housing under tropical conditions will help in abating extreme productivity losses. The
livestock producer awareness of livestock thresholds for physiological stress can help
in the adaptation of livestock to climate change and reduce losses due to temperature
variability and rise due to climate change’®.



The six critical priority areas of the Indian adaptation planning process are as follows:
i) Economic security; ii) Energy security; iii) Environmental security; iv) Water
security; v) Food security; vi) Provision of shelter and health for all.

The sector of focus for current adaptation projects and programs identified in India are
illustrated in Figure 7.

Agriculture o 9 30% National projects 15
Forestry v 1 3% Regional projects 10
Freshwater fisheries v 2 7% Global projects 5
Freshwater supply v 5 17% Total 30
Watershed v 5 17%

management

Coastal zone v 3 10%

management

Ecosystem 3 10%

conservation

Disaster risk v 7 23%

management

Gender 2 7%

Insurance 2 7%

Energy v 1 3%

Urban areas v 4 13%

Human health v 1 3%

Climate information v 4 13%

Government 10 33%

Civil society 3 10%

Multisectoral 3 10%

Other* 4 13%

* Individual projects may address one or more sectors.

® Calculated by the number of projects active in this sector relative to the total number of projects identified,
reflecting the potential for a single project to be addressing adaptation needs in more than one sector.

¢ For each of the following categories, one project was identified as addressing needs pertaining to the sector:
biodiversity protection, migration, transportation, and social protection.

Figure 7: Current adaptation projects and programs supported through both aid and
government spending identified in India 3



2.c.iii Locally specific emerging sectors that might be of future importance for
adaptation

India has long put a key emphasis on the need for climate finance and technology
transfer from developed to developing countries. As India faces complex
developmental challenges, the need and availability of international financing and
technology transfer will be critical in the adaptation and emission reduction efforts®. It
will cost at least $2.5trillion to implement its climate pledge. Although, India received
the highest level of single-country climate funding between 2013 — 2016, its per-capita
funding was relatively low at just $0.56/person®’.

3. Development compatible transition — risks, mitigation and opportunities

3.a. Socioeconomic and sustainable development risks of a net zero transition

3.a.i How different demographic and ethnographic groups would be impacted
by a net zero transition

The impact of a net zero transition will not be felt equally across India’s demographics.
For example, the transition away from coal production would result in the loss of coal
sector jobs, with coal mining supporting many communities across eastern and south-
eastern India. A transition to net zero should recognise ‘stranded workers’ and
communities, alongside any other assets proving them with social and financial
protection®2.

However, a transition away from coal will also have significant positive impacts on
many Indian communities. Mining in India has displaced many communities who once
lived in coal-rich areas. It is estimated that between 1950 and 1990, 2.5 million Indians
were displaced from their homes as the coal sector grew®. Renewable energy
presents an opportunity for a more equitable and less disruptive form of energy
production®.

Indeed, a move away from coal could create opportunities for vulnerable communities
in India. For example, the rise in decentralised energy provision, especially micro-
renewables, could create significant job opportunities for women in India. Jobs will
emerge as new value chains are established, including installation, service, appliance,
operations and maintenance®. In India women already hold 60% of the informal jobs
in the decentralised energy provision sector®®. There is a need, however, to ensure
that these new opportunities are positive rather than exploitative, with concerns of
consistency of income and health care addressed.

Policy decisions and sector adaptations need to be based on informed research.
Understanding of the impact of net zero transitions on India’s complex demographic
landscape is lacking®. Such research is vital to ensure that the benefits of a net zero
transition are felt across India’s society and that any potential negative impacts are
mitigated.

3.a.ii Risks to broader sustainable development within the country/region that
could arise



There is an argument that India is in no position to set an economy-wide net-zero
target if it wants to sustain economic growth, pull millions out of poverty and provide
power to the millions still underserved. They argue that at best it can aim for net-zero
emissions in select sectors such as power and transport, in which it has access to
effective technological solutions®”. For example, if India chooses a faster transition
towards low-carbon growth in the electricity generation sector, it will affect the
revenues of the coal-dependent states. This could render half a million people jobless
and lead to higher railway passenger fares due to the cross-subsidy mechanism?-%°.

However, as stated above, the relationship between coal and sustainable
development in India is far from linear. India has some of the worst air pollution in the
world. Coal production forms a substantial proportion of this pollution with over 75,000
premature deaths a year due to coal-linked emissions'%. Particulate matter generated
by coal-fired power plants also has a significant impact on respiratory diseases. A
2021 study demonstrated a link between upper respiratory tract infection and those
residing near the coal-fired thermal power plants in central India'®’.

