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Executive Summary

In December 2017, Respirer Living Sciences collaborated with with IIT Kanpur to embark on an ambitious project with Shakti Sustainable Energy
Foundation (SSEF) to build and deploy a scientifically validated, sensor-based air quality monitoring network tracking real-time Particulate Matter (PM2.5
& PM10) data across 10 cities in India. We did this using Atmos, a sensor-based air quality monitoring device developed by Respirer Living Sciences.

The project, titled Measurement & dissemination of air quality data using low-cost monitors in 10 cities was designed to build upon earlier learnings in
air quality monitoring and strengthen the adoption of affordable sensor-based air quality monitoring technology at a nationwide level by policymakers,
regulators, community and citizen-focused organizations.

Over a project duration of two years, the collaboration between the partners - Respirer Living Sciences and lIT Kanpur with support from the technical
team at SSEF - has contributed to a significant number of high-impact citizen and community-focused developments as well as scientific and policy-level
impact in the context of low cost, sensor-based air quality monitoring in India. Combined with the impact of other collaborative projects undertaken by
the said partners, the overall impact of the work in this space, using sensor-based technologies, has fundamentally transformed the realm of air quality
monitoring in India.

From presenting our work to the Principal Scientific Advisor of India, the highest scientific body in India, to working with local Municipal Corporations and
State Pollution Control Boards, the work has received strong recognition in addition to offering a viable and affordable technology to help policymakers
and regulators advance their goals in solving this national problem at scale. The work led by the partners in this area that extends beyond this particular
project has also been published in and validated by leading scientific peer-reviewed journals.

The following report specifically focuses on a) Performance against project goals: the state of play when we started and where we are today; b) Evolution
of the data ecosystem: how the work evolved and key milestones that contributed to furthering the data ecosystem; c) Key achievements & project
successes: how the data is being utilized, challenges and lessons learned; and d) Areas of investment going forward: to sustain and grow low cost, sensor-
based air quality networks.

The report captures some of the key impact areas and field-level successes while outlining the challenges of running a nationwide air quality monitoring
network using advanced loT sensor-based and machine learning technologies. The rapidly evolving space of loT data and communications technologies is
highly susceptible to underlying changes and upheaval in the telecom sector given the dependence on Machine to Machine (M2M) infrastructure provided
by the telecom companies. Big Data, Machine Learning and Al technologies are also rapidly evolving and with that came tremendous learnings on
adapting to these changes to ensure the precision, accuracy and calibrations of air quality sensors remained intact. The team continues to work tirelessly
to understand and improve the reliability of the air quality sensor data provided by the network.

Last but not least, we have made significant strides in elevating the overall quality and timeliness of communicating real-time air quality monitoring data
from the Atmos network through analytics and visualizations. Citizen science and citizen engagement movements based on this is also presented in this
report.
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Introduction

Mumbai residents spent US$ 8000 million (INR 601 cr) in 2012 to treat chronic obstructive pulmonary disorder (COPD) and symptoms like breathlessness, allergic rhinitis, wheezing and cough - all of which can be triggered and
aggravated by poor air quality, especially high concentration of particulate matter and nitrogen oxides, a study done by the Indian Institute of Technology - Bombay (lITB) and the National Environmental Engineering Research Institute
(NEERI). There is little doubt that air pollution is a chronic national health crisis and has been been for some time.

Air pollution has become a major threat not only for those living around industries or marked polluted areas but in smaller cities and rural areas too. While the quality of air or the level of pollutants is being identified, the lack of
specialized location-wise air quality monitoring is missing. The level of pollutants being inhaled by us on a real-time basis is also missing.

Whilst 95% of the global population breathes air exceeding WHO exposure targets, vast populations around the world lack access to air quality information. Awareness of air pollution remains low in areas where real-time monitoring is
limited but pollution levels may be high.

Six years ago, the air quality monitoring landscape in India was dependent on US and European companies to support and provide expensive equipment, and each city could afford a maximum of two to five monitoring stations. In
Mumbai, for example, over the past eight years, the city has been relying on data from only two stations - Sion and Bandra. States like Chhattisgarh continue to have zero citizen-facing real-time air quality monitoring stations.

