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PREFACE

The Natonal Capital Terrtory of Delin 15 sduated in the Morthem Plains
which is surrounded by the Himalayas in the North and the Deccan Plaleau
in the South which traps the air pollution in its bowl like formation. Being
one of the mos! populous and dense metropolitan cilies in semi-and
climate, the air poliution levels are consistently high and 1s a matter of great
concern. The study has been conducied lo assess the Carrying Capacity
of NCT Delh w.rt Air Environment with the support of the Delhi Pollution
Control Committee. Air pollution levels in any urban settiement 15 a result
of sources outside and within the settlement Some studies estimate that
about one third of the air pollution in NCT Delhi is from sources within the
settlement based on monitoring data available during lockdown_ In a dense
settlerent pollution also concentrales in areas due o air flow modulation
as a result of the landuse, built form and resultant micro-climatic conditions.
The study has looked into sources of air pollution at Regional, City and
Local levels, alongwith listing of landuse activities. Analysis of land use,
built form and activibes around monitoring stations of Delh before and
after lockdown has brought forth the need to have more detalled study to
further understand the co-relation in a scientific manner.

The study concludes with strategies and recommendations to take forward
the National Policies and regulations by embedding them into all the sectors
of development. ldentification and addressing the sources m all sectors
some of which are currently unaccounted would help in amving at specific
areas, landuses and activities thal need lo be phased oul or controlled

The study also puts forth methods to control and regulate exposure to air
pollution which could be further strengthened by more detailed studies
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ABBREVIATIONS

AERMOD- Atmosphenc dispersion modeling system

AP-42. Air Pollutant Emission Faclors

BALL Business As usual

BRTS- Bus Rapid Transit System

BVOC- Biogenic volatile organic compounds

CBO- Communily Based Organisations

CEEW.- Council on Energy, Environment and Water

cenire

CMAGH- Commumity Multiscale Air Cuality Modelling System
CPCB- Central Pollution Control Board

CSE- Centre for science and Environment

DDA- Delli Development Authonty

DG- Diesel generator

DPCC- Delhi Pollution Control Board

El- Emission Inventory EC- Elemental carbon

EIF- Economic Incentive Programs policy

EPCA- Emvronment Potlution Prevention and Control Authonty
FO- Fumace oil

FY — Financial Year

GHG- Greenhouse gases

GNCTD- Government of Nabonal Capital Terntory of Delhi
GRAP- Graded Response Action Plan

HSD- High Speed Diesel

|PT- Intermediary Public Transport

IUPAC- Internabicnal Umion of Pure and Apphed Chemistry
LCZ- Land classification Zone

LDO- Light diesel oil

MCD- municipal Corporation of Delh

MSW- Municipal solid waste

MPD- Master Plan of Delhi

NCAP- National Clean Area Program

NCTD- National Capital Territory of Delhi

NEERI- National Environmental Engineering Research Institute
NMVOCs - Non-methane volatile orgamic compounds

OC- Organic carbon

PM10 = particulate matter less than or equal 1o ten microns in diameter
PMZ.5 = particulate matter less than or equal to 2.5 microns in diameter
PSP- Public & Semi- Public

RWA- Residents Welfare Organisahon
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SA- Source Apportionment

SAFAR- System of Air Guality and Weather Forecasting And Research
SDIFF- Spray DryerFabnc filter

SIP- State Implementation Plans

SPA- School of Planning and Architecture, New Delhi

TCM- Transportation control measures

TDFS- Transport Demand Forecast Study

TERI- The Energy and Resource Institute

UNEP- United Nations Environment Program

URDPFI- Urban and Regional Development Plans Formulation and Implementation
USEPA- United States Emaronmental Protection Agency

UTTIPEC- Unified Traffic and Transportation Infrastructure (planning &
engineering)

VKT- Viehicle kilometers travelied

VMEP- Voluntary Mobile Source Emission Reduction Program policy
WHO —World Health Organization

WMCs- Waste Minimization Circles

WRF- Weather Research and Forecasting

ZDP- Zonal Development Plan

Units:

ppm = parts per million

ppmdy = parts per mifhion {(by) dry volume

scf = standard cubic foot or feet

scfd = standard cubic fool or feet (per) day

scih = standard cubic foof or feet (per) hour
scfm = standard cubic foot or feet (per) minute
scmd = standard cubic meter or meters (per) day
TSP = total suspended particulzte (matter)

T5S = total suspended solids

MMBtu = million British thermal units

MMBtuhr = milion Brtish thermal units per hour
MMCFD = milhon cubic feel per day
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GLOSSARY

Alr Quality Index (AQH) - A nationally uniform index for reporting and forecasting daily alr
quality. It Is used to report on the four most common ambient air poflulants that are regulated
under the Clean Air Act. ground-level ozone, particle poliution (PM., and PM..). carbon
monoxide (CO), and sulfur dioxide (S02). The AQI focuses on health effects that may be
expenenced within a few hours or days after breathing poliuted air.

Aerosol: Farticles of solid or liguid matter that can remain suspended In air from a few minutes
to many months depending on the particie size and weight.

Air Basin: A land area with generally similar meteorological and geographic conditions
throughout. To the extent possible, air basin boundanes are defined along political boundary
lings and include both the source and receptor areas.

Air Quality Standard (AQS): The prescribed level of 2 pollutant in the outside air that should
not be exceeded during a specific fime period to protect public heaith as established by both
federal and stale governments. (See aiso ambient air quality standards )

Ambient Surrcunding: Il i5 used lo describe physical properties of air (lemperature, humidity,
pressure, elc) or air pollution concentration in the open alr, as against, at the point of emission
or Indoors, Tor example, ambient temperature, ambient air quality,

Chimney ( Stack ) Height, -The effective height of a chimney Is the sum of its actual physical
height and the plume rise. The kalter is the nise of the efMuent due 1o buoyancy and eMux
velocity.

Carbon monoxide (CO) - A colorless, odorless gas thal can be harmful when inhaled in
largeamounts, CO is released when something |s bumed. The greatest sources of CO to
outdoor air are cars. trucks. and other vehicles or machinery that burn fossil fuels.

Coarse particles (also known as PM_-2.5) - Farticles with diameters generally larger than
2.5 micrometers (um) and smatler than, or egual to, 10 um in diameter

Diffusion a) On the scale of molecules. diffusion 1s @ mixing of substances caused by molecular
mation [ Molecular Diffusion). b) In atmosphere it implies the spread of pollutants by turbulence
of eddy motion ( also calied Atmosphenc Diffusion ).

Dispersion -The method by which a pollutant spreads from its point of emission and becomes
diluted in the atmosphere. It includes transport by winds and simultaneous spread by turbulence
( atmospheric diffusion )

Electrostatic Precipitator (ESP): An air poliution control device that removes particulate
matter from an air stream by impaning an electrical charge to the particles for mechanical

collechion at an electrode
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Emission Factor: For stationary sources, the relationship between the amount of poliution
produced and the amount of raw material processed or burmned For mobile sources. the
relationship between the amount of pollution produced and the number of vehicle miles traveled
By using the emission facior of a pollutant and specific data regarding quantities of matenals
used by a given source. it is possibie to compute emissions for the source. This approach is
used in preparing an emissions inventory

Emission Inventory: An estimale of the amount of pollutants emilted into the atmosphere
from major mobile, stationary, area-wide, and natural source categories over a specific period
of time such as a day or a year

Emission Offsets (also known as Emissions Trading) A rule-making concept whereby
approval of a new or modified stationary source of air pollution is conditional on the reduction of
emissions from other existing stationary sources of air poilution. These reductions are required
in addition to reductions required by best avaliable control technology.

Emission Rate: The weight of a poliutant emitted per unit of time (e.q., lons/year).

Emission Standard: The maximum amount of a pollutant that is aliowed to be discharged from
a poliuting source such as an automobile or smoke stack.

Energy Content: The amount of energy available for deing work. For example, the amount of
energy in fuel available for powering a motor vehicle

Fine particles (also known as PM,,) - Particles that are generally 2.5 ym in diameter or
smaller. This group of particies also encompasses ultrafine particles and nanoparficles which
are generally classified as having diameters less than 0.1 ym

Fugitive Dust: Dust parficies thal are introduced into the air through certain activities such
as soil cultivalion, or vehicles operating on open fields or difl roadways. A subset of fugitive
Emissions

Fugitive Emissions: Emissions not caught by 2 capture system which are oflen due lo
equipment leaks, evaporative processes, and windblown disturbances

Inversion - An atmospheric condition where a kayer of cooler air is rapped near the ground by
a layer of warmer air above, \When the air cannol rise, pollution al the surface also is lrapped
and can accumulate, leading to higher concentrations of ozone and particie pollution

National Ambient Air Quality Standard (NAAQS) - The Clean Air Act requires EPA to set
National Ambient Alr Quality Standards for poliutants considered harmful to public health and the
environment The EPA has sel National Ambient Air Quality Standards for six critena pollutants.
suifur dioxide (S02), particulates (PM. /PM., ). nitrogen oxides (NCx), carbon monoxide (CO),
ozone (03), and lead (Fb). Penodically, the standards are reviewed and may




be revised.

Particle pollution (also known as particulate matter or PM) - General term for a mixture of
solids and liguid droplets suspended in the air

PM._ .. Includes tiny particles with an aerodynamic diameter less than or equal to a nominal 2.3
microns: This fraction of pariculate matter penetrates most deeply into the lungs

PM,, (Particulate Matter): A crileria air poliutanl consisling of small parlicies with an
aerodynamic diameler less than or equal 1o a nominal 10 microns (about 1/7 the diameler of a
single human hair). Thelr small size allows them to make their way to the alr sacs deep within
the lungs where they may be deposited and result in adverse health effects. PM,, also causes
visibility reduction.

Precipitator: Poliution control device that collects particles from an air stream . (See Electrostatic
Precipitator. )

Primary fine particles - Fine particles that are emitied directly from a source, such as
construction siies, unpaved roads, smokestacks, of fires.

Remocte sensing- Detection or measurement of 2 property of a medium like atmosphere such
as temperature, concentration of pollutants, efc. For example, using Radar, rain can be detected
or using Laser beam, concentration of pollutants can be measured along the path of the beam
by analysing the scatiered radiation from the beam. This is in contrast 1o in situ sampling or
measurement where the sensor measures the property in the immediate vicinity of the sensor.

Secondary fine particles - Fine particles that form in complicated reactions in the atmosphere
of chemicails, such as sulfur dioxides and nilrogen oxides, that are emitted from power planis,
industries, and automobiles

Sensitive groups (also calied al-risk populations) - A lerm used for a category of persons at
increased risk of experiencing adverse health effects related to air pollution exposures. These
groups can be at increased risk due 1o intrinsic faclors (biological), extrinsic faclors (external,
non-biclogical), higher exposure, andior increased dose at a given concentration. The severity
aof the health effects that these groups experience may be much greater than in the general
poputation

Micrograms per cubic meter (ug/m3): The mass in micrograms of a substance contained
within 2 cublc meler of another subslance of vacuum. This is the standard unit of measdre for
the mass density {concentration) of panicies suspended in air, also sometimes used for thie
concentration of gases in air

Total suspended particulates (TSP). Particles of solid and liguid matter suspended in air
TSP Is collected on fiftration media and analyzed by welght only. Particle sizes represented by

the method are up to 100 pm In aerodynamic diameter.
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Urban Airshed Mode! (UAM): A three-dimensional grid-based photochemical computer mode!
of the production of ozone from precursors (VOCs and NOx) and the dispersion of air pollution
in a specific geographic area over a period of one or two days

Urban Heat Island- A rone of excess warmth within a city over the suburban and rural environs.
The warmer &r in this region nises upwards and then spreads radiaily outwards. The colder
air from the surrounding countryside at the surface flows inwards towards the heat isiand to
replace the rising and culspreading warm air, This occurs when the heat islands are inlense
This circulation Is known as Lirban Heal 1sland Effect

Ventilation aj The process of replacing contaminated or slale air by fresh alr b) The movement
and circulation of outdoor air, ) The volume of air entering or leaving the lungs In one respiralony

cycle

Ventilation Coefficient - It is defined as a product of mixing height and average wind speed.

Vehicle miles traveled (VMT): The number of vehicies that travel in a paricular geographic
region in 2 specified period of Ume (usually a year) multiplied by the number of miles sach
vehicle traveled. A measure of the total distance covered by vehicles in that area during that
penod. Normally the phrase refers only o travel by on-road molor vehicles.

Volatile organic compound:

An organic compound (meaning a chemical combination of carbon and other elements,
whether natural or manmade) which is volatile, meaning it readily produces vapors at room
temperature.. Many VOCs react in the atmosphere with nitrogen oxides in the presence of
heat and sunfight to form ozone. Methane and other compounds determined by EPA to have
negligible photochemical reactivity are excluded from the EPA definition of VOCs. Exampies of
VOCs include gasoline fumes and solvents from oil-based paints.

Zoning - A method of abating air poliution at a location by a systematic planning of siles for
dwellings and for factories/Industries which discharge effiuents 1aking into account the micro-
melecrological conditions in and around the location




MANDATE & SCOPE

Subsequent ta Source Apportionment Studies for Deihi carmied out by (1) IIT Kanpur in May, 2016,
(ii) The Energy and Research Institule (TERI) in August 2018 and {ill) Centre for Science
and Enviranment {CSE) In 2019, Hon'bie National Green Tribunal in 3 matier o News item
Published in Ine The Times of India authored Sh Vishwa Mohan titled “NCAP with multiple
timelines to clean air in 102 cities to be released around August 15" nad Issued directions
for study o assess Camying Capacity of NCT Delnl on the environmental aspects. (Order
dated 20.11.201%,w.r.t OA No. €81/2018 [ LLA. No. 411/2018) with O.A No. 10/2018(EZ)) In
response to the direction of the NGT order, Delhi Poliution Control Committee (DPCC), Delhi
Issued the work arder for the project “Study on Carrying Capacity of Air Environment in
NCT Delhi” to School of Planning and Architecture, New Delhi.

As per the Work Order dated 6th March 2020; the duration of the project was 21 days from
the date of acceptance of the order and the methodology to be followed for the assessment of
Camying Capacity would include the proposed methodology prepared by Central Pollution
Control Board (based on lIT Guwahati's framework) and the methodology submitted by
School of Planning and Architecture New Delhi .

MEETINGS AND PRESENTATIONS

18th March 2020 - The Firs! meeting was held at the Conference Room DPCC, when a
presemiation was made on the methodoiogy of the study and reques! for lalest data wrl
Source apportionmen! sludies, Meteorological data, emission factors, transporl, industries
DG sets elc. was made Vihile the work was In progress he imposition of Lockdown wef
from 22nd March 2020 effected the pace of the work as data was nol easily availiable and
discusslons with officials could not take place

28th March 2020 - The First Draft Repor was submitted incorporating whalever data was
available by that ime. Comments and observations to Ihe repon were received vide mail dated
6th of May2020, mentioning about certain anomalies in the dala, need for incorporation of
latest measures undertaken by DPCC in control of air poliution and need to clanfy the basis
of the observations especially wrt quantitative assessments A request was made to DPCC
lo allow for extension of work 10 Incorparate the changes It was also requested that since
during the lockdown the alr pollution levels showed a substantial dip (perhaps the lowest ever
recorded tll then ), hence an assessment w.r.t 1o activities and pollution could be possible and
may be added to the scope of the study. The same was agreed upon
16th July 2020 - Draft Final Report was submitied incorporating the suggestions along with
work done refated to the lockdown penod.
13th October 2020 - The draft Final Report was again reviewed and presantation was made
to Chairman DPCC. It was emphasised that recommendations specific to Master Plan of
Delhi should be emphasised upon. Subsequent to the meebng the report was discussed and
modified with inputs from DPCC.
5th February 2021- Presentation of the report was made to member Secretary DPCC and
suggestions were incorporated and the Final Report was submitted in two volumes for final
acceptance

18th March 2021 — A meeting including presentation was fixed with Chairman and Member
Secrelary DPCC at Delhi Secretariat for finalization of the repart. The present repar IS being

submitted incorporating all the suggestions received



1. BACKGROUND

Urban areas are charactenzed by high population density and economic development The
resulting pollutant emissions place an increasing pressure in the air guality of these areas.
Whereas in the past the major reasons for poor air guality were industrial activity and domestic
heating but, nowadays as a result of the rapid increase in mobility the major current urban
air pollutants come from road traffic (Sturm ! al., 1997). This 5 particularly significant for
developing couniries, where the rapid rates of both urbanization and growth In vehicle fleet
(Faiz, 1993) are expected to be the highest in the world (World Heaith Crganization/United
Nations Environment Program, 1932} The simple reason being means of transportation is an
important infrastructural facility These play a very important role in the overall development
of a country, As the numbers of vehicles are increasing rapidly, it has slowly but surely started
hindering our atmaspheric purty with the vehicular and noise poliution. The poliutants emitted
from these are transported, dispersed or deposited by meteorological and topographical
conditions Thus, the resulting ground level concentration pattems have to be estimated to
save the environment and indirectly the human race. IUs for this reason that the assessment of

carying capacity is urgently required

1.1. Concept oF Carrving CaraciTy

The concept of camying capacity Is very impodtant for devetopmental planning and hence needs
e be defined properly. Carmying capacity, in broad terms, IS an indicator of potential for future
growth keeping in view the resources such as air, water, land etc. Air environment Is important
as most of the developmental activities tend to have an impact on the surrounding air quality.

1 11 Framework For CarRrYING CabaciTy BaseD DeveLOPMENT PLANMING

The development of framework for camying capacity-based planning involves, mainly,
identification of the resources of the region and scope of thelr uliization vis-3-vis environmental
impacts, The carrying capacity of air environmen! gives a rough estimate of the emission load
{from various sources, man-made and natural) it can sustain under a sel of specific conditions
(resource allocation, lopographic and atmosphenic). We should pul our eflorts o explore
strategies for planned and sustainable development within the carrying capacity

1.12 SuppoRTE CAPACITY DIMENSIONS OF AIR ENVIROMMENT

Supportive capacity determines the developmenial potential of a region and economic progress
and quality of ife. Supportive capacity includes Urban Land and Shelter Resource. Urban
Social, Physical and Communication Infrastructure. Urban Utilities and Human and Institutional
Respurce. The aspects have been assessed based on comparnison with existing norms and
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standards amving on adequacy/ deficiency, above of below siandards. This has been followed
by recommendations relating to assessment

1.13 Assimianve Capacmy DIMENSIONS OF AIR ENVIRONMENT

Assimilalive capacity refers 1o the ability of the environment or 3 portion of the environment
(such as a stream, lake, alr mass, or soil iayer) 1o camy waste matenal without adverse effects
an the environment or on users of its resources. Assimilative capacity incluges Alr Environment,
Water Environment, Land/Soll Environment, Biological Environment and Acoustic Enviranment
The term “assimilative capacity” of the atmosphere 15 believed to be used interchangeably with
the “carrying capacity”. The assimilative capacity of the atmosphere gives roughty an idea of
the extent to which the atmosphere Is capable of sustaining the poliution load from varous
emission sources. Thus, a thorough study of the assimilative capacity is essential for judging
proper sitting of new industrial units and for regulating the operating of the indusines according to
the atmosphenc conditions. The assimiiative capacity depends on various physical paramaiers
such as the atmospheric siability, the topography of the region etc. The atmospheric stability
is a crucial parameter which is based on solar insulation, mean wind speed and temperature
profile. The assimilative capacity of the atmosphere i1s directly proportional to the ventilation
coefficient and inversely proportional 1o the pollution potential. Further, the ventilation coefficient
is expressed as a product of the mixing height and the transport wind speed within the mixing
layer. The use of atmospheric stability for the eslimation of assimilative capacity is manifesied
in the mixing height and the transport wind, A region with iarge pollution potential would have
less carrying capacity

114 ReSOURCE ALLOCATION STRATECIES

Optimum and proper utilization of the resources Is an important aspect of the camying capacity
based development. For an integrated approach towards sustainable development there Is a
need to evolve proper strategies for balanced allocation of the resources in the region. The
kniowledge of assimifative capacity would be desirable for determining the resource allocation
strategies for various pars of the region. This s very essential for decision making related to
overall reglonal development -

1.2. Stupy AREa: NaTionaL CapiTaL TERRITORY OF DELHI

Delni faces a severe air pollution problem due to the number of sources which are iImpacting the
ambient air quality. Vehicutar pollution in Delhi has grown from 64% to 72% from 1950 to 2000,
whereas petrol and diesel consumplion have grown by 400% and 300% respectively. Other
sources such as biomass burning, refuse burming, conslruction dust and other unreguialed
sources are becoming major sources in some areas of high poliition levets Two previous
sludies (IIT Kanpur and TERI) show considerable trend in the emission invenlory of the city,
which further needs (o be enhanced and reciprocaled in upcoming years.




1.3. APPROACH

= Source Apportionment Study: The source apportionment study of NCT of Delhi has already
been camied previously. Two studies (CPCB and IIT Kanpur) were limited 1o Delni and three
(Guttikunda, SAFAR, and TERI) to the NCR. Among the studies of the NCR. Guitikunda
(2018) covered only urban areas of NCR - Gurugram, Faridabad, and Ghaziabad - and
excluded rural areas. The SAFAR study considered Gurugram, Faricabad, Sonepat, and
Jhajjhar (Haryana} and Ghaziabad, Baghpat, and Gautam Buddha Nagar (Uttar Pradesh)
These studies extensively provide the information of vanous seurces of poliution in Delh
They can be used for analysing the trend of pollutanis and emission sources over the
course of time

« Baseline Study: I inCludes the comprehensive studies of land-use, demography.
transportation, founsm and air pollution trend. These parameters are required o camy oul
the corelation between air poilution, 1and use, 2conomic activities and infrastructure. I
will serve as a determinant for formulation of carrying capacity framework and establish
carrying capacily of Delh city

* Projections: The projections for the above mentioned paramelers wolld be calculated for
short lemm (5 years), medium tem (10 years) and long term (20 years)

« Analysis Operaling 2ir quality monitonng stations for measurement of air quality is
highly resource Intensive in terms of lime and cost. The approprials spatial interpolation
technigues can be used lo estimale concentration where air guality monitoring stations are
not available, Spatial mapping of air poliutants and the above mentioned parameters (land-
use, transportation, efc.) would help In establishing comelation between the same.

* Development of suitable framework for calculating carrying capacity: Sased on the
above mentioned baseline data, a suitable framework would be developed considering the
alrenvironment for Delhi city. As of now, there |s no camying capacity framework estabiished
with respect to air environment.

= Carrying capacity assessment: The terms “Carmying Capacity” and "Assimiiative Capacity”
of the atmosphere are interchangeably used. Assimilative Capacity of the atmosphere gives
roughly an idea of the extent to which atmosphere is capable of susfaining the pollution
load from vanous emission sources. The assimilative capacity depends upon the vanous
physical parameters such as atmospheric stabilty and the topography of the region
Understanding of both the capacities is essential for establishing action plans.

* Recommendations: As per the estimaled camying capacity and assimilative capacity
interventions would be suggesied al difierent scales and suitable action plans (short,
medium and long term) will be formulated

1.4. SCOPE OF WORK

Thee study is imited only 1o NCT Deihi and does nol cover National Capital Region. The scope
of work Includes: Study of existing source appartionment reparts (IIT-K, 2016 & TERI 2018),
Compilation & baseline study for 2019, Projections for short, medium and long term of all the
selected parameters, Spatial mapping of Paramelers & Overlay Analysis of Pollutants, Revision
In camying capacdy assessment framework, camying capacity assessment and proposing
action plan and recommendations.




1.5. MeTHOoDOLOGY

SNO. | ASPECTS PARAMETERS ELEMENTS
1 LITERATURE 2016 PMI0, PM25,
T e Xl [2018 P10, P25,
REPORT
P BASELINE STUDY (DELHI) | Study Area Profile Physiography, Chimaks & Nalural
FRasources
Demography Existing Population And Projections -
Domeshc & F{m!hn_r_,t Population
Lamd Lisa Study Resideniial, Commercial, Psp, Induskny,
Mixed Use & Recresational
Transporiation Traffic Movemenl, Modal Spiit, VT Hafio
Industres Type OF Industries And Their Emigsions
Tounsm Trend
Adr Pollution Emizsion Inveniory (As per secondary
(Emizzion Loads) Survay)
3 PROJECTIONS Short Term (2025) Projections Of Abowe Menboned

Medium Term {2030) |Paameters (land-use, demography,
Long Term (2040) infrasimcivre, ransportalion. loursm. ai

poliution)
4 ANALY SIS Demography Spsatial Mapping of Farameters and
Landuse Overlay Analysis of Pollutants
Urban Buill-Form
Wind Speea &
Direction
Transportation
Emicsion E£bmations
Alr Pollution Air Cuaiity a1 a8 monforing stations wilh
respect 1o land use and ocal aciivitias, Air
Quality During COVID-19 Pandemic Lock-
down In Dethi and Effect of leckdown al
few moannorng statons selactad based an
predominant induses
5 DEVELOPMENT OF *Mote; The exizting urban iand camying capacity formulated
SUITABLE FRAMEWORK | by IIT Guwahsti represents only the urban aspeci end doesn'
FOR CALCULATING consider the air envirenment hence a framework for addressing

CARRYING CAPACITY" air environment needs to be worked oul)

L7 CARRYING CAPACITY Besed on the framework developed

ASSESMENT
7 SCALES OF Reglonal, City and Lacal level
INTERVENTIONS
i ACTION PLAN SHORT TERM Recommendations
(2025)
MEDIUM TERM
2030}

LONG TERM (2040}




2. INTRODUCTION

Dethi, with an area of 1483 km sg.km, is located In North India within the latitude 28°2417"
and 28°53'00"N, and longitude T7°45°30" and 77°21°30"E. Deihi is jointly administered by the
Central and State Govemment and as per Census 2011, hasa population of 16.3 million pecple;
thus becoming the second mest populous city and second most populous urban agglomeration

in India. However, due to rapid development, Defhi is also fAcing senous challenges in tems
of air pallution. To {ackle the situation, Delht has taken several steps to reduce the air pollution
ievel during the last 10 years. However, more concerted efioris are still required to reduce the
poliution level.

This document constitules the report thal has addressed all important points of scope of
work and methodology for carying out the carying capacity wilh respec! 1o land-use The
study extensively used spatial lechniques using GIS and have concluded with strategies and
recommendations to take forward the National Policies and regulations by embedding them
into all the sectors of development The study

analyses the data of PM2.5 and PM10 of 2019, carmed out for 37 monitoring stations (CPCH,
DPCC and IMD) spread all over the city

Some major findings of sources of air pollution at regional, city and local levels, emission
inventory, analysis based on landuse, bullt form and activities around monitofing stations of Delhi
before and after lockdown and fulure projections are summarized in subsequent paragraphs.




3. LITERATURE STUDY

3.1. CARRYING CAPACITY

Carrying capacity is defined as the population level that can be supporied, given the quantity of
food, habitat, water and other infrastructure present. In context of human population, camying
capacity refers to the number of individuals who can be supported in ach area within natural
resource limits, and without degrading the natural social, cultural and economic environment
for present and future generations. There have been many approaches o assess Camying
Capacity of Urban Areas, however due o many variables each approach needs 10 be suited to
the characienstics of the area Thus the methodology needs to be formulated for-a parficular
assessment within the broader frame. Carrying Capacity is assessed in two dimensions —
Assimilative Capacily and Supportive Capacily,

* Assimilative Capacity Dimension
Assimilzlive capacity refers 1o the ability of the environment or a portion of (he environment
(such as a stream, |ake, alr mass, of soll layer) to carmy wasle material without adverse eflects
an the environment or on users of ils resources, Assimilative capacity Includes Alr Environment,
Water Environment, Land/Soll Environment, Biolegical Envircnment 2nd Acoustic Environment

= Supportive Capacity Dimension
Supportive capacity determines the developmental potential of a reglon and economic progress
and quality of life. Supportive capacity inciudes Urban Land &Shelter Resource, Urtan Social,

Physical and Communication Infrastructure. Urban Utilities and Human & Institutional Resource.
Tabila 1: : Carmymg Capachy Conghitients of an Udan Arag

CARRYING CAPACITY CONSTITUENTS OF AN URBAN AREA

ENVIRONMENTAL COMPONENTS! | COMPONENTS DEFINITION
RESOURCES
Assimilative Capacity Dimension

Alr Environment Local A shed — How many mes Alr Qually Paramelers are
wilhin acceptable imits?

Water Environment Local Ground and Surface Waler Regimes — How many
lirmess in which seasons and in which areas the Waler Quality
Faramaters are within accepiable imits?

Land/ 50il Environment Ursan land a2nd Sell regime — Productivity for agrculture
Suitabdlity for Use {and use sudabliy)-and land reclamation
potential

Bislogical Environment Local Ecosystem and Rorz and fauna — Sink Polential 2nd
Recyching Capachy therain q_g:amsi Poliution Loads

Acoustic Environment Urban Landscape - 1o-attenuate Outdogr Molse Lavels fo
accapiable limits




CARRYING CAPACITY CONSTITUENTS OF AN URBAN AREA

ENVIRONMENTAL COMPONENTS! | COMPONENTS DEFINITION
RESOURCES

Urban Land and Sheller Resource

Land Land Supply wilhin and afound Urban Areas fo support
Population and Activities in lerms of scceptable density norms.
i Area of land availabie for development a5 per [and sullability
and Ine population it can suppoit )

Housing Urban Residential Space — [ts Quanlity and Qually 1o suppon
Meeds and Demands of Population Groups [ Demand and
Supply )
Urban Sockal, Physical and Communication Infrastructure

Social Amenities/infrastruclure Availabisty of Lirban Health, Educational, Recreational and
Public Securlly Services — Quably and Ouanlity in tesms of
acceplable norms

Physical Infrastructure Road/ Radl Alrl Waler Linkage and Senvices pehveen Uhan

Araea and Other Population and Economic Centar To support
| transport ) Adequate and Efficient Movemenis of Foputation Groups

Urban Road and Transporstion Faciites — o suppor
Adequate and Eficen! Movement of Fopulation and Goods
across Different Parts

{ Volume by capacity rato fo be less than 1, no congestion
ponts )

Communication Posi, Telegraph, Telephone and Other Communicabion
Facilities of Urban Area - to supporl Adeguate and Effclent
Communication Within and Outside | Eu‘mmgn )

Urban Utilities

Water Supply Water Resources and ifs Delivery System Across Urban
Aregas to have adeguate and afordable supply in lerms of
asccepiable norms { Quanfiy generated v= quantity dsposad/
treatedirecycied elc: and area coverad and companson with
noms and standards)

Sewage Sewage, Siorm Dreinage and Solid Waste Management -
Adequate and Hygienic Disposal in terms of acceptable morms{
2uankity generated vs quantity disposedireatedrecycled elc.
and area covered-and comparison with norms and standands )
Electricity Elecincity and Mon-Conventional Energy- Sysiem - Adequate

and Afordabde generalion and distribution Supply o meet
Peak Hour Demands and Househoalds Establishments and

Public Streets and Open Space [ Coverage |
Human & Institutional Resource

Manppower and Capacity Manpower Supply in Uirban Ares — b0 have Adequate Quaniity
and Cuality for Suslained Economic Development

Indusirial, Commercial and Sanvice Activities of Organized and

Non-Formal Sector io have sdeguate Employment, income
and GNP genaratien Urban Municipaiities and/or Daveiopmeant
Agencies {0 have Adegualte and Human Resource




Shiddy o Camying Capazily of
3.2. SouRce APPORTIONMENT STUDIES

Delni overall have observed improvement in air quality over the years. The following tables
have been provided based on study done by T Kanpur from 2013-14 and TERI from 2016
The figures for year 2013 have been estimated based on projections and conversion values
of emission load (kg/day) to PM, , and PM,, concentration as provided from mode! dome by IIT
Kanpur

321 SourRce APPORTIONMENT STUDY BY [T Kaneur, 2016

The Government of National Capital Territory of Delhl (NCTD) and Delhl Poliution Control
Commiftes (DPCC), Delhi have sponsored the study “Comprehensive Study on Alr Pollulion
and Green House Gases in Deihl™ to lIT Kanpur in 2016. Objectively the project GHG aimed to
achieve the following:

A ldentification of source/sinks of greenhouse gases (GHG) (CO2Z, CH4, N20, and
anthropogenic fuorinated gases),

B. Development of GIS-based gridded emission inventory of GHG (2 km x 2 km resolution)
from identifled sources;

C Estimation of losses of GHG through vanous sinks,

D. Generation of GiS-based carbon emission maps from vanous sources, such as
transporiation, industrial, residential, commercial, and power plants,

E Develop reduction strategies for GHG;

E Develop a controd plan for GHG mitigation

Emission inventory (El) 1s a basic necessity for pianning GHG control activities. El provides a
reliable estimate of toial emissions of different GHGs, their spatial and temporal distribution.
and identification and characterization of main sources. This information on El is an essential
input o climale models and for developing sirategies and policies. In this chapter, GHG El of
city of Dethi for the year 2014 is presented

Methodology The siepwise methodology adopled for the study is presented in Figure
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City Level GHG Emission Inventory:

The {CO2e emission load in the city s estimated to be 37 91 million tonnes for the year 2014
The top four contributors to tCO2e emission are Power plants (43%), Vehicles (32%), MSW
buming (&%) and Domesiic cooking (79%); these are based on annual emissions. Seasonal and
daily emissions could be vanable. For exampie, MSW burning is more frequent in winter than
in summer. The eslimaled emission suggests thal there are many important sources and a
composile emission abalement including mast of the sources will be required to reduce the GHG
emission. CH4 emission in the city is estimated lo be 37078 tonnelyr. The 1op three contribulors
10 CH4 emissions are |iveslock (61%). vehicles (18 %), and fanaflls (9%, tnese are based on
annual emizslons Seasonal and daily emissions could be variable NZO emissions are Iower
than CH4 emission ~ 7794 t/d. Nearly 92% of emissions are attributed (o vehicular emissions
Power plants contribule 3% 1o N20 emission and are followed by domestic emission [0.5%).

GHG emission in Delht and companson with other cities:

In Delni, the total annual GHG emission was estimaled to be 37.91 million tonne of 1CO2e.
The fossil fuel consumption of coal and natural gas for electricity generation and fuels used in
vehicies actcounted for the major emissions in the city (82%). The per capiia emission of Dethi
city is 2 26 tonne per year tCO2e, which is lower than many of the top GHG emitting cities:

The green areas of the Delhi consist of foresis, plantations, avenue trees, gardens and parks.
The total estimated green area is 227 .62 sq. km; of which, 176.62 5q. km is forest and 151 5q
km is mixed species in gandens, parks and major avenues. The data related to annual CO2




Shidy on Camywig Capacity of i Enaonment, NCT Dt

capture by trees and planis in the city of Delhi are estimated as: (i) total biomass® 1.7 miflion
tonnes; (i) total carbon: 085 million tonnes and (iii) total CO2 captured 3.1 million tonnes.
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The GHG mitigation measures for vanous sources were analyzed. These sources Include
power plants, livestock, coal usage, domestic Tuel, street lights, buming of MSW, and vehicles
The major reduction In emission can be achieved by

(1) successive use of low carbon fuels (switching from coal to natural gas In power plants)
followed by shifting about 20% generation to solar energy (estimated reduction of 11 million
tones tCO2e Le. 27% of total tCOZe emission) and

{t) stop burning of MSW and converting the MSW into energy {estimated reduction of 3.12
million tonne tCO2e |.e. §% of total tCO2e emission).

