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Climate change, extreme heat, and air pollution are 
connected public health threats: burning of fossil 
fuels produces health-harming air pollution as well 
as carbon dioxide emissions that contribute 
to rising global temperatures. Extreme heat in 
India already causes significant health problems, 
contributing to nearly 47,000 early deaths in 2019.1 
According to Indian experts, climate change could 
increase future annual average temperatures as 
much as 2.4 °C (approximately 4.3 °F) by the 2080s 
relative to the 1976-2005 average.2 Keeping people 
safe from sweltering heat is an increasingly critical 
health challenge as global temperatures rise.

Air conditioning (A/C) offers lifesaving relief from 
extreme heat, as recognized in India’s Cooling 
Action Plan.3 Although only 6 percent of Indian 
households were estimated to have A/C access in 
2019,4 the Indian government projects nationwide 
cooling demand could grow eight-fold by the 
2030s compared to recent years (2017 to 2018).5 
Electricity use for A/C in India is already increasing 
because of rising temperatures;6 if India powers 
rising A/C demand by burning fossil fuels—rather 
than by harnessing cleaner, renewable energy 
sources—it may trigger higher emissions of 
dangerous air pollution and worsen the climate 
crisis itself. 

In addition to extreme temperatures, outdoor air pollution also imposes an enormous public health burden in India, 
contributing to an estimated 980,000 deaths in 2019,7 when the country’s annual fine particulate matter (PM

2.5
) air 

pollution level averaged 91.7 µg/m3, more than double the national annual PM
2.5 

air pollution limit of 40 µg/m3.8,9 
Country-wide, air pollution from coal combustion in thermal power plants and industrial activity contributes to 
169,000 premature deaths annually.10 India launched its National Clean Air Programme (NCAP) in 2019 to provide 
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Figure 1: Top: Smoke rises on a winter morning in Ahmedabad, 
one of India’s non-attainment cities for health based airquality 
standards; Botttom: Rising temperatures are leading to 
increased demand for air conditioners and cooling.

Credits: NRDC (top), Jerry Wang (bottom)
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a roadmap for reducing unhealthy air pollution levels nationwide, especially in cities not yet attaining the National 
Ambient Air Quality Standard (NAAQS) for PM

2.5
 air pollution.11

Air pollution reduction strategies in India include efforts to better control emissions from aging coal-fired power 
plants nationwide, 47 of which have been operating for 34 years each, on average.12 Importantly, premature mortality 
from air pollution in the twelve current Indian “megacities” (population >10 million, including Ahmedabad, Mumbai, 
Pune, Kolkata and others) increased significantly from 2005 to 2018,13 in part because of sulfur dioxide air pollution 
emissions from industry and coal-fired power plants that increased by 50 percent from 2007 to 2016.14 In 2022, India’s 
Ministry of Power announced plans to reduce power generation from some coal-fired utilities because of availability 
of more cost-effective renewable energy.15 

QUANTIFYING CITY-LEVEL BENEFITS OF CLIMATE ACTIONS

Despite robust estimates of the health harms of air pollution in India on a broad scale, there is limited evidence 
quantifying these dangers at a local level using city-specific population, health, and air pollution exposure data. 
Research that describes not only the health toll of air pollution but also the air quality and health-related co-benefits 
of climate solutions that reduce fossil fuel use and bolster human resilience to rising temperatures can provide a 
rationale for stronger mitigation and adaptation policies. Ahmedabad, a city in the western Indian state of Gujarat, 
is one of 132 non-attainment cities in India that exceed current health-based air quality limits,16 and which are 
implementing action plans to achieve NCAP targets to address chronic air pollution problems. The Torrent Power 
Plant, located in the heart of Ahmedabad is one of the oldest coal-fired power plants in the country, having started 
operation in 1934. The power plant has undergone numerous phases of expansion to meet increasing power demand 
in the region.17

Figure 2: Left: The Torrent coal-fired power plant began operation in 1934 and contributes to air pollution in Ahmedabad; 
Right: A woman in Ahmedabad painting her home roof with solar reflective paint in 2018.

(Credits: NRDC (left), Mahila Housing Trust (right)).