Now, Mumbai is set to get 90 sensor-based air quality monitoring stations in the city making it the single largest and dense network in India. 80 real-time continuous air monitoring stationary stations will give location-wise updates while
10 mobile sensors (setup on Brihanmumbai Electric Supply and Transport buses) will provide representative air quality sampling in the rest of the city. The solution is in the form of low-cost Atmos air quality sensors making a dynamic
change in the air quality space with citizens having access to the air they breathe. If low-cost real-time air quality stations are adapted under the Centre’s National Clean Air Programme (NCAP) covering 122 cities, the entire country will
have access to robust data and it will make it easier for policymakers, researchers, scientists, strategists, etc. to all come together and inventories decisive mitigation measures affecting a hyperlocal space.

Respirer Living Sciences has been at the forefront of building technology through the development of low-cost air quality monitoring network devices. Displaying the huge evolution in the space, conversations with various stakeholders

have opened up doors and increased awareness, substantially around the untapped potential and the need to invest in this technology. The credibility of the partnership with Delhi-based Shakti Sustainable Energy Foundation and Indian
Institute of Technology-Kanpur (lIT-K) has further opened up a paradigm shift and commenced the evolution of the data ecosystem, which is easily understood and shared with citizens as well as commercial and private stakeholders on
government and non-government levels.




PROJECT GOALS

Field Calibrations of Atmos
PM2.5 Monitors with IIT
Kanpur EBAM

April 2018

Field-Evaluations and Validation of Atmos
Low-Cost Air Quality Monitoring Network

One of the primary goals of the project was to understand the use of scientifically validated and affordable
sensor-based real-time air quality monitoring network for policy and government use in monitoring and
mitigation of air pollution in India. In this context,

50 Atmos monitors were developed using Particulate Matter (PM) sensors and in April 2018,

the monitors were co-located with reference grade Environmental Beta Attenuation Mass Monitor (EBAM) at
Manav Rachna International University (MRIU) in Delhi NCR. Below is the setup site during the field-calibration
done for the Atmos monitors.

The results of this calibration were presented in the report submitted to Shakti Foundation in May 2018.
Correlation metrics and time-series graphs were plotted by the IIT Kanpur team to provide a baseline
understanding of the performance of the monitors before the project started.
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The above results demonstrated that substantial improvement in the accuracy of the sensor-based air quality monitors can be achieved by doing field-calibrations of the PM2.5 sensors.
Similar evaluations were done in Delhi NCR for PM10 data from the Atmos monitors.

The results have been published in a scientific journal, as given below:
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Sahu, Ravi; Dixit, Kuldeep K.; Mishra, Suneeti; Kumar, Purushottam; Shukla, Ashutosh K.; Sutaria, Ronak;
Tiwari, Shashi; Tripathi, Sachchida N. 2020. “Validation of Low-Cost Sensors in Measuring Real-Time PM10
Concentrations at Two Sites in Delhi National Capital Region.” Sensors 20, no. 5: 1347.



While the scientific studies demonstrated
the relevance of field-validations and
calibrations to improve the air quality
sensor data, the last two graphs showed
the applicability of this Atmos sensor data
in the context of the more expensive BAM
monitors and that the sensors were able
to closely track the data from reference
monitors.

Delhi atmos 5881 co-located with US embassy device — 10 days in October
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THE AIR QUALITY DATA ECO-SYSTEM

Today's Picture

The National Clean Air Program ( NCAP ) is going to be India’s ernest effort towards monitoring and mitigating air pollution issues. Air pollution Monitoring and Real-Time monitors are
and will play a major role in this. With good monitoring they will know pain points and if any implemented measures are effective. The NCAP team has made its target to reduce air

pollution in all non-attainment cities by 30% till 2024. Currently the city-level air quality monitoring done by the Center and State Pollution Control Boards in India is with the help of
Manual Monitors or CAAQMS (Continuous Ambient Air Quality Monitoring Stations ).

Manual Monitors use Arithmetic mean of minimum 104 measurements in a year at a particular site taken twice a week. The CAAQMS are state of the art equipment, but cost Rs. 1.2

crore (USD $200K) or more. They also have a high maintenance cost. Because of their high cost, a large part of NCAP budget gets utilised in implementing handful of CAAQMS for the
city. Due to their size and setup, these monitoring stations are static in nature and cannot be taken around.
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How we changed the game..