Although coal-fired power stations are often built in poorer rural areas, many of these
areas still do not have wide-spread electrification®t. A quarter of these power-plants
are also found in ‘red-listed’ sites where ground water is at danger of drying up due to
intensive extraction by the coal industry. Ground water is vital for the survival of poor
rural farming communities in these regions®*.

A 2014 study also concluded that air pollution could be having a significant impact on
India’s crop yields, further compounding the impact of coal production on India’s food
security'02,

Limited land availability is a tremendous challenge. Land is needed to feed the growing
population, to support livestock, to protect and preserve forests both from a carbon
sink perspective and to support livelihood and biodiversity, and to support an energy
transition93,

India's structural inequality will also compound the risks of climate change for many
vulnerable communities. For example, a 2014 study in northwest India illustrated that
social status was a key determinant of adaptive capacity to climate change’®. Another
2019 study carried out in the state of Sikki observed that women stand to be highly
vulnerable to the impacts of climate change, with issues of income and water access
being particularly important in elevating risk%4.

3.b Just Transition
3.b.i What are the priorities for enabling a just transition in this country?

There are several key priorities for enabling a just transition in India. Firstly, given their
contribution to CHG emissions and impacts on public health, there should be a
transition away from coal-fired power plants and a decarbonisation of the transport
sector. Agriculture is one of India’s most important sectors and any transition to net
zero must see it as a policy priority. Climate-smart agriculture should be adopted to
reduce CHG emissions and foster resilience and adaptation strategies amongst India's
farming communities



To further India’s development goals, it is also important that all Indian’s have access
to reliable, clean energy to further employment, education and health prospects and
reduce poverty levels. The benefits and risk of a net-zero transition should be
distributed evenly across society, with vulnerable and socially excluded groups
included in net zero pathways.

3.b.ii What are some examples of future opportunities that could enable a just
transition in this country, including adaptation to transition risks?

India needs to target specific sectors to enable a just transition where a reduction in
carbon emissions is paralleled with strong economic growth. This dualism makes low-
carbon transition of Indian economy extremely complex®.

The electricity sector emissions are predicted to peak within the next 15 years, giving
room within national climate targets to keep emission margins for carbon-intensive
sectors like industry, aviation and freight'®3. With renewables now accounting for
nearly a quarter of the country’s total installed power generation capacity, it is
converging towards grid-parity with coal-based generation. Rooftop solar has
tremendous potential as land is always scarce for large-scale solar power plants, but
it remains largely untapped. There need to be incentives for rooftop solar and there is
a need to create awareness among the public about its financial benefits®”. The
political economy of decarbonising electricity is India’s biggest hurdle as cheap
electricity for residential consumers is based on a cross-subsidy mechanism that
operates through industrial and commercial tariffs. It remains an electoral issue, with
debt-ridden electricity distribution companies believing renewables will disrupt their
business?.Just transition in the transportation sector must improve its cars’ energy
efficiency and move to phase out from fossil fuel dependency. India being in the early
stages of planning its transportation infrastructure has the opportunity to lock in green
pathways, however, until there is a transition from coal to renewables, electrical
vehicles cannot contribute effectively to the net-zero efforts. Decarbonising transport
will need innovative policy support, that remains missing in the current net-zero
transition space of India®’-1%. For example, government's ‘Go Electric’ Campaign is
an important initiative to spread awareness on the benefits of e-mobility and EV
Charging Infrastructure as well as electric cooking in India. It would help in reducing
the import dependence of India in the coming years'0,

Decarbonising India’s manufacturing sector will be tough even though the modern
steel and cement industry are highly energy efficient. Just transition in this regard
would need rethinking energy policies as industries tend to shift to captive power
generation using fossil fuels, instead of paying high tariff rates for grid connection. It
is based on a cross-subsidy mechanism that charges commercial consumers a
significantly higher tariff for lower residential charges®”-1%7,

3.c Sectoral and socioeconomic impacts of a development compatible transition
under each of the following transition pathways

e Steady, orderly, persistent transition pathway

No evidence was found for India from governmental institution/agencies on proposed
transition pathways. There are projections for steady, orderly, persistent transition



pathway for net-zero energy systems by the private sector (Shell and TERI)'®. The
areas of action for next 30 years for achieving net-zero need to be in accelerating
clean technologies, supporting energy-efficient and lower-carbon choices and
developing carbon removal approaches to address unavoidable emissions (see Figure
8)108.

Decline in energy emissions for most sectors
Remaining emissions are removed using technology and nature

Emissions by sector, CO, equivalent, Gt CO,e per year
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Figure 8: 3 Decline in emissions for most sectors based on Shell and TERI net-zero
actions (source:%)

e Late, disorderly transition pathway

In general, a late and disorderly transition will affect all stakeholders and further
deviate India from its climate goals. However, as mentioned in the NAPCC, mitigation
and adaption in a country like India is extremely complex and achieving net-zero
across the economy is even tougher'®. The most plausible action is to cut emissions
on a sector basis to enable a just transition to net-zero®’.