Because of the convergence of fossil fuel reliance, air quality problems, and city interest in improving public health 
through its pioneering Heat Action Plan18 and a comprehensive air pollution monitoring, forecasting, and health risk 
communication strategy,19 Ahmedabad provides an ideal setting for investigating the near-term air quality and health 
benefits of climate change response actions (mitigation and adaptation).
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CLIMATE, ENERGY, AIR QUALITY, AND HEALTH EXPERTS TEAM UP

Conducting an interdisciplinary modeling analysis with local data and expertise, our team estimated the air quality 
and health co-benefits of potential climate change mitigation and adaptation actions in Ahmedabad by 2030. We 
explored two main actions implementable at the city level: (1) mitigation of climate pollution through control of 
emissions from Ahmedabad’s coal-fired Torrent Power Plant (Figure 2, left), a scenario of interest because pollution 
controls at this plant and others located in urban areas are being prioritized to reduce risks to nearby population 
centers20 and (2) adaptation to extreme heat via expansion of cool roofs across the city (Figure 2, right), an 
intervention that helps to lower indoor temperatures at the household scale21 and reduce citywide demand for energy 
to power A/C.

This project estimated the city-wide air quality and health benefits of those two climate change response actions by 
the year 2030. Our team linked models (Figure 2) to explore the air quality-related health effects of these responses, 
with a focus on fine particulate matter (PM

2.5
), the most dangerous air pollutant regulated under India’s NAAQS.22

Figure 3: Flowchart depicting project model integrating projections of climate warming in Ahmedabad (dark blue box), 
energy supply and cooling demand modeling (light blue box), and two 2030 comparison scenarios that shape air quality 
modeling (business-as-usual, green box and a combined mitigation and adaptation scenario, green box). Air quality modeling 
and monitoring data (light grey and blue boxes) were analyzed using a health impact assessment approach (dark grey box) 
to arrive at air quality effects on all-cause mortality in the city in 2030, relative to a 2018 baseline. 

(Credit: Limaye et. al (2022)).
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Our collaborating team included expert researchers from the Indian Institute of Tropical Meteorology (IITM), the 
Gujarat Energy Research and Management Institute (GERMI), the Indian Institute of Public Health-Gandhinagar 
(IIPH-G), and NRDC:

• Energy policy experts at GERMI estimated Ahmedabad’s electricity demand in 2018 and 2030, considering 
how demand for air conditioning is expected to rise due to climate warming, population growth, and economic 
expansion.23 This team also considered the growth of renewable energy capacity and opportunities to substitute 
fossil fuel-generated electricity with power provided by solar and wind sources.

• Air quality scientists at IITM collected air quality (PM
2.5

) monitoring data for 2018 and modeled air quality for 
two different 2030 scenarios: (1) a business-as-usual scenario in which Ahmedabad continues to rely heavily on 
its thermal coal-fired power plant to meet city energy needs and takes no further actions to expand cool roofs 
(beyond existing 5 percent roof area coverage), and (2) a combined mitigation and adaptation scenario in which 
the city takes strong climate actions to substitute fossil fuel power with renewable energy, a plausible future given 
the growth of renewable energy capacity in Gujarat,24 and expands its cool roofs program to cover 20 percent of 
available building roof area.

• Public health scientists at NRDC and IIPH-G applied mortality data from the Ahmedabad Municipal 
Corporation, developed population estimates for 2018 and 2030, and analyzed the different air quality projections 
modeled by IITM scientists to estimate city-wide health effects in 2030 under the business-as-usual scenario and 
in a future with strong climate action on mitigation and adaptation. Projected health effects in 2030 are relative to 
a common 2018 air quality baseline.

KEY FINDINGS

The findings of this study, summarized below, are available as an open-access article in the peer-reviewed scientific 
journal Environmental Research: Health.25

Climate Change and Energy Demand

Our energy analysis shows that demand for energy to provide cooling in Ahmedabad could nearly 
triple between 2018 and 2030 as the city population increases from 8.5 to 9.3 million and climate 
warming increases the average annual temperature by 0.8°C in 2030. However, renewable energy 
capacity to supply energy in Gujarat is expected to expand by a factor of five over that period, part 
of India’s national commitment to provide half the country’s energy mix from renewable, non-
fossil fuel sources by 2030.26

Expansion of cool roofs from 5 to 20 percent of total roof area would reduce cooling energy 
demand by 0.21 Terawatt-hours (TWh) in 2030 from 2018. That energy savings would more than 
offset the city’s climate change-driven 2030 increase in cooling demand from 2018 (0.17 TWh); 
the reduction in cooling energy demand is equivalent to avoiding 191,000 metric tons of carbon 
dioxide pollution from a thermal coal-fired power plant, emissions equivalent to 81.4 million litres 
of petrol.27