In terms of technology, the key focus areas of Respirer Living Sciences for the Atmos technology has been as follows:
loT integration across data sensing, access, analytics and
democratisation
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loT technologies implemented
- 6LOWPAN, GPRS, NBIoT,
WiFi, Bluetooth

APls implemented with big

data technologies - Apache

Cassandra, KairosDB, Java
APls

Map-based visualisations

AQ loT integrations on
citizen-friendly platforms




Microsoft Industry giants that have come forward to invest

In Chandigarh, Resea I"Ch into hardware and

the Chandigarh Pollution Control Committee (CPCC) physical network research and demonstration

is carrying out a field evaluation study using network include Microsoft Research India and Ericsson India.
monitors’ data to assess the performance of low-cost air They have collaborated with Respirer

quality sensors in comparison to the regulatory grade to build and test sensor networks.

monitors. Respirer has been selected as part of the

MSR India Center for Societal Impact through
Cloud and Artificial Intelligence (SCAI) to work on
Urban Air Pollution issues using

advanced sensor and Al technologies
An Al Jazeera documentary has recently featured . g

the Atmos device in their
“People and Power” series on air pollution.

T -

'

https://www.microsoft.com/en-us/research/theme/scai/

~

lIT-Kanpur has become the foremost academic research group ** In Jeiud

Doctors for Clean Air (DFCA) champions
host Atmos monitors

to provide health advisories to asthma patients
and advocate for clean air.

in India in using low-cost air quality sensor technology:

Machine learning research group from IIT Kanpur is

using network’s data to develop an air quality prediction model.

lIT-Kanpur, along with Respirer have conducted
multiple analytics using the sensors. 4

Research labs and regulatory bodies
that have procured Atmos sensors
to generate data and test sensor reliability include
State Pollution Control Boards of Meghalaya,
State Pollution Control Boards of Haryana,

Indian Institute of Tropical Management,
India Institute of Sciences,
lIT-Gandhinagar,

IIT-Delhi,

lIT-Delhi.

In Raipur,
the State Health Resource Centre (SHRC), and

the Public Health Department of Chhattisgarh

are extensively using the network monitors’ data for
public health-awareness and outreach in the city.

http://www.engager-energy.net/wp-content/
uploads/2019/09/DAY-2_Patrik-Oskarsson-1.pdf




Impact of the Project

Based on the scientific validation of the Atmos air quality monitors, the deployment of 50 Atmos monitors were done in 10 cities of India. A number of city-level analytics reports were
submitted as part of the data collected from the 10 cities. Many of these reports have been regularly featured in mainstream news media to further the data-driven understanding and
conversations of air quality for the specific cities.

ustantimes
FINDINGS OF URBANSCIENCES AND IIT-K

Weekdays have been identified to be much more polluted than weekends owing to a reduction in vehicular traffic weekends

NDTVE® &
@ndtv

Call to ban firecrackers across country, Supreme Court
decision today ndtv.com/india-news/cal...

THTESTIE! &t Uiegyr T o wrerfier frod & gem..
IIETH AT 6:15 W 7:30 T ek & Al Sveh ek
@ 11 TS FICHAS! Hodl ST UG, W 394 Tk Ugen

Air pollution around 8am the daily safe standard of 60 The daily PM2.5 from 10 locations | understanding of the hotspots
(between 7am and 9am) is the pg/m3 in Mumbai during months of June of air pollution in the city
daily worst air quality period in
the city when PM25 concentra-
tion is highest

#firecrackers #AirPollution #Pollution

oy to September 2019 showed most

Weelgy ';Mz's gurlngdwmter days ﬁaving anaverage of PM25in | Air quality scientists have said

g:!:etmin‘er)oixel\r;lugl;?was ‘good’ conditions (under 30 ug/m3). | Mumbai needs nearly 90
This shows that while by and large, | t0100air quality m

