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Important Notification
We are pleased to announce that IIT Delhi has renamed Centre of Excellence for Research on Clean Air (CERCA) as Arun
Duggal Centre for Research in Climate Change and Air Pollution in recognition of the personal commitment and
contribution of Shri Arun Duggal, a former alum of IIT Delhi, towards scientific research on clean air issues and clean air

technology development, at IIT Delhi.

CERCA Research Projects Updates

Project: Monitoring Air Pollution impacting Delhi NCR using a Hybrid Approach (PI: Prof. Sagnik Dey, CAS IITD)
Objectives: 1. Estimation of contribution of various neighboring states and trans-boundary transport to Delhi air pollution
2. Identifying the changes in open burning patterns, pollutions at large point sources (e.g., TPPs)/source clusters (e.g., brick
kilns) 3. Feedback for policymakers to judge the effectiveness of the mitigation measures implemented to curb pollution
due to these three major sources.

Update: In this quarter, the team has examined stubble burning of last harvesting season. The stubble burning has come to

an end with the cumulative fire counts in Punjab and Haryana CRE in Punjab this year (25 Sep-30 nov) R in Linryana his yenr(@s sep-30 ov)
recorded by Nasa satellite (VIIRS 375m) in 25 September to 30
November being the highest in five years. Total 76847 incidents of
CRB have been reported in Punjab this Season (25 September—30

November). For the same period in the year 2020 the number of

incidents was 74664 and in the year 2019 it was 44040. Haryana L - 0o
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recorded 10082 incidents this Season (25 September -30 oo I 3400

November). In the year 2020 the number of incidents was 5450 and in the year 2019 it was 5953.

Project: Study of E-rickshaw Operations & Development of Charging and Parking Infrastructure for E-rickshaws (PI:
Prof Nezamuddin, Dept. of Civil Engg. IITD)

Objective: i) Analysing the supply characteristics of the e-rickshaw network, ii) Analysing the operational characteristics of
e-rickshaw service, and iii) Identifying the optimal locations for setting up physical infrastructure for e-rickshaws and
designing the optimal capacity of the charging stations.

Update: The project team has developed the queueing-based facility location model to find out optimal locations for setting
up e-rickshaw charging stations. They have identified the optimal e-rickshaw charging station locations in Uttam Nagar and
their optimal charging capacity using the developed Queueing based facility location model. They have completed the E-
Rickshaw Trip Data Collection Survey and analysis of the supply and operational characteristics of e-rickshaw service in
Uttam Nagar region and Karol Bagh area. The Team is now identifying the optimal charging station locations in Karol Bagh
and finding out their optimal charging capacity using the developed model. They are also conducting questionnaire survey

for e-rickshaw life cycle cost analysis.
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Project: NASA Citizen Science Project Phase Il (PI: Dr Prakash Doraiswamy (RTI) and Dr Pawan Gupta, NASA; India
Partners: Prof Sagnik Dey, CAS IITD and Dr Kartik Ganesan from CEEW)

Objective: This project aims to explore the use of low-cost sensors to measure air pollution through citizens engagement.
Adequate ground-based measurements of air quality do not exist in most of the country. Satellite data are used to fill this
gap, but satellites cannot provide data at night-time. To provide the required temporal coverage at a minimum cost, low-
cost sensors became very popular in the last few years. However, their durability and accuracy remain a question till date. In
the first phase, the purple air sensors are tested in California and North Carolina, USA. In the second phase, the sensors are
being deployed in India. The broad objectives of the project are:

1. To test the Purple Air sensors in the Indian condition

2. To explore the feasibility of these sensors in expanding the ground-based measurements

3. To engage citizens in hosting these sensors and enhance awareness

4. To evaluate satellite-based PM2.5 estimates in data-scarce regions (e.g. small cities, rural areas, background area)
Before deployment, the sensors are calibrated against the CERCA BAM once in the winter season and once in summer
season before deployment. The sensors are being deployed in several clusters covering urban-rural transect in the Indo-
Gangetic Basin. Altogether, six clusters, one each in Punjab-Haryana, Delhi NCR, central UP, eastern UP, Bihar-Jharkhand
and West Bengal, are chosen. All data will be made available to the general public through the purple air website from the
day of deployment.