Tabie ¥ Summary of Emasion Losd fom Ames Eoures [kpsidey
PMI0  |PM25 |NOx  |s027  [co

Industrial Stack 13681 &76| 161R38 128762 11646
Vehicle 12014] 11623 113443 1155 32243
Road Dust 966l 2165 L ‘il Lt
Hotels/Restaurants 4493 1758 1105 PR 6179
Domestic 781 40 7682 1232  254m
Alrcraft 54 54 5416 3800 4112
Industrial Areas 1614 1367 1893 55‘15. 185
DG Sets 1387 1248 19604 1293| 4234
MW Burning WweE 10 & 13 mw
Cremation 346 312 96 13 up
Construction/Demaolition 5167 1292 0 ol 0
Concrete Batching 14370 =M D of 0
Agricultural Soil Dust 1151 o 0 0l 0
Medical Incineratons gL M 103 l )
Total 142302]  5e73al Ano1 162y 3meem

Seuse Sporse Comprenensive Shuay on Green House Gases (GHGs) m Deim

Dispersion Modeling for Existing Scenario by IIT Kanpur

USEPA's AERMOD model (described later) was run for PM,,, PM, , and NOX to understand the
Impact of emissions occurring within Delhi on the ambient air at multiple locations.




Lierature Study

Figure 3 and 4 show the highest 24-hr concentration isopleths for PM. . and PM_ , respectively
Althowgh there are high pollution kevels all around in Delhi, this analysis can be used for finding
hotspots in the city The hot spot for PM level point of view is Shahdara, East Delhi, Badarpur,
Rithala and Badli Samaypur
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A liner refationship between observed and compuled levels of PM,, and PM,, in winter months
with R-square 0.53 — 0 88 shows thal model describe the physics of dispersion and capiures
the impact of emission quite well

The observed concentrations are much higher 1.6 to 3.0 times for PM__ and 1.4 1o 2.8 times for
PM, , than the model computed concentrations in terms of slope of the best fit lines {(as provided
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in 5A Study by IT Kanpur). This although not a desirable situation but at the same time not
uncommaon that the models under predict (CPCB, 2010, Behera et al., 2011). The model under
prediction suggests incomplete emission inventory and/or missing sources. Although all efforts
we made to account for all sources, uncertainties both in activity data and emission factor exist
Since the model doss not account formation of secaondary particlkes, this provides 3 plausibie
reason for under prediction.

What is interesting to note is that the best fit lines have very high intercepts, 170 pg/m3 and
about 100 pg/m3 for PM, .. Since model performance in terms linear association is established
for observed and compuled cancentrations, the large intercept concentration can be attribuled
ta the backgrounad poliution in Deihl that appears to be contributed from outside Delhi In other
words, almos! about one-third of poliution PM levels can be atirtbuted 1o emissions from oulside
the Delhi, This analysis makes it ciear that pollution conirol will have 1o focus both inside and
aulside Delhi for iImprovements in air quality not only In Delhi bul the entire NCR

122 Source APPORTIONMENT STUDY By TERI

There was a study named “Source Apportionment of PM, . & PM,, of Delhi NCR for Identification
of Major in 2018 done by “The Automotive Research Association of india” and “The Energy and
Resources Instilute” who camed oul source apporlionment of PM, , and PM,, concentrations
in Delhi-National capiial region (NCR) using two modeliing-based approaches. The first
approach relied upon monitoring and chemical characterization of PM,, and PM, . samples
The chemically speciated samples along with source profiles were fed into the receptor model
1o derive source contributions. In the second approach, source-wise emission inventory, along
with meteorological inpuls and boundary conditions were Ted into a dispersion model o simulate
Pid,, and PM,, concentrations.

Alr Quality Monitoring:

A comprehensive exercise of air guality monitoring was carried out for a penod of two  seasons
in one year at 20 representative locations (9 in Delhi City, 4 in Uttar Pradesh, 7 In Haryana} in
the NCR InCluding kerbside, industrial, commercial, residential, and reference sites, which has
different land use patiern and sourcas of activity,

In summer season, average concentration of PM_ at all monitoring sites across Defhi-NCR
was 188 £ 37 pg/m3. Concentration of PM,, vared from 131 to 263 pg/m3. Similarly, average
conceniration of PM, . In summer season was 30£17 yg/m3 varying from &5 to' 130 pgfm3.

In winter season, average concentration of PM,; across all monitoring sites in Delhi-NCR
was 314+77 pg/m3. Average maximum concentration was 441pg/m3 while mimimum average
concentration was 201pg/m3. Similarly, in PM, . average concentration was 168245 pg/m3
varying from32 fo 254 yg/m3. Both PM_, and PM, , average concentrations were found to be
more than the prescribed standard limit by the Central Pollution Control Board (CPCB).
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Chemical analysis of samples:

Chemical speciation of particulate maller samples collected on filler paper can be separaled
into the three most comman categories. elements, lons (sulphates, nitrates, ammanium, elc. )
and carbon fractions. Average chemical composition of PM,. and PM, , at Delhi-city and NCR
TOWNS In summer season;

PM,.. OC (organic carbon) was simitar (~17%;) at Delnlcity and NCR Towns. EC {glemental
carbon) was found to be shkghtly higher at NCR Towns (~12%) compared to Delhi-city (~10%)
conlribution of crustal elements in Delhi City was 9% and in NCR Towns It was about 10%.
PM, . Average chemical composition was found to be simitar in both Delni-city and NCR Towns.
Bath OC [~16%) and EC {~14%) were found to be similar. Both crustal elements {~4%-5%)
and other elements (~6%-7%) were found to be similar. Chemical compaosition of PM_ and
PN, at Delhi-city and NCR Towns In winier season:

PM,,. OC was found to be higher in Delhi-city, that is, ~19% compared to ~16% in NCR Towns.
EC was found to be higher in Delhi-city (~14% ) compared to -12% in NCR Towns. Both crustal
elements {~6%—7%) and other elements {-3%-4%) were found to be similar,

PM, . contnbution of OC was found to be about 20% in both Dethi city and NCR Towns. Simitarly
contribution of EC was about 15%. Contribution of crustal elements was found to be lower Le.
about 2% in Delhi city and about 3% in NCR Towns.

Receptor modeling

The fundamental principle of recepltor models is thal mass conservation can be assumed and
a mass balance analysis carried out to identify and apportion sources of airborne pariculate
matter in the atmosphere The approach 1o obfain a data set for receptor modeling is 1o

14
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determine a large number of chemical constituents, such as elemental concentrations in a
number of samples.

Mveragy Seasonal veristion in Chemicsl composithon
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Average source contribution to PM_ and PM_ _ samples at representative sites in summer and
winter season in Delhi-city and NCR Towns (Panipat, Sonipat, Ghaziabad, Gurgaon, Moida,
Fandabad and Bahadurgarh)

PM.,:

Seasonal vanation of PM, shows higher contribution of dusty sources in summer (38%—42%) as
compared to winter in Delhi-city as well as NCR Towns This can be attnbuted to dry conditions
and higher wind vetocities resulting in entrainment of dust

PM,.:

Seasonal vaniation of PM, , shaws significantly higher contribution of dusty Sources in summer
(31%—34%) as compared 1o winler (15%]) in Delhi-city as wellas NCR Towns. Higher contribution
of dusty sources even in PM, , can be attributed 10 dry conditions and higher wind velocities in
summess resulting in contribution from far-off sources. Primary contribution of venicies 1o PM, ,
was higher in winler (20%—23%) In Deini city and NCR Towns than In summer (18%—20%)

Blomass bumning contribution was significantly higher In winter in Delhi-city and NCR Towns
(22%) than in summer (15%) contribulion from industrial sources was similar in both summer
and winter seasons in Dethi city (10%—11%) and NCR Towns (13%)

Variation In contribution of sources, such as vehicles, blomass burning, and dust, at vanous
sites may be atiributed to the vanation in activities ai the local level. Contribution from sources
gutside Delhi, such as agricultural waste burning, and dust particles may be expected.
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Emissions inventory

An emissions inventory of a given study region is a stock of all s pollution-emitting sources,
such as vehicles, industries, power pfants, road dust, consfruction dust, residential, diesel
generalor (DG) seis, biomass/wasle burning, cremaloria, and hotels. Developing an
emissions inventory is a step in the botlom-up approach of appertioning sources. Apart from
direct emissions estimates, emissions in these sectors are calculaied by multiplying energy
consumption with the emissions factor o derive the pollution pér unit energy consumed. This
Information i an input 1o the dispersion model, which converts pollution estimates (mass/
year) lo ambient concentration (massivolume) Ambient conceniration is directly comparable
to source apportionment estimaled using receptor modeling '

Source-wise mulli-poliutanis inventories of air pollutanis have been prepared for the year
2016, at a high resolulion of 4x4 km®. Along with PM, Invenlones of sulphur dioxide (S0,),
oxides of nitrogen (NC, ), carbon maenoxide (CO), and non-methane volalile organic compounds
(NMVOCs) have also been prepared to account for secondary panticuiates formation

The major sectors which have been covered in the analysis are:

1)Residential,

2)Open agricuftural residue burning,

3)Transpori—tailpipe emissions ,

4)Construction,

S)industries (including bricks and stone crushers),

6jPower plants- stacks, coal handling units and fly-ash ponds,

7)Road dust,

8)Diesel generators,

3)Refuse burning,

10}Crematoria,

11)Restauranis,

12)Airpons,

13)Landfilis,

14}Wasle incinerators,

15) Solvents,

16) Ammonia emission sources, elc

Ambient PM,, and PM,, concentrations were simulated in this study using the WRF-CMAQ
model combination. WRF mode! runs have been carred oul fo generale 3-dimensional
meteorological fields over the sludy domain which acts as input to the CMAQ model along with
emission invenlories.

To account for contributions from outside NCR, India scale simulation runs have been carnied
out for the year 2016 using India-scale emissions inventory. In order to account for transport of
poliutants from outside India, international boundary conditions have been adopted from global
air quality products. Stmulations have been performed for India and then for the NCR far the
year 2016 to predict PM,, and PM, . concenirations in NCR. The modeled concenirations were
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Lierature Sludy

compared with the actual observations taken by ARAI for specific locations.

Table 4:-Annusf Emissicn invenicry of pefiutannt {icgafdary) in Dedhi for 2015

SECTOR PMID PM2S |NOX  |s02  |cO NNMVOC
TRANSPORT I5068.4932| 33972.6| 347671.2| A013.599 1372877| 937260.3
INDUSTRIES 3561.64384| 3013.699| 4383.562| HEIE.NE 5479452 ]
POWER PLANTS 16712.3288] 9589.041] 3068493 B4657.53) 9589.041) 2465.753
RESIDENTIAL TOA5.20548] 5479.452] 10136.99] 547.9452] 167397.3) MM 52
AGRICULTURAL BURNING | 136986301 109580 Eﬂﬂ?lﬁi 0f 7397.26) R319178
ROAD DUST BRI A247| 15850 41 al o 1] 1]
CONSTRUCTION 38904.1096 TI57.26 0 o v} ]
DG 5ETS 213597600 0 !EI?.BEH: il 547.0453| 1739726
REFLISE BLURMNING HMiGeledd] 3287 671 HE'}B‘EEI i H?EE; 1260274 T307 26
CREMATORILISA 1095.89041| 547 9453 2TLST2G 0 &027.397| 1287671
RESTAURANT IR3I5.61644] 2191.781) 1005.89) !.551.544! 5248 315 108589
AIRPORT 273.972603| 2719726 18082 .19 1359.3535 7027 1917E.08
WASTE INCINERATORS 1369.86301| 821.9178| 11232.88! JIC'IBH-.!"IE.ET MES.T53 1]
LANDFILL FIRES 1931.50685| 4105.589 1543.3355 2739726, 15890.41| &027.397
SOLVENTS 0 0 0l 0 0| 1563853
TOTAL 184931.507| 8767123 428767 1) 90634 HE 1639452 1169589
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Simulation of air quality: dispersion modeling:

Ewvidently, the concentrations are significantly higher during winier than in summer, due to
adverse meteorological conditions. Reduction in wind speed and boundary ayer height dunng
winter reduces the dispersive capacity of the aimosphere and leads fo higher concentrations
of pollutants near the ground.

Table & Averape sacioral oontributions i P, & P, conoenirsfions in Def estimated using depersion madefing doring wirders
and currmars

E
i
|

Residential 10% %
_Agri Burning 4T ™
Industry 30% 29%
::ﬁ’i“l Foad. and 1% 8%
Transport 28% 17%
Others 1% &R
(T [
Seclors Winters Surnmers
Residential i, ] R
_Agri. Burning i 4 ™=
industry 2% 2%
Dus (soil, road. const) 25% 40%
Transport 24% I 5%
Others 10% ™

Lpuroe Spurce Appertonmman of l'-"l.'l.,_!. Fl.-i_t-:rfﬂdh NCH for identicston of Msor Socroan




The results of this study are broadly consistent with the |ITK study with slight variations in
magnitude Contnbution of dust in PM, ,; concentrations is found to be somewhat higher in
thiz study and share of biomass I5 lower This 15 possibly because open agncultural burning
activity could not be fully accounted for in the modeling penod, also, there is reduction in
residential biomass use due 1o enhanced LPG penetration in asl few years. Dust contributions
are understandably more in summers due to drier conditions and higher wind speeds, leading
o dust suspension. Share of secondary particulates is higher in winter due 1o higher nitrate
formation rates, than in summer

Comparison of receptor and dispersion modeling results:

FM& ]

The results of receplor modeling are also compared with the dispersion modeling. The receptor
maodeling resulls show primary sectoral contribulions, and secondary particulates separately
It'is to be noted that secondary particulales are atso confributed by gaseous emissions from
different sectors. The dispersion model was used to assess contribution of different sectors 1o
secondary particulates. Using this, secondary particulates in the resufis of receptor modeling
were allocaled accordingly to different sectors to assess lotal sectoral contnibutlons (primary
and secondary).

ITE-Receptor- PM2.5( Winter)

Fluad i LU
L. ]

Receptor- PM2.5 (Summer) ITK-Receptor- P2 5] Summer)

kit LGl
F1L]

Figus 13- Average source cordibudon o PM, | ssmples = epresoniative sies in Deltv Cify
Souros! Source Apporionment of P, , & PU., of Deini NOR for idanbfication-of Major Soumes

These wo approaches are close for most seclors It 1S 10 be noted that in the dispersion
modeling approach, the industrial sector (which seems 10 be overestimated) includes blomass
as an Industrial fuel Dust Includes contributions from road dust re-suspension, construction
acliviies, and lrans-boundary Intemnational contributions, Based on the assessment of species,




it may be concluded that in summers, trans-boundary contributions are mainly composed of
dust. However in winters, there are also some trans-boundary contributions from sectors, such
a5 biomass buming and indusines also

Diinperiban- PILS [Summer) Recaplor- PMLS [Swenmar]

iDiwperybon- PMIS [Winter]

Figure 14 Comgansoh-of resus of depamion and receptor model ing assessmans for .:'Mulf' Dgl
Spepse Soorce Apoarianment of a.l“f: F'fl"‘._ af Ded NCR for idenSieaton I?”u'!ﬂ_ﬂ' Sourses

* Green dolted ling shows that some industries in NCR (which contribute (o Delhi's air quality)
also use blomass

Figure 14 shows that the resulis of the two approaches are close for most of the sectors. It
is 1o be noted that in the dispersion modeling approach, the industrial sector (which seems
to be overestimaled) inCludes biomass as an industrial fuel Dus? includes contributions from
road dusl re-suspension, construction acliviies and nalurai duslt contributions. Based on (he
assessment of species, il may be concluded that In summers, rans-boundary contributions are
mainly composed of dus!, However, In winters, there are also some contributions from sectors
like blomass buming and industnes as well

Cverall, the results of source apportionment seem o be consistent for most sectors in both the
approaches. In the two seasons. the dispersion model shows confributions of transport sector
as 17%-26%, In comparison to the receptor model estimations of 20%- 30%. These findings
are higher than the coniributions of the transport sector reported in IITK (2015) report, because
in the present study they include secondary particulates along with the primary contributions.
Results of source apportionment of PM _ show that dust Is a major contributor fo PM_
concenirations. The share of dust is 31% in winter, which increases to 42% in summer The
study shows lower contnbution from industrial coal use, which may attrbute fo closure and
limited operation of some of the power plants m the vicinity, Contribution of the transport sector
to PM,, is somewhat higher in this study (15%-18%), than the IITK (2013) study (6%-20%)




Lierature Study

PM,

Comparison of resulis of dispersion modeling with receptor modeling for PM,_ are shown in
Figure 15. The results compiement each other Receptor modeling shows dust contnbutions
of 31%-43%. which are shown 1o be in the range of 25%-41% by the dispersion modeling
approach in the two seasons. The range of esfimates for the transpor seclor is 15%-24%
as per dispersion model uns in diferent seasons. while it is 17%-25% using the receptor
model. Biomass buming consistently shows contributions in the range of 13%-15%. The two
appraaches show sfight vanalion in industrial sector contributions, which ranges from 19%-
2. Green dofted ling in figure 18 shows that some industries in NCR, {which contribute 10
Delhi's air quality) also use omass

Recepton- PO [Winker) iTH:Recegion FA 100 Winter)

v
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Figors 18 Compansca of resuffs of disperson and iecegtor modeding aisessment B P n Dehi for Se ben ssasaee
Shiroe Source Apporonment af PRL . & PY _ of Daili NCA for idantficaton of Maor Soures

Disgrersion- PM10 (Wintar) Recoptor PM IO [Wirter)
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Sub-sectoral contributions to PM_, and PM, , concentrations in Delhi and NCR:

In the residential sector, biomass fuel is the dominant factor contributing to PM,, and PM,,
concentrations. It contnbutes to 8%—10% in PM, , and 8%-9% in PM,, concentrations in the two
seasons. Within the 30% confribution of the industrial sector in PM,, concentrations (winter)
in Delhi, 8% is contnbuted by bncks seclor, 6% by power siations, 2% by stone crushers.
while other industries (using coal, biomass, pel-coke. and furmace oil) contributed to about
14%, Laler, in 2017, pel coke and furmace oil (FO) use were banned in the region. In the
others category (within the overall contribution of 11% In winters PM,, concentrations), DG
sels (because of high PM and NO, emissions) cantribute significantly (5%), followed by refuse
burning (3%). and the rest other sources contributed 1o less than 1% each, towards winlers
P, , concentrations. In the dust calegory, road dusl and construction seclors have 4% and 1%
contributions in PM, . concentrations, respectively Within the transport sector in Dedhi, trucks
have the highest share of 8%, Tollowed by two-wheslers (7%, and three-wheelers {(5%) This
is due to their higher shares in either or both P, , and NO, emissions

Tebie i Semoral sheres estmated by dieperson ard recepior modeting for wvarous towns in BCR
NCH-Towni | Be0son n:mu : - e
Welicl | Dusl | Boma | ngusl | Cifesr | vahecl | Dusl | Boemo | ncesl | Offes |
" ] e [ ® " [l [l
Rahaowg | Summas | P iTh | 7R | 138 | 6% | o% | 1o% | 3i% | ook | 19% | 12% |
anm Pl IR | R | (M| PR | B | R | % | M| /R | oW
Wirtee | PR, 21N | 40K | 118 | 238 | % | 0% | 0% | 10 | 5% | 1% |
P W% | 2R | 12K | IR | TR | 24 | 19K | 208 | 2% | 1OW |
Famipat | Sumemar | PMs TR | 3% | 10K | 2% | 6% | 0% | % | 21 | 14 | 1em
! LT E__ W1 | D | R ) O | LR | T | 1BW | IR
Witer | Pie | 23% | SOR | 1em | DR | 4% | 0% | 3% | 1R | 2% | W |
PP | D8 [ | em | s | am [ o | M | e | mw | 18
Grapaba | fummer | A, B8 | 4IM | 128 | 36K | 4% | 10 | 4% | R | I7R | TR |
d P 0K | 178 | |48 | M% | 4% | 21% | 4% | 28 | 2% | am |
Winter | Pii, I | IR | 148 | 3N | 6m | 2N | 2% | em | 2w | 1M
B 3% | IPR | 10 | 3v% | 6% | 2oW | 16m | % | 9% | IS
=T Tumemes | P 19 | 0% [T3% | TN | R | i | 4 | o8 | oW | W
Pilu | 1% | 4% [ 138 | 00K | 9K |08 | 3% | 1% | Sk | TR
Wrier | Py | 298 | S9R | 128 | 25 | PR | 218 | 1% | 28 | 2% | 0%
Py | DO | 20 | 1% | 2eW | VOW | 20W | 1OW | 0% | 3em | OIW |
Gugoon | Summar | P % | SN | 19R | 136 | B% | 1PN | 2% | 1R | 2% | &%
Pz W% | a9% | (#R | 10% | O% | 248 | 2% | 'em | 19 | IOW |
Wirler | P, IV | 2OM | 14w | 2em | PR | 4% | 20% | 2OW | Jem | 1%
T N N L N N LN AL N LY AL N LY
Wirtar : % CIEER RG] = 195
e | 2R | (IR | 1R | R | IR | T | IR | PR | 0 | 1em |
Emuﬁml;puﬁnﬂmmdzmuiFH“ufEHhHthmnfthwm
Mole: Share of sauUfces vary across cilies becaose of sources and alko because of changing meteoralogy 25 the
FEI'Iﬂd mondarnng vaned acrass (hree monikhs wilhin 2 2=a5an
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Geographical contributions:

The study done by TERI also estimated the contnbution of vanous regions towards PM_,
and PM,, concentrations in Delhi and NCR Towns. The average confnbution of Delhi's own
emissions in Dethi's PM, . concentrations was found to be 36% in winters and 26% in summers
However, there are variations across different piaces in the city (Figure 17). This finding is in-
ling with olher recent studies for Delhi (Mamapu et al., 2014; 1T, 2015. Kiesewetter et al.,
2017). In summers, the contribution of outside sources is higher on account of higher wind
speeds and enhanced atmospheric transport of pollutants. In the NCR Towns. the confribution
of emissions from Delhi city varies as per their location with respect 1o Defhi and prevailing
wind girections. NOIDA city which s downwind of Delhl receives 28% and 40% of its PM,,
concentrations from Delhi-based sources, In summer and winler seasons, respectively, on
the other hand, Panipal which Is upwingd of Delhl receives only 1% contribution from Delhi and
shows 56%—70% contrbution from Ihe remaining NCR regions. Ghaziabad also recelves s
major (61%—70%) contribution from NCR only
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Mote: Share of different regions vary across different cities because of sources and also because
of changing meteorology as the period monitoring varied across three maonths within a season
* Average of NCR towns excluding Defhi. The contnbution of nearby districts like Gurgaon,
Faridabad, Moida, Ghaziabad, Jhajjar, and Sonipat in Dethr's PM, ; concentration was 23%-
24%.

3.3. CoNCLUSIONS OF STUDIES

Source Apportionment Studies

Air pollution levels are extremely high in Delhi and NCR, especially in winters.

The asseszment of both the scientific 2pproaches reveals that transport, biomass buming, and
industries are the three major contributors 1o PM, , concentration in Delhi NCR during winter
In summer, the contributions of dust from inside and outside of India eclipses the shares of
these three major sectors in the PM_ . concentrations, however, the contributions still remain
significant. The assessment for PM, shows that other than transpaorl, biomass burning, and
industries, road dust and construction dust also contribute significanily 1o concentrations. Like
PM, ., during summers, the contributions of dusl from outside of India reduce the shares of
these local sectors In the PM,, concentrations

The study has guantified the contnbutions of diferent sources al present and in future time-
frames (2025-2030). The PM, . concenlrations are expected 1o increase by 5% in 2025 and
Dy B% In 2030 with respect to 2016, in 3 BAU scenano. The PM,, concentrations are expected
0 Increase by 16 and 23% In 2025 and 2030, respectively, in a BAU scenario. This is after
accounting for growth in different sectors and alsc taking info account the possible enforcement
of the interventions which have already been notified for control of air pollution. Discounting
these planned interventions, the growth in PM_ , concentrations could be 30% higher in 2030.
The study analyzed various interventions and estimated their possibie impacts over PR, . and
PM_, concenirations in Deihi and NCR. An altemative scenario has been developed considering
the interventions which can provide maximum air quality benefits. The altemnative scenano
results in a reduction of 58% and 61% in PM,, and PM,, concentrations in 2030, with respect
to the BAU scenano, and achieves the daily ambient air quality standards for PM,, and PM, ..

The interventions which have identified as the ones with highest impact on PM concentrations
in 2030 are:

. Compiele phase out of biomass use in NCR by enhanced LPG penetration in rural
households

. Use of agricullural residues in power plants and other industries 10 replace high ash
coal and open burning in fields

. Introduction of gaseous fuels and enforcement of new and stringent SOZNOx/PM,
standards for Indusines using solid Tuels

. Strict implementation of BS-VI norms

. improvement and strengthening of inspection and maintenance system for venicies

. Fleel modermization and retro-fitment programmes with control devices

. Enhanced penelration of eleciric and hybrid vehicles




. Reducing real world emissions by congestion management

* Stricter enforcement of standards in large indusiries through continuous manitoring

. Full enforcement of zig-zag bnck technology in bnck kilns

. Vacuum cleaning of roads, wall to wall paving of roads

. Control of dust from construction activities using enclosures, fogging machines. and
barners

. Elimination of DG set usage by provision of 24x7 electricity and control by innovative
lail-pipe cantrol technologies.

Emission Inventory Studies

Several emisslons Invenlones have been developed for Delni or larger areas thal Inciude the
NCR. These inveniories contribute to source apportionment studies. Ofien, this drive pollution
control decision making In the reglon by statutory agencies such as the Environment Pollution
Prevention and Control Authonty (EPCA), Central Pollution Control Board (CPCB), and other
State Poilution Control Soards (SPCH)

Few sludies compare emissions Inventones across anthropogenic and combustion refated
emissions of air polluiants or analyze uncenainties in inventory measurement {Input parameters).
Therefare, the extent of uncertainty In source apportionment (output parameter) Is unclear.
Five inventories developed over the past decade for Deihi or the NCR (CPCB 2010, IT Kanpur
2016, TERI 2018, SAFAR 2018; Guttikunda 2018) were studied by CEEW. All the studies used
the bottom up approach to develop their emissions inventory.

Emissions of PM, . and PM,, were compared from source sectors including transport, industries,
power plants, residential, road dust. construction, DG sets, biomass/waste buming. crematoria,
hotels; and others. These 10 categones were common to all the studies and were therefore
suitable for companson.

A description of the emissions inventones are presented in Table 11. The inventonies were
deveioped for different years ranging from 2007 to 2018. Each study developed the inventory
for a particular year i.€. no multi-vear inventories were available

Table 10 Oempansan of Emssien |nvesiones of Dalby

CPCB Guttikunda [IIT Kanpur | TERI (2018)[ SAFAR | Guttikunda
2010} (2018

Season NA Dispersion  |Winlef and | Winler and | Summer Continually
Modeling Summer Summer Updated

Horzontal 2% 2 km* 151kmt 2 %2 km? 4 3 4 km® 400 % 400 m* | 1 %1 km?
Resolubon Grid for 10 grid for enfire | grid for the | Grid for fos an area of | resolubion for
Zones mear | ity enfire city enfire study [ TOKmx &5 | &n area of BD
monitors area ol 292 - | km? ko BO km?
extrapolated km x 364 lan®
lo city




CPCB Guttikunda | IT Kanpur | TERI (2018} | SAFAR Guttikunda

(2010} (2012) (2016) (2018) {2018)
Total PM_, HA 83 21.39 3189 107,70 2015
Emissions

tiyean

Total PM,, | NA
Emizsions
(kgsiday)

Scure: Undemianding Linoeriantes in Emissons irreoloses, CEEW

1260274

271643336

Two studies (CPCB and IIT Kanpur) were limited to Deihi and three (Guttikunda, SAFAR, and
TERI) to the NCR. Among the studies of the NCR, Guttikunda (2018) covered only urban areas
of Delhi - Gurugram, Faridabad, and Ghaziabad - and exciuded rural areas. The SAFAR study
considered Gurugram, Faridabad, Sonepat, and Jhajjhar (Haryana) and Ghaziabad, Baghpat,
and Gautam Buddha Nagar (Uittar Pradesh).

In the SAFAR study, a pnimary survey was carried out with the help of 150 students guided
by scientists to generate missing primary data, validate secondary data, and collect avallable
secondary data. Information was found for 26 sources of air pollution, but the final estimate has
been presented for six categories - transport, indusiries, power plants, residential, wind-blown
dust, and others The ‘others' category contains the rest of the 20 sources of air pollution,
such as slums, brick kilns, street vendors, hotels, dhabas, construction sites, hospitals, tourist
places, shopping malis, traffic junctions, rallways, airports. waste buming, buming of biomedical
wasle, crematoria, schools and colleges, diesel generator sets, mobile lowers, and milk and
vegelable vans

The TERI study considered particulate formation through secondary pollutants, Secondary
pollutants are formed by the chemical reaction when primary poliutants interact wilh the
atmosphere. Photochemical smog, for example, 15 a secondary poliutant formed when the
sun's ultraviolel rays react with nitrogen oxides in the atmosphere. Secondary particulate
concentration is estimated through a model outpul. TERI used, in addition to the dispersion
madel, the Community Mulliscale Air Quality Modeling System (CMAQ) as it can accept
muiltiple poliutants simultaneously and also Include photochemistry. Therefore, at the emissions
inventory level, the numbers only represent the pnimary pollutants, which have been considered
for companson

The CPCB sludy did not develop an inventory for PM, .. All other studies included inventories
for particulate matter (PM,,). sulphur dicxide (SO, ), nitrogen oxides (NO, ), hydrocarbons, and
biack carbon.

Variations in emissions inventories

Figures 16 and 20 display the vanations m emissions inventory for PM,, and PM, _ across the
five studies, and Table 12 details the maximum and minimum percentage vaiues associated
with each sector. For the analysis, the main sectors we consider are transport, indusiries, power
plants, residential, road dust, construction, DG seis. biomass/waste buming, crematorna, and
hotels and restaurants. The 'other’ calegory includes emissions from landfills, airports, wasie/
hospital incinerators, concrete batching, and agriculture
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Road dust coninbutes the maximum fo the PM_, poliutant load, varying rom 35 per cent to
about 66 per cent across studies, and differing by a factor of two. The next biggest contributors
include power planis and transportation. For PM,,, transport and road dust are the langest
contnbutors to pollutant loads. Together, these two categones account for over 40 per cent of
the tolal PM, , load across all studies.
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Figure 19 shows the vanation by sector for PM, . and Figure 21 for PM, .. The "oihers’ category
has been dropped. as they are not comparable. It was observed that there is high vanation
across the major pollutant categones of transport, industries, power plants, road dust, and
construction

These vanations in sectoral emissions can lead to a lamge variance in the concentration of
poliutanis and to uncertainty around the actual contribution of each source to poliution. This can
aiso lead {0 ineffective policy measures as the primary sources of pollution remain contested
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3.4. AR SHEDS

There was a study done in Philadelphia to reduce the air poliuticn and high temperature in the
year of 1957-58, the brief sfudy summaries here and the how the Airsheds model Is working in
metropolitan ciiies is described bDelow.

The central phase of air poliution i1s inked to temperature inversion, during which the air near
the ground does not nse 0 be repiaced by clear nighis with little wind, the earth is cooled
by long-wave radiation and the air near the ground is cocled by the ground. During such
temperature inversion with stable surface air Iayers, air movement is imited, In cities, pollution
become increasingly concentrated. In ‘Philadeiphia® “significant™ inversion occur in one night in
three. Paraliel and related o inversion is the incidence of high pollution levels, which occur on
twenty four "episodes” from 2-5 days in duration between 1957 and 1959 The concentration
of poliution sources in Philadelphia covers an area fifteen miles by ten miles with the long
axis running approximately northeast I it is assumes that sulphur oxide 1o be the indicator of
pollution (B30 tonnes per day produced), an air height of 500 feet as the effechive dimension
and an air volume of approximataly 15 cubic miles 1o be replaced by a wind speed of 4 mph
selected as a critical speed. Then one cubic mile of ventilation is provided per mile of wind
speed and L is seen to require 3 % th hours Tor wind mavement 1o ventilale the long axis, 2 and
¥ hours 1o ventilate the cross axis. Thus the tributary 10 ensure clean air on the long axis is 15
miles beyond the pollution area, 10 miles beyond the cross axis The wind rose for Philadelphia
during inversion shows that the wind movement are preponderanily norheast, west and
southwest, contributing 51.2% of wind movemenis; the other five cardinal and intercardinal
points represent the remainder.

The areas that have in vegetative cover, notably forests, are distinctly cooler than cities in
summer-a margin of 10°F s not uncommon. Alr movements over such areas moving into the
cities will bring cooler air. It can be said that the areas selected as urban airsheds are likely
to be those selected as appropriate for amelioration of the urban microclimates. However to
clear air pollution sources be prohibited or limited. To relieve summer heat and humidity, it is
essential thai these airsheds be substantially in vegetative cove, preferably forested.
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The areas thal have in vegeiative cover, notably forests, are distinctly cooler than cties in
summer-a margin of 10°F is nol uncomman. Air movements over such areas moving into the
cities will bring cooler air It can be said thal the areas selecled as urban airsheds are likely
10 be those selecled as appropriate Tor amelloration of the urban microciimates. However o
clear air poliution sources be prohibited or limited. To relieve summer heat and humidity, it is
essential that these airsheds be substantially in vegelative cove, preferably forested.

The satisfaction of Ihese two reguirements, in the creation of urban air sheds as responses
1o atmospheric pollution confrol and microclimate control, would create fingers of open space
penetrating from the rural hinteriand, radially into the city. This Is perhaps the broadcast
conception of natural process in metropolitan growth and metropolifan open space distribution
Chearly, this proposal direct growth into the Intrinsic between the air sheds comdors and
suggests that metropolitan open space exist within them.

There are several factors can be obsenved. Normal urban growth tends 1o be Incremental and
unrelated to the natural process on the site. But aggregate consequences of such development
are not calculate nor are they allocated costs 1o the individual development. While benefits
do occur to cerain developments that are deietenous to natural processes at large, these
benefits are particular, while the results and costs are general. Thus. cosis lo large numbers
of different and unrelated persons. corporations and levels of govemment. It s unlikely that
long term benefits accrue from disdain of natural process. it is quite cerlain and provable that
substantial costs do result from this disdain. Finally, in general any benefits thai do occur-
usually economic- tend o accrue fo the privale sector, while remedies and long-range cosis
are usually the responsibility of the public domain
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The purpose of this exploration is to show that natural process, unitary in character, must be
s0 considered in the planning process. That changes to parts of the systems affect the entire
system, that natural do represents values and that these value should be incorporates inio a
single accounting system

The hypothesis, central o this study. is thal the distribution of open space must respond to
natural process This conception should hold true for any metropolian area, imespective of
lacation. In this particular case sludy direcled 1o [he Phidadelphiz Metropolitan Region, an
atiempt has been made 1o focus on the fundamental natural processes that show the greatest
reievance [0 the probiem of delermining the form of Metropoditan growih and open space

The problems lies not In absolute area but in distinbution. We seek a concepl thal can provide
an interfusion of open space and population. The low attribute vaiue of open space ensure that
It Is transformed into urban wse within the urban area at he penmeler. Customary urbanization
excludes interfusion and consumes peripheral open space.

¥et as the area is a circie growth with the square of the radius; large open space increments
can exist within the urban perimeter withoul major increase 1o the radius or to the time distance
from city centre to urban fringe.

This case study reveals the application of the ecclagical view to the prablem of selecling open
space in a Metropalitan region. For the moment, It is enough 1o observe that this view could
considerably enhances the present maode of planning, which disregards natural processes al
but completely and which, in selecting open space, is motivated more by standards of acres
per thousand for the place and face of nature in the metropolis.

AlR SHEDS
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4. BASELINE STUDY

4.1. STUDY AREA PROFILE- NCT DELHI

Dethi, the Capital of India is situated between lafitudes 28°24° 17" and 2853 00 N and longitudes
TE*50°24" and 77°20'37" E at 216 meters above the mean sea Ievel (MSL). It is spread over
an area of approximately 15300 sq. km_The city is sumounded by other major growth centres of
adjoining states such as Haryana and Uttar Pradesh The Yamuna River and terminal part of
the Aravalli hill ange are the two main geographical features of the city. The Aravali hill ranges
are covered with Torest and are called the Ridges. they are the cily's lungs and help maintain
its environment city (Deihi, 2008) In Delhi, Key industries include Telecommunications, Hotels,
information Technology, Tourism, Media and Banking. The manufacturing and fabrication
industries in Dethl are 3is0 In large in numbers fike automobile industries, Power planis, Home
Textiles sector, Lealher industries, Home Consumabie industries sector, Metals and Minerals
elc.

