
VALUATION OF HEALTH BENEFITS OF WORLD 

BANK GUIDELINES FOR AIR EMISSIONS IN 

THERMAL POWER PLANTS 

ARUN KANSAL 
Department of Civil Engineering 

Submitted 
Infuグliment ofthe requirements of the 凌?gree of 

DOCTOR OF PHILOSPHY 
to the 

INDIAN INSTITUTE OF TECHNOLOGY, DELHI 
DECEMBER 2006 



i．万自 り）0e（こ 4l 

i 

包！1：一 
1 三。hJ 《 ノ＊子ど， 

T. 
鷺，号 
。．エ 

－万ノ 
9コ1、9、範 
KANy 

、（ 



CERTIF! CATE 

This is to certify that the thesis entitled "Valuation of health beneffits of World 

Bank guidelines for air emissions in thermal power plants,,being submitted by Mr. 

Arun Kansa!, has been prepared under our supervision in conformity with the rules and 

regulations of the Indian Institute of Technology, Delhi. We further certify that the 

thesis has attained a standard required for the award of a degree of Doctor of Philosophy 

of the institute. This work, or any part thereof, has not been submitted elsewhere for the 

award of any other degree or diploma. 

MUkesh 

Professor 
Department of Civil Engineering 
Indian Institute of Technology, Delhi 
NewDeihi- 110016 
India 

Dr. Chandra S石ekhar Sharma 

Reader 
Shri Ram College of Commerce 
University of Delhi 
Delhi- i lO 007 
India 



ACKNOWLEDGEMENT 

I feel immense pride to ac畑owledge the skill, care and tireless energy provided 

by my research supervisors, Professor 入lukesh 肋are, Department of Civil Engineering, 

Indian Institute of Technology, Delhi and Dr. Chandra She皿ar Sharma, Shri Ram 

College of Commerce, University of Delhi, Delhi. I am extremely grateful to Professor 

Mukesh Khare whose guidance and encouragement has not only enabled me to complete 

the present work but also inspired me to face and tackle the challenges. It is he, who 

suggested the problem, guided throughout the course of this work and evaluated the 

results at every stage. He is such a revered teacher who understood me when I lacked in 

explanation and explained me when I lacked in understanding. I am indeed indebted to 

him. The study could not have been completed without the inputs fflom the discipline of 

economics. I owe and express my gratitude to Dr. Chandra She価ar Sharma for his 

constant inspiration, timely discussions and encouragement to carry out this research 

work. His invaluable inputs in making this research fruitful are appreciable, thank you 

sir! 

There are special mentors that I must acknowledge due to their importance in my 

work; I never met them personally but their published work inspired me. Sufffice it to say 

that to all those from, late Professor D面d Pearce (The Centre for Social and Economic 

Research on the Global Environment) and Professor James Longhurst (University of 

West England, UK), thank you! 



I would like to express my gratitude to Professor Ashok Gupta, Dr. Geetam 

Tiwari (Department of Civil Engineering) and Professor S G Deshmukh (Department of 

Mechanical Engineering) of Indian Institute of Technology, Delhi, for their invaluable 

suggestions and advise in further shaping this research work. 

There are many from behind the scenes who have encouraged and supported m》・ 

work, and I wish to thank them. The list of people to thank is endless. I thank Dr. Prateek 

Sharma (GGS Indraprastha University, Delhi), for his advice and suggestions. I also 

thank Dr. M P George (Senior Scientist, Delhi Pollution Control Committee), Mr. V P 

Garg (Deputy General Manager, North Delhi Power Limited), Mr. S K Nanda (Deput｝・ 

Director), Mr. R K Aggarwal (Member, Thermal), and Mr R D Jamn (all from Central 

Electricity Authority, New Delhi) for providing me the required data about thermal 

power plants in Delhi. I also thank the students of M.Sc. GGS Indraprastha University 

(2003-05 batch) for helping me to conduct trafffic monitoring exercise. 

This has been an enormous project, which has taken too many of my evenings and 

weekends that would not have been possible without the cooperation, understanding and 

patience that my parents, sister, and son have during my research tenure. I owe them, 

express my gratitude and extend my wholehearted admirations. My wife Vineeta needs a 

hearty appreciation for her endurance, cooperation, inspiration and bearing with me all 

the time. 