Sectoral Impacts

These sectors were identified as priority sectors of key importance for a transition to a
resilient, inclusive and just net zero future in India, in consultation with the India expert
committee members. Priority sectors are: i) Agriculture; ii) Buildings; iii) Electricity
generation; iv) Nature-based Solutions (NbS); and v) Surface transport.



Including:

3.c.i Sectors most likely to be impacted, including material impacts on trade-
flows, and considering both risks and opportunities.

3.c.ii Examples of how these sectors may be impacted by a net zero transition,
including any material impacts on trade flows.

3.d Development compatible emissions: Solutions & Opportunities

3.d.i Current/future solutions that can enable development-compatible
emissions reduction in this country (in line with the SDGs).

3.d.ii Locally specific emerging sectors that might be of future importance for
development compatible mitigation.

3.e Likely co-benefits and trade-offs of the solutions and opportunities
identified, including, where relevant, in the context of the Sustainable
Development Goals

1 Agriculture

Climate change poses a threat to India’s food security with frequent dry spells, heat
waves and erratic monsoonal rainfall, adding to farming insecurity and impacting their
ability to feed an increasing population?880.109,

Farmers in half of the Indian states are marginal (with land less than 1 hectare(ha));
the remaining are small farms (landholdings of 1-2 ha)®. Indeed, farmers are one of
the most precarious communities, with income often not enough to meet their daily
needs3%8, Smallholder farmers are less literate, often marginalised and are generally
excluded from modern market arrangements such as contract farming or direct
purchase30.110.111

Indian farmers need good land, healthy soils, adequate and good quality water, easy
credit availability (at a low-interest rate), access to national and global markets, and
the respect and dignity they deserve in society®®'"". A sustainable supply chain needs
to be established to warrant timely supply of critical inputs and technologies that can
ensure higher and efficient production"112_ Improving the supply chain is critical for
lowering the disruption of price signals and reducing post-harvest losses''2. Three key
opportunities lie in capital investment and Conservation Agriculture (CA) and carbon
sinks:

e Capital investment: India is in urgent need of policy reforms to capital
investment in agriculture (both public and private), especially in the eastern,
North-eastern, dryland and coastal regions that are capable of more
sustainable Green Revolutions in the future. Credit access to the farmers and
young entrepreneurs at low interest rate should be increased alongside the
creation of more financial institutions, and marketing infrastructure®113.114 New



prospects could be created by harnessing science with precision agriculture,
biotechnology, bioinformatics, sensor technology, robotics, drones, big data
management, artificial intelligence and climate-smart agriculture''>-'17. For
example, biofortification is envisaged as a powerful tool for sustaining nutrient
security. In 2018, the Indian Council of Agricultural Research established
minimum levels of iron and zinc to be bred in national varieties of pearl millet,
providing a strong regulatory push for the development biofortified varieties of
pearl millet. However, there is an urgent need to eliminate policy bias, create
public awareness around their nutritional benefits, make provision of premium
biofortified crop varieties®%118, Policies need to recognise that the consequence
of aggravating climate impacts like drought and flood fall hardest on the
marginal farmers who are most vulnerable to their effects30.119.120,

e Conservation Agriculture: CA is an embodiment of climate-smart agriculture
in India™’. It has proven credentials in mitigating the consequences of global
warming by sequestering soil organic carbon, lowering chances of soil
temperatures to rise, and sustaining necessary productivity growth by making
agriculture more efficient, competitive and a resilient enterprise in the country
121,122 The Gol proposes developing a system of innovation involving
partnership among farmers, agricultural scientists, development department
officials and private individual/ firms to extend CA as an adaptation
strategy®®122. The climate change mitigation value of CA would be further
enhanced by moderating the ongoing rise in the consumption of animal-based
foods®. Awareness needs to be created by educating people on the negative
consequences of producing and consuming animal-based foods on climate
change®. It is estimated that GHG emission from the agricultural and livestock
sector could be reduced by up to 9% from 2012 levels through efficient use of
fertilisers, adoption of zero-tilage and management of water used in rice
irrigation. However, these measures must be supplemented by better subsidy
schemes for fertilisers, energy and water, and the replacement of subsidy
investments for payment for efficient use and consequent generation of
environmental services?8.80.121,

e Carbon sinks: India’s long-term climate change mitigation strategy in the
agriculture sector focuses on plans that create a lasting sink for CO2 and
minimize emissions3:3%:32. Greening soil cover is critical for turning soil into a
carbon sink by restoring the lost forest cover (reforestation) and forestation of
denuded and barren lands (afforestation)®®, disallowing shift of ecologically
productive lands to other uses, introducing land-use plans that maximise land
cover period through agroforestry and, inducting conservation agriculture for
the cultivation of crops that is coherent with the land attributes and the
market35,80,123_