Expansion of cool roofs from 5 to 20 percent 
of total roof area would reduce cooling 
energy demand by 0.21 Terawatt-hours 
(TWh) in 2030
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Air Quality

Air monitoring data used in an IITM model28 show that PM
2.5 

air pollution levels averaged 71.04 
µg/m3 in 2018. Our air pollution modeling suggests that if the city takes no additional climate 
mitigation actions by 2030 (business-as-usual scenario), local air quality will further deteriorate, 
as the annual PM

2.5 
pollution level rises to 75.18 µg/m3. In contrast, if Ahmedabad implements 

strong clean energy and cool roofs actions (mitigation and adaptation scenario), annual PM
2.5 

air 
pollution would decrease (by 0.10 µg/m3) from 2018 levels to 70.94 µg/m3 in 2030. While that level 
exceeds the national annual PM

2.5
 air pollution limit (NAAQS) of 40 ug/m3, avoiding an increase in 

air pollution from 2018 to 2030 is a significant outcome, considering anticipated growth in both 
the city population and cooling energy demand over that period.29 

Health

We combined city population projections for 2030, baseline health data, and air pollution 
epidemiology evidence with air quality modeling results using the Benefits Mapping and Analysis 
Program-Community Edition, BenMAP-CE,30 (Figure 4) to estimate the health effects of PM

2.5
 

air pollution in 2030 under the business-as-usual vs. the combined mitigation and adaptation 
scenario. Using an established air quality health impact assessment tool, we found that the 
air quality benefits of mitigation and adaptation actions result in up to 1,414 fewer annual 
all-cause premature deaths city-wide in 2030, compared to the business-as-usual future (i.e. 
without additional steps to reduce fossil fuel reliance or expand cool roofs).

Furthermore, our health modeling for 2030 scenarios also demonstrates that Ahmedabad could 
achieve even more significant health benefits with even greater ambition to improve air quality. 
Compared to a business-as-usual 2030, we estimate that the city could avoid up to 6,510, 9,047, 
or 17,369 premature deaths annually by 2030 if NCAP targets, NAAQS limits, or World Health 
Organization PM

2.5
 air quality guidelines (WHOAQG) are achieved, respectively (Figure 5).31 

Population
Data

Baseline
Health 
Data

Air
Pollution
Estimates

Exposure-
Response

Data

Health Impacts of Air Pollution
(Benefits Mapping and Analysis Program)

Figure 4: Data components integrated in Benefits Mapping and Analysis Program-Community Edition 
(BenMAP-CE) (Credit: NRDC).
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Figure 5:  Key air pollution and health results: BenMAP-CE input air pollution values (blue bars) and health effect estimates 
(blue line) under 2018 baseline, 2030 business-as-usual (BAU), 2030 mitigation and adaptation (M&A), 2030 NCAP 
(National Clean Air Programme) attainment, 2030 NAAQS (National Ambient Air Quality Standards) attainment, and 2030 
WHOAQG (World Health Organization Air Quality Guideline) attainment. Health effects are for each scenario compared to 
baseline air quality for 2018. For avoided all-cause mortality, negative values indicate excess deaths in 2030 relative to 
2018, positive values indicate avoided deaths in 2030 relative to 2018 (Credit: Limaye et al. 2022) (Left axis values apply 
to blue bars; right axis values apply to blue line).  

A Framework for Estimating Health Benefits of Clean Air

Because the threats of climate change, extreme heat, and air pollution to public health are intertwined, so are the 
solutions. This study shows that shifting India even further and faster away from fossil fuels and towards clean 
energy and stronger heat adaptation through cool roofs can help reduce deadly air pollution, keep people cooler 
and healthier, and reduce the carbon dioxide pollution that fuels climate change. By incorporating climate, energy, 
cooling, land cover, air pollution, and local health data, the comprehensive modeling method we deployed is scalable 
to estimate local air quality and health co-benefits in diverse situations. Our findings show that city-level climate 
change response measures can produce significant co-benefits for air quality and health in the near-term.