Map - Map of BCT Dathi
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42 PHYSIOGRAPHY

Physiographically, Deini lies betweean Indo-Gangetic alluvial ptains in the norin and east, the
Thar Desert in the west and the Aravaili Range in the south

The Indo-Gangetic Plains (IGP) expenences frequent dust storms every year duning the pre-
monsoon season (March— June); (Bhattacharjee et al, 2007, Dey et al . 2004, Gautam et al..
2009, Kumar et al,, 2015; Prasad et al, 2007, Singh, 2014; Singh et al., 2004).

Dust storms obsernved m India come either from the Thar Desert located in the wesiem paris of
India or from distant source of the Arabian Peninsula

Depending upon the wind speed. dust is observed in the IGP from the wesl and 15 transporied
over the eastern parls of India, up 10 West Bengal Somelimes, depending upon the wind
pattern. dust is diverted 1o the Central parls of India (Kumar et al, 2015, Prasad & Singh
20073, 2007b)
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4.3. CLIMATE

The average annual rainfall in Delnl s 714 mm, d4th of which falis in July, August and
September. Heavy rainiall in the catchment area of the Yamuna can result in a dangerous
ficod situation for the city (Delhi, 2006). The maximum temperature ranges are expenenced in
summer from 41 to 45°C and minimum temperature in winier season is in the range of 3- 6°C
in coldest period of December-January.

Meteorological Conditions

The meteorclogical conditions inciuding average precipitation, temperature, wind speed, wind
direction and relative humidity of NCT Delhi are represented in this section.

Due 1o the inland location, Delhi expenences extreme continental climate. Il has ‘semi-and
type’ climate, wherein extreme dryness and intense temperatures are recorded in summers and
winters are severely cold The year can be divided info four seasons winter season (November
10 March), summer season (March 1o Jung), mansoon season (July o September) and post-
mansoon season (October o November) The lemperature ranges from a minimum of 4 *C in
January and maximum of 41 *C in May—June

Humidity is relatively higher during the hot season, measuring an average of 34.9% than in
the cold season when It measures an average of 28 2% Visibility during the cold season Is
reduced 10 not more than 10km on average owing 1o the winds and foggy days experlenced
dunng the freezing days

The *mean daily maximum” (solid red line) shows the maximum lemperature of an average day
for every month for Defnl. Likewise, “mean daily minimum-” (5ol blue Iine) shows the average
minimum temperature. Hot days and cold nights (dashed red and blue lines) show the average
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of the hottest day and coldest night of each month of the last 30 years.
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Wind speed for Delhi is shown in the data above; and how it ranges throughout the year Wind
rose diagram (adjacent) shows how many hours per year the wind blows from the indicated
direction. The pre-dominant direction in Defhi is North West direction

Rainfall

Delhi receves average annual rainfall of 714 mm. it receves rain from both south westemn
monsoon branch in summers (Bay of Bengal branch and Arabian Sea branch) and north-
western monsoon branch in winters, 1.e westermn disturbances The humidity level is generally
low during the greater pan of year, excepl monsoon months of July, Augus! and Seplember
Highes! humidity |s recorded in monsoon season while April and May are the driest months.
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44 MNATURAL RESOURCES

The Dethi is endowed with rich fores!s and tree cover, diversily of fora. As per the Forest Survey
of India (2011}, 176 20 km? area is under forest cover, which is 11.86% of the lotal geographical
area of Defhl. The forest and tree cover in Deihl have seen steep rise since 1999, From merely
22 k' In 1993, it has risen lo over 299 km® In 2009 {Planning Department of Delnl 2013)
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The Dellv ndge covers about 77.84 ke of area and has been notified as Reserve Forest There
are five sections of Aravalli range in Delhi. These are Northern ridge, Central nidge, South
Central ndge, Nanakpura South Central ndge and Southem ndge. The Southem ridge covers
maximum area (Forest Survey of India 2011). The Asola wildlife, sanctuary lies in the south
Dethi district and covers an area of about £8.00 kn?* (Forest Survey of India 2011)

These forest or vegetation cover are also responsible for the bicgenic emissions. The biogenic
volatile organic compounds (BVOCS) emissions are functions of the species leaf mass, emission
factors, lemperature and light conditions

BVOC emissions requires an emission inventory model with region-specific inpul databases
and a high degree of spatial and temparal resolution

45. DEMOGRAPHY

The population in Delnl Increased rapidly. Population (in 2011) Is 167,87 941 (Census-india,
2012} Literary rate in Deihi 5 approximaiely 86%. Delnl Is divided Into 11 districts and further
in sub-divisions. Languages spoken in and around Delni include Hinadl, English, Urdu and some

Sengall and Punjabl The population trend has been shown in the table 13 below:
Tatis 12 Popuistion Growih

4.6. LaND-usE

Delhi as the National Capital has a distinct and unique characier. It is a growing and expanding
magnet of attraction for people from all across the country and also a hub for the region
surrounding it The physical polential for further urbanization within the NCT Is reducing
although there is a virtual urban continuum between Delhi and the surrounding areas, which lie
in the States of Utiar Pradesh and Haryana.

With the imperatives of growth and deveiopment, the problems of Delhi have become complex,
which have 1o be viewed both as a challenge in lerms of the pressures of regular and floating In-
migration, as well as an opportunity in terms of planning and development in a regional conlexl
In order to control the development in Celhl, the areas were designated as one aof the 27 use
zones. These use zones hiave been classified broadly In nine categories of land uses namely
Residential, Commercial, Indusirial, Recreational, Transportation, Utility, Government, Public
& Seml - Public Fadiities and Agriculture & Water Body. As there was no study conducted
on existing land-use of the city lately, so land-use as per the Mater Plan of Deihl, 2021 was
assumed to be the land use for 2020
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4.7. TRANSPORTATION

Drelni relies heavily on its transport infrastructure. The city has developed a highly efficient public
transport system—the Delhi Metro—which is undergoing rapid modemization and expansion.
There are 1,18,33,121 number of regisiered vehicies in the city as of 31.12.2019 (Transport
Department, Delhi). Therefore, sercus effors. including a number of transpon infrastructure
projects, are underway to encourage the usage of public transport in the city. As perthe TERI
source apportionment report-2018, the share of the transport sector is significant (32%) in PM,,
emissions. This reduces to 19% in PM,, emissions in Delhi, due to the presence of other major
sources, such as road dust and construciion, which emit more parficies in the coarser range of
M. With the closure of some of the coal-based power generating units, Transport now has a
dominant share (81%) in the NOx emissions amongst the sources within Defhi. The modal spiit
data of registered vehicles over the |ast decade has been shown in the table 14 below:




Category Year-wise Financial year

2015 2018 2007 2018 2013 2018-2019
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The total number of diesel vehicles registered between 1st Jan 2010 to 31sl Dec 2013 (10

years), extluding NOC, Scrapped and Surmendered Vehiches are 500,907
Tatia 15: Ragicleres Diesal Vateies in Deih

Vehicle Description Diesal Diesell |Grand Total

(T
m—m
———
_:—_
Meoc  Lew | s
__n_
Moorcar  |owwo | [wiem |
T N T TR S




Tabin 16 Repsiard Pnl & Otrar Ysrices
Vehicle Description  [CNG Eleciric |LPG | Petrol | Pefroll | Petroll | Petroll | Grand

Bus w670 |1 1 | 3 | | [6707 |

I'l! Mouted .

Vehicle
-------ﬂ
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The total number of petrol and other vehicles registered between 1st Jan 20035 to 31st Dec
2019 (135 years), excluding NOC, Scrapped and Surrendered Vehicles are 5,00,907
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4 8. INDUSTRIES

There are toial 50 clusiers of which 29 are industrial areas and 21 are redevelopment areas
in Deihi with more than 30,000 Industries. Table 17 shows the industries falling into red,
orange, green and white categories in each industrial cluster whereas Table 18 shows the
redevelopment area industries.
Tabla 17" indusines = offerars categones

S. | NAME OF INDUSTRIAL AREA RED |ORANGE |GREEN |WHITE | TOTAL
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Source; DRCT
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49. Tourism

INTRODUCTION

Delhi city is sprinkied with dazzling gems: captivating ancient monuments, fascinating museums
and art galleries, architectural wonders, a vivacious performing-ans scene, fabulous eating
places and bustling markets. With s nich and diverse cultural heritage, Delni is aiso used
as a gateway for traveling to cities of India. The city 1s significant for the role it has played
throughout history, having been the centre of an empire for the majority of this millennium. It is
an important city in the Indian subcontinent and compansons have often been made to other
great cities of the world. However, very few cilies carry with them, to such an extent, the weight
of several layers of continuous history

One can have a fascinating giimpse into the past in Oid Delhi, with 15 abyrinth of narrow lanes,
old havelis, and colourful bazaars Rickshaws wind their way through this crowded, buslling
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capital of the Mughals, where life continues, much as it did hundreds of years ago. Modem
Dethi has a lot more to offer. Delhi has a modern, well-planned and extensive Metro network
that connects all comers of Delhi; this network is still growing. New roadways and

fiyovers have improved connectivity, the Iatest of which is the Signature Bridge, an ambitious
project of Delhi Toursm. Dethi Tourism s on @ mission 10 change status quo and ensure thal
Dethi becomes a world-class tounst destination and the leader in arl, culture, music, theatre,
film and entertainment.

PROFILE OF DELHI TOURISM

The capital of India = one of the key arrival destinations for both foreign and domeslic lourists
The state is among the top tourist destinations in the country. The number of domestic tourists
visiting the stale had been rising continvously, It grew from 18.49 million in 2012-13 to 22 62
million 0 2014-15. The [atest survey conducted by N3SO (72nd round, 2014-13) on lourlsm
ilustrated that the majority of tounsts (95 per cent) visited Delhi during the

vear for ‘nolidaying, lelsure and recreation’. These tounsts mostly stayed in hotel & guest
houses followed by fiends & refative’s home. This cleany reveals that tourtsm has a huge
patential for employment generation and becoming a growth driver of the state

The capiial boasts of some great hefitage sites within and near the city. Delhi also generates
income from the founsm sector. The tourists from all over the world come to Defhl not only to
visit the capital but the areas sumounding it. There is an increasing number of medical tourists
also to take advantage of its world-class hospitals in Delhl

The schemes of Tourism Depariment. Govemment of NCT of Delhi have beegn implemented
by the Delhi Tourism and Transporiation Cevelopment Corporation (DTTEC), an underiaking
of the GNCTD incorporated in 1975 to promote tourism in Delhi. Defhi being National Capital
Termitory, received a large number of foreign travellers and NRis visiting India

VISION OF DELHI TOURISM

To expose nch cultural heritage of the city, develop recreational facilities to the tounist, promote
Dethi as one of the most popular and prefemed tourist destinations and (o increase the number
of foreign lourist arrivals which will contribute 1o the economy of the city and generate additional
employment opportunities. To make Delhl environmental & eco-friendly loursm and cullural &
hentage destingtion, there is a need 1o spréad awareness amaong tourists as well as its citizens
regarding Deihi's glorious past.

TOURISM ACTIVITIES

OTTDC is running Information Counters al embarkation and disembarkation points in Delhi
and in other cities such as- Kolkala and Chennal At these Infarmation counters, the following
activities are performed. -

= Information regarding places of tourist interest in and arcund Delhi e.g. Monuments, Museums,
Shopping Markets, Places of Entertainments and forthcoming cultural events, fairs & feslivals,
exhibitions, food and cuisine etc. s provided to the tourists

- Reservation of Hotel Accommodation, transport facility (OLY, DLZ, cars, Coaches AC & Non-
AC), regular and seasonal tours as per the demand of the tounsis.
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« DTTDC aiso operate regular tours by cars and coaches. These can be booked from DTTDC
Information offices and from the website also.

« OTTDC also produces, distnbutes free tourist literature for the purpose of creating publicity
for and developing tourism in Delhi

Delhi Tourism i5 running Tourist Information Centers at all the main embarkation points in Delhi
besides information offices in Kolkata and Chennai. Delhi Tourism disseminates information
and distributes ierature 1o the loursts from these offices and a farge number of foreign and
domestic tourists avall these facilities  The information cenlers are at 1he following places in
and outside Deihl

- Domestic Alrport- Terminal-|

- Nizammudin Railway Station

- Travel affice at Delhi Emporium, Baba Kharak Singh Marg

- Cofles Home, Baba Kharak Singh Marg

- | Center, Baba Kharak Singh Marg

- Govt of India Tounst Ofce, Janpath

- Dilli Haat, INA

- Kolkatta

- Chennal

Against the target of faciiiiation to 22000 visitors during the year 2018-19, 4665 tourists visited
the information center until December 2018. In addition, a number of tourists were facilitated
over the phone and through the DTTDE website

Dethi Toursm organizes a number of fairs and festivals in Deihi. Delhi Tourism also runs Dills
Haat — INA. Dilli Haat - Pitampura and Dilli Haat — Janakpuri (Food & Craft bazaar) and Coffee
Home's. Dethi Tourism also has a Garden by the name of Garden of Five Senses.

WATER SPORTS ACTIVITIES

The idea of providing leisure boating to the people of Delhi was concejved in the year 1991 By
identifying the potential water bodies in Delhi, DTTDC approached the and-ownind agencies
and in due course of time, various lakes were allotled to DTTDC purely with boating rights

As per the agreement DTTOC is paying 12.5% of its sale o the land-owning agencies as their
share. Al presenl, DTTDC i1s providing Boaling facility at 03 lakes in Delhi 1.e. Krishi Shawan
Boatl Club near President House; Boat Club, Maan Singh Road, India Gate and Bhalaswa Lake

GROUP TOUR
The DTTDC aiso deals in Group Tours, customized tours as per the nesds of the clients. These
programs are lallor-made and planned as per ihe requirements and budgel of the clienl.

BRANDING DELHI

Dweini, the capital of India, has 1ts origin in 1450 B.C. and has been In continuous existence
for over a thousand years now. It is a site of many historic capital cities, traces of ten of which
sunvive even today. The city is significant for the role it has played throughout history, having
been the center of an empire for the majonty of this millennium: It 1S an important city i the
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indian sub-continent and comparisons have often been made to other great cities of the world
However, very few cities cammy with them, to such an extent, the weight of several layers of
confinuous history. Inspite of this nch and diverse cultural hentage, Delhi is used only as a
gateway for traveliers to other cities of tournist interest.

Dethi has a lot lo boast about and hence arises the dire need to promote Deihi as one of the
most sought-after tourist destinations not only in the domestic but also in the international
arena

Undoubtedly, tourism requires careful planning and management and in the absence of a
concrele Tourism Policy, there is no 5! plan drawn to market the city in the International market
S0 a5 lo showcase the polential of the City as a Tourist Friendly deslination. There is a need o
initlate steps to markel Delhl more efectively and In a stralegic manner on the lines of other
State Tourism Boards

in the current scenano, Delhi nol only faces competition from the neighbauring cltiessslates but
also from nelghbouring international destination — like Singapore, Malaysia, Dubail elc. Further,
Deinl s suffering from image probiem Le. Delhi being projected as an unsafe destination
especially for woman tourists, in international media which Is adversely affecting the inflow of
foreign tourists especially women to Delhi.

With an objective to promate tourism in and around the capital city, DTTDC has been playing a
robe of catalyst and been faking following proactive steps in making the city a Tounst Friendly
destination under Branding Dwelni.

a) Promotion through TVCs, Radio, Social Media, Qutdoor, Print Media, Production of Film efc.
b) Production of Publicity Literature

¢} Promotion of Dethi as a Film Shooting Destination

FARTICIPATION IN NATIONAL & INTERNATIONAL TOURISM EVENTS

Mational & Intemational Events are an integral part of Tourism promoticn exercise for any
state Tourism organization. In line with the above, Ministry of Tourism, Govt. of India, State
Tourism Boards & leading Travel Trade associations organizes Travel Martsfconventions within
and outside the country, throughout the year, which is aclively participated by most of the
Stale Tourism corporations. Tourism Boards of diferent countnes, Holeliers. Airlines, Travel
Agents, Tour operators, Ministries of Railways, Civil Aviation, Adventure Tourism bodies elc. to
showcase their products o promote the destination on Business platforms

DTTDC also participates in such leading Travel Events of the Indusiry with the sole objective
o Brand Dedhi and promaole the capital — as a Touris! Friendly Destination

BED & BREAKFAST SCHEME

This scheme stared in the month of October 2007 and 10 be continued durnng the year 2018-19
o provide buaget accommodation (o tounsis coming to Deihl and enjoy the traditional Indfan
Home & Cuiture and aiso have the confidence of the families support and protection and go
back with pleasant memones. In the Bed & Breakfasi accommodation in Delnl, there are two
categories facilities Le. Siiver and Goild.

17,800 Tourists stayed in Gold category rooms and 82,600 tourists stayed In Siiver category
rooms under the scheme “Bed & Breakfast™ duning 2017-18. 15%36 Tounsts stayed in Gold
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category rooms and 72 542 tourists stayed In Silver category rooms up to December 2018
during 2018-13

GARDEN OF FIVE SENSES

The Garden of Five Senses is a park in Delhi. Spread over 20 acres, the park i1s located in Said-
ul-Ajaib vilkage. opposite Saket. near the Mehrauli hentage area. The park was developed by
Dedhi Tourism and Transportation Development Corporation, Delhi over a period of three years
and opened in February 2003 Parlly built over rocky terrain, the garden has various theme
areas, including a section on the lines of Mughal Gardens, plus pools of waler lilies, bambog
courts, herb gardens and solar energy park. The garden is designed lo stimulale our five
senses with its beauty and atlractions and glve us a chance 10 touch, smell, hear and see our
nalural surrcundings. The garden serves as one of the prominent cultural venues of the capital,
as programmes are organized here round the year The Garden lourism festival (February),
food festivals, different metas, Dandiya festivals and other cullural programmes are held here
at different times

GURU TEGH BAHADUR MEMORIAL AT NH-I

OTTDC has constructed Guru Tegh Bahadur Memonal at Singhu Border (NH-1), G.T. Karnal
Road, spread over land measuring 11.87 acres. The project was sel-up under the scheme of
beautification of entry points of Delnl In the landscaped tranguil background, the 24 metres
high central pylon with petais at the base represents the Guru and his strength. The C arches
denote his three foliowers and the monoliths represent the 10 Sikh Gurus with their sayings
inscribed on them.

HOP-ON HOP-OFF (HO-HO) BUS DELHI SIGHTSEEING TOUR

HOHOC Bus Delnhi Sightseeing tour brings upfront to the nch heritage of Delhi comprising ASI
Monuments and Museums. Delhi Tourism brings the most exciting way to see Delhi with HOHO
bus

The tour features 20+ tourist places including heritage monuments like Quiab Minar, Red Fort,
Humayun's Tomb eic. One can enjoy popular museums like the National Rail Museum, the
National Gallery of Modern Art and much more

The Hop On Hop O Bus service 15 operated by multiple buses Instead of a single one. Buses
are available every 40 minutes at each HOHO Bus Stop

Each bus follows the same route covering 20+ tourist destinations and the guest is free to get
down al any tourst attraction of hismer choice ARer sighisesing, simply come 1o the same
point and take the next bus to go to the next destination

Tabie 12 Lisi el Toursts Places i Delhi

Azad Hind Gram

Dilli Haat Pitampura Qutub Minar
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4.10. EmissioN LOADS IN DELHI CITY

4101 SOLID WASTE MANAGEMENT

The problem of solid waste management in Delhi s assuming serious proportions due to
increasing population, urbanization, changing Heslyles and consumption pattems The
garbage from unautharized developments, slums, JJ setllements, elc., is not coliecied which
further adds 1o the environmental degradation The total garbage generation in the year 2020
is 10470 57 tons/day as given in Table 20

Tabie 30 Temsd Solid Wass Geraration ahd = prosessng & disposal

Eﬂl&:ﬂmufﬂdh A0 (100% 2700 (100%) | 185,57 BB (54 %)
Wasle inTPD (@ nm:.} [100%) I;HEE'E}
213 {50 2%) | 1700
(A% 63}

Engutcersd Onie iPropased
Sanflary Land {Cperations | al

12 | Operafional One fat One jal
Centralissd Bawana) Okhla)
Campozl Planis

Eowoe OPCE




Total ld A7 10470.57 15281.16

{a) Collection, Segregation & Transportation of Municipal Solid \Waste:

There are 5 Laocal Bodies in Delhi respm*sihée forimplementation of the Solid VWasie Management
Rules, 2016. Tolal Municipal Solid Waste generation in Deihi is 10470.57 Tonnes per day
{TPD). Local Bodies are implementing waste segregation at source, door 10 door collection,
intermediate storage and transport facility with GPS for the transportation of the collected solid
waste to the operational Sofid Waste Processing / Treatment Facilities or at the 3 existing
Landfill / Dumpsites at Bhalaswa, Ghazipur & Okhla in Delhi.

New Delhi Municipal Council (NDMC) & Delhi Cantonment Board (DCB) are implementing the
provisions of the SWM Rules, 2016 in their areas in a better way . However other Local Bodies
(North DMC, SDMC, EDMC) are also making all efforts and taking measures to implement the
provisions of the SWM Rules, 2016 in their areas

About 100 % coliection of Solid Waste, Door fo Door collection and Transportation of Solid
Wasle in covered vehicles have been reporied by the Local Bodies in their Annual Reports
NDMC has reported thal 90% Premises in the area are segregating the waste at source
Deihi Cantonment Board (DCB) hasreporied that  90% Premises in Civil Area & 60% Premises
in Army Area are segregating the wasle at source,

SOMC & EDMC have reported that 10% Premises in their areas are segregating the waste
al source

Morth OMC has reported that 0% Premises In their 3 Mode! Wards are segregaling the waste
al source however information not providged for other wards In their areas.

Management of solld waste mvolves wasie generalion, segregation and storage; wasle
collectlon; wasle transfer/ Iransporation, treatment. recycle, reuse, recovery, and disposal
For effective waste management, Iis segregation at the community and neighbourhood level Is
imperative_ The wasie shall be segregated and collected, in separaie chambers at dhaiaos. For
this, involvement of rag pickers with RWAs, CBOs and NGOs are to be encouraged.

LANDFILLE

There are 3 Cumpsites at Ghazipur, Bhalaswa and Okha in Delhi where Municipal Solid Waste

nave been dumped and there Is legacy waste of 28 Million Tons.
Tasie 3 Lardfill mins = Dol ooy

5no, | Name of Location Area Concemed | Height of Dump | Legacy Wasie
Landfill / {in Locai Body | Site (Appx.}{in | {in Milllon

Dump Site Acres) Moters) Tons)
2 |Ghazpur  [EastDei (70  JEDMC &5 |14 |

Totai 152 28
Eouroe: SV Annus! Report DRCC
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The popufation of Delhi in year 2020 ts around 224 87 lacs.

Total solid waste generation in Delhi for 2020 is 1.04,70,570 kgs per capita per day or 10470.5
tonnes per capita per day

The emission factors for Solid Wasie Burning is given below

. PM,, 5.44 ko/fton

. PM..: 8 kgfton

Tatlke 23 Empmdinas Tom isdRE e

Sl.No. | Location Area | %age | Waste Waste PM, . PM..
(in share | Collectad | Bumed = 3% | Emission | Emission
ha.) intcpd | of total waste | load (kg/ | load (Kg/
(tcpd) day) day|
i A__|B=083xA_|C=8x544 |D=
1 Sie near Ghazipur| T0 46 2 1450 i35 23664 3458
Dairy Farm
= | =Y e e [ i T
2 || ke g 13 40
i

The PM, . emission per day is around B61.04 Kgs/day and the PM,, emissions per day is
around 1266.24 Kgs/day.

Garbage buming s one of the major conlributors 1o pollution in Defhl. The city produces nearly
10,470 metnc tonnes of municipal solid waste datly, 50% of which directly lands al already
exhausied landfiils. In 2015, the NGT had directed authorities to levy a fine of 5,000 on anyone
found burning garbage in the open

Figuine 30 Kappecionrs &1 {fifough e mowhiadn of gardoagpe st Bhaiswae fot iaabie maleasl. (Photo oredt Saped Muss gk Fi)

Hon'ble NGT has directed the Municipal Corporations to go for bio mining using trommels
instead of capping of the dump sites at Bhatswa, Ghazipur and Okhia. SOMC on behalf of all
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the three DMCs has moved an application to Forest Department for procurement of space in
fiour empty pits of Bhath mines for temporanly dumping inert matenals generated due fo bio-
mining. The detalls of processing of legacy waste by each DMC Is given in following Tabie no.
24

Tabie 24: His-Kimng aof Legacy Wiaxte sl 3 Durrpssies i Deft (s on 1203 2020)

S.No. | Name of Local Body | No. of No. of Trommels | Quantity of % of Inent
(Dumpsite) Trommeils | under installation | Legacy Waste | Material by
Instailed Processed

2 EDMC (Ghazipur 3 & 80,000 60-T0%
Dumpsite)

12 28 2.58,000

Soutee: S Anrusl Repoll DRGC

Waste 70 Energy PLanT

Dedhi has 3 Waste to Energy Plants (WTE Plants) of capacity 5250 TPD at 3 different locations
in Deihl namely Okhia, Ghazipur and Bawana One New Wasle lo Energy Plant of capacity
aboul 2000 TPD Is proposed at Tehkhand and another in the Integraled Waste Complex al
Ghonda Gujran. After commissioning of these 2 proposed WTES capacity of WTE Plants will
increase from 5250 TPD o about 9000 TPD by June, 2022

Taipfe 2% Dipsrational Washe to Encegy Plants in Dieini
5. No | Name of Waste to Energy Plant Existing Capacity (in
TPD

2| East Dalni Waste Processing Company Lid. Ghazipur

Total - ) 5250

Soarce: SWA Anveial Repard, DECT

Waste Handling Concepts in WTE Plants in Delhi :

1. Dkhla WTE Planl - SDMC provides waste al [ts door slep. Processes waste for production of
ROF for electricity production

2 Bawana WTE Plant ‘The plant has provision for Collection, transportation, processing,
composting, WTE piant and engineered |andfill facility

3. Ghazipur WTE Plant | EDMC provides waste at its door step. Processes wasie for production

of ROF for electricity production. Composting plant at thetr other facility.
{a) Waste to Energy Plant at Okhla
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{A). Waste-to-Energy Plant at Okhla receives approx. 1950 MTD of Mixed Municipal Waste from
South DMC. New Defhi Municipal Council and Delhi Cantonment Board (DCB). The waste s
transferred through fippers and is dumped in a storage pit where microbial culture (sold andfor
aqueous form) s mixed with MSW and kept for nearly 5 days. The storage pit 1s equipped with
02 grab cranes and keeps on mixing the waste for homogenization. After 5 days MSW is sent
o pre-processing sechion (covered under shed), which consist of two segregation channels.

Each segregation channel has the following sysiem
- Manual segregation on moving belt conveyaor — 1o sorl oul farge size recognizable wastes
such as Construction & Demolition wasle, sanitary hardware, fibre, piastic malerials, etc

- Ballistic Separator, Shredder and Vibralory screen — A two deck density separation syslem
where heavier and lighter fraclions are separaled The heavier fractions are disposed into
Ckhia Landfill. The lighter fractions are separated inlo three sizes viz, (+) 100mm, {-) 100
mm ta (+)10mm-and {-) 10mm. (+) 100mm size is passed through a shredder and shiedded
material directly goes 1o storage pit for feed Into the Boilers. (<) 100 mm to (+) 10mm size
material from the Ballistic Separator directly goes to storage pit for feed into the Bollers. 10mm
size from both the Ballistic Separator are being send 1o sleve of 6mm size, (+) 6mm is sent to
ROF storage and {-) 6mm is sent 1o the compost section.

- Magnetic Separator — An electromagnet with moving belt to trap ferrous metals is instalied on
the line transporting -100 mm material and +10 mm materal to RDF storage Pit. Two magnetic
separators have been installed on the conveyer belt cammying the botiom ash

- Plant has constructed a pit (60 meters’ x 28 meters) under a covered shed for storage of RDF
equipped with Grab Cranes. The pre-processed waste from the RDF storage pit is fed into the
Boilers (three Nos. ) using grab crane to run turbing to penerate electncity of upio 23 MW,

- The temperature in the boiters are mainiained above 950°C as per Solid Waste Management
Rules, 2016. Bottom ash along with inerts from pre-processing section is sent to iandfill

There are 03 fiue gas cleaning units 01 for every boiler consisting of Lime spray reactor
{lime slurry is added by atomizing), Activaled Carbon Injection, Bag House filter followed by
dispersion into the atmosphere through a commaon stack of height about 60 meters from the
ground. Unit has installed brick manufacturing unit for ufilization of iy ash

The (-} 6Bmm matenal from pre-processing section is stacked and composted for 30-35 days
as windrow. After completion of 30-35 days the decomposed matenial is passed through 4mm
Irammel (+)dmm is sent to RDF slorage and {-)dmm is senl to another sieve of 2mm. (+)2mm
Is senl to RDF sterage and {-)2mm is the composted material which 1S being used fof in house
horticulture process

The leachate generated in the storage pits is treated in Multi Effect Evaporator (MEE). The wet
sludge from MEE Is incinerated afong with RDF in the boflers and treated water 1s reused.

(D) Waste to Energy Plant at Ghazipur

Waste-io-Energy ptant at Ghazipur 15 having capaciy of 12 MW electncity generation from
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buming of waste being run by ILAFS. The facility receives mixed Municipal Solid Waste (MSW)
in a covered pit (Size 62 meter X 20 meters and 13 meters high). The waste from the pit is
subjected to pre-processing in two linés and each line has provision of manual segregation
on moving conveyor belts, two trommets for segregation of vanous sized viz. (+) 200mm, (-}
200mm to (+) 50 mm and (-50) mm, magnelic separalor and Shredder (100mm Size). The
flue gases are diluted with atmospheric air to bring down the temperature to the ievel of about
200-300 Deg C. The flue gas is subjected to air poliution control devices viz. Mullicyclone,
Venturi SCrubber with ime injection, demister (to remove moisiure), and Activaled Carbon Bed
followed by dispersion into the atmosphere through a stack of = 950 oC

The fiue gas from the boller passes through air paliution control devices viz. Selective Non-
catalylic reactor where uréa Is injected ( Tor NOX reduction), Semi-wet reaclor where lime
slurry Is alomised, Activaled Carbon Injection, Bag House (8 chamber and each having 14*14
bags ) followed by dispersion into the atmosphere through a slack of height aboul 60 melers
from ground

Manual segregation on moving bell conveyor — to sort out large size recognizable wastes such
as Construction & Demolition waste, sanitary hardware, fibre, plastic materfais, etc. For the
treatment of leachate an EfMuent Treatment Plant (ETP) has been Instalied at Ghazipur site It
has provision to collect leachate generated from the mixed MSW and the leachate collected Is
thereafter treated at EfMuent Treatment Plant.

{c) Waste to Energy Plant at Bawana

The Waste-to-Energy Plant at Bawana Is being operated by M/s Delnl MSW Solutions Lid,
having capacity of 2000 TPD & Elecinciy generation capacily s 24 MW. The WTE Plant
receives mixed Municipal Solid YWaste (MSW) on covered tipping fioor (of size 150 meters x 25
meters and 7.5 meters high), which is made of RCC and covered under shed. The tipping fioor
has provision to collect leachate generated from the mixed Solid Wasle inlo storage tank . The
pre-processing system has five trommels (cylindrical rotary equipment with a screen) to sart
out {+)530 mm size matenal which is stored separately in the said tipping fioor and is used as
Refuse Denved Fuel (RDF) and is conveyed to a storage pit to feed info Boilers.

Segregation on maving belt conveyor is camed oul 1o sort out large sized recognizable wastes
such as Construction & Demalition waste, sanitary hardware, fibre, plaslic materials, etc. The
waste Is then processed and disposed info composting facility, RDF for Waste-to-Energy Tacility
and rejects are senl 1o Secured Landfill Site. The lemperature in the bollers are maintained
above 350°C as per Solid Waste Management Rules, 2016 Boltom ash akong with inefs from
pre-processing section is senl 1o Engineered landfill existing In the plani site al Bawana

There are flue gas cieaning units for bollers consisting of Lime spray reactor {lime siurry Is
added by atomizing), Activated Carbon Injection, 5ag House filter followed by dispersion into
the atmosphere through a common stack of height about 60 meters from the ground

The leachate collected is freated in Leachate Treatment Flant (LTF) within the WTE plant. it
nas provision to collect leachate generated from the mixed M3W and the collected leachate Is
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thereafier treated in the Leachate Treatment Plant.

The plant uses about 1300 ton/day of refuse each fo derive fuel 1o generaie energy. The plant
at Okhla equipped with bag house filter, so the controlled emission factor of AP-42 (USEPA.
2000) was used to caikcuialte the controlled emessions. The other two plants at Bawana and
Ghazipur were 2lso assumed 1o be using spray dryer and fabnc filker (bag house fiker) for
emissions control. The emission factor for SDVFF for buming municipal sold waste is 3.11E-02
kaMig. The plant emissions are approx. 40 kgiday of total padiculate matter each

Table 25 Emissines from WTE slania

nu. PM Emissions (kg per day)

2 |WIE Bamana I

TOTAL B | 118.72

4102 TRANSPORT

Apart from the issue of pollution on account of industries, the major area of planning and
imervention would relate to transportation planning. With Ihe phenomenal growth in the number
of vehicles, almost 8-10 imes In the last wo decades In absolute terms, the mosi significant
aspedct in the context of congestion and poliution, relates to the growlth in personalized ransport
as comparad 1o the avallability of public transport It has been estimated that buses, which
constitute barely 1.2 percent of the total number of vehicles, cater 1o around 60 percent of the
total transport load, while personal vehicles —cars and scooters, though almost 93 percent of
the total number of vehicles, cater 1o around only 30 percent of the travel demand. Such a
huge share of private vehicles in Delhi, while serving a relatively limited purpose in terms of
the transportation modal sphit, obviously creates tremendous pressure on road space, parking,
and pollution directly and through congestion.

Public transporiation planning must, therefore, drive the future policy. So far public franspart is
largely seen as the transport mode for the not so well off and poorer sections of the community,
who cannat afford 1o own/use personal transport. An important element of policy would now also
have to aim to make public transport a8 mode for personal vehicle owners and users through a
mix of incentives and disincentives. Apart from aspects like frequency. inter-modal integration.
@ possible single ticketing system, use of parking policy as a means 1o influence vehicke use,
etc., the quality of public transport, particularly buses, would need to be significantly upgraded,
inter-atia, keeping the element of clean transport in view. Anather izsue which has been raised
in the context of vehicular congestion and pollution refates to the policy of mixed land use,
which will aiso have o be carcefully considered

The period between 1981 and 2001 and subsagquently 2011 has seen a phenomenal increase
in the growth of vehicles and traMic in Dedhi. There has been a rise In per capita trip rate
(excluding walk trips) from 0.72 in 1981 1o 0 87 in 2001 and exponentially more in 2011

Keeping In view the population growth, this transiates into an increase from 45 lakh trips to
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around 118 fakh trips in 2001 and 144 lakh trips till 2008. As per the Transport Demand Forecast
Study (TDFS) undertaken by GNCTD and approved by the UTTIPEC in 2011, it is seen that
between 2001 and 2008, the private motor vehicle trips have increased from 28% o 35% and
non-motorized vehicle trips from 9% to 15%, however bus tnps have unfortunately decreased
from 60% to 42% of the tolal number of tnps.

