EMISSIONS OF AEROSOL AND GASES FROM ON-ROAD

LIGHT DUTY VEHICLES

JAI PRAKASH

DEPARTMENT OF CIVIL ENGINEERING

INDIAN INSTITUTE OF TECHNOLOGY DELHI

JUNE 2017



©Indian Institute of Technology Delhi (IITD), New Delhi, 2017



EMISSIONS OF AEROSOL AND GASES FROM ON-ROAD

LIGHT DUTY VEHICLES

JAlI PRAKASH

Department of Civil Engineering

Submitted

in fulfillment of the requirements of the degree of Doctor of Philosophy

to the

INDIAN INSTITUTE OF TECHNOLOGY DELHI

JUNE 2017



Dedicated to

My Father (Shukhdeo Prasad)
&
My Beloved Daughter (Navya)



CERTIFICATE

This is to certify that the thesis entitled “Emissions of Aerosol and Gases from On-Road
Light Duty Vehicles” being submitted by Mr. Jai Prakash to the Indian Institute of
Technology Delhi, for the award of the degree of Doctor of Philosophy is a record of the
original bonafide research work carried out by him under my guidance and supervision.
The thesis work, in my opinion, has reached the requisite standards fulfilling the
requirement for the Degree of Doctor of Philosophy.

The results contained in this thesis have not been submitted in part or in full to any

other University or Institute for the award of any degree or diploma.

(Dr. Gazala Habib)

Assistant Professor

Department of Civil Engineering
Indian Institute of Technology Delhi
Hauz Khas, New Delhi-110016



ACKNOWLEDGEMENTS

I would like to forward my sincere and special thanks to my supervisor Dr. Gazala Habib
for her continuous support, encouragement, and patience throughout the guidance during
my research work. I would like to forward my special thanks to Prof. Sangeeta Kohli, Prof.
Shashi Mathur, and Dr. Arun Kumar for their critical evaluation of current research. I would
like to thank to Dr. Ramya Sunder Raman, Prof. Chandra Venkataraman, Prof. Tarun
Gupta, Prof. Olivier Boucher; Dr. Andy Grieshop, and Dr. Eric Lipsky for their support
and inputs in my PhD work. I also thank to Department of Science and Technology, India
for funding the project under fast track scheme (SR/FTP/ES-183/2010).

I gratefully acknowledge to Dr. P. K. Arora (Polltech Instrument Pvt. Ltd., Mumbai) for
the fabrication of dilution sampling system. In addition, It is important to acknowledge my
friends and lab mates Gaurav Singh, Sunil Gulia, Praveen, B., Pooja Srivastava,
Barnidharan, S., Ananda Padhi, Kailasnath Sutar, Minza Haider, and Pankaj Sadavarte (IIT
Bombay) for their valuable help.

Thanks are due to the laboratory and office staffs of Department of Civil Engineering,
especially Dr. Sanjay Gupta, Ishwar Singh, S. S. Shukla, Rajeev Sharma, Amit Bundela,
Jeet Ram, Rajveer Aggarwal, and Vikram Singh.

Last but not least I would like to acknowledge my family members for their love,
continuous support and encouragement throughout my life at II'T Delhi and sparing me out

of family duties to complete this research work.

Jai Prakash

i



ABSTRACT

This study reports the design and evaluation of portable dilution system (PDS) for emission
measurement of stationary and mobile sources. The PDS consists of portable dilution
tunnel, heated duct and particle sampling probe, zero air assembly, multi-stream particle
sampler, flue gas analyzer, relative humidity and temperature sensors, vane probe velocity
meter and power supply unit. The system mounted on trolley was used for measurement of
aerosol and gaseous pollutants during on-road operation of light duty vehicles powered by
diesel, gasoline, and compressed natural gas (CNG). The vehicles were selected on the
basis of Bharat Stage categories-II, I1I, and IV. The distance and fuel based emission factors
of climate relevant pollutants including organic and elemental carbon, water soluble ions,
trace elements, and gaseous pollutants (CO, CO, and NOx) have been presented in this
work, The PDS evaluated under controlled laboratory condition showed complete
quenching of aerosol at near ambient condition for dilution ratios below 70:1 for light duty
vehicle. Homogenous mixing and insignificant particle loss in the range of 5-19% were
observed in the dilution system. On-road diesel passenger cars emitted high PM s ranging
from 56 to 356 mg km™' composed of large EC fraction (37-65%), while emissions from
gasoline and CNG vehicles were observed as 46-78 mg km' and 33-34 mg km'!
respectively contained low EC (5-15%) and remarkably high OC (46-91%). The mass
absorption cross sections (MAC) of aerosol at 880 nm were estimated in the range of 1.2
to 4.2 m’g! of PMys for diesel vehicles and were well explained by EC content of the
aerosol samples. MAC for diesel vehicles showed similarity with values reported for wood
fuel combustion in cooking stove indicating the two sources cannot be resolved on the basis
of light absorption properties alone in source apportionment studies. The emissions from
vehicles showed strong dependency on acceleration/deceleration, vehicle maintenance,

engine type, and after-treatment technique. The national level emissions of aerosol and
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gaseous pollutants (CO, CO, and NOyx) were estimated using new emission factors and fuel
use data. The PM2s, EC, and OC emissions from the on-road transport sector for the base
year 2013 contributed 7%, 17%, and 6% of total emissions from India. On-road transport
is the second largest source of EC in the Indian region. The high emission fluxes of EC
were observed over golden quadrilateral road network where heavy duty diesel vehicles
dominate the on-road fleet. On the other hand OC emission fluxes shaded the regions with
dense urban road network where relatively higher efficiency vehicles of gasoline and CNG
rule the traffic density. The new emission estimates have implications in improving

uncertainty bound in regional climate assessment through climate models.
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