Update: : Sensor Deployment work is in progress and air quality data of installed sites is available at the following link:

https://www.purpleair.com/map?opt=1/mAQI/al0/cCO0&select=48929#10.08/28.4779/77.2103/14.2

Project: Developing Air Quality Management model for the Indo Gangetic Plains co-sponsored by World Bank (PI: Prof.
Sagnik Dey, CAS IITD, World Bank, IIASA)

Objective: To establish an Air Quality Management modelling network among states of Indo Gangetic Plain to support cost-
effective AQM in the overall IGP region. The main elements of AQM modelling for the IGP would include methods and
protocols monitoring, AQ monitoring, Emission inventory, Source apportionment, Health impacts, cost-effectiveness and
AQM planning. AQMod to be hosted at CERCA IIT Delhi and would be responsible for coordinating the AQMod between the
states/UT through a license agreement. A strategic Advisory Board with members from MOEFFCC, CPCB, NKN Coordinator,
NITI Aayog, other ministries, experts, etc. would oversee the operations of the Modelling network.

Update: The core team has identified the India specific data sources for the major activity sectors in the GAINS platform;
namely the power plants, industry, agriculture, waste, transport and domestic. The team further refined data sources and
updated the latest 2020 data for various activity sectors in the GAINS model. For all the data storage and healthy working
of model, it was set on IGP-GAINS central server at IIT Delhi. The IITD core team has successfully updated the model with
2020 activity data (6 major sectors). The team has completed the model simulations and scenario developments to obtain
sectoral, sub-sectoral, policy scenario based and spatial contributions to PM2.5 in the IGP region. Once the Cost

effectiveness assessment is finalised, the team would draft a conclusion report to be submitted to the World Bank.



https://www.purpleair.com/map?opt=1/mAQI/a10/cC0&select=48929#10.08/28.4779/77.2103/14.2
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Project: Delhi City Science and Technology Cluster (Theme: Air Pollution)

Pl: Theme Lead, Prof. Sagnik Dey, and other 11 institutions

Objective: The broad objective of the project is to tackle air pollution problem in Delhi by providing technical and academic
support to the pollution control boards for efficient implementation of the clean air action plan. Specific objectives are
management of the pollution hotspots and exposure reduction, identification of the roadblocks in implementation of clean
air action plan, identification of sustainable solutions to crop burning problem, conducting feasibility studies for
interventions, health benefit study from the interventions, focused awareness programs to enhance public engagement at
various levels, development of an open platform for real time air quality management decisions

Update: Institute wise key progress point:

1. ITD - Team is specially working on Hotspot management and generated Ward level information on emissions. Collating
continuous speciation of PM2.5 composition dataset for Delhi and Source Apportionment of organics and elements —mainly
secondary Chloride

2. AlIIMS - Engagement with farmers at Ballabgarh- Completed stakeholder mapping, Comprehensive community
engagement and group discussions, Summary preparation and Thematic analysis is under progress

Health benefit analysis- Systematic review and/meta-analysis done, secondary data analysis to capture seasonality.

study site — civil hospital Ballabgarh

3. 1GIB - Health indices of workers at solid waste site, Study site — Bhalswa landfill

Hemoglobin and blood pressure analysis of workers — Results showed increased hypertension and 37% workers having
stage-2 and 8.33% were having moderate anaemia. They have studied the therapeutic potential of antioxidant and natural
bioactive compounds in mice exposed of diesel exhaust - Decrease in body weight and increased lung inflammation was
observed in C57BL/6 mice and will be used for further therapeutic studies.