Despite measures by way of increasing the length of the road network and road surface space
through widening, construction of a number of fiyovers / grade separalors and, launching of
the Metro, the traffic congestion has continued 10 increase unabaled. This has s inevitable
conseguences In terms of accidents, poliution, commuting time, and wasteful energy / fuel
consumption

Based on the rale of increase in the number of rips between 1381 and 2001/2011, it Is eslimated
that the total trips would rise to 280 lakh by the year 2021, Including 257 lakh motorized frips
and 23 lakh non-motorized trips. In this context, it needs 1o be noted that roads already occupy
approx. 21 percent of the total area of the city, which clearty limits the polential for increase in

road space.
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The emission factors considered for the emissicn load calculations are as follows:
Tatla 20 Eﬂﬁmfﬂ'nﬁhmﬂﬂanﬁm]mﬁmﬁm
Fuel Type Emission Factors (g/Km)

R I T
Caspery | o
Conmercacesone | om

Sowre: Appormorenent Shudy Mumbs: Souree Apooriionmant Sy, HmE-n.r:l-Eu:lr. Oedhi, TER| Emission
WMDEH—E"-FHH.RIH

Assumptlions: 65% share in cars running petrol and 35% share in cars running diesel. Based
on the fact that people rely more on petrol driven cars these days owing to better fuel efficiency
and pollution norms.

Tatle 33 Vhicleiclomaite of iravel (VKT gerersted during random survey
Buses {CNG) a0

Cars (Diesel) %5
Commerciat Cars (Diesel a0

LCV 140

Source: GAFAR, 2018

Based on the above given data in tables 27, 28 and 29, total emissions were calculated for each year
[roam 2105 1o 2019,
Taie 31 Cummistve Ennssions fram vehises dunng 2018
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Tagie 22 Cumutzive Ermsmons fom webicles donng 2016

Category 2016 [VKT (Kmi[PM,, [Emissions (Kg/ |PM,, Emissions
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Tabie 34 Cumuisive Erdssions fom vehicles donng 2018
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Taide 34 Cumibsine Emssons om vehcles daing 2018
Category 2019 | VKT (Km/ |PM,, . Emissions |PM,, Emissions

Tractor (Diesel) dddd 45 042 4237 117
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Category 2018 |VKT{Km/[PM,. |PM, Emissions |PM,, Emissions
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41023 SURFACE INFRASTRUCTURE

The city of Oelhi has one of the fargest mad networks in India. The road network aleady
occupies 21% of the tolal city area, limiting the potential for future increase, Nonetheless, the
modal share of Delhi is much betler than any developed country as only 25% of the papulation
Is using privale vehicles while the resl are using public or non-molorized transporl (NMT)
(Figure 31}

Cgure 21 Modal chare of Oslhi g5 0f 2074
Sowroe Repor of Hrn—-:m.ereﬂ Camrmies an How &0 D'EG:-I"QHI'DEH‘!I 2094

Nonetheless, the priornty given to construction of new road and fiyover infrastructure 1o ease
iraffic congestion has spurred growth of private vehicles. Adding to this is the middie-class
aspiration of owning a car, However, the level of ownership of vehicles is still low when compared
with developed countries — for instance, Delhi has 85 vehicles per 1000 persons whereas in
UK, it 15 760 vehicles per 1000 persons

In this setting, the attractiveness of buses has falien over the years, as Is also shown n Figure
32 The future looks bleak as a Bus Rapid Transil System (BRTS) commissioned in 2008 was
taken down this year due 1o massive protest from the neighbouring areas. Thus, it Is catical to
identity areas for dedicaled bus comidors and make bus services mare refiable  convenlent,
atiractive and efficlent by reforming the bus system. Bus route ratlionalization, use of IT can

help Tulfil this purpose 1o a great extent.
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The bus service faces multiple challenges:

Competition among different bus operators. DMRC feeder buses and Delhi government buses
are often seen competing for passengers on overapping routes. They indulge in rash driving
and sometimes skip bus stops as well, causing inconvenience (o the passengers

No coordinating authority: The transport syslem in the cily is highly fragmented Presence of
mulfiple bus gperators. including many contractors, which are only concerned about their own
routes and profitability has led to underservicing of lower-inCcome group areas.

Increasing madal competition: Fall in altractiveness of the bus service due Lo ils poor quality,
slow speed and poor last-mile connectivity has led lo some of the afMuent passengers 1o
ransition to the metro even for shor trips. The modal share of the bus has Tallen from 59.8% in
2001 10 41.5% In 2008 whereas the share of metro s1ood at 4.1% in 2008 (Figure 32). A further
fall needs to be averted such thal people transition from their private vehicles to the metro and
not from buses to metro.

Opposition 1o BRTS: The 5.8km dedicated BRTS, from the very beginning, faced a lot of
oppostion from the car lobby as it was seen as {aking away their road space. The comaor
Was carmying more people per hour than all the vehicies put together, but the efficiency of this
network was not conskdered before geciding to scrap it That a social challenge, coming from
those upper-middie-income groups living adjacent to the corrider, could lead to scrapping of
the entire project must not have been anticipated during the initial stages of the project. This
submission of the government to the private vehicle iobby without attempting to discuss the
benefits of a BRTS have clouded the future of any other BRTS network. This will prove to be
highty detimental to the public transport system in Delhi

Other challenges and opportunities

Urban sprawl and mobility needs. The extension of NCT of Delhi into the National Capital
Region (NCR) displays the sprawl tendencies of urban growth in Delhi. Sprawled over 34 000
5q kmarea, NCR is the country's karges! planning region with a population of 46 million. As can
be seen from Figure 33, Delhi has expanded geographically o a large extent
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SPATIAL GROWTH OF DELHI (1950-2014)

Figure I3 SEsial growdn of D (1850 - 2004
Eource Mar 2015

Delhi is faced with rising challenge of traffic congestion. The number of private vehicles (both
two-wheelers and cars) is continuously nsing in the city. As of 31 March 2015, Delw had
883 million vehicles, up from (.56 million in 18981, and this is only expecied to fise. Frequent
trafic jams across Delhi due to increase in number of personal vehicles further reduce the
attractiveness of buses as the time faken by them increases due o absence to dedicated
bus comidors. This in tum makes people shift fo private modes of transport, further adding to
congestion

Influx of Intermediary Public Transport {IPT) like auto nckshaws, evicks, cycle rickshaws have
added 1o the congestion on the roads as some of them are non-registered and fiout a lot of
traffic and parking noms

Poor infrastructure for pedestrians and cycling is @ major challienge that needs 1o be addressed
lo-aid 35% of commuters walking 10 their destinations and 4% of thase cycling in the city. Unsafe
and inadequate cycling-friendly infrasiructure nas led lo many short trips being made on private
vehicles. To keep the modal share favourable to NMT, it is crucial to invest in dedicated cycling
lanes and pedesirian pathways

EMNVIRONMENTAL CHALLENGE

Last year, Delhi received the fitle of the ‘'world's most poliuted city'. Although buming of
agricuftural waste in the neighbouring state of Punjab played a big role. the increasing number
of diesel vehicles on the sireels were also to be blamed. This is not the first fime that Delhi's
poflution hit an all-time high. In late 19905 and early 20005, industrial emissions and efuenis
from wehicies often lefi Delhi skies clouded with smog. So, In 2002, a benchmark decision
was taken to shiff the entire public road transport system on CNG Fuel System. Now all auto-
nckshaws, buses and even some cars are run on CNG. This had a tangible effect on Delhi's
air pollution level

However, Lhe ever-increasing number of diesel vehicles due to subsidies on diesel has again
led to high levels of air poliution In recent times. Both particulate matter (PM,, and PM, ,) as
well as nitrogen oxides are increasing steadily. In fact, PM, , levels are normally 3 10 4 times
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the standards during winter imes and are as high as 7 1o & times the siandards dunng smog
Ozone levels have also been rising. This has serious consequences for public health

information and Communication Technology

Integration of IT solutions with public transport system is missing across the city. The BRTS had
limited success with LCD screens that displayed time for the next bus Altempt was also made
1o link the bus system and the metro with a single smart card, but it hasn1 been operationalized
Much can be done with CCTV cameras inslalied on some of the stregts and if their coverage

is expanded, a robust control room can help in streamiining the transportation system of Delhi

Figure 34 The melropeks Sas orogressed (o boliding 3 Sman Cily. bt the basie foundation of Inclushensess in ouble spases sesms

0 FE s el ey (AP ShameaT FILE)

neonirobed FRNE 37 @ Typesal road Crossng

64




Shathy on C-amypig Capachty of A Environment, NCT Delki

i sides of the oad reducing

FEES OF S0

IEJTL ™S Cars

Ligh Doy

masing theo

A

g

a-
mes s fooimEing e Eancaamd

O] & main

pclestrame to e with ths traffic

—rrine

yahicular traff

T WnEs

TUEMEE] BECE

15fc ano pecesEs; banrers anc

:I':""._

l+ ol

| ]
k

Nioey

baith

HITRICIINESS: O0M

keed by high erd nets|

= I

= =
SOIDT ERINSTE T

d33ED noagT

=

g oo =it

P e

Th




Emission Load ol Dishi city

Ancier view of e irne Rt rodd o Soelh Ecdesaion whems réatiched specs for wehicuiar baflfic mowemend les e furits
narmowed by ongoing metro comnceson worka

Tabie 36 Tolal murbar of whices = Giees araas
Locations Total no. of vehiclas pﬁflr'lg (Approximate
Values)
Vishwa Vidyaiaya. 18000
Vazani Kunj 30000
Uttem Nagar 42000
Tkak Nagar 26000
Hﬂiﬁﬂm 5000
Sura| Dharamianta 38000
m.mgnr &0000
South Exfension 140000
31 Hospital 122000
Shivaji Marg 1700
Shershah Road 23000
Shantipath 41000
Sewak Faric. Dwarnks Mor 17000
Satyaniketan 138000
Sargar Patel Marg 62000
Sakel Maetno Station 122000
Sai Baba Mandir Resd T3000
Sagarun Panka Road 31000
Rool Rou: Gan TR000
Rohtak Road 80000
Rangpuri Airport a00g
Rajdhani Park 111000
Rajawi Marbla Mariet 1250040
RE Puram 3004
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Locations Total no. of vehicles plying (Approximate
Values)

Purani Delti Raitway Station

T S S
NodaSecor 62
70000

Mot Nagar
Mehvam Noga

Mathura Road

Mahatma Gandhi Marg
LomResd 1 300

Kk Pace —zunu
S S
e o

Coananrss | m

JarskCinema | a0
20000

60000

50000
GT Kamal Road | sto0




Locaticns Total ne. of vehicles plying (Approximate
Values)

Dihuala Kuan 1
56000
Babs KnarakSghMarg____________| 22000
IS

Source: SAFAR Emizzan iy ol Dell, K18

4104 Raoan Dust

Road dust consisls of solid particies that are generated by any mechanical processing of
materials, including crushing, gnnding, rapid impact, handiing, delonation, and cecrepitation
of organic and inorganic matenals such as rock, ore, and metal 2 When this dusl becomes
airborne, primarily by the fiction of tires moving on unpaved din roads and dust-covered paved

roads. it is referred to a5 road dust
Tadia 37 Emssion faniors used in SAFAR 4 UT Kanpur shudy

The squation 5 based on regeemon anaves of
TSNS PMEEIDN 1B5E Souwes EEed mcuds
pubic paved noads and controfied and unooriroled
indusirial peved moads. The condbons fior whch t @
appicable ave for: 2 =it badng of 0.02-400 gim®, &
mesn vehicke wesght of 1.8-38 [lore) ard 8 mean
wvehiche speed of 1888 kmik.

K- 063 fior P, @5 per T Hanpur SA Sty Repor

I Envionmints Pralsclion Agensy Aliaks ralive village s ousity Tact sheet seres sons diosl 2010 [ofed 2010 A 23], Avalable
from. hifpa-iinecis epa govExeTyPDF ogiP 1 00EELH P OF 7 Dockey =2 1 DORELK POF




Souroe: V. S Bhaskar, Mulash Sharma. Transporiation Fesssnch Part [ 13 [2008) 400400

The transportation of excavalions and other construction materials as well as other works
invalve the transit of vehicles on unpaved roads, where the friction of the wheels on the road
surface determines the pulvenzation of the surface material and the subsequent voiatiization
and dispersion in the atmosphere.

UNPAVED ROADS

For vehicles traveling on unpaved surfaces al industrial sites, emissigns are estimated from
the Tollowing equation.
E=k*(sM2ya "(W3lb.. . ... . .. (Equation 1a)
and, Tor vehicles traveling on publicly a:cﬁﬂble mad'& mmrrmm h:p' Iigm duty vehicles,
emlssanns may be estimated from the following

= (k (s/12)a" *[(S3730)'d” f{(MI0.5)c" )-C i iy .. (Equation 1b)
uﬂ'lere k, 2 b, c and d are empirical constants {HEI'EIEI'IEE 6) gh.ren I:hermr and
E = size-specific emission factor (Q/VKT)
5 = surface material sill content (%)
W = mean vehicle weight (tons)
S = mean vehicle speed (mph)
C = emission factor for 1980's vehicle fleet exhaus!, braxke wear and ting wear.

Constant Values
Tﬂhﬂidmvmﬁianm

Constant | Industrial Roads (Equation 1a) Public Roads (Equation 1b)

Sowrnel S EPA
*Assumed equivalent to lotal suspended particulate matter (TSP)
-= nol used in the emission factor equation




Tabim 40~ Charamerissss influencing the emissaor Bodors

Emission Surface Sit | Mean Vehicle | Mean Vehicle | Mean No. of | Surface
Factor Content (%) | Weight Speed (Km/ | Wheels Moisture
(tonnes

Pubiic Roads 1.8-35 153 16-38 4-43 . 0.03-13
(Eq 1b)
Soume: LIZ EPA

All roads are subject to some natural mitigation because of rainfall and other precipitation.
The Egquation 12 and 1b emission factors can be extrapolated 1o annual average uncontrolled
conditions (bul including natural mitigation) under the simplifying assumplion hat annual
average emissions are inversely proporiional to the number of days with measurable (mare
than 0.234 mm [0.01 inch]) preciptation:

B =E B aBa) e e e e e L e 2]
where:

Eext = annual size-specific emission factor extrapolated for natural mitigation, IWMT

E = emission factor from Equation 1a or 1b

F = number of days in a year with at least 0.254 mm (0.01 in) of precipitaticn

CONTROLS

A wide variely of options exist to control emissions from unpaved rcads. Options fall into the
follcwing three groupings:

1. Venicle restrictions that limit the speed, weight or number of vehicies on the road;

2. Surface improvement, by measures such as (a) paving or (b) adding grave! or siag to a dirt
road; and

3. Surface treatment, such as watenng or treatment with chemical dust suppressants.
Available control options span broad ranges in terms of cost. efficiency, and applicability For
gxampie, fraffic controls provide moderale emission reductions (ofien at ittle cost) but are
difficult to enforce.

Although paving is highly effective, its high initial cosl is oflen prohibitive  Furthermore, paving
is not feasible for industrial roads subject to very heavy vehicles andfor spitlage of malenal in
transport. Walening and chemical suppressants, on the other hand. are potentially applicabie 1o
mast industrial roads at moderate (o low costs. However. these require frequent reapplication
1o maintain an acceptable level of control Chemical suppressants are generally mare cost-
effective than water but not In cases of lemporary roads (which are common 3t mines, landhiis,
and construction sites). In summaty, then, one needs 1o consider not only 1he type and volume
of traffic on the road but also how long the road will be in service when developing control plans

VEHICLE RESTRICTIONS.

These measures seek to limit the amount and type of traffic present on the road or to lower
the mean vehicle speed. For example. many indusirial ptanis have resiricted employees
from driving on plant property and have instead mstituled busing programs. This eliminates
emissions due to employess fraveling tofrom their worksites. Although the heavier average
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vehicle weight of the buses increases the base emission factor, the decrease in vehicle-miles-
traveled results in a lower gverall emission rate.

SURFAGE IMPROVEMENTS

Contrel options In this category alter the road surface As opposed to the "surface treatmenls”
discussed below, Improvemenls are relatively “"permanent” and do nol require penodic
retreatment

The most obvious surface improvement is paving an unpaved road. This oplion s quite
expensive and i probably mast apphicable to relatively shor strelches of unpaved road with at
least several hundred vehicle passes per day. Furthermore, If the newly paved road 15 located
near unpaved areas of is used to transport material, it is essential that the controd plan address
routine cleaning of the newly paved road surface.

The conirol efficiencies achievable by paving can be estimated by comparing emission faciors
for unpaved and paved road conditions. The predictive emission factor eguation for paved
roads, requires estimation of the silt leading on the traveled porticn of the paved surface,
which in tum depends on whether the pavement is periodically cleaned. Unless curbing is to be
instalied, the effects of vehicle excursion onto unpaved shoulders (berms) also must be taken
into account in estimating the control effickency of paving.

Cther improvement methods cover the road surface with another matenial that has a lower
silt content. Exampies include placing gravel or slag on a dirt road. Control efficiency can
be estimaied by comparing the emission factors oblained using the silt contents before and
after improvemenl. The silt content of the road surface should be determined afler 3 to 6
months rather than immediately following placement. Control plans should address reqular
maintenance practices, such as grading, 10 relain larger aggregale on the traveled portion of
the road

Surface treatments refer 1o control options which require periodic reapplication. Treatmenis
fall into the two main calegories of (a) “wet suppression™ (i. e., watering, possibly with
surfactants or other additives), which keeps the road surface wet to control emissions and
(b) “chemical stabilization/treatment”, which attempls to change the physical charactenslics
of the surtace. The necessary reapplication frequency vanes from several minutes for plain
water under summertime conditions 10 several weeks of months for chemical dust suppressanis.

Watering increases the molsture contenl, which conglomerales particles and reduces thelr
likelihood to become suspended when vehicles pass over the surface. The control efficiency
depends on how fast the road dnes after wateris adgced. This in turm depends on (a) the amount
(per unit road surface area) of water added during each application; (b) the period of ime
between applications; (c) the weight, speed and number of vehicles traveling over the watered
road dunng the penod between applications; and (d) meteorological conditions (temperature,
wind speed, cloud cover, eic ) that affect evaporaticn duning the pencd.

The control effectiveness of chemical dust suppressants appears to depend on (a) the dilution
rate used in the mixture, (b) the applicaiion rate (volume of solufion per unit road surface area)
(c) the time belween applications; (dj the size, speed and amount of trafic during the period
between applications, and (&) meleorological condifions (rainfall, freezefthaw cycles, €lc)




during the period. Other factors that affect the performance of dust suppressanis inciude other
frafic charactenstics (e. g.. comering, track-on from unpaved areas) and road characterisiics
{e. g.. bearing strength, grade). The vanabilities in the above factors and differences between
individual dust control producis make the control efficiencies of chemical dust suppressants
difficult 1o estimate. Pas! field testing of emissions from controlied unpaved reads has shown
that chemical dust suppressanis provide a PM,, conirol efficiency of about 80 percent when
applied at reguiar intervals of 2 weeks to 1 month

PAVED ROADS

The revised emissions factor equation published in the January 1995 update of the paved
road section included silt loading, average vehicle weight and a parlicie size multiplier as
independent variables. The resuiting equation was:

= T B W .o i 2 i e it i e i ) {3
where: E = particulate emission factor (raving units maiching the units of k)

k = particke size multiplier for particle size range and units of interest (see below),

sL = road surface silt loading (grams per square meter) (g'm*), and

W = average weight (tons) of the vehicles travefing the road

Table 41 Value of MuSpier k

Size Range Multiplier k
VKT

PM, | 46062aspeciiTKSAStudy or Delni
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Emission Denivation for Dust Emission for Paved Roads in Delhi;
Category Year 2018 % count Vehicle | Weightin Veh. Weight by

Snuree Compled by SE8 Deihj

A - Modal Share in %age (Dell High Comm. Report, 2014)

B - Modal Split {% of person Irips excluding walk trips) 2000-01
C - Modal Spiit (% of person trips excluding walk fips) 2007-08
D - On Road Traffic Compaosition

E - Avg Kerb Weight in Kgs

F - Avg Weight in Kgs (max pay load)

Tasbile 43 Typecs! &3] corm=nl Bnd Loading vealies for Puved mads ad ndussrs fac]ies
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Silt Content is assumed 1o be 0.531 g/m*® In all the roads of Delhi. (The actual silt collection
process for each road should be caried out in order to estimate the actual emission factor).
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The silt loads vary with seasons and management efforts such as road cleaning, eic. The
figures may be calculated based on that to estimate the dust emission season wise. (Equation
2)
Tabfe 34 fshiculsr modal spiit, 2018

Category 2019

3 Wheelefs {Aulo-CNG) e

608639

Tatal
Sourpe; Tranesper] Depammont

Annual /Long Term Avg. E. Facter E = (k (sLi2)0.65 (W/3 )1.5-C) (1-P/4N).
E = particulate emission factor (having units matching the units of k)

k = particle size multiplier for particle size range and units of interest

sL = road surface silt loading (grams per square meter) (o/mé)

W = average weight {tons) of the vehicles traveling on the read

P = No. of wet days with at least 0.254 mm of precipitation during avg. peniod
C = Break and tire wear commection (PM, .=0.1005, PM_=0.1317)

N = No. of days in averaging peniod (365 fyear, 30/monthly, 91/seasconal),




Values of k (g/vkt) = PM__-1.1, PM_-4.6

EF (PM,) = (k (sL/2}0.65 (W3 11.5-C) (1-P/4N)

= {4.6"((0.53172) M0.65) "((1.543) M. 5001317 <((1-120¢ (4*365))) = D622

EF (PM_ )= (k (sL/2)0 65 (W/3 )1.5-C) (1-P/4N)

= {1170 53172) *0.65) *((1.54/3) *1 5)-0.1005) *((1-120/ (4*365))) = 0.078

The value of sit loading is 0.531 g/n¥ considered simitar to the case of Mumbai Case Study.
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Therefore, the total PM, , emission from road dust is 2671.56 kgs per day and the total PM,,
emission from road dust is 22751.02 kgs per day. Since 2014, different projects and policies
have been introduced by the government to tackle the road dust and paving of the unpaved
surfaces and greening along road sides. Some of them are mentioned below:

Control of dust emissions by carpeting unpaved roads, filling up of potholes, gresning
& paving of road sides:

In compliance of the orders of this Hon'ble Court dated 06.11.20159 regarding taking care of
the various Hotspots of Delhi particularly w.r.t unpaved roads/pits in these identified hotspols,
action plans have been prepared and aclion taken thereof has been submitted by way of
affidavil submitted on 22 11.2019 That the Government Is commitied to improve the condifion
of the roads and uncovered stretches of land as they also contribute to the alr pollutlon and
dust. Further in addition 1o the action taken with regard to hotspots and in reference to the
orgers of this Hon'ble Court dated 06.11.2019, It is submitted that concrete action plans in
collaboration with the various Municipal Corporations and Public Works Depariment (PWD)
regarding surfacing/paving of unpaved roads and filling up of potholes have been prepared,
notwithstanding the colonies are legal of not and the same are being execuled

A. Development works in unauthorized colonies:

The Government has planned and i in the process of camying out development works e
construction/paving of roads and storm water drains In the unauthorized colonies of Delhi
for which a plan.scheme “Provision of Essential Services in Unauthorized Colonies” IS being
impiemented. Linder the Scheme, 1233 unauthorized colonles have been taken up for complete
surfacing of roads and construction of storm water drains. Cut of the 1233 colonies, work on
surfacing of roads and construction of storm water drains have been completed in 395 colonies

TE




and in rest of the 838 colonies, works are at difierent stages of execution.

Under the aforesaid major plan scheme, construction of 956,79 kms of roads and storm water
drain of 1743.5 kms have already been completed by December 2019, With the completion of
the scheme, about 50 Lakhs people residing in these colonies will be provided with dust free
efvironment.

In addition, the following action pians have been got prepared through the Municipal Corporations:

B). South Delhi Municipal Corporation:

Paving of Road sides. South DMC has prepared a delailed action plan on paving of roadside
berms of lotal 4,42 230 square melers of area, the summary of the plan with the time fines Is
mentioned in table 46

Talne 46 Flans s desdires or compléton Hnﬂﬂrp
SI. No. |Paving area in Sqm

Time line/Target of completion

4 |11070 31.03.2020

Tatal 447230

Bpurte: OFCT

The aforesaid action plan on paving envisages expenditure of Rs. 45 crores out of which Rs,
30 crores is being arranged from in-house sources and for the rest Rs. 15 crores, requesi has
been forwarded to Ministry of Housing and Urban Affairs, Gowvt. of India for assistance through
Urban Deveiopment Fund (LDF)

Action plan on Greening:

= SDMC has planted 763 trees on road side pavements and 2083 more trees will be planted
by 31.03 2020

« SDMC has proposed o develop parks on 1% Gram Sabha lands covering 31.5 acre area
Parks on 16 Gram Sabha land have been developed and remaining 3 will be compleled by
31.03.2020

« SDMC has developed the vertical gardens on 130 pillars of 11 numbers of Ryovers  with
an area of 4270.5 Sqm

= The SDMC has piantad 1 5 lakhs shrubs and 0000 trees In various parks and 20000 maore
trees will be planted by 31.03.2020.

= SDMC hasa plan to develop 163 MCD parks for greening of 123 acres of the area. Proposal
nas been submitied to MOHUA

Resurfacing of Road and flling up of potholes - SDMC has prepared a plan for resuracing of
132 km of roads (12 feet wigth) by 15.09.2020 at a cost of Rs. 20 Crores for which assistance
has been soughtunder Uroan Development Fund (UDF)L.SDMC has already compieted the
action for filling the potholes in 1298 Sgm areas around the hotspots
C). North Delhi Municipal Corporation:

» In the areas under junsdiction of North Delhi Municipal Corporation 4812 Sgm area of

T .|';|




poiholes have been filled up mainly in the areas around hotspots.
= Scheme for paving en the road sides berms in Karol Bagh zone, Keshav Puram zone and
City- 5.P zone to mitigate air pollution for total amounfing Rs. 130.63 Crores have been
prepared and submitted to DDA seeting sufficient funds under UDF
« A detailed scheme along wilth project repor for greening and paving in diferent parks of
Morth DMC amounting fo Rs. 17.84 Crores submitied to DDA seeking assistance for is
implementation
= Greening and Road side/ Central verge plantation:
o During 20118-2019, about 50000 number of trees and 10000 shrubs have been planied
o In 2019-2020. 21360 trees out of he 1arget of 25000 trees and
0 And 38477 shrubs out of the target of 50000 shrubs have already been planted
o Greening of 109,88 acre area In 167 Municipal Schools has beéen completed
o Greening on 43 roads olaling 62.11 km completed
o 54 vertical gardens have been completed by planting creepers

D). East Delhi Municipal Corporation

= Greening and Paving -10000 Sqm of area has been paved with green carpet at 20 locations
in-east Deihl. Apart from this, the Municipal Corporation has developed vertical gardens at
14 locations by Instatiation of 173 panels

= Further the agency has ptanned for greening 14500 Sqm area and for paving 14500 Sgm
area by the end of September 2020 by utilizing Urban Development Fund (UDF).

= Rs. 10.95 crores has been estimated to complete greening of vanous locations in s
junsdiction

E). Public Works Department:
= Subsequent 1o digital survey camed out by PWD. 383 potholes were identified and all
potholes have been filled and repaired.
= PWLD has proposed the paving of roadside and other vacant paiches to the tune of 15400
sqm by end of March 2020 in the areas under its jurisdiction at hotspots
« In its long term plan for greening of road sides and other vacant paiches, PWD has awarded
the work for planfing 6358 numbers of frees. 102368 numbers of shrubs, 17490 numbers of
shade loving and 16080 numbers of creepers (o be planted on hotspots upto 30.09 2020
the timeline for the aforesaid work is as follows.
o Administrative approval and expendilure sanction: 15.01.2020
o Award of work: 29.02 2020
o Plantation: 01.03 2020 1o 31.05.2020
o Compensatory plantation and maintenance: 01.06.2020 1o 50.08.2020

F. Implementation of plan scheme “Financial Assistance to local bodies under Mukhya
mantra Sadak PunarnirmanYojna™:
That the aforesaid scheme IS being implemented for construction, repair and maintenance of
- Roads/Streets under any Urban local Body.
= Roads/Sireets in Group Housing Socleties
= Roads/Streets of Housing Buikding Socleties.
« Roads/Sireets in unauthonzed reguianzed colonies:




The Government has earmarked Rs. 1000 Crores for renovation of dilapidated internal roads
and lanes throughout Dethi, out of which utilisation of Rs. 200 Crores was achieved in the year
2018-19 and Rs. 800 Crores i1s being utilized in the current year of 2019-20. The entire outlay
of Rs. 1000 Crores has been made available from the budget of Government of NCT of Defhi

4105 COMMERCIAL — HOTELS AND RESTAURANTS

The upscale segment of the hotel industry in India Is highly organized and concentrated in
few key cities. The total number of 'keys (rooms) in the top 11 key cities covered by CARE
Ratings s estimated at 92,537 as at the end of FY18. Of this, about 53% of the room inventory
is concentrailed in Mumbai, NCR and Bengalur® {see fable no.47)

The primary survey of Hotels and Restaurants gave an average LPG consumption of 3 Cylinders
{19 Kg capacity) and coal consumption of 8 Kg per hotel/restaurant as per the survey. *
Assuming 60% of Hotels are in Delhi City (.e., 0.6 “22159 = 13295

Emission Estimations

« Emission Load from LPG

Since LPG burning doesn't compnise of coarse particles. an assumption that only PM,, , parficles
are present in the LPG emissions is made.

Total emissions (PM, ) due 1o LPG burning in Hotels

= Number of Hoteis X LPG consumption (Tons/day) x Emission Factor (Kg/MT)

Total PM, , emissions due to LPG buming in Holels

= 13295 x (3x1911000 Tons/day) x 2 1 Ka/MT = 1591.4115 Kg/Day

Tapls 47 Rankng af Tols! aumber of (oofms f Mo clss of Indis

ELLE-LF ERLB- LT EUES-1m e ek

i New Delhi* 16,738 20981 22,158 5.6% 5.8%
2 Mumbai 12,807 13,454 13,716 1L.r% 1.4%
3 Bangaluru 8.536 11 995 12,658 55% 8.2%
a Chennai 6,330 8313 9,211 10.5% 1.8%
5 Hyderabad 5411 6,254 6,772 B.3% 4.6%
6 Goa 4,406 6,400 6,741 5.3% 8.9%
! Pune 3,37 6,445 6,330 -1.8% 1.5%
8 Jaipur 4129 5058 5426 7.3% 5.6%
9 Kofkats 2163 3,189 3,B60 20.7% 12.3%
10 Ahmedabad 2.477 3117 3383 8.9 6.5%
11 Agra 1,299 2,092 2,260 8.0% 11.7%

Total b9.613 87367 82,537 5.9% 2.9%
12 Other Cities®* 24 542 31,852 35,626 11.B% T.7%

Taotal 94,255 119,219 128,163 1.5% 6.3%

Hete: "WOR inchades Hiew Db, Maida and Gunsgiam
** frher omas nchades sl other hotel marksts acnoa ndia

Sorte: Holsinals

1#& Hote! nduSlye Baely' B Frosest, ey 3003000 1S
Souroe Apporionment Sthady

[§:
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Delhi is one of the nichest states in the country. The average per capita income of Delhi at 0.2
million is three times the estimate for all of India on average. In contrast to this are the nearly
1.7 milign people in Deihi that are living below the poverly line. the 15 per cent of the Delhi
popuiation thal lives in siums, and the 86 per cent of lotal workers who work in the informal
econcmy (Dethi Human Development Report 2013). 10 million vendors in India contribute to
50 per cent of the country’s savings. 63 per cent of the Gross Domestic Product comes from
vendors

Figure AT, ImEge of sp pperalione slresl vardar in D=

S tE Showkal Shaf AL JRISEE

According lo vanous estimates and studies, there is anywhere from 300,000 to 500,000 street
vendors in Deihi, but the Municipal Corporation of Delhi oficial figure of “legal” vendors is
roughly around 125,000, Eighty-two per cent of vendars in Dethi are stationary vendors who
sell perishable goods. More than hall of the véndors in Defhi are in the older age group (ie
31-50 years) Al 40 per cenl, lliteracy is high among vendors # Average operaling hours of
sireel vendors is 12 houwrs. Usage of kerosene and coal are banned in Delhl, so estimation of
emissions are anly dane for LPG

Emission Estimales

82% of streel vendors in Deihl sell perishable goods | ., 4,10,000

Per capita consumption for each type of fuel is taken as

For LPG - 4 Kg /day

Total emissions = LPG buming

Emission from LPG buming (PM) per day

= Number of street vendors operating on LPG x fuel consumption per day x emission factor
Pid,, emission from LPG = (0.2 x 410000) x 4 / 1000 x 210 = 6588.8 Ko/d

P, . emission from LPG = (0.2 x 410000) x 4 / 1000 x 0.33 = 108.24 Kg/d

5 BENWA Bharat mnd Sinest Verdors im Dielhi, inolusive Chies Project Sogusf 2005
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Table 45 Tolsl rumieis of cplinder. LPG cortumpton. 2015
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The total numbers of cylinder LPG consumption during the year 2015 In domestic sector IS
estimated to be 633984 = of 14.6 Kg each.




Households Fuel Consumption in Delhi

Table 48 Fusi czags distnbution m 2078 m Deile
HOUSEHOLDS
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ME_M
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Since 2011, many programmes and policies have been intiated fo ban usage of fuels like
kerosene and coke, so the emissions from these are negligible and have not been accounted
for carmying-ouf the emission estimations.

EMISSION EETIMATION

= Emission Load frem LPG

LPG consumption per household = 1 cylinderimonth = 14.2 kaimonth

Total emissions (PM) from LPG burning for domesiic cooking

P emission= Number of LPG cylinders consumed x Capacity of the cylinder {14.2 Kg) x
Emission Factor (Kg/ton)

PM, . emission = 633984 x 14.2/30 x 2 1/1000 Kgid= 629598 Kg/day

PM, , emission = 633984 x 14 2/30 x 03311000 kg/day = 383 36 Ko/d ay

4108 BuiLDimnG CONSTRUCTION

There were 29 major construction projects that were completed.

Tabke & List of compleisa projects
5.no. | Name & address of the Project

2 | Proposed ‘Gujaral Bhawan' al 25-B. Akbar Road, New Deihi

4 Proposed building "MDBP Project” with in the complex of Nalional Small Indusiries Corporation
Lid . Okhla Industrial Estate , New Dedhi-20

§ | Construchion of 240 Dwelling Units Multi-storey Housing Pocket at Pockel E, Bakkarwala, New
Delhi-110041




2 | Construction of HIG ( Multistorved House at Sector 19 B, Phase-l, Dwarka, New Delhi

“ Proposad Construction of Multistoniad 2 bedroom housing at Pocket 2, Sector 16{B), Dwarka, New
Daihi

(12 | Prefab LIG & EWS Housing for DDA at Pockel-V, seclor G2-G6, Narela, Daihi-40

(14 |Prefab LIG & EWS Housing for DDA al Pockel-V, seclor 68, Narela, Demi-40

Modernization 131 Nos, oTM S Flats (Group Housing Complex) at Piot No, B4, Vasant Kunj, New
Delhi-70
[E. Emmmn of amuu Hmm at W-Block Gieater Kailash-1l, New Delhi

E- In stu Rehabiton F'rl:lm:t - Multstored Hnushﬂ 5t Kakksj Extension Pocket A-14 Delni

E Construction ntmmmﬂammmmmw Pnimme:DA.P]E'tD‘wm Sacior 0, New Dem.75

“ Prnpr.EM Additional auu:m; r:nmpmx for the Em:m Court of India adjoining Pragati Maidan,
New Delni

(25 | "Prefab Cat-ll & EWS Housing” al Focket 1A Seclor-A-1-A4 , Narela , New Delhi 40
(26 | Proposed "Office & Data Centre Compiex for Nahional Infeligence Grid™, Anghena Mod , New Delhi

Epuis: OECT

For the purpose of estimating ermissions, i is assumed that the fugitive dust ermissien is refated
fo the acreage affected by construction

Step 1 -Total No. of construction activities in each region. This was obtamed from PWD.