Short-term mitigation measures build a foundation around innovative practices,
technologies, or services, which help improve adaptive capacity, enhance food
security, and reduce environmental footprints of food production. These are the
building blocks of India’s climate-smart agriculture strategy'?4125. In the medium-term,
the Indian government (Gol) stresses increasing reliance on renewable energy
sources in the farming sector®®%7. It envisages rapid technology diffusion of solar
pumps and solar home systems through the 100GW solar energy target by 2022107,



Likely co-benefits are fulfilment of SDG-2 (zero hunger) through food and nutrition
security from conservation agriculture. It can also contribute to the national goals
associated with SDG-12 (responsible consumption and production) while promoting
decent work and economic growth (SDG - 8).

2 Buildings

A major expansion of construction is expected over the coming decades. The new
construction activity will be concentrated in urban areas, making urbanisation a key
driver for energy-intensive material demand. For example, the demand for cement and
steel is set to double by 20402. By 2040, the building floor space area in India is
expected to grow by 150% to 50 billion square metres from 20 billion square metres
in 2020226, The construction boom is further fuelled by a renewed focus on public
housing for low-income communities with the overarching goal of “housing for all” by
2022%127 With more than 150 million Indians living in informal settlements or slums
with a lack of basic infrastructure and services, public housing programs aim to provide
a house built with modern building materials and rehabilitate slum dwellers to
permanent building structures’?”:128,

With rising temperatures, air conditioners (AC) are also set to emerge as the single
most significant source of electricity demand in the Indian building sector®'?°, Its
ownership is driven by frequent hot and humid weather conditions in large parts of
India. These conditions are being made more acute by climate change, growing
building stock and rapid urbanisation leading to urban heat island effects’0. At
present, new construction and AC have contributed to a 500% increase in electricity
demand since 2010"3".132, International Energy Agency (IEA) predict AC stock to reach
670 million in 2040, up from 30 million today'?°. By 2030, ACs are anticipated to
contribute around 30% of national peak demand, approximately 140 gigawatts
(GW)29.133 1t mainly concerns low-income communities, as climate change-led rise in
energy demand will compel them to purchase air conditioners that will drive higher
electricity bills and expand existing poverty traps'34.135,

India’s building sector offers a GHG mitigation potential of 0.3 gigaton (Gt) of CO:2
equivalent by 2050, equating to about 8% of the total global GHG mitigation potential
of the building sector®'.126, Nonetheless, 90% of this mitigation potential corresponds
to the new building stock, while retrofitting existing buildings offers just under 10% of
total energy savings potential’3®. Building energy consumption in India represents 14%
of total delivered energy. About 70% of the growth in building energy demand in India
is driven by the residential sector, which currently is not covered by mandatory building
energy performance regulations'-131. In the current paradigm, the residential
electricity consumption could increase by 700% in 2030, compared to 2010
levels'37:138,

Low-carbon technology transfer in the building sector in India could be created around
a need-driven approach built on a collaborative and ongoing local assessment process
driven by developed and developing countries3.139_ It will require the technologies to
adapt to local contexts and operating conditions, like green building design evolved
around vernacular and passive architecture and occupant use pattern’° or policy



delivery models that consider behavioural norms or financial realities of consumers'3,
Adaptive capacity building of low-carbon technologies is critical for transitioning to a
below 2°C pathway for the building sector in India'32138, Capacity building for skills is
needed for the operation of low-carbon technologies, including design-based building
energy efficiency certifications'2. The ability to test and verify building energy
performance following international standards is also essential to progressively
increase minimum energy performance standards in building codes and energy
certification programmes™4'.

Encouraging energy-conserving behaviours and consumer choices is critical for
adopting high-efficiency and low-carbon technologies to achieve low- or net-zero
energy performance’#?. The IPCC states energy-conserving behaviour by building
inhabitants could deliver between 20% and 40% energy savings compared with
business as usual’®3. In addition, integrating ‘smart’ technologies into buildings can
deliver significant energy savings by making energy-conserving behaviour easier,
more enjoyable and, where required, autonomous'3?. Greater emphasis is needed on
using digitisation and smart technologies to decarbonise the ever-growing building
sector in India.