Our sequence of climate, energy, air quality and health modeling provides a blueprint for future studies to estimate 
local air quality and health co-benefits of climate change responses in India. Such research can help the public 
understand how climate action in India can deliver cleaner air. It can also strengthen understanding of health 
implications of policies in India that affect energy use and air quality, such as the India Cooling Action Plan,32 
India’s climate change goals under the United Nations Framework Convention on Climate Change,33 and further 
implementation of the National Clean Air Programme.34 Our findings on avoidable premature deaths from air quality 
improvements strengthen the health argument for scaling up climate solutions across the country.
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POLICY RECOMMENDATIONS

1.  Substituting Renewable Energy for Highly Polluting Fossil Fuels Benefits Health

Climate change mitigation actions that move India’s energy systems away from burning fossil fuels (coal, oil, and 
gas) and towards greater use of renewable energy sources like solar and wind can help to reduce chronic urban air 
pollution problems. Better control of emissions from coal-fired power plants near population centers improves 
air quality and health locally in the near-term, while also helping to stabilize the global climate and slow global 
temperature rise.

2.  Indian Cities Can Quantify Adaptation Benefits

Climate change adaptation responses to better prepare people for unavoidable climate impacts can deliver 
a range of benefits. For example, actions to reduce health risks from intensifying hazards like extreme heat, 
including low-cost cool roof installations in India, can help to deliver energy savings by reducing demand 
for energy to cool buildings—reducing strain on the electricity grid and lowering household energy bills.35 
More evaluation of adaptation interventions is needed to assess implementation costs and benefits including 
installation expenses, health improvements,36 and health-related financial savings.37

3.  Decisionmakers in India Should Consider Air Quality and Health Effects of Climate and Energy Policies

Using well-established models that estimate the health impacts of air pollution in India, researchers can 
strengthen the local evidence base in support of health-protective policies. When climate, energy, transportation, 
or other environmental policies are under consideration or being adopted, cities can analyze local air quality and 
health data to shape implementation approaches that account for air quality-related health effects. 

4.  Interdisciplinary Approaches Can Identify Ways to Reduce Climate Threats to Health

Interdisciplinary teams benefit from experience and expertise across different subject matter areas, and can 
provide comprehensive learning opportunities to team members, local policymakers, and wider communities. 
Integration of climate, air quality, energy, demographic, and health data and models can enable researchers 
to shape analyses that better reflect complex systems. Transparent reporting of methods, assumptions, and 
approaches38 can foster more powerful climate change and health investigations in the future.

This work was supported by the Wellcome Trust [Grant #216093/Z/19/Z].
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ABOUT THE PARTNERS

Natural Resources Defense Council (NRDC)

The Natural Resources Defense Council (NRDC) is an international environmental 
organization with more than 3 million members and online supporters. Since 1970, our 
scientists, lawyers and other environmental specialists have worked to protect the world’s 
natural resources, public health, and the environment. NRDC works in the United States, 
China, India, Canada, Latin America, as well as on global initiatives to address climate change, 
protect nature, and promote healthy people and thriving communities. In India, NRDC works 
with local partners on transformative solutions to advance clean energy and climate resilience. 
www.nrdc.org

Indian Institute of Public Health, Gandhinagar (IIPH-G)

The Indian Institute of Public Health Gandhinagar (IIPH-G) is India’s first Public Health 
University. IIPH-G aims to strengthen the overall health system in the country through 
education, training, research, and advocacy/policy initiatives. The institute started its 
operations in July 2008 with the commencement of its 1st batch of Post Graduate Diploma in 
Public Health Management. IIPH-G is India’s largest public health university and is the hub for 
excellence in public health teaching, public health innovation, research and practice. iiphg.
edu.in

http://www.nrdc.org
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Summary 

As India’s urbanization accelerates and climate change 
intensifies, cities across the country face an unprecedented 
challenge in adapting to a warmer planet. Keeping people in 
India cool and reducing heat-related health problems is an 
urgent need; though air conditioning (A/C) is an important 
climate adaptation in India, this cooling technology 
remains accessible to only about 6% of housing units.1 In 
2019, extreme heat caused an estimated 46,600 early deaths 
in India – but air conditioning can provide lifesaving relief.2 
India’s demand for air conditioning is expected to increase 
dramatically to help counter worsening heat, and if this 
increasing cooling energy demand is met by electricity 
supplied by burning fossil fuels, it will further exacerbate 
climate change and related stressors, including hazardous 
air pollution that currently threatens much of the country.3 
Scalable landcover interventions such as cool roofs that 
reduce heat accumulation in urban areas (Figure 1) can 
help reduce indoor temperatures4 and partially compensate 
for rising cooling energy demand in buildings.5 
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ADDRESSING RISING 
DEMAND FOR COOLING IN 
INDIA WITH COOL ROOFS