Step 2 — Acres disturbed

For new buildings, = 0.5 acres are disturbed per activity

For addition / alteration = 0.2 acres per activity are disturbed

Step 3 — Months of activity

New buildings = 18 months, Addition [ alteration = & months

Step 4 — Acre —months of activity

For new building = 18 x tolal number of acres disturbed

For addition / alteration = & x total number of acres disturbed

Step 5 —PM,, Tons fyears = 1.2 ¥ total number of acres — months

(AP42, Section 13.2.33-PM, - 1.2 lones/ acres months)

Issues

« The current methodology assumes [hal all construction operations emit the same levels of
PM on per acre basis
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« The methodology assumes that construction dust emissions are directly proporticnal to the
number of acres disturbed during construction. The estimates of acreage disturbed are limited

in their accuracy, as explained above
= Emission due 1o vehicle movement during construction activity is not calculated




Management of Construction and Demaolition (C&D) Waste :

There are 5 Local Bodies / Municipal Corporations [3 Municipal Corporations (Morth DMC,
EDMC & SDMC), New Delhi Municipal Council (NDMC} & Delhi Cantonment Board (DCB)
in Deihi. Approxamately 3900 TPD of Construchen and Demofition Waste (C&D Waste) is
generated in Delhi. Separale collection and transport infrastructure of CED Waste has been
set up under which the C&D Waste is collected at ear marked sites identified by the 3 Municipal
Corporations (North DMC, EDMC & SDMC), NDMC & DCB and the same is transported o
the 4 existing Construction and Demaiition Wasle Processing | Recycling Facilities / Plants
functioning in Delhi. The exisling capacily of the 4 operational Construction and Demalition
Wasle Processing / Recycling Faciiities s 3650 TPD

The existing Construction and Demolition Waste Processing Faciiiies & Proposed Expansion
is briefed in following Table
Takee 81 CAD Wasie Prossssing Fasidity

5.No. | C& D Waste Processing Facility Existing Proposed Expansion for

East DMC: C & D Waste Procassing Facilgy 500 (By March, 2021)
at Shasin Park (Being operaied by ILEFS)
4 C & [ Waste Processing Facility st| 1000
Bakkarwala (South DMC) (New Facility
siarted operation in March, 2020)

Soume: 0P CE

in these processing facilities, Paver Blocks, Kerb Stones, Bricks, Aggregates, Sand and
Sall of 8IS standards are being produced oul of the C&D waste which Is further used In the
infrastructure projects, thus fresh reguirement of natural rescurces is minimized. With the
existing and proposed processing facilities, It Is expecled that the entire C&D waste generated
in Deihi will be managed properly In a scientific manner.

Teoie EZ Propotad Sies of CAD Wask Pracaszng

S.No |Proposed 5ite of C& D Proposed Waste Processing Capacity
Waste:Processing Facility {in TPD

2 |Renemomowe) oo
Totat 2500
Sourme: OFCC

Consent to Establish under the Air & Water Acis granted to M/s IL&FS Environmental
Infrastructure and Services Litd. for its new Construction and Demolition VWaste Processing
Facility of 1000 TPD at Rani Khera on 14.02.2020.

Consent to Operate under the Air & Water Acts and Authonzation under the Construction and

4
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Democlition Wasie Management Rules. 2016, were granted to M's Garg & Company for is
new Construction and Demolition Waste Processing Facility of 1000 TPD at Bakkarwala on
27 .02 2020 and 18.03_2020 respeciively. This Facility has staried its operation in March, 2020
Consent to Establish under the Air & Water Acts was granted to M/s IL&FS Environmenial
Infrastructure and Services Litd. for expansion of its Construction and Demolition VWaste
Processing Facility at Shastri Park from 500 TPD to 1000 TPD on 23.10 2019. Consent to
Operate under the Air & Water Acts and Authorization under the Construction and Demolition
Waste Managemenl Rules, 2016, have also been issued in respec! of this plant on 17,03 2020
Consent 1o Operate (Renewal) under the Air & Water Acts and Authorization (Renewal) under
the Construction and Demalition Waste Management Rukes, 2016, were granted (o M/s IL&FS
Enviranmental Iinfrasiructure and Semvices. Lid, for s Construction amd Demalition wWasle
Processing Facility al Jhangirpurt (Burari) on 25.02 2020,

Department of Urban Development, Govl, of NCT of Delhi has aiready Bsued Order Dated
06.07 2019 (Copy of Letter enclosed) regarding use of Recycled Products from C&D Waste
including following measures to be taken for compliance by all Municipal / Local Govt. Bodies in
Delni, Public Works Department, Imigation & Flood Control, DSIIDC, DJB & Depariments and
Crganisations of GNCTD Invalved in Construction/Maintenance of Civil Works:
(I} A minimum of 2% of C&D Recycled Products shall be used for bullding works,
(i) 10% of C&D Products shall be used for Road works.
(i) Urban Local Bodies {ULBSs) in Deihl shall mandate 5% use of C&D recycled products for
nonstructural application by all, including private individuals. This condition shall be introduced
by madifications in byelaws if necessary, & by including the same condition in the building plan
approval

(iv)} Compliance of these conditions shall be verfied and cerfified by the concemed Executive
Engineer before verifying and cerifying the bilis for payments in any such contract

(v} Intimation of the action taken/compliance report.

Ministry of Housing and Urban Affairs, Govt. of India | (MoHUA) had fixed the farget of 16.07, 000
MT for use of Construction and Demolition recycled matenats by various Departments in the
Financial Year 2019-20

Directions ufs 5 of the EP Acl were issued on 14 01 2020 to various Govt. Departments /
Agencies for expediting & maximizing the ulifization of C&D Wasle Recycled Materals /
Producls of the 3 C & D Wasle Processing Facilities in Delhi in their projects o meel the largets
fixed by MoHUA

In the Financial Year 2019 -2020 in respect ol existing 3 C & D Waste Processing Facilities [al
Jahangirpurl (Burari), Shastri Park & Mundka |, Total C&D Waste Inlake was 9.2 Lakh MT |
Total CAD Waste Processed was 8:8 Lakh MT and Total Of-take of C & D Recycled Materials
by Govt. Depariments & Private Parties was 8.8 Lakh MT

Off- take of C&D Recycled Matenials by the Govt Depariments for Financial Year 2019-20 Is
enciosed.

Above action taken and meetings taken by the Chaimman, DPCC from time 1o time resulted in
Improvement in the off take / Ifting of C & D Recycled Materials from the existing C & D \Waste
Processing Factlities in Delht Over the fast 10 years. it 1S the first time when C & D waste




intake Quantity, Processed Quantity and Ofi-fake Quantity are more or kess same during the
financial year 2013-20.

4108 CREMATOHRILIM

There are 53 cremation sites in the city of Delnl, which aperates In varlous zones of Municipal
Corparalion of Delhi Specific information on number of dead bodies cremafed In each
cremation site was not available. The information pemaining to total number of deaths in Delhi
was obfained from Directorate of Economics and Statistics handboak for the year 2014, The
total number of registered deaths in 2014 for Hindus was 105336, The wood required for per
body for the cremation IS taken as 216 kg (Sharma, 2010).

Tacte 53 Ervssion faciors
Lliaﬂl' UHEE u;aq.- tIITH F'H“ Remarks
SA Study)

Elecinical 0% of bodies
Cremation

-umsm | 3 litres (2.43 kg) -- sed ol &
per body Rt Rl

Sonires: Su.uw-ﬁnpl:m phasas of Mumiai & Purs snd Sourps Aoporieemem shady done for Delhi by 1T Karpar

Tabie B4 Bim & Desth rale Dedy

2013 2014 2015 2016

B I N O

Soamme: Dedti Siadafical Handboak, 2017

Assuming the similar figure of 373 deaths per day, the deaths in 2019 5 estimated io be
1361435.

Emission Estimations

Emisston (PM) =No. of Hindu Death Ay (0.7) * wood reguired per body (Kg) * emission factor
Number of deaths in Delhi for 2019 = 136145

Taking 70% of fotal dead bodies in fire wood crematoria = 95302

PM,, Emission from wood burning = 136145 (deaths) ® 216 (kg) * 15.3 (Kg/ton) = 449931.99Kp
in year 2019

PM, , Emission from wood buming = 136145 (deaths) * 216 (kg) * 1.5 (Kgh) = 44110.98 Kg in
vear 2012
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SELECTED VITAL RATES OF DELHI
Average no. of
padruss i de Infant Mortality Rate
Birth Death” Neonatal | Postnata | Infant
Year | Rate’ | o c(CRS) Mortality [ | | Mortality
[CRS) Births | Deaths | Rate | Momality | Rate
(CRS) Rate (CRS)
(SRS) | (CRs) (SRS)
2010 2166 748 aa5 W] 15[ 19 7 2] 30
(2011 | 2089 G63| 969| 3J07| 15| 18| 7 (22| 28]
2012 | 2090 B10| 968 287| 14| 16| 10 |24 | 25
2013 | 2107 552| 1014 66| 15| 16 T (2| M
(2014 | 2088 677 | 1024 32| 14| 14 ] 22 | 20|
2016 | 20.60 6B2| 1025 41| 16| 14 7 23 | 18
(2016 | 2038 761 | 1036 /7| 13| 12 1 21 | 18
2017 | 1936 718 1006 33| NA| NA| NA [NA] NA
Source ~ Ofo RGI, Govt of inda & DES, Delhy

Shurne: Econormid Sureey of Deth 2018-18

Emission Factor Electric crematona = 0.000025 (Kg/body) ®

Taking 30% of total dead bodies in elecinc crematona = 40844

P, Emission from cremetonum = 40844 (gdeaths) * 0.000025 (Kg/body) = 1.02 Kg in year
2019

410 10 WasTE INCINERATORS

Al present there are 2 CBWITFS Le, WS SMS Water Grace 8MW Pyl Lid, Nilothi, Near DJB
STP Plant, New Delhi-110041and M's Biotic Waste Sol Pyt Lid 46 47 S8 Industnal Area G.T
Karnal Road, New Dehi-110043

The Detalls of both the CBWTF are as under -

Installed capacity of both CBWTFs at present s 62 Tonnes! Cay with breakup of the capacities
as foliows:

Mis SMS Water Grace (P) Lid

1. Capacity = 28.8 Tonnes! Day

2. Incinerators = 2 Nos (250 kg/ hr each)

3. Autoclave = 2 Nos (200 Kg / batch + 400 Kg/ batch)

4. Shredder = 3 Nos (250 kg/ hr + 350 kg/hr + 150 kgihr)

5. Status of CEMS instalied.

Mis Biotic Waste Sol. Pwvi. Lid

1. Capacity = 34 Tonnes! Day

2. Incinerators = 3 Nos (750 kof hr + 300 Ko/ hr + 200 Ko/ hr )
3. Autoclave = 1 Nos {450 Kg / batch)

4 Shredder = 2 Nos (350 kg/ hr + 100 kg'hr)

3. Status of CEMS instalied

6 A Dusity Assessmes, Emimsion imertory & Source &pporforrment Study fof kiombas City




Tabie 55- Details of Bio-madical wasis processad in 5SS Yisterpeoe BUWY PYT LTD

2 | Totalno. of Healln Care Facilies / Occuplers

4| Clinics, gispensaries 564
6| Pathaogical labaratories o2

s [Cimcatesmbisnment  [ass |

10 |Tow moofoess  [wesw

12 | Bio-medical waste generation by bedded hospitais{in ko/day) | 12200

Tadle B8 Deimis of Bo-masizal wasie propessas in Birtes wame sobang FUT, LTD

2| Total no. of Health Care Facillbes / Occupiers

O T
i [Cmcaoswnent —— fos |
0 [aumanosses o |
iﬂ_

14 Bm-mnﬂr::ltwasm gmaiﬂﬂnn by beddad hospitals{in kgiday] | 12,100

Tatfe BT Detais of Sio-macical wesls genarsieg n Kgiday

Name of the Bio-medical Waste Generation (in Kgiday)




4101 SoiL Dust

Area of Barren Open soil in Delhi (as per LULC, 2013) = 748 446 sq. km or 184944 8438 acres
Table 55 Lanc-cover seross Dednl NCT

CLASS NAME Am{sqhml. Area (acres

AGRICULTURAL-NO COVER E_

WATER BODY oss ot

Sowroa- SR Daim

Soil Dust Emission factor

PM, . - 0.263 Kglacrelyear PM,, - 0.1315 Ko/acre/year

PM,, Emission from soil dust = 184944 8498 * 0.1315 (Kglacre/vear) = 24320.136 kg/year
P, , Emission from soll dust = 184944 8498 * 0 263 (Kg/acre/year) = 48640 4953 kg/year

41012 AIRPORT

Emission estimales from aircrafts have been made for the domestic and inlemational alrports
These two airport lerminals are spread over two different locations about 2 kms apart in the
south-west of Deihi. Terminal 1 1s meant for domestic Tights only. Terminal 2 Is Tor intemational
fights. Emissions from aircrafl onginale from fuel burned in aircrant engines. Emissions
from aircrafts are calculated from the aircraft movements in an LTO cycle. 1 LTO = 2 aircraft
movemenl The aircrafl movement delails were oblained from the report given at the Airport
Authority of India website.

Emission Estimation

Total emissions from aircrafts = Number of LTO cycles x Emission Factor

Total annual emissions (PM,,) from aircrafts = Mumber of LTO cycles x Emission factor (Kg/
LTO)

= (Total Aircraft Movement/i2) x 0.99 Kg/LTO

Tatke 5% Emesion estimations from aircrats

Alrcraft Movement [in "000) 2018.20 Grand Total | LTO M PM
Month | Inter- Domestic | Total |General | fincluding Emission | Emission
naticnal Aviation mli iKg) {tonnes)
WiElion

;D-ﬂl-.ﬂu! 3587 1E225 ZEIER. 2148 2Eaa 128040 1247108 1El Tres




Aircratt Movement {in "000) 201920 Grand Total | LTO PM M,
Month | Intar- Domestic | Total | Genarat | (including Emission | Emission

Do REDS w55 yer e e b b ness-anronUries sa-traffic-nans

41013 DieseL GENERATOR SETS

It Is learnt from survey that power fallure In Delnil occurs approximately 100 hours per month
during summer season and occaskonally during rest of the year The generators of capacity
less than 2.5 KVA are nol used anymore In Delhl, as housing soCielies have shifled lowards
inverlors as per DPCC,

Taoie B0 DG Sats Suppted by Dfenent Supciers (Tolal for 10 Years)
Capacily (KVA) Honds Sell Total

Soums: Generaiors saiE supsiers A Desity Wemvionng, Emvssion nvemiory 4 Sowce Spporionment Stubies- Ded

Usage of diesel sets are banned for around & months throughout the year Il Is suggested that
if they are restricted for & months and are aperaling the remaining months, then It shoud be
completely restricled. Subsidies should be provided for shifting to PNG fuels,

Deesel Generators have a power factor of 0.8 Electrical eMciency s usually expressed as a
power factor in between 0 & 1, therefore the closer the power factor Is to 1, then the mare
efficiently the KVA is being converled into actual kilowatts.

Assuming 2 hrs of usage per day.
Tazte 81 Emssions Fom DE sets 2 SKVA
Capacity |Honda Seil | Birla Total Power PM PM.,
(KVA) Yamaha (Kwh) Emlssion | Emission
@2hr (g/day) (Kg/day)

Spurte: Compimd by SFA Defl

41014 Bocenc Emissions

A good deal of research has been done to estimate emissions of nitrogen oxides (NOx) from
soils. Although numerous measurements have been made, emissions from soils show variabifity
based on a number of factors. Differences in soil lype, moisture, temperalure, season, crop
type, fertiization, and other agricultural practices apparently all play a part in emissions from
soils

Solis emit NOx through biological and a biological palhway, and emission rates can be
categornized either by ferllizer application or land use. Agricullural lands and grassiands
are the most significant emission sources within this category. The quantity of NOx emitted
from -agricuitural land ks dependent on fertiizer application and the subseguent microbial
denitrification of the soil

00




Microbial denitrification is a natural process in soll, but denitrification is higher when soil has
been fertilized with chemical fertilizers. Both nitrous oxide (N20) and nitnic oxide (NC) are
emitted from this source.

Agricultural Soils

Various agricuffural soil management practices contnbute to greenhouse gas emissions
The use of synthetic and organic fertilizers adds nitrogen 1o soils. thereby increasing natural
emissions of N20. Other agricullural soll management practices such as imigation, tillage, or
the fallowing of land can also affect trace gas fiuxes to and from the soil since soils are both
4 source and a sink for carbon dioxide (CO2) and carbon monoxide {CO), a sink Tor methane
(CH4), -and a source of N2O. However, there is much uncertainty about the direction and
magnitude of the eflects of these other practices, so only the emissions from ferlilizer use are
Included in the method presented here

Nitrous oxide emissions from commercial fertilizer use can be estimated using the following
equation

N20 Emissions = (FC " EC * 44/28)

where:

FC = Fertlizer Consumption (tons N-applied),

EC = Emission Coefficient = 0.0117 tons N20-N/ton N applied; and

44/28 = The molecular weight ratio of N20 fo N20 as N (N2CYN20-N)

The emission coefficient of 0.0117 fons N/ion N-applied represents the percent of nitrogen
applied as fertilizer that s released Into the atmosphere as nitrous cxide. This emission
coefficient was obtained from the Agncultural Research Service of the U.5. Department of
Agriculture {(USDA}, which estimated that 1.84 kg N20 was emitied per 100 kg of nitrogen
applied as ferilizer. After applying the appropriate conversion, this s eguivalent to 0.0117 tons
N20O-Niton N-applied.

Other Soils

The amount of N20 emitied from non-agricultural solls is dependent on the soil's nutrient
level and moisiure content.5 It is believed therefore that soils in fropical regions emit far more
N2O than sails in other terrestrial ecosystems. Because of the varability of soil types and soil
moisture levels, some tropical soils emit more N2O than others.
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Famers in India uses Nilrogen solutlons containing 21-49% of nitrogen (by wt) and Polassium
Nitrate containing 13% of nitrogen (by wi). The Phosphate fertlizers used contains no of a

negligible amount of nitrogen,

Emissions from agricultural land (as per 2017):

FC. Fertilizer Consumgption (lons N-applied) = [T566 M.1ons of Nitragen fertilizer * 21% N/ton

fertilizer] = 1588.86 x 106 tons N




Emissions are calculated by:

N20 emissions = (1588.86 x 106 fons N applied) x (0.0117 tons N20) x 44/28
N2O emissions = 29.212 x 106 tons N20O (in year 2017)

Emission Factors for N20 from Non-Agricultural Soils

Tatbks £4; Emmsion Faclors

Temperate Forests (conferous) L —————————SS——
T LT e —————— | e ——————————

To convert Ib N20/acre/yr to g N2OHm&yr, mutiply by 0.11208

Table DY Emezien Cataision ot Nom-Agnoulturs Safs

BARREN 7484458065 |2458  |p27seesds |2080237052 | 206023 7052
VEGETATION | 1546824197 |0.563  |006310104  |0760621554 | 0760.621554
AGRICULTURAL - | 1881841263

COVER

TOTAL - 2157843268 215784 3268
Sowoe Comphed by GFA Db

41015 INDUSTRIES

The emissions from the industries are calculated based on their fuel usage The dala of 31
Industrial areas was made availabie with 1445 industries in it, out of 1otal 28000 Industries in
these clusters. For diesel fugl usage, Il was given thal BS-VI norms are being followed, s0 as
per the B5-VI the emissions for diesel operations were calculated. The emission factor used
was 0.34 g/kg of PM, . on combustion of natural gas and 0.31g/kg of P, . on combustion of
LPG (Reddy & Venkataraman, 2002). For calculating the daily emissions, it was further assumed
that industries are operational only 25 days per month
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Table 58 Emissions from indusines
Sno. | Industrial Cluster | Total Given PNG/ICNG |DIESEL LPG

in cluster | Data (no.s of | PM EMISSIONS (kiday)
Maohan
Cooperalive




41016 POWER PLANTS

There are 3 power plants operating in the city which uses fuel mainly PNG/CNG and some
operate using diesel and LPG.
Tatye BT List of aperafons] hermal ponsrpians in Dely

Frauai Fm ﬂmpmahnn Lemited. Ring alural Gas & 1.4
HDHIFEHHE Dethi— 110002 HM

Based on the emission factors of fuel combustion of natural gas, LPG the emissions were
calcutated for all the power piants in kg/day. For diesei fuel usage. it was given that BS-
VI nofms are being followed, so as per the BS-VI the emissions for diesel operations were
calculated. It is assumed that power planis are operational 30 days a month and 24 hours per
day. Aithough duning the secondary survey it was collected that there are negligibie emissions
from powerplants, which might be possible by using better quality filters for emissions of PM, .
particles.

Tare 08 Eebmateq Tmissons
5no. | Name PM Emissions (kg per day)
PNGICNG | Diesel LPG Sub Total

'“'*“' W__“
r::nrpmhnn Limitad

TOTAL 46816.6

Soure: Complied by 2P Delni




41017 Ernission Factors UseD 1N THE CALGULATION

An emissions factor is 3 representative value that attempts to relate the quantity of a pollutant
released o the atmosphere with an activity assccialed with the release of thal poliutant. These
factors are usually expressed as the weight of pollutant divided by a unit weight, volume,
distance, or duration of the aclivity emitting the poflutant (e.g., kilograms of particulale emitted
per megagram of coal bumed) Such factors facilitate estimation of emissions from various
sources of air poliution. In most cases, these faclors are simply averages of all 2vailable data
of acceptable quality, and are generally assumed fo be representative of long-lerm averages
for ail facilities in the source category (1.e., a population average)

Table B Emesion faciors use for afsdating emEsons

CarsPeto) _________Jooo2 ] |
[Commercial Cars (CNG) 10002 | |

HCV

Thermal Power Plants (kgMG)

DG Sels (gKwh)

tm
——
unca Sovawass inghon |5 __
T e — )
T E— T 1T

Bgurpar fr Qualty Assessmant. Emisson mantony lewhmnmﬂEhwh !-ertmﬂrl:.r. S8 Syl Puner Sowce
Epporionmerd Shudy 25 Mangpur, A Cualdy Wongaring. Emesoon Imveniory & Source Appononmant Sudes- Deinl, Comprehensive
Sy on Alr Paliulion and Green House Gases (GRGSEin Dei & Soorne Apporioneest of PU, & FM of Deihi NLR for
destfiaton of Maor Sourtes




41018 ToTaL Emission EsTimanion

Emission factors are translated into emissions by multiphcation with an activity rate as follows
Ex=EFx*Q , where

Ex=Emissions of pallutant x

EFx=Emission Tactor of paliutant x

Q=Activity or production rate

The P, , emissions are estimaled lo be around 621 tonnes per day whereas PM,, emissions

Are 499 lﬂMEEPEI’ I!E'f
Tema T Tolzl emisoon ecemebon

SECTOR Emissions (kgiday)

INDUSTRIES T e —— | —

RESIDENTIAL

ROAD DUST 2BT1.56 2275102

0G ST I ——— —

CREMATORIUM 1208 fhame

AIRPORT N -
WASTE INCINERATORS - fey ]

TOTAL S.E 145.33 49342.06

Sonuree: Comgied by SPA DRy

The updated values of PM,, emission faciors are nol available in CPCE database and online
published repors, so the emissions values of fransportation and indusiries couldnt be
estimated. Bul in general the PM,, would exceed approximately twice the PM,, emission load




5. PROJECTIONS

INTRODUCTION

The projections of various sectors have been camed out and categonzed as:
. Short Term [(2025)

. Medum Term {2030)

. Long Term (2040)

51. Sector Wise PROJECTIONS:

The Master Plan envisages vision and policy guidelines for the perspective period up-fo 2021
It is proposed that the Plan be reviewed at five yearly intervals to keep pace with the fasi-
changing requirements of the society.

511 Lano Use & Lanp PoLicy

Delni as the Nalional Capital has a distinct and unique character Il is a growing and expanding
magnelt of attraction for people from across the country and a hub for the reglon surrounding it
Deini has focused on balanced regional development

The Regional Plan 2021 has been drawn up with reference to the following four Policy Zones:
L. NCT of Delhi.

i Ceniral National Capital Region - Central NCR

lil. Highway Corridor Zone

iv. Rest of NCRL

The physical potential for furiher urbanization within the NCT is reducing although there is 3
virtual wban comtinuum between Dethi and the surrounding areas, which lie in the States of
Uttar Pradesh and Haryana With the imperatives of growth and development, the problems
af Delhi have become complex, which have o be viewed both as a challenge in terms of the
pressures of regular and fioating in-migration, as well as an opportunity in terms of planning
and development in a regional context

Table 71; Lansies (imbribuban
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On an average the space required per person would be 40 Sq.m., covering about 920 sg km.
of urban area for the projected population of 230 lakh in year 2021,

Tabis T2 Jona wee Exameted Hoidng Capacey of Exafing Livten Ama

Ronmianav | e @
Swtos @2 | Jww |

Searca: Mazier Flan af Dedhi, 2051

Developmeni and consiruction activities can be directly related to the degree of accommodating
additional population within the zones

Major development and construction activities will be proliferating in Dwarka, Rohini, Narela to
accommodate additional population

There are multiple factors of urban environmental change, but the two most prominent factors
that have shaped and reconstrucied the Indian urban environment are: (1) population and (2)
vehicular growth

Foputation growth induces vehicular growth 1o meet the demands of movement of people,
goods and services. Vehicles discharge gases that harm the environment and human health.
The Master Pian of Delhi 2041 is being prepared by Delhi Development Authority at present and
will be soon publicly avallable The proposed land uses in the upcoming master ptan of Delni
will help in determining the Tocal areas of air qualily concems. The strategies 1o be mentioned
in the upcoming pian will draft the vision plan for maintaining air quality standards of Delhi.
The development of shorl-lerm, medium-term and long-lerm projections for Landuse shall
be govemned by upcoming Master Plan of Delhi. The strategies would require area-based
interventions and the Zonal Cevelopment Plans will serve as a guide in iImplementation of Alr

CGuality Improvement Sirategies in phase manner.

512 DemocrarHY

Dethi accounts for 1.38% of the total country’s population and its annual growth rate is 1.92%
{Census of India 2011). The population trend of Delhi indicates steep rise from 0.4 million in




1901 1o 13.85 million in 2001 and to 16.75 million in 2011,
Population density is an indicator of population concentration and resuftant pressure on fand
TESOUICES.

The spatial pattern of population density is uneven with maximum densities found in the MNorth-
East disirici followed by Central and East Delhi distnict. While the average density was 274
persons per km® in 1901, # increased to 4,194 {1981), 6,352 (1991), 5,340 persons per km? in
2001 and 11,297 in 2011 (Directorate of ECconomics and Stalistics 2014)

As per the Bes! Fit Curve model, the population of Delhi in 2319 is around 19.5 million and is
likely to increase 1o around 23 million in 2025, 26 mifilon by 2030 and 31 million by 2040
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513 TrRANSPORT

The number of vehicles in Deihl shows a steady growth. The year 2017 showed a slight increase
from previous years in cars and two wheelers: With Delhi's air quality tuming “severe” in 2019,
the Transport Depariment of Delhi UT issued a nolice waming that 15-year-old petrol and
10-year-old diesel vehicies plying on the city roads in viotation of Supreme Court and Natianal
Green Tribunai (NGT) orders will be impounded. In its 2015 order, the National Green Tribunal
(NGT) had banned the plying of petrol vehicies older than 15 years and diesel vehicles older
than 10 years in the national capital region (NCR). It also banned the parking of 15-year-old
vehicles in any public area. It is assumed that after the year 2019 the transport sector resumes
its normai growth pattern @0.007% per year. The following projection and emission estimates
have been made foliowing the assumptions made.
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The fcliowing assumptions were made for estimating emission loads:

» Afier the year 2015 the transport sector resumes its normal growth pattemn i.e_, vehicles will
ncrease @0.007% per year.

« Taking year 2019 as base year, Industries will experience 0.5% growth in 2023, 1% growth
in 2030 and 1.5% growih in 2040 maintaining the fand use distribution.

« Power Planis, Construction, DG Sets, Crematonum, Airport and Wasie Incinerators will
show no change

« The projected population using best fil curve were used for projecting emission from
residential sector with consideration of faclors i 2, 5 persons per household and assuming
by 2025 every household In Defhi will be shifted 1o LPG fuel Keeping in mind the recenl
changes in LPG pricing and relaxations.

« For estimating agricultural waste buming & soil dusl, projected land use land cover has
been calculaled keeping in mind the development profile of Delhl. The values are shown In

1able below
Takés 7% Projectons of Land Cover fpe

Land Cover 2013 “hage 2025 “hage 2030 “eage 2040 “hmage

Bult Up _ mm_mm

AHI‘IEHHLIHI Land - 7 0D
No Covar

Wat-H “Boty E_

Sn-i.-ma hmmw:ﬂaﬂuh

« The road dus! emission has been projected based on projected figures of vehicles.
« Emission from refuse burning and lanafil fires are projected based on estimated wasle
generalion from project population (3% of lotal waste coliected).

The PM,, values for transport and Industries are not estimated due to absence of emission
factor. Estimating the PM,_, emission joad from transport and Industrial sector will ultimately
increase the total emission load significantly.




6. ANALYSIS

Basic analysis of the baseline dala and projections are mentiened in this chapler for carrying
out for assessment for camying capacity (Chapter 11). The projections are carmed out for
current year based on the lates! data available for each aspect and foliowing the same trend,
it is further projected for 2021, 2025, 2030, 2040 for demographics & transportation. These
projections would be further used 1o calculate the emissions from each sector

6.1. DEmMOGRAPHY

The unprecedented scale and speed of urbanization in Deini has resulted in eNOMMOUS pressure
an the physical environment with a severe adverse impact in terms of pollution and today Delhi
is considered to be among the most polluted cities in the world. The prejechons are calculated
using exporental growth methed, inding most comrelation among all other projection methods.
Drelhi accounts for 1.38% of the total country's population and its annual growth rate is 1.92%
(Census of India 2011). The population trend of Dethi indicates steep nse from 0.4 million in
1901 to 13.85 million in 2001 and to 16.75 million in 2011

Population density 5 an indicator of population concentration and resuflant pressure on fand
resources. The spatial patiemn of population density is uneven with maximum densities found
in the North-East district followed by Central and East Delhi district. While the average density
was 274 persons per km* in 1901, it increased fo 4,194 {1381), 6,352 (1331), 9,340 persons
per km? in 2001 and 11,297 in 2011 (Direclorate of Economics and Statistics 2014)

The following lable 76 represents the projections:

Table TH FopuleSion Frojeclions
Year Population

Census 2011 16787541

2030 (Projectad) 23000279

Eoroe: Compéed by 5FA Dethe




iy profile

As per the Best Fit Curve model, the population of Delhi is likely to increase to around 25million
by 2030 and 31 million by 2040,

For 2041, the population is projected as 2.67 crores for NCT Delhi. This would impose a huge
impact on air environment as the rate of activities will alzo rise subsequently. it would have
a direct impact on the increase in emissicns from households and transportation. The NCR
Plan 2021 has proposed the availability of urbanisable land in NCT-Delhi for 2021 provided in
Master Plan of Delhi, 2021, It estimated a population of 2,.20.02,953 i.e..220 lakhs which can
be accommodated in urbanisable area of 57790.90 ha. @ 225 PPH. The present approach of
Master Pian of Delni, 2021 in lieu of accommodation of further population 1.e | 220 iakhs within
the city will have an adverse impact on state of environment of Delhl. The city’'s environment
can essentially be seen in terms of two components of urban management — the environment
per se, of the habitatl and service management, The former pertains to the natural features
and resources including. the elemenits of air and notse, water and land with reference 1o open
spaces, green areas and other surface and sub-surface conditions. The iatier Is reiated to the
bulll environment and includes the environmental infrastruciure — waler supply, sewerage,
solid waste disposal and transporiation network

6.2. LAND use

The conceniration of emissions IS closely refated to the land use type and type of activities
invelved. Studies have shown a positive correlation between the spatial patterns of air pollutanis
and urban buitt-up density.” However, the study on degree of land-use contribution to poliution
has noi been explored to such depih.

The kind of fuel usage in residential areas, commercial areas, industrial areas, efc., and the
trips penerated by these land uses needs to explored. Various fand use types generated
varying degree of frips, In contemporary transportation planning language, A Trip is defined as
a gne-way person movement by a mechanized mode of transporl, having wo trip ends. The
start of the trip s called as angin and the end of trip 15 called as deslination. Trip is classified
as Production or Origin and Attraction or Destination

Urban planners and transporl engineers have long been developing different methods and
models 10 forecast travel demand in urban areas, Usually trip attraction volumes are estimated
pased on land use characleristics. However, executing of Iand use-based lrip attraction models
are severely constrained by the lack of updated land use data in developing couniries.®

For carrying oul the analysis for emissions as per land-use, previously done seurce apportionment
studies were used based on the emisslons from each sector. It was also compared with the
land-use suggested in the URDPFI guidelines. As the and use is for 2021 (Master plan, Delhi),
50 the proportion of emissions 1s segregated as representad In the following table:

T Urban Ar Bcfition Pafiens, Lard Use. and Thermal Landseape: An Exsmination of tre Linkags Usng G5 Oieo Veng &
Shihong Yang. Enveomrentsl Mongonng and Sssasement wlare 117, pagas40d 480 I00E)

§ - Appicaton To develpping courines. Esfimating inig aBracion in urbsn Zones based on cEnrasy, Amta Jayssinghe, Fazusry
Bsnhe, Kasecmt| Ratenaoim, Joamal of Tralfic snd Trasspaiistah Enginssiryg (Engish Edition) Volume 4, Hasie 5, Delubers 2017,
Fages 454-473




Karosens 0.5% 1%

LPG 0.1% 0.1%
Powes-plani ‘ 5% %
Bricks 5% 5%
Sione crushers 2% 1%
Other industnes 8% 8%

DG Sais 2% 2%
Rafuzs Bufning 4% 4%
Cremators 0.3% 03%
Resizuran! 0.5% 04%
Alrport 0.1% 02%
Waste Incinerators 0.3% 03%
Landfils 0.4% 0.5%
et T e Ew
Raad Dusl 10% 3%
Construction 4% 2%
Others 28% 33%
[ranspot ] Tww 0 w0
Trucks 5% 5%
Tracior 1% 1%
Bus 1% 1%
Cars 2% 2%
2-wheelers 4% 4%
J-wheelers 3% 3%
LCVs 0.5% 1%

m.'ﬁuwhﬂm{mmﬂFH:'lﬂtTHDdhﬁ[ﬁh Igentinstion: of Major Sounea

Tabis 73 Sub-sectoral conirbuson o PR, & PW i Cieihi i winters 2018

LPG 0% 01%

Fower-plani 5% 6%
Bricks T% 3%
Slone crushers 3% 2%




Sectors Sub-sectors PM,, PM, .

Other Industries 12% 14%

fowes T Tew  Jws ]
DG Sats 4% Rl
Refuse Buming 4% 3%
Cremalora 0.3% 02%
Resiauranl D.6% 1%
Alrpoet 0.4% 1%
Waste Incinerators 0.6% 1%
Landfiits 0.4% 0.4%

put [ s Wm0 ]
Road Dust &% 4%
Construction 6% 1h&
Oithers 1% 12%

I I X
Trucks i B
Tractor 1% 1%
Bus % 3%
Cars I 3%
2-wheselers % %
Jwheelers 4% 5%
LCvs %% 1%

Souroe: Soonie Agpodicmend of Py, & P of Dehl NCH for identficsban of Major Soisces

The percentage disinbution of PM, . & PM.. from different sources are taken and allocated io
their respective land-use under which they fall. As DG set use was nol clear with respect {o
tand-use, it was assumed that the DG sefs are used only in the commercial sector. Although
airport cemes under transportation land use, it is demarcated differently for generation of map.
The classes of map are in terms of the percent from the source apportionment study.

It gives a generally overview of how the sources are spatially distributed on the land-use map
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Major development and construction activities will be proliferate in Dwarka, Rohini, Narela to
accommodate additional population.
There are muitiple factors of urban environmental change, but the two most prominent factors
that have shaped and reconstructed the indian urban environment are: (1) population and (2)
vehicular growih.
Poputation growth induces vehicular growth to meet the demands of movement of people,
goods and services. Vehicles discharge gases that harm the environment and human heafth
As per CPCB (1995), the vehicular PM load in Delhi was estimated to be 10.3 tonnes per day,
whike for Mumbai, it was 5.59 tonnes per day.