4. TERI - Working on engaging policy makers using hospital-based surveillance system, developing conceptual framework
and Statistical model development. Development of prototype “e-platform”, Integration of daily exposure (air pollution and
meteorology data) from CPCB website and hospital-based data from NCDC's mobile application using API links (In progress)
Development of e-platform* for dynamic analysis of data for real-time forecasts to create health alerts, predict health
burden to catalyze action (In progress)

Techno-economic Assessments for Emission Control- Identification of technological interventions that can help controlling
emissions from various sources (in progress)

The techno-economic assessment of cleaner fuel use for street vendors in Delhi to suggest possible interventions and
estimate the financial resources needed to implement more sustainable solutions (initiated)

5. IITD - Health benefit analysis — impact on child cognition and olfaction, ML based statistical analysis framework to link
pollutants). They did a Pilot study involved 34 participants across 4 sessions.

Developing Open data platform for decision making — working on Social AQI (institutional preparedness and AQlI literacy)

Deployed 6 sensors at two locations in Delhi
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6. APAG - Micro projects identified, Conducted Third party surveys (SDMC 311 app) and Periodic review at each zone to
monitor the progress, 16 Sessions of Sensitization Training held across North, East Municipal Bodies and NDMC
Developed Sensitization toolkit for SDMC workers -Expansion of project from only SDMC to include NorthDMC, EDMC and
NDMC as well, Effectively covering all large municipal bodies in Delhi, Team of 14 surveyors built to cover all wards of Delhi
+ NDMC, Ongoing field survey being conducted since last week of October across North, East and NDMC; SDMC since 2nd
week of November, IT Platforms (CRM and App) are owned by the Municipal bodies, Common platform for MCDs , Unique
platform for NDMC, Weekly reviews being held at 12 Municipal Zones in Delhi and NDMC

7. UCMS - Industrial stakeholders’ engagement in air pollution control in Delhi- behavioral change communication-based
approach

Study sample: 25 industrial units covering 5 categories of highly polluting industries

Study subjects: Managers, supervisors, workers, labour

8.CSTEP — Team has been looking into already existing studies and locate hotspot for Delhi

Procured low-cost sensors, Deployment is in progress

9. CEEW - Building stakeholder network for two-way communication

Interviewed a host of stakeholders in Kharif 2021 to reflect on Punjab's residue generation and preparedness for managing
paddy residue. Organised a closed-door convening on 4th Oct 2021 to disseminate key findings to government stakeholders
in Punjab. Assessing supply-demand gap in ex-situ and in-situ crop residue managing techniques. Collating granular
information on penetration of farm implements and various data such as the area under paddy, district-level farm equipment
availability, proportion of small and marginal farmers, number of custom hiring centers, etc. Leveraging existing networks
by ASAR, IPS for crowdsourcing data

10. Ashoka Uni. - Crop residue burning (CRB) (developed 2 papers currently under review), Studying Impact of CRB on soil
nutrients. Uncouple drivers of winter pollution in Delhi (working on efficacy of various measures to quantify high resolution
CRB and high-resolution forest fires). Incentives to reduce CRB — Working on analysis of household level drivers, Reaper
machine operator/owner survey: to understand incentivization to get residue off the field and into market- Surveyed reaper
machine owners and operators. Created a Health under pollution app and launched for beta-testing on PlayStore- Collect
data for pollution related health symptoms, Overlay this with pollution data for different location and dates to understand
importance of other pollutants and other time periods, Provide customized graphics on individuals own health history and
history in the geographical locality, Targeted awareness

11. CSE - Working on framework for baseline assessment of status in different sectors (phase 1), Developing compliance
framework for different sectors (within regulatory and legal requirements) — currently working on the transport sector

12. JNU - Working on developing a prototype for algae-based purifier — Algae Strain is procured and scaled up for growth
experiment in Lab, Fabrication of closed photobioreactor for controlled experiment for algae growth, Next steps are to
develop automation in monitoring and develop a self-sustaining prototype in next six months, Commercial grade
microalgae-based air purifier

Knowledge dissemination work — started working with NSS/NCC units in schools and universities/colleges
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New Research Projects undertaken by CERCA