PM2.5 levels are around 30% nearly five times the weekly 3 3 S - . ai= '@‘Eﬂi — - -
higher (70 micrograms per cubic | average PM2.5 concentration ;?;hi:;ﬁ:zhgeoggeﬂrfgfﬁgren also ;2::;:: ::n%?tti:ﬁsa no: i = ® * ‘:’a‘ a aa%‘- Fi e H
metre - pg/m3) at 8am as witnessed during monsoon ol denra i Bl the air pollution 3N S ¥ T T
against the lowest air quality months (June to September "‘1} umt:’mg - taageg i Dvm accurate | hotspots of the city | 3TI§ T foreeh @er st &

hour at 2pm (50 pg/m3), below 2019)

WEEKLY SUM OF PM2.5 CONCENTRATIONS IN
MUMBAI (WINTER/MONSOON) - IN pG/M3

. : W W U T8l 38T

= arqﬁuq\qwag —_—
BﬁTﬂTﬁ'ﬁT o T R SR : S
ﬁiﬂlil, = w1 A v w8

i fergfrgr, el e 21

(Source for all graphics: Data

visualization and analytics of PM2.5

across 5 major cities in India by
UrbanSciences, Indian Institute of 585

PM2.5 concentration during cubic metre (ug/m3) through the : ’ + f O EEgEE s |

winter nearly 9 times weekly monsoon season, peak levels Technology Kanpur, and Shakti 560 il i ?ﬁ:ﬁ;‘m?ﬁ FIRECRACKER P0|1UT|0N' SPL REPORT
averages rigxded rﬁﬁng ;r':crsased ;nofS%S pglnLa du:gg the Sustainable Energy Foundation) : DB I} p i g

monsoon. Against the average ird weel lovember and 922 i (7 aw‘ gg ;

PM25 concentration ranging ug/m3 during the last week of 153 CONCERN mﬁgﬁﬁmﬂl %

around 100 microgrammes per December et e - g

TSl A ST G g v s e, v
SAmw PR S P e A 8
AR et e
o B T ¥ T S 8, T

Ao T E R EE, WuT o W S g R Tl 3 U 9 O H el ° W

345

UrbanSciences
@urbansciencesiN

First Week ™ Second week M Third week B Fourth week 218

Clear #AirPollution temporal trend seen in multiple
locations of #Delhi. As part of #GRAP need to enable

w better mandatory timings when children are forced to
0 ) s e e - I —— be outdoors. Schools should start late. @rsutaria in
“mEE YnEE nZmB  GEd e B e I S onversaonit Bk hitoriBiich:
2 3 3 3 g 60-90 Pl P v & B e A A @CBhattacharji @NavrozDubash
‘ : : _ TEROTLENE  grmo 0 viglad - -
June : July : August : Sept Oct Nov 121250 FEEEE E I )y L
It =R #m F = R & . 3
s o @%wﬁﬁ M A ‘:‘W—i{? T W % S0 T T 3 o e
T A P AR T e ; e z z v
557 e fefed S (o) ST, AR ST ORI &A1 s SR S wmen gat | Henyer | wee gei
3 e aremT-are e 1 g 3 o wemw 130
o T = #) W A wE W
fer Been <1 T 21 39 Tt i
mﬁ%’“”“‘;}f}f?ﬁ 156 s # st # | st v, 3 | oo v, 8%
F TR &N 1 il T 3 I,
mqﬁ%ﬁ;&%miggﬁﬂa = A P 1 w@;g’m%n %o A v &1
£ e 1 9 e e s w157 (e i o )

R 7zl &1 0 v T A

— - H
e 264 W i 7 R & veet SR T e B, I S
(o T P TG ST T SR S 1A i fabn
PM 2.5 % o) | T O ST o o 1 e R 8 e £
T ST, ufea g, s

T 3% i 394 TF TN E 21
T TR B WA S G 2

(e



Asian Development
H D R I Research Institute (ADRI)
an ICSSR-recognised Institute
CEECC