Rohini

Mao O Urbarweacia lamd
Sowne MED 301

6.3. URBAN BUILT-FORM

Altnough various bullding configurations exist in urban areas, idealized buliding configurations
suggestad by Slewart and Oke in 2012 have been considerad lo represent the basic configuration
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directly affecting the mechanism of dispersion processes in urban neighborhoods. The pnimary
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purpose of Local Climate Zones (LCZs) is the observation of Urban Heat Island siudies by
standardizing the classificafion of urban and rural field sites. LCZs are fundamentally composed
of several elements of any seitiement such as built structures, roads. vegetation, soil types and
water bodies, all in varying amounts and arranged uniformly into 17 schemes. Out of 17 built
types, only 9 represent configurations with features retevant 1o pollulion dispersion studies
Looking &t the context of Delhi City, 2 schemes were added of dense mid-rise and dense low-
rise which basicaily covering the settiements with aspect ratio more than 2 under mid-rise and
mare than 1.5 in low-rise building typologies.

Table 5] Buh-loem csiaganzshen

Configuration Classification |Aspect |Description
Ratio
Densa mid-rise =2 Dense mix of mid-nse bulidings (3-8 stores)
LEF1 Mo treas and cover paved Stone, brick, tile
and concrele construction materials. Mostly
inciudes the urban villages in the cily
Danse low-nse »1.5 Dense mid of low-rise buddings {1-3 stones).
LCZ 2 MNo frees  and cover paved. Stone, brick, tile
and concrele: construction materials. Mostly
includes the slum sefffemenis of the city.
Compact high-rise | =2 Dense mix of fall buildings (more than 8§
LCZ3 stories. Few or no.frees. Land cover mosty
paved. Concrete, steel, slone and glass
consinection malerlals
| Compacl mid-fise | 0.75-2 Dense mix of mid-rise buidings (3-8 stories)
LCZ 4 Few or no irees. and cover mosily paved.
Stone, brick, lile and concrele construchion
malerials.
Compact low-rise |0.75-1.5 | Dense mix of low-rise buldings {1-3 storkas).
LCZS Few or no lrees. and cover moslly paved
Slane, bock, file and concrele congtruchion
matstials
Dipen high-rise 0.75-1.25 | Open amrangement of tsl bulidings (more Man
LCZ6 8 stores) Abundance of paryious land cover
ilow pranis, scatiered frees). Concrale, sfteal,
ctone and glass construction materials
Cpen mid-flee 03075 |Open amangemant of mid-rice bulkdings (3-8
LCETY ctories). Abundance of pervious kand cover
{low planis, scattered frees), Concrele, sheal,
stone and glazs construckion materals
Cpan jow-rise 0.3 0.75 | Open amangemant of low-nga buildngs (1-3
LCZB storigs), Abundance of pervious kand cover
(kow plants, scatiered frees). Wood, bnck hie,
stone and glass censtruction matenals
Large iow-rise 0.1-0.3 Open arangement of large low-rise buildings
LCZ9 (1-3 stories) Abundance of pemvious land
cover {low plants, scaitered trees).Concrele,
| sleel, stone and glass construclion materials.
iﬁpameh‘ buit LCZ [0.1-025 |Sparse arrangements of small or medium-
10 sized buiidings in & natural selting. Abundance
of penvious land-Cover (low plants, scallered
frees),
Haawy Industry 0.2-05 Highly wreguiar mix of low and midnisa

Ingustrial struclures (lanks. lowers, Zacks)
Struciures openly cpaces on hard packed

curfacec. Faw or no frees




6.4. Wino Seeep & DIRECTION

Monthly data of wind speed and wind direction of 2019 was coflaied and represented on the
Map of NCT Delhi to undersiand spatially how wind speed and direction affecis the pollution
concentration in the city. The wind speed and wind direction of Delhi has been shown in Table
81 and Table 82. Map 11 shows the atmosphenc pressure in Dethi, which influences the wind
speed and direction across the city
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6.5. TRANSPORTATION

Despite vanous initiatives and measures faken over the past few years, like introduction of CNG
and EURC Il nomms etc., the air quality in the city, in terms of pollution levels, has continued
10 be a matter of concem, and has been responsible for a number of respiratory diseases,
heart ailments, eye irritation, asthma, etc. The three main sources of air pollution in Delhi are
vehicular emission (arcund 70 percent) industnal emissions (around 20 percent) with a maior
element of this coming from the three thermal power plants, and from cther sources such as
diesel generator sets and domestic cooking, burning of biomass. etc

Apart from the issue of pollition on account of industries, the major area of planning and
intervention would relate 1o transportation planning. With the phenomenal growth in the number
of vehicles, almost 8-10 times in the [ast two decades in absolule terms, the most significant
aspect in the conlext of congestion and pollution, retates 1o the growth in personalized transport
as compared 1o the availability of public transport It has been estimaled that buses, which
constitute barely 1.2 percent of the total number of vehicies, cater to around 60 percent of the
otal transpont koad, while personal vehicles -cars and scooters, though almos! 3 percent of
the tolal number of vehicles, cater 1o around only 30 percent of the travel demand

Such a huge share of private vehicles in Delhi, while serving a relatively limited purposs in
terms of the transportation modal split, obviously creales tremendous pressure on read space,
parking. and pollution directly and through congestion.

Tablg &3 Calsgon wese cisbisution of sors share io PAL | concertrations

Delti NCR
Ermiusion Diesal | Digsad. k. Diesel | Diesel Al
El'“’“ m | o= w | om | om | sm o o | ox | 2=
H’ 4% | 3% 159% % | 3% | 3% 14% 1% | 0% | 8%
[ BS-I1 % 8% 5, & | s | 1= 0% = | m | o=
BSIV ™ A ™ 6% | sox | 5= 1% | om | 8%
Tt | 3%, 4% 24% | 20% [ oom| 14% % am | 13% | 100%

* accounting lor both prirmary P and secondary nivate contmbuhors fo PMZ.5 conc. m Deln-#

g

it may be noted that these are the shares of vehiclies i 2016, and with fieet tumovers, the
share of BS-IV vehicles will increase, and contribution of okder vehicles will decline. Although,
the absolute numbers of BS-1V vehicles will be much lower than pre-BS-IV vehicles due fo
improved technologies.

6.6. EMISSION ESTIMATIONS

Emission estimations were carried oul for 2019 for Delhi for both PM_, and PM, It was observed
that there is a emission of 82149 23 kgs of PM,, parficles per day and 49,942 kgs
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of PM,, particies per day. The values show the daily estimaied ground concemtration of PM,
and PM,_ The values have decreased over the years due io improvement in fuel standards and
shift to clean fuel in industries and also as per the emission factors from combustion of NPG,
PM,, emissions were considered negligible

Also. there have been significant decrease in the emissions from landfilis, as solid waste
management rules and reguilations 2016 were incorporated and changes were made in the
Delni Bye-laws based them in 2017

Emissions from power plants are said to be negligible a5 coal based Badarpur power-plant was
shut down In 2018 and others moved to clean fuels for production of electricity. Incrematoriums,
fuel wood Is being used along with PNG which Is expecied 1o further complelely shift into
electric cremalonum or PMG based, which will reduce a the emissians from this seclor

In transporiation sector, several amendments were made due 10 which increase in emissions
from this sector have not been observed (even with the Increase in vehicular registrations
every year) like phasing out of 10 years old diesel vehicles and 15 year old petrol vehicles and
completion of Eastern Peripheral Expressway and \Westem Peripheral Expressway, reducing
the amount of go-though traffic from Delhl. With the further interventions like bio-mining for
landfills and proposals of new waste 1o energy plants would reduce the emissions from solid
waste burning.

6.7. Ar QuaLiTy

In Mercer's 2015 annual quality-of-iving survey, New Dethi ranks at number 134 out of 230
cities due o bad air quality and poliution. The World Health Organization ranked New Delhi
as the world’s worst polluted city in 2014 among about 1.600 cities the organization tracked
around the world In 2016, United States Environmental Protection Agency listed New Delhi as
the most poliuted city on Earth

In-an attempt to lessen air pollution in New Dethi, which gets worse during the winter, a
lemporary alternale-day travel scheme for cars using the odd- and even-numbered license
plates system was announced by Delhi government in December 2015. In addition, trucks
were 10 b allowed to enter India’s capital only after 11 pm, two hours |ater than the existing
restriction. The driving resiriction scheme was planned 1o be implemented as a rial from 1
January 2016 for an inltial period of 15 days. The restriclion was in force tetween 8§ am and
8 pm, and traffic was nol restrnicted on Sundays. Public transportation service was Increased
during the restriction period.

On 16 December 2015, the Supreme Court of India mandated several restrictions on Delhl's
transponation system to curb pollution. Among the measwes, the coun ardered fo stop
registrations of dlesel cars and sport ulility vehicles with an engine capacity of 2,000 cc and
over untll 31 March 2016. The court also ordered all taxis in the Dethi region fo swiich to
compressed natural gas by 1 March 2016. Transporiation vehicles that are mare than 10 vears
old were banned from entering the capital.

OCn 7 November 2017, the Indian Medical Association deciared a public health emergency due
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fo high poliution leveis. The highest being in the Punjabi Bagh district with an air guality index
of 999 and in the RK Puram district with an index of 852. The lowest index recorded was in the
Anand Vihar distnct with an index of 319. Levels of PM,, were recorded at 710 pg/m*, more
than 11 times the World Health Organization’s safe limit

in a 2018 study, New Delhi was found 1o be the most polluted capital out of 61 capital cilies
around the world. In December 2019, IT Bombay, in partnership with the McKelvey School
of Engineering of Washington Universily in St Louis, launched the Aerosol and Air Quality
Research Facility to study air pollution in New Delhi, among other Indian Cities

BT 1 MoMITORING STATIONS

For camying out the assessment, data from 38 monitoring stations all over the Delhi was taken
tor Wind speed, wind direction and concentrations of PM, . & PM,; through the year for 2019.
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The emission dala for PM, ., and PM,, for Delhi for al the above-mentioned monitoring stations
have been collected from DPCC and CAACM-AN India. The data is transiated spatially using

ArcGIS via Interpolation technigues.
The maps show a good comelation between the activity and the poliutant concentration
supplemented by wind spead and wind direction data.
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673 MONITORING STATIONS AND THEIR INFLUENCE ZONES

In Delhi the data is Tor 38 real fime monitoring stations, of which seven are operaled by Indian
Meteorological Department (IMD), seven by CPCE and 24 by DPCC. East Arjun Nagar station,
manned by CPCB, has no data for 2015 The datasel of all olher stations have been presented
in this chapter. As per CPCE, 2ll the monitaning stalions have an influence area of 1km, 5o all
the aclivities and urban fabric have been accessed in the chapler surrounding a bufter of 1km
from ail the manitorng stations.

The activilies In the buffer zone are presented using four different maps, 1) one presents the
Google earth imagery of the buffer area, 2) fand-use, 3), urban bulll form using LCZS explained
In Map 10, 4) location of activities that influence trafMc rale like, schools, hospitals, restauranis,
mulliplexes, eic. The following map shaws the buffer zones of all the monitoring stations across
Delni.
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6731 Aurur, DeLm - DPCC

The majority (80%) of the influence area lies in agricultural zone, with very less distribution of roads
and contains mainly indusirial settlements. Data of wind spesd wasn't available, Concentration of

P, & 10 was observed in poor to severe calegory for almost 5 months {Oclober 1o February)
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6732

SHapwrur, DELHI - CPCB

Study on Camrying Capacily of Air Envirooment. HCT Deli

Conceniration of PM, . was observed in poor io severe category for almost 3 months {October fo
June), it could be because of the emissions from industrial and construction activities happening

throughout the year in the area which can be seen from following maps
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The zone comprises of about 50% residential land-use and 30% public and semi public and-uses
with Built form varying from compact to dense. It comprises of land open k2nd (without vegetation)
which could be responsible for increase in poliutant concentration even during high wind speeds
The efmission rate would be high as there |5 PSP land-use which attracls traffic throughout the day

and neghgltke gresn ‘Sp-.'EICEE In the vicinily which acts 25 Sinks for pollutants
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Shudy on Camying Capacity of Air Envirooment. BCT Diefhi

Residential shares aboul 65 % of land-use wilh dense mid rise bulll up, which influences local wind
speed and causes lower dispersion rates of pofiutants. Also, the hospitals and caliege in the zone
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Due to the agricuftural areas nearby, the concentrations of PM, , & 10 were significantly high. They
causes high biogenic emissions such as VOCs which when mixes with NO2, forms smog. High
concentration was obsenved even In May with high wind speeds, possible reason for this could be
ne.:ause of ne crpen areas (non-vegetalive), blowing away the Iu:rse s0il.
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Study on Canying Capacily of Air Environment. HCT Deii
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There is 40% public and semi-public land-use in the zone, which attracts a lot of traffic in the area
Also, the share of area under reads is about 10%, with arlerial roads and junctions, creating major
emissions from vehicular sector in this zone
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The average monthly poliution concentration of PM,, were in poor and severe calegory throughout
the year (for abotd @ months), whereas Pvi2.5 concentrations were poor only in winters. The built up
structure Is dense to compact mid-rise and major land-uses are PSP residential and recreational
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6738 Manoirk Marc, DeLni - DPCC

The average monthly concenirations of PM, , were in poor Category for about 2 months only, whereas
P2 5 concentrations were poor through-out winters. The built up structures are open mid-rise and
major [and-uses are PSP, residential and recréational The schools, hospitals and markets in the
zone influences the verumlar tralic rale, 50 the ma;cq' emissions would be from vehicular sector
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Monioring staficns and ther nflusoce zones

B7T39 Anmang Vidar DevHi - DFCC

The concentrations were extremely high throughout the year (about 9 months), as 60% of the
total share of land-use fies in transporiation and industrial sector, which causes high movement
of vehicudar traffic in this 2zone. Even there 15 a shilt 1o cleaner fuels in industies, the aclivities of
loading & unicading influences Ihe emissions rate. Also, there are numerous restaurants & hotels,
wm:n uzes coal as fuel for barbecues
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Shudy on Canying Capacity of Air Envirooment. HCT Defhi

B7310 RKPuram DL - DFCGC

The residential sector oCcupies 8 major share in the land use disinbution in the infiuence zone,
50 emission loads could be from use of LPG. Also, there is commercial land-use, which includes
restaurants, markets, mall and multiplexes, attracling vehicular traffic on weekends and In the
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Monioring staficns and ther nflusoce zones
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The Influence zone of Punjabi bagh has about 4 metro stalions and a raltway station, due 1o which
Mere Is an accumuiation of vehicular traMic of all kinds (especially 3 wheelers and Jocal buses)
in these points, which also causes congestion on the roads for the ongoing tralfic, increasing the
emission loads in the area.
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The concentralion of pollulanis i considerably low with respect to other stations in Delhi, as it is
Iocated al a hgher elevation (260m) and also high wind speeds increases he rate of gispersion

The emission loads in the region could be due o the influence of reglonal activities
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Average monthly concentrations of P, did nol cross the moderale calegory of poilulion standards
throughout the year The buillt up structure is open, and major land-uses are PSP, residential and
recreational As P3P (offices elc) influences the vehicular traffic rale, 5o the major emissions would
be froum his sector
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Concentration of PM,, & 10 was observed 10 be in podr to severe calegory for almost 8 months
(October fo May) The major emission koads would be from industrial and PSP faciities. Even if
there is a shift 1o cleaner fuels, the supporting activities like loading & unicading influences the
vehicular traflic rafe. Also, schools & colleges attracts irafic movement which further influences the
emission loads.
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Even though, MPD 2021 proposed differen! land-uses but it has nol béen achieved vel in the
influence zone of burari crossing. The confributions o emission loads would be significant from soil

dust in the Influence 2one as about 50% of the area is open (hon-vegetative) with loose soil
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About 40% area in the influence zone lies in industrial and PSP seclor. PSP sector attracts the
wehicular traffic movement through its commuters evenyday. Although industries have moved o
cleaner fuel, they influences the movemenl of traffic through their supporing activities such as
loading & unloading
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Average monthly concentrations of P, crossed the moderate category of pollution standards only
in November. Although the values for PM,, slill crossed for about 5 months. The emission loads in
the zone would be from the generated traffic movements because of the Industrial and commercial
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Shudy on Camying Capacily of Alr Environment. HCT Delhi

The emission load in the zone would be from the vehicutar movemen! of commuters and the

emissions from aircrafts throughout the year
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Although concentrations of this stations werenl available but the possible emissions would
be from the commercial and PSP activities In the area Also, as there is open area (without
vegelation), so the concentrations would be high due Lo the soil dust particles. The area lacks
vegetative spaces which could have acted as sinks. The compact built form further would
reduce the local wind flow and reduce the dispersion rates.
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Shudy on Camying Capacity of Air Envirooment. BCT Diefhi

BT 320 Asvor ViHar Derwn - DPCC

The emission loads In the zone would be mainly from the generated Irafic movements because of
the induslrial and commercial land-uses. The built form is mastly compact mid-rise which reduces
the local wind speed and prevents dispersion. There is a chunk of exposad land or non vegetative
area. in the directon of '.v.nﬂd {form north-west), whose soll dust would add to lne emission loads.
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321 JawarnarLar NEHRU STaoium DELHI -

DPCC

Average monthly concentrations of P, did nol cross the moderale calegory of poilulion standards
throughout the year The built up structure is open, and major [and-uses are residential, mixed
use and recreational. The zone includes lajpat nagar which ks mixed land-use and attracts a large
number of vehicular traffic with high congestion rate throughout the day, although it is not in the
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67322 Newru Nacar, Devw - DPGC

Study on Camying Capacity of Air Environment. HCT Defhi

There are open chunks of land{without vegetation), so the concentrations would be high due fo
the sail dust particles when wind speed is high Sarai Kale khan fies in the north 2as! of the
influence area, 50 when wind biows form Norlh-east in winters, [he emission loads InCrease

Eale khan imta this influence zone
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The emission lcads from the activities inside the influence zong would be negligible  Although
the vegetation impacts the concentration of pollutants in winlers, as these have high biogenic
emissions such as VOCs, which mixes with NO2 to form smog. So, there s diaslic Increase in
conceniration of poflutants throughout the winters

- —

[ SRR
| et
|I|: L Tk
Bl = v
[0 w1 v
E] Pt
) unilty
[T mmppeas
o )evvei_masii
El"’l‘._ﬂa"‘lr:

Y

a3 md L

Map 123 Google-marsh imagery Map 124 Land-use

= | ST L - o T . 10 Caiin

[ PRI il = iy _,I l.{rnn--npnn
[ [T B TR N N @ v
[ T - I

| T s s

1 | - w o maniey / i i i
1 e J . . . BN [ EIETE
-.uh g™ e - L i L . ' LU T ST
i Bt 5 - i [ -
i -.|u L] ) ] ) 1R ik e b B
| Gy Bsiiam oy .‘-Hnll-l'ﬂ
:lll.-ﬂ':'l“ Il E [ — NS - 2]
S I 3a0it 8w,
nnrn Ba=ar
— WA = s ¥
| 13 ad s E -
i!.'.ar.t 120 Mjor andaities
L . AANDUSE  IALTITOGE  f POLWUTON CONC. WL JW s
L] AN
| gl (TR L
1 o | Ty » e T PRS0
Denselomwise | G020 | 0.7 |COMMERCIAL o] T fiamssy L8123 | iy A0 4| L 30eEER
Denvendrise 008 | o IO IMIAL ol oo [y | 103 |1 0| 267 154
Opesmidike | 0000 | 000 | TRERS PORTATION o] oo Jaarea B38| 154547 3665 LaTMLY
Oprs highrise | 0000 | 000 [RECREATICINAL aoize) ean lapr & | amast] aaa] 1 aamedy]
LD | 000 [RESIDENTLY al - og [ WA | D0 IS 2206 1S
OED | O [P FADILINES lma| 33 frune e8| 1Eood 57 sl 1|
e ozl ae fy EREEE B T
000 | 9400 [uniuTy of 00 by aed fragud 2259 | a7 66al| 2xe | 11500
| 0078 | 25 [Sel AREL ga [ Pemenne | w3 | izl Many] sz
| oo | 000 [WaTERnony 0L Cirkrmer L1 | e oy 12| o seepees|
| T&C | 22.17|GREEN RELT o Mmoo | 2083 Ay MaHa|  LiEE
|00 [esr T | i EETET ETEETRNE ETE FEPEE
| (s u]
|




Shudy on Camying Capacity of Air Envirooment. BCT Diefhi

67324 Parpargany DeLH - DPCC

Around 60% of area in influence zone has dense mid-rise built up, which alters the local wind
patterns drastically, [t reduces the wind speed and prevents dispersion, 70% area lies in
residential land-use with possible emissions from LPGS, which would be low. Industrial area
wauld have emissions from loading & unloading activities
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67325 SomaVimar Devw - DPCC

The P, and PM,, concenirations were high from November o February The influence area
comises of mainly residential, PSP and uliity land-uses. The residential land-use has dense
mid-fise bullt form. There are slum setliements in the flood plains of Yamuna in this influence zone,
which might be using kerosene o fuelwood as fuels for cooking, Impacting the emission loads
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The concentration were high almost throughout the year from Oclober to May. The major land-uses
are PSP and residential PSP sector attracts the vehicular traffic movement through its commuters
gvenyday Emission Ioads 3t this station would be fram the Bhalswa landfiil sile located just outside
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67327 Rowm Dewwn - DPCC

The average monthly concentrations are high in winlers and have major fand-use of residential
and PSP There is open area (without vegetation), =0 the concentrations would be high due to
the soil dust panicles. Also, as per the aclivities map there are many notels and restaurants In

MISSION 10305

the area that might be using coal as fuel for barbecues which would increase the e
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Major land-use of the Influence zane IS agricullure. The concentration was high in November which
could be because of the emissions from stubble buming in and around the region.
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About 25% area in he infiuence zone lies in industiral and PSP sector, FSP sector attracts the
vehicular traffic movement throwgh its commulers everyday. Although industries have moved [0
cleaner fuel, they Influences the movement of traffic through their supporting activities such as
loading & unioading
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B7 330 Meijor DHven Crano Namiosas Stapium DeLnn - DPCC

About 25% area in the infiuence zone lies in PSF sector PSP sector attracts the vehicular raffic
movement through its commulers everyday, The ongoing construction at Pragali Maidan in the
influence zone could be the reason Of high P concentration
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Monioring staficns and ther nflusoce zones
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There is open (non vegetative) land in about 30% of the total area, which could be the reason for
high concentration in this zone in summers oo when wind speed is high. Aboul 60% area in the
influsnce zone lies In industrial land-use Afthough industries have moved 1o Cleaner fuel, they
influences he movement of traffic through their supporting activities such as leading & unloading
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Study on Camying Capacity of Air Enviranment MCT Deihi
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67332 OxHeaPrase-2, Detw - DPC

The average monthiy concentrations are high from Cctober to February. The significant amount of
vegetation ensures the lower concentrations of PM for about 8 manths throughout the year The
influence of vehicular movement for Industial adivities would be contributing 1o the emission loads
in the arsa
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6.7 WeazirrPur, DL - DPCG

Major land-uses in the area are residential and industrial Although industries have moved (o
deaner fuel, they influences the movement of traffic through their supporling aclivities such as
loading & unicading. There are very few vegelalive spaces which would have acled as pollution
sinks 1o reduce the emission loads in the influence arsa,
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Study on Camying Capacity of Air Enviranment MCT Deihi

87334 Bawans Derm - DPCK

Major land-uses in the area are residential and industrial Although industries have moved [o
cleaner fuel. they infiuences the movement of traffic through their supporting activities such as
Ioading & unioading. The station lies on the outskirts of urban area, with agricultural areas in the
vicinity The concentration was high in November which could be because of the amissions from
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6T 335 Sr Aurocanon Mare, DeLw - DPCC

The average monthly pollution conceniration of FM,, were in moderate category throughout the
year, whereas PM2 5 concentrations were poor in winters. The ventilation coefficient of the station
were high compared 1o other localions in Delhi, ensuring higher dispersion rales in the influence

area. Thefe are few restaurants & hotels, which could be using coal as fusi for barbecues.
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Study on Camrying Capacily of Air Envirooment. HCT Deli

67338 Pusa Deuw-DPCC

Major land-uses in Ihe area are residential, commercial and Industrial. Although Industries have
moved to cleaner fuel, they influences the movement of traffic through thedr supporling activities
such as loading & unloading. Commercial land-use attracts vehicular raffic increasing the emission
loads
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The emission loads in the zone would be mainly from theé generated traffic movemenis because of
the industrial land-use. There are chunks of exposed land or non vegetative area, In the direction

uld adad to the emission loads
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The average monthly polflution concentration of P, were in poor and severe calegory throughout
the yvear except August & Seplember, whereas PM2.5 concentrations were poor only in winters
Built farm ail above the influence zone is dense mid-nse, affecting he Iocal wind speeds and
reducing the dispersion mate Lot of land is exposad of non vegelative area, whose soil dust would
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6.8. OBSERVATIONS

The poliution inventories that have been discussed chapter 2, varies drastically when are
compared to each other Methodology, scale, season of study and the poliution estimation, all
differ from each other (except the pollution sources) and there isn't any common parameter
where significant inferences can be taken out. All the studies were done for different time slots
and none of them were covered for entire year. The resolution of the gnd used also vaned
from 400 x 400 sq to 4 x 4 sg.km. There was drastic difference observed in the sectoral
emissions of the all the studies, which leads to large vanance in the concentration of poliution
and uncerainty around the actual contribution of each source to pollution. The studies didnt
incorporate the impact of land use on air pollution or how the trend of pollution differs at each
Zone geographically Also, various unaccountable factors or sources of poliution finked to the
main pollufion source have nol been emphasized, Like the impact of loading and unloading
of goods linked to the industrial activities and the effect of informal sector and their emissions
have been missed oul. Even there is fuel change in Industries which have lowered the direct
emissions, these supporting activities continue to impact emission contribution from this sector
Therfe dre many mare unaccountable factors which put iImmense pressure on the concentration
ol air pollution in the city. If receptor modeling a2t all the monitonng stations is being camied
out throughout the year month wise, significant observations can be made, which could Turther
enhance the data quality and bold out better inferences. It will subsequently lead to effective
palicy maasures.

Alr Pollution is influenced Dy:
« Regicnal Factors (Macro-Level)
= Local Factors (Micro-Leval)
At regional level, the faciors Include:
= Climate; Temperature, Precipiiation, Relative Humidity, Pressure, Wind Direction and wind
- EIJEEU
» Topography
« Land Use and Land Cover
- Activities around the city limits and s location.
Al Local level, the factors include:
= Climate: Temperature, Precipiiation, Relative Humidity, Pressure, Wind Direction and wind
speed
« Land Use Primary aclivity and Secondary activity (Travel Demand)
« Location of Activities — Industries, Power Pianis. Commercial Centres, elc
« Building Heights. Local Climatic Zones

Dethi faces frequent dust storms every year during the months of March to June, which
increases the pollution concentration in e region. These slorms originale from Thar Desen
located In the weslern pans of Indiz or from distant source of the Arabian Peninsula. Erosion of
forests along the norhern and central Aravalll tracts has caused the advancement of the desert
particularly in the gap area with Increasing intensity of dust storms. S0, Increase in forest cover
in the Aravalli migh! reduce the intensity of such slorms,
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The city recelves most of the rainfail in July, August and September and during these monihs
anly the pollution concentrations are low, as the rain settles down the atmosphenc pollutanis
onto the ground. S0, it can be said that for these months only Delhi can handle its pollution with
achiviies normally running. Sinfort station showed higher PM,, concentration in this season (20
polluted days in July), it could be because there is urban forest in the area, which increases
the moisture in the area due to increase in humidity. The increase of refative humidity in the
atmosphere reduces the amount of solar radiation reaching the earth’s surface The heat from
the solar radiation is observed by the air, resulting in minimizing atmosphernic lemperature
nearer 1o the surface of earth. The air layer nearer 1o the surface of the earfh becomes colder
than the upper [ayers, thus reducing the upgoing currenls and leading o the increase of
poliutant concentrations. But station like Dwarka sec-8, showed higher PM,, concentralion
as it had uncovered open spaces which on high wind speed Increases the dust in the air on
non-rainy days In these months. During this season (he wind speed is often higher compared
o the rest of Ihe year, It increases the dispersion rate of he poliutanis hence lowerning the
concentration. Also, it was found that built form (refer map &) also affects the wind speed inside
the city, which creates chunks of land where there is negligible wind speed when compared to
the areas nearty.

Predominant wind direction in Deihi is from North West Wesierly and nonh-westerly winds
bring dust from wesiem regions and smoke caused by burning of crop residue in nekghbounng
FPunjab and Haryana to Delhi-NCR. Despite a ban on siubble burning in Punjab and Haryana,
farmers continue to defy it amid a lack of financial incentives.

When temperature is high in summers, mixing height in Delhi is observed to be high and
hence low pollution is observed in these areas. And when temperature is low In winters, miang
height reduces significantly, increasing the pollution in the city. So, in the months Movember
to January when the temperature is low, the concentration is expected to be higher. as the
dispersion rale iz negligible and mixing height is really low,

These meleorclogical factors constitute the variable factors which are unconfrofiable and highly
influence the concentration of pollution in the atmosphere Although certain alterations can be
dane to influence the factors like wind speed and direction by changing the urban form, buf it
i5 difficull 10 achieve in alréady developed city like Delhi

Built-form map (figure 10) and the vegetation map (figure 4) of Delhi present how uneyenly the
vegetation has been distributed in the city There are |arge pieces of fand which are densely
midrise and withoul any open spaces. These increase the activity rale in the zone and the
decreases (he pollution absorption areas. It lowers the scope of deposition, absorplion or
dispersion of polluticn in the area

In absence of mixing heighl data, solar radiation values can be accounted due to Its higher
comelation or dependency with mixing height. As solar radiation increases so does mixing
heighl and vice versa. The solar radiation varies over region 1o region and the cloud cover over
the region has strong infuences over IL Solar radiation and wind speed are pregominant factor
of atmosphenc stability (refer to Pasquill Atmosphenc Stability Classes).

Hours above standard are total hours where poliutant concentration 15 beyond 60 pg/ma3
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breakpaoint for PM_, and 100 Jg/m3 breakpoint for PM_
Equivalent Polluted Davs is equal to total hours where poliutant concentration is beyond 60 pg/
m: breakpoint for PM, . and 100 pg/m3 breakpoint for PM,, divided by 24
The case of Delhi is unigue in the sense that it has both geographical and meteorological
disadvaniages.
Data shows that even during high conditions of higher mixing heights, Delhi observes higher
poliutant concentration. The main regicn is the concentration and growing number of activities
Concenirafion of activities has huge influences on aif pollufant concentration.
Even with revised fuel standards such as shifting of industries and vehicles to cieaner fuel, the
situation of air poliution In Delhl would remain similar. The factors being

» Increased population growth,
Increased number of activities,
increased count of vehicles,

increased demand for goods (transportation of goods)
= improper zoning of industries w.rt air environment

Teiola 133 No. of polused day (PI4, ) Landusas ang arivibes

ino. | Monitoring Mo. of e Area urndes Yo Area under | Remarks
Stations days PM,, Landuses- Landusas-
concentration | (Endustrial + [Recrasticmmls
enceeding Transportation] | Green belts
standards Agriculture)
transporiation, but [GI has mostly
grean suifaces

Although landuse fals in PSP bul
stadum has moslly gresn swiaces

The area under recreation & high
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It Is quite evident from the above table how activities and fand uses affect the number of days
the air is poliuted at each station. Mostly all the areas which have maore 40 % land use under
greens have considerably less no. of polluted days when compared to the areas with more
no, of polluted days. Those stations (with less polluting days ) which doesn’t show comrelation
directly with land-uses have significant number of trees or green cover. Some stations continue
to show high number of polluted days even If the greens are more than 20 %, it 15 because




either the greens are in the opposite direction of the wind or lies in the major traffic juncbons.
Rest all shows how with the decrease in greens or increase in activity rate effects the no. of

poliuting days.

Landuse Planning and Air Quality

Land use planning is a process through which government agencies assess curment physical,
social, and economic conditions within an area, project future trends based on this information,
and consider stralegies and allemnatives for developing land that meel the needs of the
community at large  Part of the pianning process involves making decisions about the physical
characteristics and layoul of development In 2 metropolitan area, Including development of
ransportation Infrastructure, and bullding design and orlentation

Land use planning Involves consideration of a mulitude of community concems, including
environmental concems such as air quality

To understand the severity of air quaiity in Delhi we shall answer 1o some of the important
guestions.

What is the concern about air quality and transportation in Delhi?

Transpariation sources are significant contributors to emissions of volatile organic compounds
(VOCs)and oxides of nitrogen (NOx), the two major air poliuiants refated to smog. Transporiation
sources aiso contribute to the other criterta pollutants that EPA regulates.

Has air pollution from transportation sources improved?

In general, yes. Much has been done to reduce emissions of air pollutants from cars and
trucks over the [ast 25 years. These efforts have focused on the use of technology and tallpipe
conirols and have been guite successful at reducing the emissions of critena air pollutants from
transportation scurces. When compared o passenger cars in 1970, a vehicle today emiis 60 to
90 percent less air pollution over its lifetime due fo EPA's vehicle emissions standards.

However, although EPA's emissions standards and the improved emissiens control fechnoiogy
used o meel them are expecied o continue o positively affect air quality, the number of
kilomelers being driven are expecied to continue to increase

This increase in vehicle kilometers travelled (VKT) can be altributed 1o a number of changes in
wavel behavior. Since 2008, the number of cars and trucks in Delhi has more than quadrupled
while the population in Delhi has less than doubled. People are 1aking more local trips and
more long-distance Irips, and the Irips are. on average. longer than they were 20 years ago

The majority of this travel activity occurs in personal automobiles. In many communities,
alternative modes of transporiation, such as transit and the infrastruciure needed o make
biking and walking safe and convenient may be scarcely avaiiable, thus limiting personal
ransportation cholkces. Also, given average trip kengths of nearly 10 Kms, walking and biking
options are, In many cases, not viable.

For the many areas of the country that are working hard to improve air quality, these trends

1592
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toward more cars on the road, pecple dnving more often, and increased irip lengths may
offset the benefits gained from cleaner vehicles. To combat these trends, state and local
govermnment agencies seeking to reduce emissions from cars are increasingly looking not just
at technological solutions. but at strategies to requce dnving One such strategy is to explore
ways 10 develop land within communities that will increase transportation ophions and provide
peopie with more choices to use of altemative modes of travel and drive less

What is the air quality planning process?

There is no mandate as of now in India where the stale and urban focal bodies are required
to prepare air quality pians (also considered as Stale Implementation Plans, or SIPsin U.S)
Tne Source Apportionment Studies and Emission Inventories are prepared on need basis. The
reports however do nol follow a standard procedure such as maintaining a standard area of
study and scale of study and lype of land uses considered. The Source Apportianment Studies
astimates fulure air quality and describes in detail a city's plans to achieve air guality goals.

Graded Response Action Plan (GRAP) was prepared by the Ministry of Environment, Foresis &
Climate Change {MoEFCC) after the order of Supreme Court of December 2016. GRAP includes
the measures which will be taken by different government agencies 1o prevent worsening of Alr
Quaiity of Defhi-NCR (National Capital Region) and prevent PM, . and PM,, levels to go beyond
‘moderate’ national Air Quality Index (AQI) category. The EPCA is mandated to enforce the
Graded Response Acticn Plan (GRAP) in the city as per the pollution levets.

The approved Source Apportionment study and Graded Response Action Plan (GRAP) serves
as the city's commitment to actions that will reduce air quality problems.

The Pollution Control Board conducts source apportionment studies with support from agencies
or universities having technological advantages and capabilities with input from the metropolitan
planning crganizations. industnial pollution scurces operating in the state. and members of the
public.