Figure 1: Slums being painted with solar re	ective paint by 

Ahmedabad Municipal Corporation (AMC) in 2020 (top). Former 

Ahmedabad Mayor Gautam Shah painting a cool roof with white 

paint in Ahmedabad, India, in 2017 (bottom).
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Expanding cool roofs in Ahmedabad, India from 5% of 

residential roof area to 20% by 2030 could deliver energy 

savings that more than offset additional cooling energy 

demand linked to climate warming.
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Abstract: Indian cities struggle with some of the highest ambient air pollution levels in the world.
While national efforts are building momentum towards concerted action to reduce air pollution,
individual cities are taking action on this challenge to protect communities from the many health
problems caused by this harmful environmental exposure. In 2017, the city of Ahmedabad launched
a regional air pollution monitoring and risk communication project, the Air Information and Response
(AIR) Plan. The centerpiece of the plan is an air quality index developed by the Indian Institute of Tropical
Meteorology’s System for Air Quality and Weather Forecasting and Research program that summarizes
information from 10 new continuous air pollution monitoring stations in the region, each reporting
data that can help people avoid harmful exposures and inform policy strategies to achieve cleaner air.
This paper focuses on the motivation, development, and implementation of Ahmedabad’s AIR Plan.
The project is discussed in terms of its collaborative roots, public health purpose in addressing the grave
threat of air pollution (particularly to vulnerable groups), technical aspects in deploying air monitoring
technology, and broader goals for the dissemination of an air quality index linked to specific health
messages and suggested actions to reduce harmful exposures. The city of Ahmedabad is among the first
cities in India where city leaders, state government, and civil society are proactively working together to
address the country’s air pollution challenge with a focus on public health. The lessons learned from the
development of the AIR Plan serve as a template for other cities aiming to address the heavy burden of
air pollution on public health. Effective working relationships are vital since they form the foundation for
long-term success and useful knowledge sharing beyond a single city.

Keywords: air pollution; exposure mitigation; climate change; India; vulnerability; urban public health;
risk communication; community engagement; environmental education; environmental forecasting
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EXPANDING HEAT RESILIENCE 
ACROSS INDIA: HEAT ACTION 
PLAN HIGHLIGHTS 2022
As climate change fuels more frequent, intense, and longer 
heat waves, record-breaking, brutally hot weather is 
already a major health threat for vulnerable communities 
in India and other parts of the world.1 Heat stress refers to 
physiological ailments and symptoms caused by exposure 
to high temperatures and often humidity. Heat stress 
already affects 68 million people worldwide as of 2021.2 
New analysis finds that if global temperatures increase 
by 2°C (3.6°F) over pre-industrial levels, a billion people 
will endure extreme heat stress.3 This finding underscores 
the importance of limiting global warming relative to pre-
industrial temperatures to less than 2°C, and preferably 
to 1.5°C as outlined in the Paris Agreement; 1.0°C of 
warming has already occurred.4 The India Meteorological 
Department (IMD) in its annual Seasonal Outlook for 2022 
forecast a higher probability of heat waves occurring over 
west-central and some parts of northwest India.5 Heat 
Action Plans (HAPs) are essential to protect communities 
and save lives from extreme heat. Drawing lessons from 
Ahmedabad’s groundbreaking 2013 Heat Action Plan, city, 
state, and national-level authorities in India are ramping 
efforts up to implement extreme heat warning systems 
and preparedness plans.6 This factsheet presents the 
most recent highlights on heat resilience for the 2022 heat 
season in India, typically extending from March to June. In 
March 2022, large parts of western and central India have 
already touched 40° C, and many cities are facing severe 
heat waves (Figure 1).7 

HEAT ACTION PLANS (HAPs) 

BUILD RESILIENCE AND PROTECT 

COMMUNITIES 

HAPs are comprehensive extreme heat early warning 
systems and preparedness plans. Key objectives of HAPs 
include improving public awareness and community 
outreach; facilitating interagency coordination; 

context-specific capacity building among health care 
professionals; reducing heat exposure; and promoting 
adaptive measures.