The growth in cooling demand could be mitigated by energy efficiency improvements
in ACs as well as thermally efficient building design. India has the potential to deliver
about 30% of CO2 emission reduction by 2050 through high efficiency space
cooling'®. The Indian government launched the India Cooling Action Plan in 2019 to
reduce cooling requirement by 25-40% by 2037-38'%4 by adopting a principle of
“thermal comfort for all’, including low-income groups. However, the precise nature of
this commitment is not defined'%”-135, The IEA estimates that robust implementation of
energy efficiency policies can offset the addition of 130 million ACs in 2040 through
efficiency gains'?’. Effective implementation of the Energy Conservation Building
Codes (ECBC) for commercial buildings and the Eco-Niwas Sambhita for residential
buildings could reduce the cooling demand by 15-20%"32. Non-state actors in India
like companies, cities, subnational jurisdictions, investors and civil society
organizations are set to play a significant role in emission reduction in the building
sector (see Figure 10)'32.145,

Region N

Products

NDC
Materials NI
Hotels
Developers NN ]

Construction NI
City I
Banking NN : ]
0 5 10 15 20 25

M Renewables M EE Emissions M Carbon Price

Figure 4. Commitment types in percentage in the building sector by Indian non-state
actors (Source: %)

In India, an unprecedented shift to LED lights - which use 75% less energy, also shows
the importance for developing nations to rapidly and cheaply lock in low-carbon



technologies through public policy innovation'”131 Between 2014 and 2018, the
market share of LED lamps grew from 0.3% to 46%, resulting in 30 terawatt-hours
(TWh) of annual energy savings - roughly enough to power 28 million average Indian
households for a year'6.

A net-zero transition in the building sector can offer a wide range of co-benefits from
improving energy efficiency in the built environment (SDG - 11) to large-scale
renewable integration (SDG — 7). In this process, opportunities will emerge for work
and economic growth (SDG — 8), industry, innovation and infrastructure (SDG -9).
Energy efficiency at the residential level also presents opportunities for cleaner
transition in cooking energy. Electric and improved biomass cookstoves in India can
make households healthier, improve local environments, and reduce pollutants (SDG
- 3) that cause climate change'’. While large-scale dissemination remains a
challenge for India, greater adoption opportunities can be created by embedded local
cultural contexts and nurturing localised supply chains through entrepreneurship#’.

3 Electricity generation
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Figure 11: India's electricity generation mix (source:'#)

India is the world’s third-largest energy-consuming country®. Energy use has doubled
since 2000, with 80% of India’s energy needs being met by three fuels: coal, oil and
solid biomass. In 2019, 97.8% of Indian households were connected to the grid, with
another 0.33% relying on off-grid electricity sources. The per capita electricity



consumption rose to 1208 kWh in 2013 from 914 kWh in 2012, an increase of 32%'4°.
Coal has fuelled the rapid growth in Indian electricity use, and its coal fleet has more
than tripled in size since 2000, making it the second-largest coal consumer in the
world®. In 2017, coal generated 76% of India’s electricity (see Figure 11)°.

India is the third-largest global emitter of CO2 (2.4 Gt in 2018, see Figure 1), despite
a low per capita CO2 emissions®%. Figure 5 shows electricity/heat was the largest
contributor to carbon emissions, amounting to 1.24Gt in 2018. The carbon intensity of
its electricity generation (0.28 kg/kWh in 2016) is well above the global average,
especially above Brazil, Kenya, Jamaica, Saudi Arabia, UAE and the UK?® (see Figure
12).

Carbon intensity of energy production
Carbon intensity of energy production is measured as the quantity of carbon dioxide emitted per unit of energy
production. This is measured in kilograms of CO, per kilowatt-hour.
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Figure 12: 5. India's carbon intensity of energy production (Source:"#)

The share of non-fossil-fuel-based electricity generation in total installed capacity
reached approximately 38.18% in November 2020. There has been an increasing
focus on the use of renewables in power generation, which is further aided by enabling
government policies, together with regulatory support, at both the Centre and the
States. The power generation capacity share of renewables grew from 4.98% as of
March 2006 to 23.92% by September 2020".

India set an ambitious renewable energy target of 450 GW by 2030, as per its NDCs.
The current target aims at a six-fold expansion of renewable energy generation to 100
GW of solar energy capacity and 20 GW of wind energy capacity by 20229150
However, the country needs to restore the health of its ageing power system through
digitisation, decarbonisation and decentralisation of the grid®6-%°.



Demand side management was only given attention in the 1990s'4. The Energy
Conservation Act came into existence in 2001, with the objective of conservation and
the efficient use of energy. The adoption of energy efficiency schemes/ programmes
has led to the overall energy savings of 23.728 Mtoe for the year 2018-19. After the
success of the first Perform, Achieve and Trade (PAT 1) cycle (2012-13 to 2014-15),
which resulted in total energy savings of 8.67 Mtoe, and emission reduction of 31
MtCOz2, PAT Il was rolled out. The PAT Il cycle (2016-17 to 2018- 19) resulted in total
savings of approximately 13.28 Mtoe savings, translating into 61.34 MtCOz2. In
addition, energy efficiency initiatives in the micro, small and medium enterprises
(MSME) sector led to a total emission reduction of 0.124 MtCO2 in 2018-19".