(A) DEVELOPMENT OF LOW-COST CLEAN AIR TECHNOLOGY - Testing and determining the efficacy of the Composite
Air Purification system (CAPS) in multiple user scenarios and configurations”: CERCA, in collaboration with M/s
Honeywell testing solutions lab Bangalore has undertaken a research project which will study the removal efficiency of
pathogens suspended in an indoor air environment using a couple of instruments supplied by M/s Honeywell. One of the
instruments uses electrostatic precipitation to remove particulate matter from the air, and the other uses UV radiations to
remove pathogens and sterilize the air. Controlled experiments would be carried out in an indoor environment such as an
office or meeting room of volume about 250-500 ft2 containing suspended pathogens using the instruments supplied by
Honeywell. Pathogen dispersal would be carried out in the room using an aerosol generator. The project would use only
harmless pathogens for this study, which do not infect humans or animals and are a good proxy for Covid-19.

(B) DEVELOPMENT OF CARBON CAPTURE TECHNOLOGY- Carbon dioxide capture and utilization in metal recovery:
CERCA has undertaken a project in the very important area of climate change and reduction in GHG/CO2 emissions. In this
work, we propose to capture carbon dioxide using aqueous ammonia and utilize the captured carbon dioxide to extract metal
from waste material. In the past, mineralization (CaCO3, MgCO3) has been proposed for the use of captured carbon dioxide.
However, substantial costs ($ 8/ton) are involved with the process of mineralization using CO2. In this work, we use the
captured carbon dioxide to extract heavy metals like Copper, Nickel, Cobalt, and Zinc from waste. Several effective CO2
emission reduction strategies such as Carbon Capture and Storage (CCS) are developed to capture CO2 from flue gases as
the gradual increase in emissions of CO2 from power plants, steel plants, and other human activities have negative impacts
on the global environment. At present, the chemical absorption process of CO2 using MEA (Monoethanolamide) solvent is
commonly used in almost all industrial applications to remove CO2 from flue gas. However, this process has several
disadvantages: high energy requirement for solvent regeneration, high solvent loss due to evaporation, solvent degradation,
corrosion problems, etc. Aqueous ammonia solution fulfills the characteristics of a good solvent and, therefore, is used to
remove CO2 from blast furnace gas and coke-oven gas. Ammonia solution is found to offer higher CO2 removal efficiency
and CO2 absorption capacity compared to MEA solution. In this research work, attention is given to build up a continuous
CO2 absorption and metal extraction process. Carbon Dioxide will be absorbed from CO2-N2 flue gas mixtures using an
aqueous ammonia solution. The products (aqueous ammonium carbonate solution + free ammonia) from the absorption

process will be utilized in the metal extraction process.

Recent Activities and Events

CERCA Monthly Expert Talk series

We are organizing a virtual monthly expert talk series that spotlights a range of contemporary issues from air pollution to
climate change, while providing a platform for renowned speakers from around the world to share knowledge.

During the Quarter, Prof Neetu Singh, Associate Professor, [ITD delivered a talk on “Valorization of Agro Waste: A Burning
Question” on 24th February 2022. There was a discussion on the technology that allows valorization of agro waste. Since
the collection of this agro waste is a huge cost to the farmers, this burning of agro waste in the states of Haryana, Punjab &

Rajasthan often causes air pollution. The startup at IT Delhi, Kriya Labs have developed a process of converting agro waste
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into pulp which can be used to manufacture sustainable packaging solutions like biodegradable tableware, rigid boards, etc.
Additionally, they have set-up a commercial pilot unit at IIT Delhi and are looking forward to implementing on a large scale,
to make a dent in the air pollution scenario.

Video Link: https://www.youtube.com/watch?v=4MXIbEQi1QA

PFRCA IIT Delhi Fxpert Talk Series @
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The second speaker hosted by CERCA during the quarter was Simon Mundy. He is Moral Money Editor at the Financial
Times, New York, covering environmental and sustainability issues for the award-winning Moral Money platform and across
the wider FT. He began his reporting career in Johannesburg, where he covered Southern Africa for the FT before a period
writing on the London financial sector. He then spent seven years in Asia, heading the FT bureaux in Seoul and Mumbai
before two years travelling through 26 countries on six continents to research Race for Tomorrow, a book on the global
scramble to respond to climate change. He talked about the extraordinary people he met on the front lines of the climate
crisis and shared some unforgettable human stories. He also talked about the entrepreneurs chasing breakthroughs in fusion
power, electric cars, and technology to suck carbon from the atmosphere. All these were showing how the struggle to
respond to climate crisis is already reshaping the modern world-shattering communities, shaking up global business, and
propelling a ground-breaking wave of cutting-edge innovation.