Ahmedabad’s HAP was the first plan in India and South 
Asia.9 A study estimated that Ahmedabad, one of India’s 
largest cities, avoided approximately 1,190 deaths a year 
after implementing its HAP in 2013.10 City, state, and 
national level authorities continue to draw lessons from it 
as they ramp up implementation of extreme heat warning 
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Heat Wave

Severe Heat Wave

Figure 1: Extreme Heat in March – a Map of Maximum 

Temperatures Over Indian States on March 31, 2022.8

Note: IMD declares a heat wave when the maximum temperature 

exceeds 40°C in a region with low elevation or when temperatures 

reach at least 4.5°C above the normal average temperature. IMD 

declares a severe heat wave if the departure from normal temperature 

exceeds 6.4°C (Source: India Meteorological Department, 2022).

Legend: Max Temperature
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THE ROAD FROM PARIS: INDIA’S 
PROGRESS TOWARDS ITS CLIMATE PLEDGE  
The year 2022 marks a turning point for India as the country emerges from the economic and social impacts of 
COVID-19 and progresses on its climate goals. In the international arena, Prime Minister Modi made bold, new 
climate announcements at COP26 in November 2021; following up on those commitments, India formally updated 
its Nationally Determined Contributions (NDC) in August 2022. The record-breaking 2022 heat wave emphasized 
the importance of accelerating the clean energy transition, even as the global increase in fossil fuel prices impacted 
India’s energy import bill.1 India continues to push hard on energy efficiency and renewable energy, expanding wind 
and solar capacity and launching landmark hydrogen projects. In addition to clean energy, the country plans to 
expand efforts to get on track to meeting its goal of increasing forest cover to create additional carbon sinks.  

For more information, please contact: 

Charlotte Steiner: csteiner@nrdc.org | Sameer Kwatra: skwatra@nrdc.org
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Farm workers cleaning the solar panels of a solar-powered water pump on 

the 80-acre farm of Gurinder Singh in Jagadhri village, Karnal, India

National Climate and Energy Policy

In August 2022, India formally submitted its updated NDC 
to the United Nations, ten months after Prime Minister 
Narendra Modi’s announcement of India’s five-pronged 
goals to achieve full decarbonization by 2070.2 These goals—
dubbed Panchamrit, or ‘five nectars’—set India’s timeline for 
a net-zero economy as well as scaled India’s commitments 
for renewable energy deployment and emissions reductions 
by 2030 (Figure 1).3 In addition to the Panchamrit, PM Modi 
also announced the LiFE, or Lifestyle for the Environment, 
movement, formally launched on June 5, 2022. The LiFE 
movement focuses on encouraging sustainable, zero-carbon 
lifestyles and promote citizen action for climate change.4

The updated NDC incorporate two of the five Panchamrit 
elements, combining PM Modi’s announcement at COP26 
into percentage-based commitments for renewables and 
emissions reductions, instead of net targets.5 India’s Union 
Cabinet approved a more flexible target of meeting 50 
percent of overall power capacity by 2030 with non-fossil 
fuel energy.6 In addition, the NDC increased the goal to 
reduce Gross Domestic Product (GDP) emissions intensity 
from 35 percent to 45 percent by 2030, a percentage-based 
goal that allows for parallel growth of national GDP.7 C
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Climate change and 2030 cooling demand in Ahmedabad, 
India: opportunities for expansion of renewable energy 
and cool roofs
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Abstract
Most of India’s current electricity demand is met by combustion of fossil fuels, particularly 
coal. But the country has embarked on a major expansion of renewable energy and aims 
for half of its electricity needs to be met by renewable sources by 2030. As climate change-
driven temperature increases continue to threaten India’s population and drive increased 
demand for air conditioning, there is a need to estimate the local benefits of policies that 
increase renewable energy capacity and reduce cooling demand in buildings. We investigate 
the impacts of climate change-driven temperature increases, along with population and eco-
nomic growth, on demand for electricity to cool buildings in the Indian city of Ahmedabad 
between 2018 and 2030. We estimate the share of energy demand met by coal-fired power 
plants versus renewable energy in 2030, and the cooling energy demand effects of expanded 
cool roof adaptation in the city. We find renewable energy capacity could increase from 
meeting 9% of cooling energy demand in 2018 to 45% in 2030. Our modeling indicates a 
near doubling in total electricity supply and a nearly threefold growth in cooling demand by 
2030. Expansion of cool roofs to 20% of total roof area (associated with a 0.21 TWh reduc-
tion in cooling demand between 2018 and 2030) could more than offset the city’s climate 
change-driven 2030 increase in cooling demand (0.17 TWh/year). This study establishes a 
framework for linking climate, land cover, and energy models to help policymakers better 
prepare for growing cooling energy demand under a changing climate.