An aggressive shift to renewable energy for India’s currently coal-dependent economy
would have a significant impact. Limited studies have shown long-lasting effects of
rapid retirement of coal power plants on the country's political economy, leading to
social unrest®1°1.152 Coal industries, directly and indirectly, impact close to 10-15
million livelihoods in India, the shutdown of coal power plants will put severe stress on
the social security of coal-rich states®?. It will also affect central government financing
that will affect investment in modernisation efforts of the power system. In addition,
the railway economy will be severely impacted because it is built around a cross-
subsidisation mechanism between coal freight and passenger freight'>2. Passenger
fares will increase at a political cost, which may reduce investment in renewable and
low carbon technologies3. There is a need for India to manufacture renewable energy
technologies indigenously to reduce import dependencies in accelerated clean energy
scenarios to secure national security®®. A net-zero future of the electricity generation
sector should account for such social dimensions of the low-carbon transition.

(3.d.i) With accelerated renewable generation in the grid, India requires a massive
increase in power system flexibility’. Currently, the country’s large grid and coal fleet
meet the bulk of its flexibility needs in the short term, supported by hydropower and
gas-fired capacity®°. However, in the long term, new power lines and demand-side
options will be critical in meeting the flexibility needs driven by the rising shares of
solar PV and wind power and variable load patterns from electric vehicles and higher
cooling demand®9%. Strategies like improving the energy efficiency of air conditioners
in the residential sector, lock-in of low carbon technologies, shifting the operation of
agricultural pumps to different parts of the day or intelligent charging of electric

vehicles will play an essential role in enabling flexible operation of the national
gricl96.99.154,

Battery storage is particularly critical in short-run flexibility to align India’s solar-led
generation peak in the middle of the day with the country’s evening peak in demand.
The IEA estimates 140 GW of battery capacity in its stated policy scenario, while 200
GW in its sustainable development scenario for 2040°. Hydrogen, hydro generation,
interconnections and fast-acting thermal generators can be major flexibility options in
the long term. However, it will require aggressive policy interventions, regulatory
mechanisms and market designs.

In 2010, the total installed solar capacity was 10 MW that increased to 30GW in 2019.
India became the lowest-cost producer of solar power in 2018. This was a success
story of a public-private partnership model. It involved an active role of central and
state governments, incentives and policies (like the Jawaharlal Nehru National Solar



Mission (JNNSM) since 2010, certainty from streamlining of land acquisition, low cost
of labour, and price sensitivity of Indian solar market'.

The flaring from natural gas also contributes significantly to India’s GHG emissions
(see Figure 1), yet at present, no solutions have been explored. Two important state-
owned oil and natural gas companies, ONGC and Oil India Limited endorsed the
Global Gas Flaring Reduction Partnership (GGFR) by the World Bank to support just
transition. India is yet to form actionable objectives for GGFR.

Energy transition from fossil-fuel to renewable sources is critical for India’s net-zero
vision. However, such transition needs to systematically evaluate the trade-offs of
accelerated retirement of coal-based electricity generation. Huge opportunity lies in
the growing renewable markets, low-carbon technologies and manufacturing
capacities (SDG - 9). There are also opportunities for development of niche business
models that embeds local contexts for accelerated renewable adaptation.

4 Nature-based Solutions (NbS)

Nature-based solutions (NbS) is an overarching term for several nature-based
approaches like Ecosystem-based Adaptation (EbA), Natural Climate Solutions (NCS)
and eco-Disaster Risk Reduction (eco-DRR). NbS is critical for mitigating socio-
economic losses of climate change and building systemic resilience43.156,

India aims to increase its carbon sink from 2.5 to 3 billion tonnes CO2 equivalent by
increasing forest cover (primarily through agroforestry)'®¢. These actions help address
societal challenges and foster development by working with nature and anchoring
solutions with local communities'®’. For example, the Global Commission for
Adaptation®® notes that the cost-to-benefit ratio of preserving mangroves is up to 1:10
in terms of avoided losses from coastal flooding and non-market benefits associated
with fisheries, forestry and recreation%8.15°,

Studies have shown NbS as effective adaptation strategies for Indian cities to face the
climate risks'43.157.160.161 - Several case-based examples from initiatives such as Asian
Cities Climate Change Resilience Network (ACCCRN), 100 Resilient Cities Program,
and sectoral assessments such as on sustainable water and disaster risk
management'®”:162. The ACCRN designed better management of natural water bodies
and prevented construction on the floodplains in western India'®3. Similar practices
were adopted in central India with the help of the Indian government and community
participation to conserve and manage traditional water sources'%%164, In eastern India,
wetlands have been utilised for years to clean the city’s wastewater'®>. These wetlands
provide livelihood opportunities to 50,000 people through pisciculture and
agriculture'®®. Recent examples from Southern India shows the large-scale promotion
of NbS-based activities like zero-budget natural farming, which relies entirely on using
organic inputsto improve the resilience of both crops and land .