Video Link: https://www.youtube.com/watch?v=hH2X1QU Tic
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CERCA Monthly Newsletter

To increase public outreach, we have been reaching out to a wide section of our society through a weekly newsletter since
2018. The newsletter provides latest information on research related to health effects of air pollution, actionable information
on air quality data to the Government, Industry and to the Citizens at large for appropriate policy formulation, emerging
clean air technologies including new measures/innovative initiatives from across the world to combat air pollution including
thought leadership. We endeavour to involve more and more people across our communities in this significant initiative,
thereby enhancing public understanding and participation in promoting Clean Air initiatives at the grass-root level. CERCA

is also planning to design a separate newsletter for school students.



https://www.youtube.com/watch?v=4MXlbEQi1QA
https://www.youtube.com/watch?v=hH2X1QU_Tic
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You can access newsletters on our website: https://cerca.iitd.ac.in/

CERCA opinion paper series

CERCA also brings out an Opinion paper series as part of CERCA monthly newsletter which
includes expert opinion/discussion papers relevant to clean air and climate change research
from faculties/research scholars. The opinions can be on local, regional and national level air
quality analysis and findings, national and international research on emerging clean air
technologies and issues impacting policy discussion and formulation.

Read Here: https://cerca.iitd.ac.in/category/past

Collaboration with State Pollution Control Boards

CERCA has collaborated with West Bengal, Madhya Pradesh, Punjab, and Bihar to provide the assistance in Capacity
building/Training on AQ management, Hotspot analysis, air quality forecasting, Developing guidelines for strengthening air
quality monitoring network through a hybrid approach of optimum blending of manual, continuous, sensor & satellite-based
monitoring, Periodic source apportionment studies, emission inventory and carrying capacity, developing traffic and

transport management plan, road carrying capacity studies, E-mobility and net zero emission transport sector plans for

states. The Team has completed the study taken in collaboration 5
21 year Average PM2.5(pg/m”) based on district

with Bihar State Pollution Board. They have examined the spatial 8

pattern and trends in columnar aerosol optical depth (AOD),
271
PM2.5 and open biomass burning patterns for the period 2001-
2019 over the eastern state of Bihar and its 38 administrative

districts and discussed the implications for air quality affected by

Latitude (°N)

N
o
T

transboundary transport and local emissions. Annual PM2.5

exceeds the national ambient air quality standard over the entire

state, suggesting the regional nature of the pollution. PM2.5 was

found to increase steadily from 2000 till 2016, before stabilizing - . . 70
83 85 87 89

and then decrease after 2018 at a regional scale. The open Longitude (°E)

biomass burning was also found to decrease in recent years, suggesting the positive impacts of various interventions
undertaken by the Government of Bihar (GoB). The overall study augments policymakers with decision-making support to
instigate air quality measures at the state epicentres. The study also recommends expansion of ground-based
measurements and periodic updates of emission fluxes to better understand the observed patterns. We also recommend
inter-state coordination to develop an integrated airshed management approach for holistic improvement in state air

quality.
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Beta Attenuation Monitoring (BAM) at IIT Delhi

An air quality measuring equipment for continuous monitoring of ambient air quality
has been installed at [IT Campus. The Beta Attenuation Monitoring equipment is an
essential reference grade monitor and is currently being used for calibration and co-

location of various low-cost sensors prior to their deployment. World Calibration

Centre for Aerosol Physics and IIT Delhi have collaborated for studying the precision

of Aethalometer and a PM2.5 sensor using a UAV device in Indian condition. The test
routine was one of first of its kind for measuring the concentration of black carbon

and PM, s in aerial mode at different heights. BAM is being used for calibration of

these instruments before testing. In this quarter, the calibration of low-cost sensors

(Purple Air Sensor) continued before their deployment to different states.