Keywords India · Climate change · Adaptation · Cool roofs · Air conditioning · Energy 
demand · Electricity · Renewable energy
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With dangerously high air pollution levels and continued 
respiratory threats from COVID-19, the need to protect 

pollution, India’s Ministry of Environment, Forests and 
Climate Change (MoEF&CC) announced plans in late 2021 
to strengthen clean air programs as part of a new national 

to ecosystem degradation, worsens agriculture and crop 
yields, and impairs visibility.1 Delivering on India’s clean air 
ambitions can help to secure a cleaner, safer, and healthier 
environment for all.

As part of the new mission’s efforts to intensify 
clean air efforts, cities such as Ahmedabad are 
working to strengthen local air quality programs. To 
support Ahmedabad’s Clean Air Plan (CAP), local 
and international experts conducted an assessment 
to identify a set of priority actions to strengthen air 
pollution control strategies and monitoring systems. 

The main pollution control strategies used in India 
include, but are not limited to transportation, power 
plants, industries, and waste and biomass burning. 

For more information, please contact: 

Anjali Jaiswal: ajaiswal@nrdc.org or Polash Mukerjee: pmukerjee@nrdc.org
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1. Transportation - Identify and retire highly polluting vehicles 
from operation (pre-Bharat Stage IV (BS-IV) vehicles that 
have high utilization rates).

2. Power Plants - Expedite compliance of power plants in the 
Ahmedabad airshed with the pollution emission standards 

incentives that are supported by the National Clean Air Program 
(NCAP) steering, monitoring and implementation committees.

3. Industries - Shift from fossil fuels to cleaner fuels and 
renewables, and implement emission control technologies, 
including support for Micro, Small, and Medium Enterprises 
(MSMEs).

4. Air Quality Management (AQM) - Operationalize 
departmental and inter-ministerial coordination on AQM 
through operation of NCAP governance committees and 
the AQM cell that can digitize inventory, identify gross 
polluters, and enhance accountability at the airshed level 
with performance indicators aimed at improved governance 
and compliance . Finance should be made available to the 

mechanisms or schemes for cleaner energy transitions.

CLEARING THE AIR: PRIORITY POLLUTION 
CONTROL AND MONITORING STRATEGIES 
BASED ON EFFORTS IN AHMEDABAD

Executive Summary 

For air pollution control strategies, the expert assessment 
recommends the following priority actions in the near-term 
based on similar practices in other Indian cities.   

THE PROBLEM

Climate change, extreme heat, and air pollution are all 
connected. With global temperatures soaring because of 
climate change, demand for electricity to keep people cool 
and safe from sweltering heat is critical. Air conditioning 
cools indoor spaces, protects our bodies from heat stress, and 
can save lives. But if we power air conditioning by burning 
dangerous fossil fuels—rather than by harnessing cleaner, 
renewable energy sources—we increase dangerous air 
pollution and contribute to the climate crisis.

The World Health Organization estimates that more than 
90 percent of the world’s population is already exposed 
to dangerous levels of air pollution,1 and recent research 
estimates that about 6.7 million people die early each year 
due to chronic exposure to polluted indoor and outdoor air.2 
These health risks will increase as temperatures rise and 
demand for electricity to provide cooling relief grows unless 
we take action to shift toward cleaner energy.

How can we keep people cool and reduce dangerous air 
pollution in a rapidly warming world? Understanding the 
complex effects of climate change on public health is an urgent 
task, and innovative work is underway to better understand the 
problem of how global climate change and our responses affect 
local health, and shape climate-smart public policy in India.

1 Health Effects Institute. Air Pollution’s Impact on Health: A Global 
Snapshot, October 2020. https://www.stateofglobalair.org/sites/
default/files/documents/2020-10/soga-global-profile-factsheet.pdf.

2 Institute for Health Metrics and Evaluation. “Global Burden of 
Disease Results Tool (Air Pollution in 2019),” October 2019. 
http://ghdx.healthdata.org/gbd-results-tool?params=gbd-api-2019-
permalink/883b86e17da639bcc924ec1b27af0b38.