One of the globally recognised success stories is from the western state of Rajasthan,
where an NGO used the NbS approach to support local communities led by women to
revive local water bodies to help fight one of the worst droughts in the state, increased
productive cropland replenished forest cover by around 33%1'2167_ |t was led by the
NGO Tarun Bharat Sangh that supported local women to rejuvenate regional water



bodies to help fight one of the worst droughts in the state. The United Nations
mentioned that this approach brought water back to 1,000 villages across the State.
Five rivers that used to run dry after the annual monsoon season are now flowing
again and fisheries are re-established. Additionally, the groundwater levels rose by an
estimated six metres; productive farmland increased from 20% to 80% of the
catchment; the return of wildlife such as antelope and leopard has been observed'®”.
Biodiversity urban parks in India are common NbS-based adaptation typologies for the
urban centres’’. A prominent example is Kochi's Cities4forests initiative, which helps
conserve, manage, restore; develop green patches by investing in urban parks, green
corridors, watersheds, and forests'8. Delhi’s climate action plan also mentions similar
NbS through trees plantation. Currently, very few interventions explicitly consider NbS
in sustainable urbanisation in India'®7-16%.170 put the successful examples in Kochi and
Delhi could be used to inspire further initiatives.

A transformational and visionary approach to building urban green infrastructure by
investing in NbS across sectors could form an important contribution to India’s climate
response. For example, urban agriculture could provide mitigation benefits (carbon
sequestration, air quality improvement, lower food miles), adaptation co-benefits
(reduced impacts of heatwaves), greater sustainability and wellbeing outcomes
(potential improvements in food and nutritional security)'6®171.172 National policies
such as the Atal Mission for Rejuvenation and Urban Transformation (AMRUT) or
Smart Cities Mission could explicitly consider climate risks or provide a steer for
climate adaptation action’®”170. Currently, however, there is insignificant attention to
developing or restoring blue and green infrastructure in cities through NbS'73. NbS as
a coherent policy practice is still in its infancy. There is a lack of data and resources
and a need to improve the commercial viability of projects. There is a lack of state-led
initiatives to change mindsets associated with the adoption of NbS'43.156, There is also
an urgent need to build a knowledge base and research evidence on how NbS can
help address climate risks and contribute to mitigation and adaptation efforts to move
from pilot stages and be scaled up to cover wider geographies'®?. More importantly,
awareness and capacity building among key stakeholders such as business and
society leaders, political figures and policymakers, about the benefits of adopting NbS
is a necessary step for a net-zero future.

5 Surface transport

The Indian vehicular fleet is characteristic of emerging economies. India has roughly
250 million vehicles, of which 79% comprises two-wheelers. Three-wheelers like autos
and tempos represent 4% of the total number of vehicles in the goods and passenger
categories. Economic cars (costing less than %1 million ~ USD 13,600) and premium
four-wheelers cars (costing more than %1 million ~ USD 13,600) represent 12% and
2%. Buses and trucks represent 3% of the total number of vehicles'”#. The demand for
internal combustion engine vehicle has more than doubled the transport sector’s
energy consumption and related emissions since 2010 and more than tripled since
2000107.154_

India’s NDCs reflect that transport is one of the main action areas for decarbonisation,
although no specific mitigation target is set'”>. The transition to electric mobility is
guided by three main imperatives—energy security, curbing local air pollution, and
curtailing GHG emissions from the transport sector'’6. It currently contributes to 10%



of the country’s total fuel combustion emissions'4. Decarbonising surface
transportation not just affects the automotive industry in India but impacts the forward
and backward linkages of the transportation system like petroleum production,
electricity generation, electronics manufacturing and public financing on account of
change in oil import bill and fuel-tax revenue'’’. India is the 4™ largest passenger
vehicle producer in the world. The automobile sector contributed around 7.1% to
India’s GDP in 2020, generated around 35 million direct and indirect jobs, and
accounts for 40% of global R&D and 4.3% of the nation’s exports'78.

India set an ambitious target of 30% electrification of its entire vehicle fleet by 2030,
as per NITI Aayog'’4. The Indian EV policy context is shaped by a relative abundance
of exploitable renewable energy resources. ‘Make in India’ initiatives ensure high
availability of skilled workforce and technology in manufacturing and IT software'4. It
provides added incentive towards digitisation and reducing import dependencies of
EV technologies. However, the central issues associated with this EV transition vision
lies with cost, manufacturing capabilities, supply chain of motors, batteries and control
systems, charging infrastructure and grid integration of EVs, heavy reliance on imports
and accounting specific vehicle needs of Indian consumers.