Currently, a new project titled - Sensor-based Air Measurement Observatory for
South Asia (SAMOSA), a collaborative project between various universities and NGOs along with IIT-Delhi, is working
towards the development of comprehensive, real-time, and publicly accessible data of PM, sin the IGP region. These sensors
are being collocated against the BAM for accurate calibration. The low-cost sensors will be responsible for filling the gap in
the PM, s data in the rural areas and help to get a better understanding about the various sources in those regions. The data
will be crucial for studying the impact of urban and rural air on each other. For this, the first set of 15 sensors have been co
located with BAM as a pilot study. Another 150 sensors will be co located with the BAM by the end of this month before their
deployment to various clusters in the Indo-Gangetic Plains.

CERCA is constantly collecting data from BAM, and it is also displaying Live PM; s data on IIT Delhi website. For live data,
visit: https://home.iitd.ac.in/ or https://cerca.iitd.ac.in/

Research Publications
1. Ghosh, S., S. Dey, D. Ganguly, S. BaidyaRoy, and K. Bali, "Cleaner air would enhance India's solar energy production by 6-
28 TWh", Environmental Research Letters, early online, 2022

Link: https://web.iitd.ac.in/~sagnik/ERL2022b.pdf

2. Gani, S., P. Pant, S. Sarkar, N. Sharma, S. Dey, S. Guttikunda, K. AchutaRao, J. Nygard and A. Sagar, "Systematizing the
approach to air quality measurement and analysis in low- and middle-income countries", Environmental Research Letters,
17, 021004, 2022

Link: https://iopscience.iop.org/article/10.1088/1748-9326/ac4a%¢e/pdf

3. deSouzg, P., S. Dey, K. M. Mwenda, R. Kim, S. V. Subramanian and P. Kinney, "Robust relationship between ambient air
pollution and infant mortality in India", Science of the Total Environment, 815, 152755, 2022
Link: https://web.iitd.ac.in/~sagnik/STOTEN2022.pdf

4. Liao, J., Y. Liy, K. Steenland, A. Pillarisetti, L. M. Thompson, S. Dey, K. Balakrishnan and T. Clasen, "Child survival and
early lifetime exposures to ambient fine particulate matter in India: A retrospective cohort study", Environmental Health

Perspectives, 130(1), 2022
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5.0do, D., I. A. Yang, S. Dey, M. S. Hammar, A. van Donkelaar, R. V. Martin, G-H. Dong, B-Y. Yang, P. Hystad and L. D.

Knibbs, "Ambient air pollution and acute respiratory infection in chidren aged under 5 years living in 35 developing

countries", Environment International, 159, 107019, 2022

Link: https://web.iitd.ac.in/~sagnik/ENVINT2021.pdf

6. Ma, Z, Dey, S., C. Sundar, L. Riyang, B. Jun, P. Balyan and Y. Liu, "A review of statistical methods used for developing

large-scale and long-term PM2.5 models from satellite data", Remote Sensing of Environment, 269, 112827, 2022

Link: https://web.iitd.ac.in/~sagnik/RSE2021.pdf
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Air pollution dims India's solar energy
potential
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Prospects for India achieving the target of generating 100 gigawatts of solar power
in 2022 have waned because of high levels of atmospheric pollution

% Atmospheric poliution reduces solar power
WL A R, generation in two main ways: by absorbing
EARN HIS BREAD! and scattering the sun's rays and by sailing
- solar panels, says Sagnik Dey, chair
professor at the Indian Institute of
Technology (IIT) Dethi

Astudy carried out by IIT Delhi and published

March in Environmental Research Letters,

calculates that between 2001 and 2018 India
lost 29 percent of its solar energy potential as a result of atmospheric pollution—
equivalent to an annual loss of US$835 million. As of March this year, India had only
reached the halfway mark of 50 gigawatts of installed solar capacity, according to
the research group, Mercom India
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