ENVIS RP

About the Centre

People

Projects

Publications

Events

Career

Internship

Contact

Blogs

HOME ABOUTUSv  OURCENTRES-  PUBLICATIONS v  GALLERY-  SPEAKERS & VISITORS v LIBRARY

ReAL-TIME AIR QUALITY STATUS

Patna ADRI PM2.5 pg/m? - Shakti Fdn 10 City Project | Atmos Data

1n3 113 113 1n 114 114 114 1114 114
0 12:00 14:00 16:00 22:00 0 02:00 0400

= Kankar Bagh (2 ADRI Office Mithapur (6124) == Phulwari Sharif (6256) == Patna (1333)

CEECC at ADR), in collaboration with its consortium partners CSTEP & Urban Emission, has been preparing the Clean Air Action Plan for
Patna, Gaya and Muzaffarpur under the patronage of Bihar State Pollution Control Board. This project is fiscally funded by Bloomberg
Philanthropies through Sustainable Energy Foundation and Growald Family Fund. Under this project, CEECC at ADRI along with Urban
Sciences has installed air aualitv sensors at various sites across Patna and Ranchi to monitor the air aualitv status.




What can you do?

Real-time Air Quality monitors are used to monitor the ambient quality of the air that we breathe. Now there are a lot of advantages of monitoring the quality of air that you are breathing in real
time.

PO Policy makers can implement evidence-based policy-design =\ Industries use air quality monitors to figure out the pollution levels
. . . agn N

l l l l for regulatory compliance and for knowing ambient conditions ' caused by them and implement mitigation methods to control air

=1 across the city on long term basis. pollution at the source.

Doctors are using Ambient Air Quality Monitors to observe air Indoor air quality monitoring in a residential complex or inside

N+ quality inside hospitals, especially ICU wards where air quality _ EEE _ homes is very common. People use special filters in their air
is critical. Also programs like DFCA (DoctorsForCleanAir) EE ooo EE conditioners or special air purifiers to improve air quality. Also the
nlln outdoor air pollution levels measured by citizens helps create a

collaborate with doctors to spread awareness and steps against

air pollution and health tips. database network spreading air quality awareness.

Air pollution affects children the most leaving long term effects.
pollution and try and maintain good air quality. quality monitors to improve their systems to have good air quality

inside their buildings.
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Building a specialized air quality community engagement analytics platform, where specific communities of users can access air quality and
air pollution analytics for more informed decision making at an individual or community level. An example of this would be a children/school
focused air quality analytics platform for a given city. Such a platform would allow schools which are using realtime Atmos air quality monitors
to get deeper insights into their air quality data, especially from an exposure perspective to children at different times of day. Citizen science
studies like “Changing a child’s route to school can halve exposure to air pollution” has found that just changing the route taken by a child
from main roads to smaller by-lanes to reach their school can halve their exposure to air pollution. Studies like these use low-cost air quality
sensors combined with simple to understand air quality analytics platforms which can inform citizen while they are taking daily decisions

which can impact their health.




LOOKING FORWARD

Sustaining Low-Cost Real-Time Air Quality Monitoring Networks

The Shakti Sustainable Energy Foundation (SSEF) supported project “Measurement & dissemination of air quality data using low cost monitors in 10 cities” enabled core science and
technology related advances in the field of low cost air quality monitoring. The dissemination of the data collected in the duration of this project facilitated several important dialogues and
awareness related to air pollution in the 10 cities where these monitors were installed.

Respirer Living Sciences, in collaboration with foremost technology companies like Microsoft Research, Ericsson India and academic research institutes like lIT Kanpur, IIT Bombay and 1ISc
Bangalore is working on building a very robust, scalable and advanced low cost realtime air quality monitoring device and networking technology.

A lot more focus and investments are required in the use of realtime air quality data for impacting evidence based air quality policy design and citizen engagement in India. For building
sustainable low-cost air quality monitoring networks in India, continued investments are needed in developing the low-cost air quality monitoring analytics platform.

In summary, building a sustainable low-cost air quality monitoring network requires more focused ground-level air quality monitoring around known high-emissions
sources, especially industries and construction sites. Combining this with advanced air quality analytics and visualization system would make the necessary impact in
building awareness as well as building lasting mitigation solutions for urban air pollution.

You can make a difference-
For feedback, suggestions, PM2.5 datasets and API access to the data, email - research@urbansciences.in
For more technical details and to view the realtime dashboard, visit - http://atmos.urbansciences.in/dashboard/SSEF