LOCAL HEALTH BENEFITS OF CLIMATE 
ACTION

Climate change will likely make existing air pollution problems 
even worse because warmer temperatures make more health-
harming outdoor ozone smog form and drive up demand for 
electricity to run air conditioning.3 A 2018 U.S. study analyzing 
energy demand, air pollution, and health impacts of mid-
century heat waves found that climate change and pollution 
from increased energy demand for cooling could worsen 
summer fine particle air pollution by about 60% and ground-
level smog by about 16%, compared to current pollution levels.4 
If today’s fossil-fuel heavy mix of energy sources is deployed to 
meet extra energy demand for air conditioning in the future, 
nearly 1,000 people could die each year from worsened air 
pollution – in just one region of the U.S.4

India currently must cope with brutally hot weather and 
dangerous levels of outdoor air pollution. While millions of 
people in India already breathe unhealthy air, climate change 
threatens to make this problem even worse unless governments 
act to stem the problem on a broader scale. India’s cooling 
demand is projected to grow by eight times in the next 20 
years,5 and the country last year launched the India Cooling 
Action Plan (ICAP), a comprehensive plan to meet the country’s 
skyrocketing cooling demand.6 A major component of the 
ICAP is an effort to improve understanding of the health and 
economic implications of increased cooling demand through 
applied research.7 A range of skills and data sources across 
climate, energy, environmental, and health sectors is needed to 
quantify these intersecting public health risks.

3 Kinney, Patrick L. “Interactions of Climate Change, Air Pollution, and 
Human Health.” Current Environmental Health Reports 5, no. 1 (March 
2018): 179–86. https://doi.org/10.1007/s40572-018-0188-x.

4 D. Abel et al, 2018. “Air-Quality-Related Health Impacts from 
Climate Change and from Adaptation of Cooling Demand for 
Buildings in the Eastern United States: An Interdisciplinary 
Modeling Study.” PLOS Medicine 15 (7): e1002599. https:// doi.
org/10.1371/journal.pmed.1002599.

5 International Energy Agency. “The Future of Cooling: Opportunities 
for Energyefficient Air Conditioning,” 2018, 92.

6 GOI Ministry of Environment, Forest and Climate Change, India 
Cooling Action Plan Launched, March 2019, https://pib.gov.in/ 
PressReleaseIframePage.aspx?PRID=1568328.

7 Ministry of Environment, Forest & Climate Change (Government of 
India). “India Cooling Action Plan Launched,” March 8, 2019. pib.
gov.in/Pressreleaseshare.aspx?PRID=1568328.

MAY 2021

FACT SHEET

PROTECTING PEOPLE FROM  
THE HEALTH RISKS OF CLIMATE CHANGE: 
LOCAL EXPERTS TEAM UP IN AHMEDABAD
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CLEARING THE AIR:  
HIGHLIGHTS OF CITY ACTIONS IN 2020 TO 
REDUCE AIR POLLUTION
Globally, 4.1 million deaths1 were linked to outdoor air pollution exposures in 2019 – with nearly half of those deaths – more 
than 1.67 million in India2. With increased respiratory threats from COVID-19, tackling rising air pollution and protecting 
public health are even more urgent. While the media covers New Delhi’s air pollution crisis, over 80% of Indian cities with a 
population of more than one million struggle with unhealthy air.3  

The national government and many cities in India are taking action to improve air quality through the National Clean Air 
Programme (NCAP) and city Clean Air Plans (CAPs). The NCAP aims to reduce national levels of high particle air pollution 
(PM

2.5
, PM

10
) by 20-30% by 2024 compared to 2017 levels. Under the NCAP, India’s 122 non-attainment cities that do not 

meet its National Ambient Air Quality Standards (NAAQS) need to develop city-level CAPs to reduce outdoor pollution 
levels. More than 100 cities across India have developed CAPs that are in various stages of implementation.4 

In a major advancement in 2020, the national government increased funding to cities for improving ambient air quality 
through a new performance-based grant from the Finance Commission (FC). This issue brief builds on the 2020 factsheet 
from Natural Resources Defense Council (NRDC) and partners — Indian Institute of Public Health- Gandhinagar (IIPH-G) 
and Centre for Environment Education (CEE) — to provide updates on financing mechanisms, air pollution sources, and city 
CAPs; and includes recommendations for improving CAP implementation with the Finance Commission grants in 2021.5 
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