Al present there are only a few Indian cities (non-atiainment) where source apportionment
studies and emission inventones have been conducied The imporiance of these reports are
the control strategies and maintenance plans The source apportionment studies provide an
initial forecast of the city's future emissions i e, emissions in the year(s) addressed by the
source apportionment study that will result if no additional control strategies are impiemenied
other than what is required by law. The source apportionment sludy also describes action plans
or programs (control strategies) that will be used to achieve the needed emission reductions in
the area and calculale future emissions that result when the confrol sirategies are considered
The non-atiainment city(s) must adopt enough control sirategies to show that it

a4 meels the standards in the future attainment year of

b continues 1o meet the slandard after afllainment IS reached.

The Source Apportionment Study done in India is somewhat similar to the State implementation
Plans (SIPs) prepared In U.S bul lack the important ingredient such as impact of land use
and transporiation planning. The source apportionment studies only rely on emissions directly
reflected by land uses and does not highlight the efficiency of land uses or urban forms. The
Master Flan of Delhi dees not provide any study as such of implications of land uses on air
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quaiity. The study should be focused on micro-levelizonal) analysis to meso-levelregional).
The source apportionment studies do not mention the total allowable emissions in a control
strategy i.e.. the amount of emissions the area can have and shill achieve the air quality goals
(Nafional Ambient Ar Quality Standards).

The Siate Implementation Plans (3iPs) prepared in U.S. accounts for the tofal allowabie
emissions in their control strategy measures. The portion of the total allowable emissions thal
is allocaled 1o highway and transil vehicle use is called the motor vehicle emissions budgel,
referred 1o as “the budgel” The SiPs described as — 15% plans, rate-of-progress plans,
altainment demonstrations, and maintenance plans -aimos! always contain these budgets
Molor vehicle emissions must siay within these budgets

Who gets invelved in the air quality planning process?

State Poliution Control Board, and in some cases, local air quality pltanning agencies, are
responsibie for crealing and monitoring progress of the Source Apportionment Study. State and
local air quality planning agencies, and other erganizations who are responsible for developing,
submitting, or implementing provisions of a source apportionment study works in isolation from
other State and local air quality planning agencies which can be observed by the degree of
changes in procedures of camying out scurce apportionment studies. In India, the agency
responsible for the preparation of spurce apportionment studies and preparation of emission
inventory work solely in their own capacity to model and assess the impacts of emissions from
vanous land uses. The repod is later published with approval from State or Local Pollution
Contrel Board. There s no process of review and public opinicn in the preparation of source
apportionment studies and control strategies suggested there within.

On the other hand. in foreign nations (SIPs developed in U.S. and other countries), air
quality agencies and transporiation planning agencies work together to model and assess
the transportation network’s impact on emissions from automobiles. In addition, citizens are
allowed 1o review and comment on the proposed plan

What is the transportation planning proceass?

The transporiation plan is a long-term plan for maintenance and improvement of the area’s
transportalion system. The plan mus! address al least a iwenly-year planning honzaon

Two Plans have been prepared so far i.e. Transport Demand Forecast Sludy and Development
of an integrated Road cum Multi-Modal Public Transport Network for NCT of Delhi by RITES,
April 2010 & Funclional Plan on Transport for National Capital Region — 2032 by NCR Planning
Board. Both the reports acknowledge the trafMic data from year 2008 However, the situation in
Deihl has drastically changed over the years and with increase in number of vehicles, changes
in land uses the vehicle kilemeters travelled (VKT) have changed The figures are outdated
and therefore should not be accounted In newer studies. Mo recent studies have been found
t0 support the viability of air guality studies (source apportionment studies) w.r.t transportation
Metropolitan planning Authodties (MPAs) are responsibie for transportation planning, specifically
the creation of the area’s long-range transportation plan (or called as Comprehensive Mobility
Plan} and its shorer-term transporiation improvement program (TIP).

There are ne studies which shows that the area's ptanned transporiation activities are consistent
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with {or “conform” to) the purpose of the Source Apporlionment Siudies in nonatiainment
cities; this process is also known as the fransportation conformity determination process (as
mentioned in SIP).

The transportation conformity determination process links  ftransportation and air guality
planning The lransportation conformity process 15 designed (o make sure that new invesiments
in transportation infrastructure do nol worsen air quality or mierfere with thé “purpose” of
the source apportionment studies. The Comprehensive Mobility Plan and TIF must result in
emissions consistent with those allowed in the source apportionmen! studies, which clearly has
na mention in Indian cities

To demonstrate that the transportalion plans are in conformity, the MPA mus! show that the
area's fulure emissions from highway and transit transponation activities meel Ihe motor vehicle
emissions budgels in the source apportionment studies,

As ol taday, such comprehensive study has nol been conducted in Delhi where ane can say the
conformity of transportation network with already existed source apportionment studies

How are the air quality and transportation planning processes linked?

In the pasi, transportation plans were developed independently of the air quality planning
precess and were nol required to consider the effects of transportation activities on air
quality. Simiiarly, source appartionment studles prepared by Siate Pollution Control Boards!
Agencies often failed to consider the feasibility of their plans with respect to the development
of transportation infrastructure. Air guality specialisis cannot guaraniee a continuing reduction
In motor vehicle related pollutants if vehicle miles traveled continue to grow, and transportation
specialists cannot improve mobility i the emissions budget for an area is created without regard
to air quality impacts. The transportation conformity process ensures the integration of the air
quality and transportation pianning processes o ensure consisiency between the emissions
resufting from highway and transit transporiation projects and the motor vehicle emissions
budgel in the

Source Apportionment Study.

What is the relationship between land use, transportation, and air quality?

The physical characlenstics and patterns of land development in a region, also known as the
urtan form, can affect air quality by influencing the travel made choices citizens have available
to them. Centain types of urban form necessitale the use of personal cars and trucks for travel
For example, when jobs and housing are far away from each other, and mass transit is not
available, people are dependent on cars lor dally travel Urban forms that make automaobile
travel 3 necessity can conlribute to air guality probiems.

However, other options for urban form do exisl. For example, development patterns that locate
jobs, housing and recreation in closer proximity 1o each other, can mean shorter and fewer
car and truck trips, thus reducing vehicle kilometers traveled (VKT) and likely reducing motor
vehicle emissions. Other developmenl paflerns have the potentiat 1o improve or mitigate air
quality problems by providing and promoting altematives to vehicular travel, such as mass
transit, walking, or biking




in what ways does urban form impact travel activity ?

Numerous studies have been conducted over the years to explore the connection between urban
form and travel activity, and the weight of the empincal evidence suggests that characterishics
of urban form can be mportant factors in reducing VKT and emissions. In a 1998 review of
literature on the link between urban form and travel behavior, Apogee/ Hagler Bailly concluded
that urban form can have a discemible efect on travel behavior. The authors found thai, based
an both empirical studies and simulation (modeled} studies conducted primarily in the early
1o mid-1990's, evidence exisls to sugges! thal changing the current patterns of development
{generally low density, single use, and suto-oriented) can reduce vehicle travel and, hence, air
poliutant emissions from vehicles According 1o the authors, “even though changes in urban
form may lake years 1o occur, the besl regional ransportation models sugges! thal allering
urban form can aflect travel and emissions measurably within a time frame of 10 10 20 years.”
In the repon, the authors note thal there are a number of urban form features thatl can affect
travel activity, the most sianificant of which are;

+ Density,

« Land use mix,

» Transit accessibility,

= Pedestrian-environmentl/ urban design factors, and

- Regional patterns of development.

Five characteristics of urban form that infiuence travel and air quality
Density
- Refers to the compactness of a neighborhood, 3 development. or a region
- Can reduce vehicle travel by reducing the distances that people have to drive, reducing the
necessity of owning a vehicle. and increasing the wiability of using other modes of travel
such as walking or biking
= Higher density development also makes mass transit more economically feasible for the
= public seclor

Land Uses Mix
» Refers o incorporating diferent land uses (e g., recreation, housing, employment, shopping}
within a development, a neighborhood, or a region
= Can lead 1o shorter trip distances and greater use of walking, as well as a reduced need
for vehicle cwnership
= Can reduce required commuie distances

Transit Accessibility
- Refers 1o locating high-density commercial and residential development arcund transit
slations, also known as “transil-onented development ” of TOD
« Can increase the market for such services, increase ridership, and decrease aulo use
= Can lead to decreased auto ownership

Pedestrian-Envirenment/Urban Design Factors
- Hefers to features that improve the pedesirian environment such as sidewalks, clearly
marked crosswalks, shade trees. benches, and landscaping; also refers to features that
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improve the bicycling environment such as bike paths and dedicated bike lanes, bike
parking and clear signs

« Can reduce driving by increasing the desirability of walking and biking

« (Can lead to decreased auto ownership

Regional Pattemns of Development

« Refers to patterns of dispersion, centralization or clustering of activities within a metropolitan
area, a% well as 1o the refationship of development 1o highway and lransit syslems,
involves the interrelaticnships between employment and residential development and the
transportation connection between sets of ongin and destination points

« Can reduce driving by locating trip origins and destinations closer logether

« Can encourage transit use and reduce vehicle trip making by concentrating development
around transit networks and clustering development

Among other indings, Apogee/Hagler Bailly concludad that the weight of the evidence suggesls
that:

- Trip lengths can be reduced when compact development and integration of 1and uses
occurs, even where automobiles are the dominant mode of transportation,

= Increased accessibility to mulliple uses reduces average trip lengths,

= Urban form can have a measurable impact on the desirability of using different modes of
transportation;

« Rates of vehicle ownership are lower in places where personal vehicles are not required for
personal mobility, even when income/economic factors are considered,;

« Accessibility 1o a vanety of tnp purposes, as in mixed use developments, may induce
additional trips; however, these trips are shorter and are mode likely to be made by walking
than tnps in areas where mixed land uses are not available; and

= Synergies between different land use factors can be important in influencing trave! behavior
and changing one single factor may not be encugh to change travel behavior

All of these considerations suggest that decisions about urban form have the potential (o
influence such problems as trafic congestion, sprawl, air pollution, and other environmental
and social conditions that are important (0 communities.

Numerous studies have atlempied Lo quantify the impacts of urban form on VKT and emissions
It is important 1o note [hal due lo Ihe many vanations belween communilies, locations, and
preject charactenstics, it is not possible to provide a2 simplified table of emissions reductions
Each land use aclivity should be examined individually to assess the impact it may have on
VKT and emissions.

How can urban form be changed to improve air quality?

Communities make decisions about how best o direct future growth as pan of thelr fand use
planning process. Across the country, an increasing number of communities are spreading
further and further away from urban cores into low-density, car-dependent communities with
housing, employment, shopping and recreaticn in separate locations. This suburbanization
development patiemn, sometimes referred to as sprawl, has been linked 1o a vanety of community
concerns, such as loss of open space. ar and water poliution, fractured neighborhoods and




traffic congestion.

Some communities are beginning to consider ways to accommodate future growth that take
into constderation not just economic concems, but environmental and quality of life concems
as well As described previously, strategies for land development that encourage higher
densities. @ mixture of land uses. greater accessibility to transit. development of pedestrian/
bicycle infrastructure; and consideration of broader regional development pattermns can slow or
curty the potentially adverse effect that sprawl Can have on air quality. Some examples of land
use siralegies inciude:

« Transit-oriented development (TOD) encouraging fransit travel by developing moderate 1o
high-density housing, shopping, and employment cenlers aleng a reglonal fransit sysiem,
with pedestrian access

- |nfill development encouraging pedestrian and ransil travel by localing new developmernt
In already developed areas, so that activities are closer logether.

« Brownfield redevelopment: remediation and redevelopment of under-utilized or abandoned
lands. usually in aiready developed areas, thal have been contaminated during previous
use.

= Mixed-use development development thal cales complementary land uses such as
housing, retail, office, services, and public facilities within walking distance of each other

» Meo-traditional design/ pedesirian-oriented development creating a combination of land
development and urban design elements with the purpose of creating pedestrian onented
neighborhoods.

- Developing concentrated activity centers: encouraging pedesirian and transi travel by
creating “nodes” of high-density mixed development, that can be more easily linked by a
transit network.

- Sirengthening downtowns: encouraging pedestrian and transit trave! by making central
business districts concentrated activity centers that can be the focal point for a regional
transit system

« Jobshousing balance: reducing the dispanty between the number of residences and the
number of emptoyment opportunities availabie within a sub-region by directing employment
dgevelopments to areas with housing, and vice versa

Nole that this 5 not an exhaustive list. other possible strategies exist and are being considered
in various communities around the country,

These kinds of lBnd development strategies are often characterized as “smarn growth” strategies
The term “smart growlh™ has been used by a variely of groups, and many people inlerprel its
meaning In different ways: In some stales and municipalities, existing policles and requiations
make smart growth strategies impossible 1o achieve or discourage thelr implementation
Changes to exisling policies or creation of new policies may be necessary 1o make smart

growth possibie.

What kinds of actions are needed to make “smart growth” strategies achievable?
There are many actions that all ievels of government can take to encourage land use sirategies
that promote alternatives o single occupancy vehicle trave!. Some of these are discussed
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below.
At the local level, actions generally fall into three categories regulations such as zoning and
subdivision reguiations, monetary incentives, and non-monetary incentives.

Zoning

Joning can be used toallow orrequire mixed use development. Specialdisincts can be designated
where developmenl must meet specific requirements for mixing of housing, employment,
shopping and public services Local govermments can also use zoning 10 increase density
levels in downlown areas or in aréas sumounding transil siations. Other zoning policies such as
fine grain zoning (replacing karge single use areas with smaller zones thatl can accommodale
a Mix of uses) and over-lay Zoning (adding a second use to an already-zoned area), as well
as standards for street design (requiring narrower, better connected sireels with sidewalks,
Bicycle lanes, and bus slops) provide local governments with the regulatory means o redirect
urban form in thelr commanities.

Monetary incentives

Ancther way thal local govemments can implement smart growth sirategies is 1o give tax
breaks to developers who bulld in desired locations. For example, local governments can
encourage employers 1o locate near existing housing areas and near transil routes by offering
tax incentives. In cities where developers are required to pay impact fees (fees to pay for
additional infrastructure needs that the new development generates), local governments can
set those fees higher in outlying areas than in existing urban cores, thus potentially making
urian development more economically feasible for the developer. Local and state governments
can also pariner with financial institutions to provide financial incentives to home buyers (such
as reduced rate mortgages or financial credits toward home purchases), to encourage them to
Ive closer to their employers or closer to transit

Non-monetary incentives
Local governments can also provide non-monetary incentives, such as acceleraled permit
processing or reduced parking requirements fo encourage developers fo use smart growth

principles.

The combination of several kocal regulatory- and incenlive-based programs may Increase the
likefihood that development will occur in desired areas

While these state-level activities do not directly aller jocal planning and decision-making
processes, they can indirectly encourage urban form patiems thal decrease aulomobile use
In addition 1o these sirategies, which encourage development in urban cores and discourage
development al the urban fringe, many stales and local communities are reexamining existing
policies and funding practices to make sure thal they aren’'l inadvertently encouraging
development in untargeted areas. Examples Inciude Wmiting access 1o new highways and
bypasses and limiting state funding for Infrastructure improvements ouiside of designated
growth areas Some states have designaled growth boundaries, outside of which the siate
will nat fund infrastructure improvements needed 1o suppon development Other states have
Implemented policies such as purchasing development Aghts on rural lands o ensure that they
remain undeveloped.




POLICY AND TECHNICAL CONSIDERATIONS - ACCOUNTING FOR THE AIR QUALITY
BENEFITS OF LAND USE ACTIVITIES

Land use activities are actions inifiated by local, regional or state governments. individuals,
arganizations, and developers that change urban form in ways that may decrease the use
of motor vehickes and encourage alternative modes of transporiation. Where these land use
activities can be shown to reduce emissions from motor vehicies, they may be accounted for in
the air quality and transporiation planning processes

Land use activities may be policies or projects.

Specific policies that do have the force of law and therefore could be considered for air quality
accounting include zoning ordinances, subdivision regulations, parking codes, and development
slandards. These palicies are generally adopled by local governments. Other spedific policies
may be incentive programs, which require voluntary participation by developers or cillzens
Specific Projects are generally site-specific, and usually occur on a relatively small scale,
aithough large-scale developments. such as master pianned communities, do occur. Usualy,
tand use projects are initialed by private sector actions, however, partnerships and Initiatives
between government agencies, public advocacy organizations, and developers are often the
catalyst for such development projects.

Some projecis can be accounted for in air quality and transportation planning processes if their
emission benefits can be quantified. Mote that supporting transportation elements of land use
developments, such as the addition of transt lines and stops in the area. may be accounted for
as transportation controd measuras.

How are fand use activities incorporated into the air quality and transportation processes?
Land use activities are incorporated into the air qualily and transportation processes by
modeling the emission reduction impacts of land use aclivities. The way land is developed—
how residences, jobs, shopping, recreation, and other destinations are situaied within an area—
can impact the length and number of vehicke trips, as well as the speed at which they occur
Therefore, land use pattems can have an effect on travel activity and emissions.

To calculate the amount of pallution from motor vehicles, planners consider the ways hat land
will be used In the Tuture and how the Tuture transponation network will support those uses. In
general, there are three steps to this process

= Establizh land use planning assumplions (Froposed Master Plan),

- Conduct iravel demand forecasting, and

- Perform emissions modeling.

Flrstly, to establish the land use planning assumption, the proposed fand use pian for Deini
have been provided in Deihi Master Pian 2021 and the new Master Plan of Deini for year
2042 |s on way. No existing land use pian of Delhl exist and thus makes 1 hard to provide a
comprehensive assessment and ground truth reality of its implcations on air quality.

Second, Travel demand forecasting Is a process where transportation planners predict expected
travel activity throughout a region.
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First, an area is divided up into travel analysis zones. from which trips anginate and to which
trips are destined. The amount of population, households and employment forecasted for a
zone: will affect how much travel will occur in and between zones. Employment 18 used to
represent not only work aclivities, bul afso shopping, lunch and other types of frips. Then, the
model performs the following 4 sleps:

= Trip Generation: The trip generation step uses the land use assumptions to estimate the
number of {rip ends (productions and attractions) for each zone. The trips are generaled by
trip type, such as “home-based work,” “home-based other” or "non-home based.”

« Trip Distribution: The trip distribution step links the productions with the altractions. Demand
for travel between two zones IS related o the number of trips in and out of the zone, and
the amoun! of impedance {i.e , the eflect of fime, dislance, andior cos! on travel activity)

= Modal Choice: In some arsas, the travel demand model also produces eslimates of trips
by mode (eg., highway, transit, or olher modes) Mode choice models may take into
consideration factors such as demographic group, cost, tnp purpose, and relative travel
times.

= Trip Assignment Trip assignment involves assigning vehicle trips to specific links of the
travel network. Travel demand models also estimate the speeds that vehicles travel, based
on how congesled the road network Is.

This process generates VKT and speed data that is directly used to estimate motor vehicle
emissions.

The whole process of Travel Demand Forecasting is curmently not avallable for Delhi NCR (latest
dataset) and thus the air quality assessment lies incompiele and so 1S Source apportonment
study.

The |ast step in the process is to model the emissions produced  Emission rate models are
used lo estimale emissions for the area, taking into consideration factors such as the mix of
vehicles types, temperature, ic. These rates are then applied to the VKT and speed estimaies
from the travel demand model to calculate motor vehicle emissions rates

As of now, there is no report which shows the relationship between land use, travel demand
and emission produced The Master Plan of Delhi, 2021 states [he projected growth of vehicles
and modal share gver the years based on 2008 data. The severily of air quality as per the
reports published by CPCB have been acknowledged in the Master Plan but no further details
have been provided as 1o how the proposed land use pians and existing transportation network
would impact the air quality.

INCLUDING A LAND USE ACTIVITY AS A CONTROL STRATEGY IN THE SOURCE
APPORTIONMENT STUDIES

What Is a control strategy?
A control strategy 1S a policy, program. of project used by a non-attainment cily fo reduce




ambient air pollution levels in order achieve MNational Ambieni Alr Quality Standards,
demonstrating reascnable progress towards attainment, or maintaining the standards Control
strategies are listed and descnbed in the source apportionment studies. Collectively, all of the
control strategies must reduce emissions enough to show attainment, maintenance, or further
progress, depending on the type of aclion plans. Some examples of control stralegies include
use of clean fuels or advanced control technology to reduce emissions

How can we account for land use activities as control strategies in Source Apportionmant
Study?
There are threg ways 1hat land use activities can be accounied for as control strategies in the
Source apportionment study
A specific land use activity that can be shown to have alr quality benefits can be considered @
control strategy In a source apportionment study If certain requirements, outlined in the Air Act,
are met. These control stralegies are also known as “traditional control sirategles”
in addition, EPA has deveiloped two specific policies thal address innovative, voluntary control
measures, which may aiso be applicable when accounting for land use aclivities as control
strategies in a source apportionment study. They are:

= Voluntary Mabiie Source Emission Reduction Program policy (VMEP policy), and

- Economic Incentive Pragrams policy (EIP policy)

What are traditional control strategies?

Traditional control strategies are control strategies that can be shown to have air quality benefits
and meet cerain reqgurements outlined in the Air Act. Land use activities that meet the existing
statutory requirements of the Air Act can be accounted for as tracitional control strategies.
The traditional control strategies would mean moderation of existing land uses which n some
way would be tough to enforce and might not be adequately supporied by the Urban Local
Bodies. This alsc means transforming the area permanently and as such needs a high-risk
evaluation

Whiat is the voluntary mobile source emission reduction program (VMEFP) policy?

The Voluntary Mobile Source Emissions Reduction Programs policy, also known as the VMEP
guidance or the “voluntary measures policy”. was developed to allow states to account for the
benefits of voluntary maobile source measures These are measures that rely on the voluntany
actions of businesses or individuats 1o achieve emissions reduchions. According 1o the policy,
“Voluntary mobile source measures have the polential to confribute, in 3 cost-effective manner,
emissions reductions needed Tor progress oward altainment and mainienance of the National
Ambient Air Cuahty Standards (NAAQS). The control measures suggested In the Source
Apportionment Studies are in line with the voluntary mabile source measures. Some examples
ol voluntary measures, of VMEPS, include economic and markel-based incentive programs,
trip reduction programs, and growth management strategies.

The common thread among all VMEPS [s that, for these meaasures 10 be successful, voluntary
participation of businesses and citizens is necessary. In other words. YMEPs are notl required,
and state and local governments do not kave the authonty to make participants take action.
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Therefore, under the VMEP policy, the definition of enforceable for voluntary measures is
different than for traditional control strategies. Voluntary measures that are inciuded in source
apportionment studies are not enforceable against the source; rather, the state/city is responsible
for ensuring that the emission reductions accountad for in the source apportionment study do
indeed occur. The stale must make an enforceable commitment to monitor, assess and report
on the emission reductions resulting from the voluntary measures and to remedy any shortfalls
from forecasted emission reductions in 2 timely manner

When should the governing authorities/ULBs use the VMEFP policy 1o include a land use
activity in Air Quality Improvement Plan?

For land use aclivities where the state or local govemment does not have the authority 1o
enforce the activity, a state could not include 2 land use activity as a traditional control strategy
because they would nol be abie 1o meet the enforceablity requirements stipulated in the Alr
Act In these cases, the Slate and Local Pollution Conltrol Boards may wish 1o account for the
air quality benefits of the activity under the VMEP palicy

The VMEP policy allows for more innovation than most other programs. it is the appropriate
policy 1o use for many newer programs that do not have well established guantification
methodologies. In addition, by not requiring that the stale directly enforce against a party
Impiementing a measure, businesses and Individuals may be more willing o try newer policies

and programs.

Due to the innovative nature of voluntary measures, Issues in quantifying them, and the
inability to enforce these measures against individual sources, the VMEP measures are not
100 percent achievable and thus can only be accounted for 40-50 percent emission reduction
EPA has set a bmit on the amount of emission reductions atlowed under the VMER policy in air
quality improvement plan. This limit is set at three percent (3% of the total emission reductions
needed to reach attainment.

What are the Economic Incentive Programs (EIF) policy?

The Economic incentive Programs (EIR) policy is a8 reguiatory program designed to encourage
the use of market-based incentives or information o reduce emissions The purpose of the
EIP paolicy is fo provide fiexibility in how sources meel their emission reductions targets and
empowers sources (o find the most sultable and cost-effective means of meeling the goals of
attainment or maintenance The policy cavers stationary, area, and mobile Source emissions.
Tne EIP guidance documen!, “Guidance cn Economic Incentive Programs for Air Quality,
‘provides specific details on how o ensure that incentive programs mee! the Air Acl criteria
of quantifizble, enforceable, surplus, permanent, and adequalely supported as listed in the
tradilionai contral strateqy

The guidance describes four categories of EIPs: financial mechanisms, public information
programs. clean air investment funds, and trading programs. At this time, financial mechanisms
and public informalion programs are mast applicable to including Eanad use aclivities as EIPs in
control measure suggested by source apportionment studies

An exampte of a land use activity that could be a financial mechanism EIP might be a program




that offers some type of monetary reward of incentive o developers. This incentive could
be in many forms, including tax breaks, granis for brownfield redevelopment, or a flexible
development fee structure. Allematively, incentives could also be offered to home buyers or
companies moving into areas where development is desired. These monetary incentives could
be offered by local, state, regional government agencies, or perhaps even by non-govemmenial
AQENCIES.

A public information program. such as a labefing program 1o designate environmenially sound
af "smarl growth™ developments as being supporied by the stale could aisa be a land use EIP

The EIP requires three main components
« The EIF submittal includes fully adopied contingency measures and conlains a slale
commitment to automatically implement confingency measures, If necessary,
= The state will only count emission reductions on a3 retrospective basis; or
= The stale has used the control strategy in a similar situation, has achieved positive resulls,
and gets preliminary approval from EPA o use the provision
What steps are necessary for quantifying land use activities as traditional, VMEP, or EIP
control strategies?
There are five general steps 1o follow in arder to quantify land use activities ina control measure.
They are
1. Completely describe the [ang use activity.
2. Describe how employment and housing and other infrastructure are affected by the activity,
3. Describe how the travel activity effects arising from the land use activity.
4 Determine the emissions reduction associated wath the travel activity effects
5. Demonstrate that the emissions reductions are surpius

The above-mentioned processes are fime taking and would require a year 0 fully develop
the model. Al present, studies in these regards are limited and researchers have fioated their
observalions with due limilations. Therefore, a brief study needs to be carried out in order to
fully determine land use as control measures

Various control measures ficated in the Source Apportionment Studies of Delhi cily have been
implemented but so far no detail information exist on how far it has been carmed out successfully
and if such measures had any impact on improvement of air quality in Delhi

What are transportation control measures?

Transporation control measures (TCMs) are adopted for the purpose of reducing emissians or
concentration of air pollutants from Iransportation sources by reducing vehicle use, changing
traffic flow, of mitigating congestion conditions. TCMs may be volunlary programs, incentives
requiatory programs, and/or markel based/pricing programs. Note thial, for the purposes of
conformity, vehicle technology-based or fuel-based measures are not TCMs.

A land use project, such as a site-specific fand use development, generally should nol be
considered a TCM. However, transporiation aspects of specific land use projects such as
ransit stations or bike facilities can be considered TCMs.

Examples of TCMs that suppon land use activities:
- Farking management programs




« Area-wide ride-share incentives

= improved public transit

« Bicycle and pedestnan measures
« Park-and-nide programs

By designating transportation components of a land use activity as TCMs. the local area
provides additional evidence that the overall land use activity will actually occur. TCMs are
supporive and complementary 10 land use aclivities:

Congestion reliel can contribute to air quality improvements by reducing travel delays, engine
idle time, and unproductive fuel consumption

Various TCMs have been Introduced in Delhl such as shifing of fuel from B3 IV to BS VI as
of 2020 and Introducing park and ride programs, parking management programs. Efforls have
been made o materalizad the bicycle and pedestrian measures but so far it is oul of ambit of
Dethi city due 1o one factor or the another

Shifting from personal vehicles to public transport and cieaner modes such as bicycles, elecinc
vehicles, etc. will take time and need huge Invesiment The major flaw one can obsende in
Delni city would be the locatien of househaold and distance 1o work place. The lange distances
between home and work places makes it easier to use personal vehicles and avold public
transport

Freight trafic and movement of goods within city and passing throwgh inter-city traffic affects
the overall city mobility. Since the transportation of goods will grow with economic growth, the
planning for the movement of goods needs to be given a much greater focus. The planning for
freight movement should address the problem of intermiaing of local and regional traffic.

The plan should assess the expecied growth of freight by taking into consideration the past
trends. extent of indusirial and commercial activities distribution and storage facilities in the city,
location of wholesale markets, direction of city growth etc. and indicate the need for relocation
of wholesale markets and shifting of truck terminals 3! appropriate localions, preferably on the
periphery of city.

The freight managemen! plan should address issues regarding the location of distribution
centers, mode of transport, time restrictions, air and noise pollufion etc. For example, a regional
distribution center can be located on the periphery of the city In conjunction with transport
network infrastruciure and a local distribution centers can be localed suilable al 2 number of
locations within the cily preferably closer 1o commercial cenlers.

How will the time frame for implementing the land use activities affect chosen accounting
option?

Areas thal are designaled non-attainment have a defined period of time 1o reach their air
quality goais. For example, in 3 region that has been experiencing considerable sprawl-type
development over many years, [and use policy actions to encourage high densily, mixed use
development in exisling urban cores may take 10 to 20 years 1o have a significant impact on
development frends and emissions from motor vehicle travel. Many areas may include control
strategles in Alr Cuality Improvement Plan, without expliciily accounting for emissions benefits
from them.as measures that will assist in meeting or maintaining air guality standards. Todo 50




may allow governing authorities UL Bs to highlight tand use activities and help ensure that the
control strategies are supported by all levels of government.

In cases where land use activities are not expecied 1o achieve emissions reductions within
the time frame, but are expected to achieve emissions reducfions in the future, these land
use activities could be included in 2 future maintenanceimprovement pian. The maintenance
penod is 20 years, covered by two ten-year maintenance plans (the second is submitted eight
vears after the first). Alternatively, one may choose to take account of the land use aclivity in a
conformity determination, which involves a planning horizon of at least 20 vears (Master Flan
—20years, Comprehensive Mobility Plan — 20 years)

While many policy decisions take long periods of time 1o yield emission reductions, specific
projects initiated by private developers and financial institutions may occur more rapidly. For
example, numerous developers are building housing communities, office complexes. and
shopping centers which bulld in principles such as high density, orientation near public transit,
reducing the number of parking spaces, and designing streets and buildings o encourage
walking. These specific projects may yield localized emission bepefits in a shorter time frame
than regionai policies. Projects that are large scale or thal are constructed in phases would
take a longer time to show benefils.

A combination of shorn-term localized projects and longer-term, regional policy, incentive, and
education sirategles is the best approach to creating significant benetits

What other important issues should the governing authorities/ULBs be aware of in
gquantifying air quality benefits?
There are a number of additional issues the governing authorties/ULBs should consiger when
quantifying the air quatity benefits of land use policies and projects. These include:
- The synergistic or antagonistic interactions between policies and projects.
« Deciding whether to quantify the benefits of policies and projects individually. or with other
policies and projects,
« Ensuning that the estimales are conservative enough, and the polential consequences of
not being conservative, and
« The effect of the scale of project on the uncertainty associated with the estimate of emissions
reductions

Accounting for interactions between land use activities

Relationships between land use and lravel are complex, Land use aclivilies may inleract
with each other, either enhancing the emissions reductions they achieve, or in some Cases
diminishing the beneficial effects

Forexample, microscale changes such as adding skdewalks and bike paths may nol be enough
by themselves to alter vehicle ownership or mode choice (f the region IS largely vehicle-onented
A combimation of actions, such as mixed-use development, increased access o ransit, and
pedesinan improvements, may yield more success in shifting trave! activity from vehickes to
other modes.

In additicn, in areas where congestion Is a currenl problem, increased density of development
may yield increases in localized emissions.

it s important fo consider the potential interactions of certain land use activiies with other
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control sfrategies, or with current conditions when guantifying the emission effects
Quantifying land use activities individually or as a group

Calculating the emission benefits of land use control strategies together can result in fewer
modeling steps. If we model several siralegies together, we will need 1o calculate an mitial
forecast of fulure emissions without the fand use activities and compare that to a calculation
of the emissizns with all of the land use activities included. Quantifying the effecis of land use
aclivities together will likely betler capture the interactions and synefgies produced by several
land use policies or projects

By determining the explicit amount of emissions reduced by a single [and use activity, one can
determing the air quality benefils of that control strategy and the cosl effectiveness of pursuing
it. This will allow us 1o compare several land use conlrol strategy options in lerms of emission
reduclions and cost effectivenass. in addition, by going through the process of calculating the
benefils of the control strategy, we are likely to gain more insight into how the land use control
strateqy Is working. Caiculating a specific benefil for the control strategy can also help explain
the effectiveness of the control strategy 1o the public. Ths can be particularly impaortant if
quantifying the conirol sirategy's eflectiveness is needed for it to be adopted.

Using conservative estimates

Modeling the air quality impacts of land use activities Is an inherently unceriain precess, and
it s important that we are confident in the emissions Denefits that we account for in Air Cuality
improvement Plan or conformity determination. If we overestimate the emission reductions for

land use activities, we ultimately may not meet the air guality standards. If a land use activity
does not result In the expected emission benefits, the goveming authorities/ULBs will have to
find new reducticns 1o make up the shortfall,

Taking into account the scale of the land use activity

Land use and transportation models are iKely to more accurately predict the benefits of a land
use project or land use policy when its impact is lame in scale. For larger-scale projects, the
Iaw of averages will tend fo even out outiving discrepancies, whereas smailer-scaie projects
will b2 more affected by individual variation The governing authomnties/ULBs need to be aware
that for very small projects and policies, the inheren! errors in the modeling can even be greater
than the modeled emission benefits of the project. The scale of the project can therefore greatly

impact the confidence levels of the modeling, and thus the amoun! of emissions reduclions
claimed

Some examples of Land Use 5trategies include:
- Concentrated aclivily centers. Encourage pedesirian and transit iravel by crealing "nodes”
of high-density mixed development, that can be more easily linked by a transit network.
« Strong downtowns: Encourage pedestrian and transit travel by making the central business

disinct a special kind of concentrated activity center, that can be the focal peint for a
reglonal transit system

- Mixed-use development. Encourage pedestrian and transit traved by locating a vanety of
compatible land uses within walking distance of each other.
« Infill and densification: Encourage pedestrian and transit travel by locating new development
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in already developed areas, 50 that activities are closer logether.

Increased density near transit stations: Encourage fransit travel by increasing development
density within walking distance (500 to 800 m) of high capacity transit staticns and
incorporate direct pedestrian access.

Increased densily near transit cormidors: Encourage transil travel by increasing development
agensity within walking distance (300 10 800 m) of a high capacily fransit cormdor.
Pedestrian and bicycle facilities. Encourage pedestrian and bicycle travel by increasing
sidewaiks, paths, crosswalks, protection from fast vehicular traffic, pedestrian-activated
traffic signals, and shading. Interconnected streetl network: Encoursge pedestrian and
bicycle fravel by providing more direct roules between locations. Also, alleviale traffic
congestion by providing multiple reutes between origins and destinations

Stralegic parking facilities: Encourage non-automobile modes of transit by limiting the
parking supply and encourage carpooling by reserving parking close o bulidings for
carpools and vanpools

Some examples of Land Use Polices include:

Encourage focused higher density by:

Allowing transfer of unused developmenl density capacity in outlying areas to permit
development density above maximum limits near central areas and transit (zoning/
reguiations and non-monetary incentives),

Allowang increased density for residential, retail, and employment generating uses in central
areas and around transit (zoning/regulations and non-monetary incentives),

Setting minimum densities for residential, retail, and employment generating uses in central
areas and around transit (Zoning/regulations);

Requiring ne net decrease in residential density for redevelopment (Zoning/regulations);
Stating densities in terms of square feel of land per dwelling unit, rather than minimum lot
size, 1o encourage clustering (zoning/reguiations),

Granting incentives (e.g., reduced parking requirements, accelerated pemil processing,
infrastructure upgrades) for development that focuses on existing urban areas and infill
{nonmonetary incentives),

Adjusting development impact fee structures or giving tax breaks to encourage infill and
Increased density development near transit and activity centers, and lo discourage outlying
development (monetary incentives)

Encourage mixed-use zones by:

Allowing mixed use, which Is now prohibited in many places (zoning/regulations),
Requiring mixed uses, with certain percentages of residential, public, and commercial uses
In target areas (zoning/reguiations),

Using fine-grained zoning to achieve mixed use while ensuring residential zones are
buffered from heavy indusirial zones with light industrial and commercial zones (Zoning/
requiations),

Using mixed-use cverlay zoning, 1o add a second use ta an area that is primanly in another
use, e.g., commercial comdors along major artenals in a primanly residential area (zoning/
reguiations);
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= Granting incentives (e.g., reduced parking reguiremenis, accelerated permit processing,
imfrastructure upgrades) for development that locates transit- or pedesinan-onented
amenities, like housing or child care near commercial uses and pedestrian-onented design
(non-monetary incentives);

« Adjusting development impact fee structures or giving 1ax breaks (o encourage mixed use
(monetary incentives).