I gracefully thank Mr. Suresh Jamn and Ms. Radha for their cooperation in 

administrative activities and assistance in editing and proof reading of the thesis. I also 

extend my thank to all those who directly and indirectly helped me in taking this research 

to its fullest. 

111 



To end with, I thank Professor K K Agarawal (Vice Chancellor, GUS 

Indraprastha University, Delhi), and Professor Am刈eet Kaur (Dean, University School 

of Environment Management, GGS Indraprastha University, Delhi) for granting 

permission to carry out the research. 

ARUN KANSAL 

1V 



ABSTRACT 

Amongst all the infrastructure project investments, power sector has got the 

highest priority in India. The major share amongst the new capacity will be from coal 

and gas based thermal power plants (TPPs). Many of the TPPs are likely to come up 

near urban areas, posing a threat to the ambient air qualiり二 As a part of its pollution 

prevention and abatement handbook, the World Bank (WB) has proposed 

environmental guidelines for the TPPs (http://in凧・ebi 8.worldbank.org). The 

guidelines postulate adherence to maximum plant emission levels for achieving the 

site-speciffic emission standards. Proposed WB emission guidelines (WBEG) are 

speciffically directed towards protecting the human health. reducing mass loading to 

acceptable levels, achieving emission standards based on commercially proven and 

widely used technologies and following the current regulatory and technological 

trends. The WBEG are stricter than the existing Central Pollution Control Board 

(CPCB) standards in India. Therefore, the implementation of WBEG may impose 

signifficant cost on TPPs in India. These costs may be fairly high (TER!, 1998) and 

therefore requirejustiffication for adoption by estimating bei，がts associated with these 

investments. 

The study estimates the marginal health (morbidity) benずt of air pollution 

control in Delhi and the total health benがts of the regulatory intervention viz・ 

adoption ofthe WBEG by TPPs ofDelhi. The study is directed towards estimating the 

economic value of improving air quality. The study employs emission inventory and 

source apportionment techniques using industrial source complex- short term version- 

3 (ISCST3) for point, area and line sources to estimate the air pollution contribution 



byTPPs. S押thesis ofthe literature and primary data 叩liection for all elements of the 

causal chain of health risk has been performed. 

Household health production function (avertive behaviour) has been used to 

value health cost of air pollution. OEe model requires the estimation of three 

simultaneous equations: household health production function, household demand 

functions for mitigation activities, and avertive activities. Primary survey has been 

done to collect the data regarding the health status, socio-economic and structural 

characteristics of households, awareness of households about effects of air pollution, 

health status (including chronic disease), mitigating and avertive activities, habits, 

pollution control measures etc. The effect of the air pollution at key receptors has 

been assessed for mitigati昭and avertive responses ofthe people. 

The ISCST3 model has performed satisfactorily for total suspended 

particulates (TSP) and nitrogen oxides (NOx)1 at all receptor locations in Delhi. 

However, its performance is unsatisfactory for sulphur dioxide (SO2) in 5 out of 7 

receptor locations. Vehicle sources are found to be the major contributor of TSP and 

NOx followed by TPPs. For SO2, TPPs are the major contributor. A large number of 

initiatives have been adopted by the Government of India (Gol) for reduction of 

emissions from vehicular sources; whereas, the emission reduction measures from 

TPPs have been ignored. The study has revealed that the ambient air pollution due to 

TPPs is reduced by 62% to 85% alI over Delhi by adopting the WBEG. 

Annual marginal benがts for a representative household in Delhi due to 

reduction i,n exposure to air pollution by i 回m3 is estimated to be Rs 66.50 (US 

$1.4778)2 which amounts to Rs 15.90 (US $0.353) per person. This estimate accounts 

NOx as NO2 
2 us si=Rs 45.00 

v' 



only for the effects of the improvement in air quality on health (morbidity). Total 

annual health benがts of WBEG for air emissions in TPPs are estimated at Rs 

10583.79 billion (US $235.19 million) Io議・er than the value estimated by Brandon, 

Hommann and Kishore (1995) which is in the range of US $86.40 to $216.13 per 

household for India. Their estimates are based on mechanical dose-response functions 

drawn from epidemiological studies done in developed countries. 

v'i 
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