The present EV policy aims to reduce primary oil consumption in transportation,
facilitate customer adoption of electric and clean energy vehicles, encourage cutting
edge technology in India through adoption, adaptation, and research and
development, improve transportation used by the commoner for personal and goods
transport, reduce pollution in cities create battery and EV manufacturing capacity that
is of global scale and competitiveness and facilitate employment growth in a solar
energy sector'74.179,

The current EV technologies are available for the premium segment only. In the short
term, the Indian government envisages such early adoption by premium customers to
pave the way for consumer comfort with electrification, raise aspirations for indigenous
products, and make advanced technology available and affordable in the market'07-171,
In the long term, the focus can be on establishing technological and manufacturing
leadership in the economic segment of the EV market.

The government has the Faster Adoption and Manufacturing of (Hybrid &) Electric
Vehicles in India (FAME 1l) framework to focus on this aspect of EV transition07.180,
The other critical aspect, especially for the Indian context, is the market for shared
mobility. For example, taxi aggregators such as Ola and Uber increased from 130
million rides in 2015 to 500 million rides in 2016. It defines a new space for economic
EV utilisation and creates natural and large-scale purchases of EVs'74.

India’s rail infrastructure is already largely electrified with a share of 54% of
conventional passenger demand and 65% of freight transported on electrified trains'®'.
However, significant investment is required to enable full electrification of the railway
network'%’. On the one hand, the effect of FAME Il can already be seen in electric two
and three-wheeler adoption, with Light Duty Vehicle (LDV) further accelerating the EV
transition'®+18. On the other hand, decarbonising heavy duty vehicles (HDVSs),
particularly long-range trucks, poses a much more significant challenge for India76.180,



A significant challenge that India is facing is to make EVs economically viable'’4. The
Indian government suggests reducing battery cost per kilowatt-hour basis by investing
in research and development of new battery chemistry or selecting appropriate battery
chemistries from existing technologies'®*'74. To reduce the number of batteries that
EVs need, India must provide adequate charging infrastructure and increase efficiency
of the vehicles'5174. The government also plans to explore potential avenues of fiscal
support to accelerate EV adoption, but such policy frameworks are yet to be formed.

In the net-zero discourse, India should consider the impact of large-scale EV adoption
into the power grid'®*. EV-led grid congestion could lead to power system failure with
a significant share of variable renewable generation, especially when India aims for
450GW of renewable generation by 2030%'%4. Digitisation can provide EV-load
management through controlled charging that moderates the risks of grid congestion
and could displace peak demand by 8GW for India'®4. IEA analysis'®* has shown that
shifting EV charging outside of the 18:00 — 22:00 (evening charging) period would help
reduce the burden on the electric generation capacity needed to meet the peak
demand. If 80% of EV charging needs are met during the evening period it will add 20
GW to peak load in India by 2030'%%; if this is shifted to the 23:00 — 05:00 (night
charging) period, the contribution of EVs to peak load falls significantly'>*. Therefore,
such system integration aspects must be considered while decarbonising the entire
vehicle fleet.

Opportunities also lie in EV manufacturing, supply chain and creation of consumer
segments. Government-led initiatives like ‘Go Electric’ campaign are important to that
could help in reducing the import dependence of our country in the coming years.

The transition away from emissions intensive vehicles will also help India achieve SDG
3.9 (Substantially reduce the number of deaths and illnesses from hazardous
chemicals and air, water, and soil pollution and contamination) and SDG 11.6 (reduce
the adverse per capita environmental impact of cities, including by paying special
attention to air quality and municipal and other waste management).

4. Definitions of key terms

Mitigation The lessening of the potential adverse impacts of physical hazards through
actions that reduce hazard, exposure, and vulnerability.

Adaptation The process of adjustment to actual or expected climate and its effects,
in order to moderate harm or exploit beneficial opportunities.

Resilience The ability of a system and its component parts to anticipate, absorb,
accommodate or re- cover from the effects of a hazardous event in a timely and
efficient manner while retaining the same basic structure and ways of functioning, the
capacity for self-organization and the capacity to adapt to stress and change.

Vulnerability The degree to which a system is susceptible to, or unable to cope with,
adverse effects of climate change, including climate variability and extremes.



Risk The potential for consequences where something of value is at stake and where
the outcome is uncertain, recognizing the diversity of values. Risk is often represented
as probability or likelihood of occurrence of hazardous events or trends multiplied by
the impacts if these events or trends occur.
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