Encourage pedestrian, bicycle, transit, and carpooling activity by:

= Requiring connecled, narrower sireels with rees and sidewalks in new development
{zoning/regulations),

= Requiring bicycle lanes and transit stops on larger streets In new development (zoning/
regulations);

= Requiring trafic-calming devices In new development, €9, textured paving at crossings,
frequent intersections with pedestrian-activated Iraffic signais, and traMic circles (zoning’
reguiations);

« Reducing requirements for setbacks and minimum lol sizes o create a stronger connection
between buildings and sidewalks (Zoning/regulations and nen-monetary incentives),

= Requiring pedestnan scale signs In pedestrian- and lransit-oriented areas (zoning/
requiations).




6.9. AR Quaurty Durming COVID-19 Panoemic Lock-nown INn DELHI

On 24 March 2020, the Government of India under Prime Minister Narendra Modi ordered a
nationwide lock-down for 21 days, limiting movement of the entire 1.3 billion population of India
as a preventive measure against the COVID-19 pandemic in India® It was ordered afier a 14-
hour voluntary public curfew on 22 March, followed by enforcement of a series of regulations
in the country’s COVID-19 affected regions.'® The lock-down was placed when the number of
confirmed positive coronayirus cases in India was approximately 500 Observers stated that
the lock-down had slowed the growth rate of the pandemic by & Apnl to a rate of doubling every
six days"”, and by 18 April, 1o a rate of doubling every eight days.™

As the end of the first lock-down period approached, state govemments and other advisory
committees recommended extending the lock-down. ™ The governments of Odisha and Punjab
extended the state lockdowns to 1 May " Maharashira, Kamataka, West Bengal and Telangana
followed suil.*® On 14 April, Prime minister Narendra Modi extended the nationwide lock-down
until 3 May, with a conditional relaxations afler 20 April for the regions where the spread had
been contained or was minimal '

On 1 May, the Government of India extended the nationwide lock-down further by two weeks
until 17 May, The Government divided all the districts into three zones based on the spread
of the virus—green, red and orange—wilth relaxations apphied accordingly. '™ On 17 May, the
lock-down was further extended till 31 May by the Nationai Disaster Management Authority '8
On 30 May, it was announced thal the ongoing lock-down would be further extended Uil 20 June
in containment zones, with services resuming In a phased manner starting from 8 June_ It is
termed as “Unlock 1°.%

Tabhe 125" Look.00mwn sages
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691 Janars CurRFEW

The Janata Curfew (ransl People's curfew) was a 14-hour curfew on 22 March (from 7 a.m
to 9 p.m ). Everyone except people of 'essential services' such as police, medical services,
media, home delivery professionals and firefighters were needed 1o 1ake par in the curfew
Al S pm that day, 2l cilizens were asked 1o stand in their doorways, balconies or windows,
and clap their hands or ring their bells in appreciation for the professionals dellivering these
essential services. ™ People belonging o Natienal Cadet Corps and National Service Scheme
were to enforce the curfew in the country. The Pnime Minister also urged the youth to inform 10
others aboul Janala Curfew and encourage everyone 1o observe the curfew

ErFrecT oF Janata Gurrew 1N DELHI

Cn the day of Janata Curfew, as a resull of combination of reduced vehicies on the road,
functioning of only essential commercial units and prevailing wealher conditions, a significant
reguction was noted for PM,, and NOx levels. On March 21, 2020, AQI was ‘Moderale’ in
Delni which gradually improved from higher to lower end of the category. Overall, up o 44%
reduction in PM,, levels was observed in Delhi during March 22-23, 2020 compared (o prévious
day. The PM, , reduction was though 8% on the curfew day but declined 1o 34% next day owing
lo negligible combustion aclivilies on March 22-23, 2020 in and around the city. The hourly data
analysis reveals a consisten! decrease in conceniration values starting 10.00 am onwards on
the day of Janata Curfew. PM,, and PM, , levels dropped as low as 67 pg/m3 and 34pg/m3 at
05.00 pm

The reduction In number of on-road vehicles, resulted in up to 51% reduction in NOX levels and
32% reduction in CO levels during March 22-23, 2020 as compared to March 21, 2020, The
location specific data analysis reveals thal maximum reductions of 48% for PM,, was observed
at Mundaka & Allpur, 32% for PM, . al Narela, 74% for NOx at Pusa and 67% for CO at Dwarka
Sector 8 station. It Is 1o be noted that Pusa and Dwarka are residential cum institutional sites
with substantial traffic movements, thus sharp decline in NOx and CO levels further affirm that
traffic restrictions were instrumental in iImproving air quality.

The graphs below depict hourly conceniration trend for PM, . and PM,, for pre hours (0000
Hrs to 06:00 Hrs) and curfew period (07:00 Hrs fo 21:00 Hrs) for 21st (pre curfew), 22nd
(curfew) and 23rd (post curfew) March 2020,

0 D, Mareh 18, Inges Today Yeeh Des New, Marzh 18, Irndis Tossy Weh Desig New, =0 (s Todsy Weh Deci Negw “Vhe =
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PM, . comparison (21-03-2020 to 23-03-2020)
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The hourly comparison of average concentration values shows a clear declining trend in levels
of PM,, and PM, , during March 21-23, 2020 On March 21, 2020 the maximum value of PM,
was 269 pg/m3 at 22:00 Hrs. which dropped to 100 pg/m3 on March 22, 2020, Similany,
the lowest concentration observed on March 21, 2020 at 17:00 Hrs was 121.8 pg/m3, which
dropped o 67 pg/m3 on March 22, 2020 The drop in coarse particles may be attributed to
restriction on construction activities, less road dust resuspension and 1o some extent curb on
industrial activilies. A similar and clear decling was seen for F"M” With concentraticn value
talling from 130.9 pg/m3 at 01:00 Hrs (before start of curlew period) to a minimum value of 34.3
pg'm3 at 17:00 Hrs duning curfew hours, forther dropping to 30.4 pg/m3 on March 23, 2020
The absence of non-essential vehicles and combustion activities in industrial and commercial
sites during the period is atinbutabie to the decline
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It is important to mention here, the impact of metecrological factors was partially
favourable, with mixing height of 2900m on March 22, 2020 higher than previous (2500m)
and post curfew day (800m). Wind speed was slightly higher on March 22, 2020 (2.3m/s)
as compared to post curfew day (1.5 mis). The ventilation coefficient on day of curfew
was 1858 m¥/s, thus the reduction in air pollution can be largely attributed to transport &
commercial-industrial restrictions.

As reponed in source apportionment sludy conducted by TERI & ARAIL 2018, during summers,
dust & construction activities (35%), transport sector (20%) and industry (20%), are major
source of PM,, in Deihl, With regard 10 PM,,, dusl & construction aclivities (43%), industry
(20%) and transport {17%) are major contribuling sources. As result of compiete restrictions on
non-essential vehicular movement and commercial activities, the emissions from construction
aclivities and Industries were stopped. The on-road vehicles were relalively sparse compared
to normal days thus contribution from road dust resuspension & transport seclor was much
reduced. A broad analysis is attempted 1o explain the improved air poliution levels due 10 lock-
down_ Alr quality monitoring data reveal that dunng lock-down period PM, . and PM, . levels were
reduced by about 35 to 40%, which may be explained as possibie reductien from industries
(~10%; considering continued operation of power plants with ~7 - 8% share, conversion of
indusiries to natural gas, elc ). and transport {(~15%, with essantial service vehicles and a small
part of fleet still piying on roads), and dust (~10-15%; with continued coninbution due to soil
and wind-blown dust because of high surface winds). There may be some reduction from other
activities such as refuse burning, airport, etc. as well

Figure 1158 PM_ Conceriratnn on Janta Curlew dey aoross Del




6.9 2 EFFECT OF LOCKDOWN IN DELHI NCR

Substantial improvement in air quality of Dethi NCR is noted during the lock-down period, as the
major contributing sources to PM & NOx emissions (prominent pollutants in Delhi NCR) have
been restricied. The AQH In Delhi NCR was under ‘moderale’ category on March 23, 2020 at
start of lock-down period, with exceplion of Gurugram which recorded AQI under “Satisfactory’

category

Taoie 127 AC¢ of Delnl NCR from 2304 fo 281h March, 2020 during Jamna suriser and il iosi-dowm

Date Surface Wind | Mixing Delhi | Fandabad | Gurugram | Ghaziabad | Noida
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As days progressed, under cumuiated eflect of restricted vehicle movemen! & commercial
activities and increased mixing height, the AQI improved 1o "Salisfactory” category. On March
26, 2020, high surface winds (25 kmph) maintained AQI category even though mixing height
dropped 10 1100 m Next day, though wind speed and mixing height were reduced 1o half value,
AQI value Improved further and Gurugram recorded "Good” AQI category. During March 28-
29, 2020 as wind speed and mixing height inCreased, AQI value improved further, with Delhi,
Ghaziabad and Neida recording ‘Good' AQH category on March 28, 2020

Frohibitions

The lock-down restricts people from stepping out of thelr homes. Al transport services—road,
air and rail-were suspended, with exceplions for transportation of essential goods, fire, police
and emergency services. Educalional institulions, indusirial eslablishments and hospitahity
services were also suspended. Senvices such as food shops, banks and ATMS, petrol pumps,
olher essentials and their manufactunng are exempied. The Home Ministry siated that anyone
who fails to follow the restrictions can face up fo a year in jail #

22 Taigelhes pdl (FOF). Minisiry af Hoose Affsirs
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Shidy on Camying Capazity of A
6.10. EFFecT oF LOCK-DOWN AT FEW MONITORING STATIONS

In the following section, the detailed impact of meteorological conditions, landuse; bullt-form
and achivities on poliution concentrations dunng the phases of lock-down have been discussed
A buffer area of 1km around the monitoring stations have been analysed with respect to the
above mentioned factors in it.

6.10.1. ALIPUR

The station fies In the North-ast region of the city, with predominant landuse under greenbell
carrying out agricultural activites. Industrial areas and godowns can also be seen In the buffer
area
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During the month of March and April, wheat is sown in Delhl. Agricultural praclices are at peak
during this perod In Delhl Paddy, Jowar and Bajra during Kharif and Wneal and Mustard
crops during the Rabl seasons are Ihe major crops in Delhi. The cultivation of vegetables s
a conlinuous process throughout the year Overcoming lock-down resirictions, sown area
of summer crops has increased significantly, registering an increase of 36 per cenl over the
previous year, pushed up mainly by nce cultivation, said Ministry of Agnculture & Farmers
Wellare.

The area s predominantly agnicultural tand. Being located at the periphery, a large share of




Al Quality during COVILL19

banguet halls, farm houses and warehouses/igodowns are observed nearby the monitoning
stations. It might alter the concentration of pollutants as there are huge gatherings with large
amount of vehicles and celebrations using crackers in some particular times in the year. The
manitonng stations 15 also in proximity to NH 1 with heavy traffic fiow from Panipat, Murthal,
Sonipal, elc. The first phase of lock-down brought a stncl restriction while agnicultural activities
and traffic movement of goods and daily essential products were functional. A large share of
bamen land with no vegetation cover can aiso be cbserved around the monitaring station. The
low wind speeds during this month, however, reduces the suspension of dust particies.

The higher concentralion during the days &th — Mahavir Jayanti, 10ih — Good Friday, 12th -
Easler, 13th — Vaisakhi and 14th - Ambedkar Jayanli/ Bihu can also be attribuled 1o movement
of people for religious purposes and feslive occastons There was also a large share of
migrant workers who were traveling back fo thelr hometowns during this period. The pollutant
concentration reduced due 1o lower activity rate dunng this perod with the Deihi government
putting ban on many activities

LEMpURE

Bile Fika
im | | B [Ty Giphe] %
EAT 1 g |commssoan TR T
B01 | 31T | WOuRTHIAL E_#1
LiE ] il [TAANSEGITIATION 11y .z4
000 | 300 [mecAmATIONAL L Lo
Li: | T [WERDENTIAL 15 i
LOTE | 200 |P§e FACILITIES E k0
L1y 3 adi |SnestiMERT L Ln
020§ 0 eIy e 1
211 | %0 |EFECIAL AREA r
L0 20T [wWaATEEIDOY Lo
CAIL HD A | ESREDN BELT il |l o L)
G A
[ p
Gl |5

1 anr

Tasle 122 Landose and buill form permentese- Figure 12T Wind dinschan o moninding siabien

Table 133 shows how the concentration of PM,, . and 10 varied below and during the phases of
lock-down. It was observed that the concentration reduced in the first phase of lock-down but
kept on increasing during the next three phases as more and more relaxations were introduced
Before the lock-down in March 2020, the concentrations vaned from good to poor quality bul
in the first phase, the concentrations were mainly good 1o satisfactory in the initial 12 days and
were obsenved to be moderate during the next 10 days
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Table 132 PM, . & PM_ conanirabions dunng lock-gown phass g
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It showed significant reduction in concentration of PM, , and PM,

in Alipur with only fransport

(truck movement) and residential activity functional. The restriction on only goods traffic
movement during this penod showed betler traffic conditions as obsenved from Google Traffic
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It was cbserved that the concentrations were very low {PM 2.5 ranging from 16 to 32 pg/m*)
during the 27th to 31st March in the iniial week of the phase 1. There was a major dust-storm in
Crelhi due to western disturbances around 15th Apnl, and a mild dust-storm on 6th April which




can also be observed in the figure with exiremely high concentrations of PM, , on 14th Apnl. As
a large share of open land is available in the direction of wind to the monitoring station, so the
effect of wind escalated the concentrations of pollutant with the extra soil dust particles

in the PM,, concentrations, it can be observed the reduction in values, dunng the lock-down
phase with the resinclions of activities. Although peaks on 6th and 14th April can be obsenved,
which was due o the dust-storms of westem disturbances in the city

The agricultural activities were highly effected reducing the activities emissions because the
farm labours traveled back to their homelowns, amanging and bringing new labour was difficult
due 1o police resirictions on movement of people

PHASE 2 - ALIPUR
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Phase 2

During Phase 2 {mid April), which is also the peak of harvesting of wheal in Deihi, agricultural
activities increased as the relaxation in movement of intersiate goods and opening of repairs,
market of crushers vehicles, etc. It can aiso be seen in the Google traffics as sireets were
marked orange and red even at 10 pm (Figure 130), which shows activities on loading and
unloading of agncultural produce mainly

If we compare A with the phase 1, there was an increase in concentration of PM,, The
initial peak around 15th and 16th April was due to the gust-storm, The PM,, concentrations
were mostly moderately poliuted throughoul the phase. During the phase, in total 5 western
disturbances caused the winds and mild dust-storms In the City, incréeasing the concentration
of polivtants even when Ihere were very little activities. So, the peaks in PM.and PM,,
concentrations around 20th, 24th, 26th, 29th April and 18t May are caused due to the winds
in the region. Becauss few weslern disturbances brought rains with them, the gradual fall in
concentration on some dates can be observed soon afler the peaks.

S0, mainly the concentrations dunng Phase 2 wefe increased due to the maovement of trucks
for loading & unioading and s highly Influenced by metecrological conditions (dust-stomms).
The open areas{pon-vegetative) which are sumounding the monftoring stations increased the
amount of soll dust particies in the air at high wind speeds.







PHASE 3 - ALIPUR
—g—="31 —m=IhL
e
1
u
N . /
- bLe 1
..-"'-L' ."'III : /
Fr " L'l._ Hll-':‘- — L M.Iﬂllr
S ——f L 1 i y . ...I
= IJF;,. 'l||_ I_,r". . s ’
i-. r I‘..ll .I'I [TTRT] DIes 154 '\l\.]{.l'.l’p‘_.l iii &4
K 5 L. o i<
- p .8 l'!
.:i e of LIRE l‘I'T. LEE TRk Tl
L N S T e
R Lo
. =
K - % . " P a : = X | 2
F: = i ; 3 E E = E - I i n =
& * " \ 3 i k K i ] L
- - o = - - A ] fi d
Figure 131 PM_ #nd PAL, corcenratans during 4R May in 17 May

Phase 3

In comparison to phase 2, significant changes in concentrations were nof observed even though
the relaxations were introduced in intersiate bus movement The 4 peaks in the concentrations
were observed due fo the mild dusi-storms in the city, of which some were Toliowed by rain
bringing down the lemperature and pollution concentralions too, the very next day Afier the
dust-sterms on 13th May, surprisingly hailstorm on 14th May brought the concentration down
significantly

PHASE 4 - ALIPUR
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Phase 4

The PM,, cancenlrations were increased as the relaxations were made during this period for
cross border traveling with passes and unobslructed movement of people/vehicies inside the
cily and as most shops in Delnl were mace operational.
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Shidy on Camytng Capazity of Alr Enveronment, NCT Detu

The station is located around the Bawana Industrial area in North Delhi. The predominant
landuse is indusirial and residential, Also it is surrounded by agricultural lands, which might

influence the aclivities in the region
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The predominant wind direction is from Morth during the months March to May Se, all the
emisstons by activiies in this region would have a major effect on the pollution concentration
in the city, as it ies in the north and wind 5 atso from north.So, it would camy all the emissions
from this region into the city core

There were partial restrictions on the industrial units during the lock-down phases. As during
the first phase of lock-down, movemenl of essential goods was only allowed, which was refaxed
in the second phase In s2cond phase, manufacturing and other industrial establishments with
access control In SEZS and export orienled units (EOQUS), Industrial estates and industnial
townships were made operational

I can be observed from the following table 133, that the concentration reduced significantly in
the 1st phase of lock-down in comparison 1o the phase before lock-down, as we can see the
concentrations of PM,, reduced Trom poor category lo moderale and satisfaclory Whereas
no major reduction in PM,, concenirations were observed In first two phases of lock-down
although It further Increased in the 3rd and 4th phase. In Phase 3. inter-stale movement of
all types of goods/ cargo, Including empty trucks were allowed, which made the industrial
aperations easier. The effect of which can be seen in these phases with the increase In values
of the pollutants.
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Phase 1

The PM, . and PM,, concentrations were significantly low when compared to the data of 2019,
because of the restnctions on majorty of industrial activities and movement of goods and
semvices. There was a major dust-storm in Delhi due to westem disturbances around 15th Apnl
2020 which raised the graph above the levels of 2019 concentrations at the end. A mild dusi-
storm on &th April which increased the levels of PM,, concentrations
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Phase 2

if we compare it with the phase 1, there was an increase in concentration of PM,,. The initial
peak around 15th and 16th Aprl was due to the dust-storm which was higher than th levels of
previous year. The PM,, concentrations were mostly moderately polluted throughout the phase.
During the phase. in total 5 westemn disturbances caused the winds and mild dust-storms in the
city, increasing the concentration of pollutants even when there were very little activities. So,
the peaks in PM, and PM, , concentrations around 20th, 24th, 26th, 29th April and 1st May are
caused due 1o the winds in the region. Because Tew westemn disturbances broughl rains with
them, the gradual fall In concentration on some dales can be observed soon afler the peaks
On comparing the concentrations of 2012 and 2020, the peak of PM,, value was due to the
dust-storm on 25th / 26th April in Dedhi
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Phase 3

The overall values of PM 2.5 and 10 were extremely high in 2019 due to the traffic induced by
the industrial activities like loading and unicading

In comparison to phase 2, in this phase the indusinal activities in the area were permitted, so
the sfight increase in concentrations can aftibuled toit. Also. the 4 peaks in the concentrations
were observed due to the mild dust-storms in the city, of which some were followed by rain
bringing down the temperature and pollution concentrations (oo, Ihe very next day Afer the
dusl-storms on 13th May, surprisingly hailstorm on 14th May brought the concentration down
significantly
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Phase 4

This phase brought the concentrations of both PM. , and PM,, into the poor category in the area.
With the onset of unobstructed movement of people and vehicles providing goods and senvices,
the indusirial zone at Bawana was observed 1o be fully functional with the concentrations of
PM,, and 10 surpassing even the values of 2019. The concentrations increased due o dust-
storm on 22nd may but were brought down around 29th May by the heavy rainfall in the region

It can be clearly seen how the activities in this area inggered the pollution concentrations at
the monitoring station
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g10.3 AsHox Vinar DPCC

The station has residential as the predominant landuse in the buffer zone of 1km around the
monitoring station. It also has significant amount of recreational and industrial landuses around
it. The predominant wind direction from March 1o May ts from Norh
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Al Ouality diring COVILL19

And the activities which might influence the pollution concentrations in the region coukd be the
industrial. commercial, PSP (schools, colleges, eic) [anduses and vehicular emissions from the
residential sector There is huge area (22% approx) lies under recreational sector too, which
might act as pollufion sink 3t the same time.
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Legend

From the table 137, it can be dearly observed thal there was 30-60% reduction in the values
during the first phase of the lock-down, and which were sustained il the third phase of jock-
down The possible emission source from e area can be from the vehicies of the residential
sector or industrial sector and PSP sector, As PSP, commercial and residential seclar were
under restrictions uplill the third phase, so the concentration of PM,. and PM,, In the area
remains negligible. Although, It increased In the fourth phase, when free movemen! of people
was permitied Inside the city, The industrial area in the zone doesnl comes under SEZs nor
EOUs, they also don't have any access cantrol, 5o as per the guldelines these couldnt resume
even under 3rd and 4th phase of lock-down, although the industnes manufactunng essential
commodities were operational. In 4th phase the concentrations of PM,, increased and quakty
changed to moderately polluted, whereas the PM, . concentrations remained good.




PHASE 1 - ASHOK VIHAR

s P12 _B3ZH e FEIDE ENCE s T 0 ORI
e
LITRTT]
E 1811 _.hul
IJ i
i £ -
g FTiTis = & Ay
Sl ! #
l'.
A ;
i ey
"
LS r_,,...-""x
\\_‘___.__.-"' = i
ol e
¢ + -+ - i = + . X
- L] ‘e L L] * - - = ® & - L " L) - - ]
" * 3 = 5 3 & q ol 2 1 ) X o 4 5
- h T L T " 7 B " L = LS L W * b - * LS L] *
¥ * -'# rd‘ i . ] # i"l ¥ o i \ L s L] o # a - £
. K K, P L - Y - - = w ] A 5] L]
. 1
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Phase 1

The P, and PM, concentrations were significantly low when compared 1o the data of 2019
and 2018, because of the restrictions on majonty of industrial activities and movement of
goods and senvices. The schools and commercial centers in the region remained closed. The
Pi., concentrations in 2018 went upto 450 pg/m* whereas in lock-gown the peak touched
only 121 pg/m* even on the day of dust-storm. There was a major dust-siomm in Dedhi due to
western disturbances around 15th April 2020, which raised the graph above the levels of 2019
concenirations at the end. A mild dust-storm on 6th April which increased the levels of PM,
concentrations.
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Phase 2

The concentrations in 2020 dunng lock-down are three times lesser than those in the 2018,
The effect of closure of activities can be seen quite evidently in the area. The concentrations of
PM,, were maximum 120 pg/m® even when there were in total 5 westemn disturbances which
caused the winds and mild dust-storms in the ciy. So. even dunng the mild dust-siorms the
concentrations remaned low as compared to the other stations in Delhi.
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Phase ]

The overall values of PM 2.5 and 10 were extremely high in 2018 and 2012 due 1o the Irafic
Induced by the industrial activities like loading and unicading and PSP secior in the zone. The
maximum value of PM,, in 2019 wen! uplo 480 pg/m® which was only 140 pg/m* in 2020
Also, the 3 small peaks In the concentrations in 2020 were observed due to the mild dust-
storms In the city, of which some were followed by rain bringing down the temperature and
pollution concentrations too, the very next day. After the dust-storms on 13th May, surprisingly
hallstorm on 14th May brought the concentration down significantly.
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Fhase 4

This phase brought the concentrations PM, into the moderately polluted category in the area
With the onsel of unobstructed movement of people and vehicles providing goods and senvices,
the economic activities in the region were opened Up 1o some extent

It can be clearly seen how the activities in this area tnggered the pallution concentrations at
the monitoring statich. The concenirations increased due to dust-storm on 22nd may but were
brought down around 25th May by the heavy rainfail in the region. Although it was strange fo
observe that the concentration of PM, . remained in good calegory apart form ihe day of dust-
storm, in this phase.




Shudy on Camysng Capazity of A Enveronment, NCT Deti

b 104 Ao NAGAR

The station lies in the south border of Delhi with Gurugram and has recreational’ green belt as
the predominant landuse in the buffer zone of 1km around the manitoring stafion. I also has
significant amount of residential landuse In it The predominant wind direction from March to
May is from North-east
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Al Quality during COVILL19

The station lies on an elevation of 260m which is approximately 40 m above the levels of the
city, it gets benefited to some extent by it as pollutant accumulation doesn't happen here. Also,
the emissions in this area can only be through either biogenic emissions from the vegetative
areas, or the vehicuiar traffic from the residential area apart from the regional sources.
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From the above table no. 139 it can be Ciearly observed that the PM,, concentrations were
good only even before the lock-gown, and which were sustained till the third phase of lock-
down Although, PW,, concentrations which were moderalely poliuted also reduced 10 good
quality for the next three phases. As commercial and residential sector were under restrictions
uptill the third phase, so the concentralion of PM, . and PM,, In the area remains negligible
Althaugh, It increased in the fourth phase, when free movement of people was permitied Inside
the city, It changed the quality from good o moderately polluted n this phase
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Phase 1

The PM,, and PM,, concentrations were significantly low when compared to the data of 2019
and 2018, because of the restrictions on movement of people. The PM,, concentrations in 2018
went upto 2580 pg/m® whereas in lock-down the peak louched only 113 pa/m® even on the day
of dust-storm. As It gets Influenced by the regional pollutants to some extent, the emissions in
2018 and 2019 are higher whereas low in 2020, as the city also expenienced good air quatity
throughout. There was a major dusi-storm in Delhi due to westem disturbances around 15th
April 2020, which raised the graph above the levels of 2019 concentrations at the end. A mild
dust-storm on &th April which Increased the levels of PM,  concentrations.
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Phase 2

The concentrations in 2020 during lock-down are three times lesser than those in the 2018
The effact of closure of activities can be seen quite evidenlly in the area The concentrations
of PM,, were maximum Le.. 150 pg/m® on the onset of major dust-storm on 15th April. So, the
peaks in PM,, and PM, , concentrations in 2020 around 20th, 24th, 26th, 29th April and 1st
May are caused due to the winds in the region. Because few westiem disturbances brought
rains with them, the gradual fall in concentration on some dates can be observed soon after the
peaks. On comparing the concentrations of 2019 and 2020, the peak of PM__ value was due to
the dust-storm on 25th / 26th Apnil in Delhi,
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Phase 3

The overall values of PM 2.5 and 10 were extremely high in 2018 and 2019 due to the regional
infiuences of pollutants. The maximum vaiue of PM,, in 2019 went upto 370 pg/m* which was
only 165 pgfm?* in 2020,

Also. the 3 small peaks In the concentraticns in 2020 were observed due to the mild dust-
storms in the city, of which some were followed by rain bringing down the temperature and
pollution concentrations too, the very next day. After the dust-storms on 13th May, surpnsingly
hailstorm on 14th May brought the concentration down significantly.
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Phase 4

This phase brought the concentrations PM,, into the moderately polluted category in the area
With the onhset of unobstructed movement of people and vehicles providing goods and Services,
the emissions in the region increased. Also, the road was used to enter/exit Delhi, when the
main roads were sealed of by the siate governments.

The concentrations increased due fo dust-storm on 22nd may bul were brought down around
29th May by the heavy rainfall in the region. Although it was strange to cbserve that the

concentration of PM,, remained in good calegory apart form the day of dust-storm, in this
phase.
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5105 DTU. CPCR

The station lies in the Delhi Technical University near Rohini, and has PSP and residential as
the predominant landuses in the buffer zone of 1km around the monitoring station. Although
mos! of the area is open and without vegetation In the region and has nol been developed shill
a5 per the master pian 2021 The predominant wind direction in March and April is from North-
west and in May s from North-east
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Al Ouality diring COVILL19

During the month of March and April, wheat is sown in Delhl. Agricuftural practices are at peak
duning this period in Delhi Paddy, Jowar and Bajra during Kharf and Wheat and Mustard
crops durning the Habi seasons are the major crops in Dethi. The cultivation of vegetables is
a continuous process throughout the year Overcoming lock-down restrichions, sown area
of summer crops has increased significantly, regisiening an increase of 36 per cent over the
previous year, pushed up mainly by rice cultivation, said Ministry of Agriculture & Famers
Weifare. The possible emission sources in the area would be from the PSP and residential
sector through the movement of vehicles and biogenic emissions from the agricultural areas
The first phase ol loCk-down brough! a strict restriction while agricultural activities and traffic
movement of goods and daily essential products were functional
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The 1able 141 shows how the concentralion of PM,, and 10 varled below and during the
phases of lock-down. il was observed that the concentration recuced in the firsl phase of
lock-down but kept on increasing durnng the next three phases as more and more relaxations
were introduced. Before the lock-down in March 2020, the concentrations vaned from geod 1o
poor guality but in the first phase, the concenirations were mainly good to satisfactory which
changed to very poor by the last phase of the lock-down. it can De seen in the following maps,
how the fire incidenis increased in May after the harvesting of crops in agriculiural areas in

Dethi and nearby staies.
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Map 206 Fire asidesrs m Feb 2020

hlap 2100 Fre mcidesds o Bar 2020

FIRE INCIDENTS - APRIL, 2030

L
L]
"
. ®
L]
|||||
u S r i
R
¥
N

"’*I L W
- —

FIRE [NCIOENTE - MAY, 2020

Mg 211 Fre inoidwrrs Ao 2000

Map 212 Foe inodenty in may 2020




PHASEL - DTU

s VAN E_DEEE we TUHLN ELT e P 1 R

Figure 181: Comoarson of PM, . concertrations i 2010 and 2020 a1 OTU siston durng Frase 1 258 Mars 1o 148 Aanl
FPHASE 1 - DTU

e B En L Bl e 1 sl WNALE_HICH
1|
Ly | ] ._'l.\
(1T '\I .l'."-\._
11 H'-h_,.--"‘"’_."..lll" /_—I'F. \‘l ;
: . - N

L i . & 5 d - 5 = B & T
I:‘ 4. J W LY . . ] ' . ¥

Figos 162 Comganson u!.nll.i_m-lmt.urr:m =B and 2020 o DT siafion cunng Phasa 1° 25th Hareh to 1dth o

Phase 1.

it was observed that the concentrations were very low (PM 2.5 ranging from 16 to 32 pa/m*)
during the 27th to 315t March in the initial week of the phase 1. There was a major dust-stom in
Dielhi due o westem disturbances around 15th April, and a mild dust-storm on &th April which
can also be observed In the figure with extremely high concentrations of PM.; on 14th Apnl. As
a large share of open land Is available in the direction of wind to the monitonng station, so the
effect of wind escalated the concentrations of pollutant with the extra soll dust particles.

In the PM,, concentraiions, it can be observed the reduction in values. dunng the lock-down
phase with the restrictions of activities.
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Phase 2

During Phase 2 (mid April), which is also the peak of harvesting of wheat in Deihl, agricultural
aclivities Increased as the relaxation in movement of interstate goods and opening of repairs,
marke! of crushers vehicles, elc.

It we compare il with the phase 1, there was an Increase In concentration of PM,. The
Initkal peak around 15th and 16th April was due 1o the dust-storm,  The PM,, concentrations
were mostly moderately poliuled throughout the phase. During the phase, In total 5 western
disturbances caused the winds and mild dust-storms in the clty, increasing the concentration
of pollutanis even when there were very litile activities. So, the peaks In PM,, and PM,,
concenirations around 20th, 24th. 26th. 2%th April and 15t May are caused due fo the winds
in the region. Because few wesiern disturbances brought rains with them. the gradual fall in
concentration on some dates can be observed scon after the peaks.




=50, mainty the concentrations during Phase 2 were increased due o ihe movement of trucks
for loading & unloading and 5 highly influenced by meteorological conditions (dust-sioms)
The open areas{non-vegetative) which are sumounding the menitoring stations increased the
amount of soil dust parficles in the air at high wind speeds
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Phase 3

In comparison to phase 2, significant changes in concentrations were not observed even though
the relaxations were introduced in Interstate bus movement. The 4 peaks in the concentrations
were observed due 1o the mild dusi-storms in the city, of which some were followed by rain
bringing down the temperature and pollution concentrations too, the very next day. After the
dust-storms on 13th May, surpnsingly hailsiorm on 14ih May brought the concentration down

significantly.
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Phase 4

The PN, concentrations were increased as the refaxations were made during this penod.
This phase brought the concentrations PM., Into the very poor category In the area [t can be
attributed to the fire of the agricultural areas as discussed In the map no. 212

With the cnset of unobstructed movement of people and vehicles providing goods and semvices,
the emissions in the region increased. The concentrations further increased due to dust-storm
on 22nd may but were brought down arcund 29th May by the heavy rainfall in the region
Although it was strange to observe that the concentration of PM_ . remained in good calegory
apart form the day of dust-storm. in this phase.




Air Quality during COVIDL19

6106

Gl Amport (T3), IMD

The station lies at the airport, and has transportation as the predominant landuse in the buffer
zone of 1km around the monitoring station. The pregominant wind direction from March lo May
is from MNorth-east
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Shidy on Camying Capacity of Air Envranment. NCT Deth

The emissions from this station are mainly due to wehicular movement in and around the
airpart, for picking/dropping of people and goods, and the emissions in the process are organic
carbon, aromatic compounds such as Benzene and Toulene, Cxidation of 302 and NO2. The
anticipated emisston load at this station would be very large due to the 24 hours operational
SEmvice
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The operations or airport were banned for both inlemational and domestic travel in he starting
of the lock-down and which remained Lill the second lock-down. Cnly essential services relaled
to medical , defence were permitied. Although in Phase 3, of the lock-down Aviation ministry
launched the Vande Bharal mission to bring back stranded Indians fram forelgn countries. And

finally In phase 4, domestic alr travel was given a green signal with proper SOPs and guidelines
for everyone 1o follow

From the above table no. 143, it can be clearly abserved that the PM, . and PM_, concentrations
were upto moderately poliuted levels, before the lock-down and went down 1o the good guality
in phase 1 of the lock-down, which were sustained till the third phase of lock-down. Because of
the travel ban, there were no movement of vehicles in the area, 50 the conceniration of PM, .
and PM,, in the area remained negligible. Although, it Increased in the fourth phase, when
free movement of people was permitted inside the city. it changed the quality from good to
moderately poliuted in this phase.
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Phase 1

The PM,. and PM,, concentrations were significanlly low when compared 1o the data of
2019 and 2018, because of the resinctions on movement of people and air travel ban. The
EM,,; concentrations in 2019 went upto 430 po/m® whereas in lock-down the peak touched
only 130 pg/m® even on the day of dust-storm. There was a major dust-storm in Delhi due to
western disturbances around 15th Apnl 2020, which ralsed the graph above the levels of 2015
concentrations at the end. A mild dust-storm on  6th Apnl which increased the levels of PM_
concentrations.
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Phasa 2

The concentrations in 2020 during lock-down are three times lesser than those in the 2018
The effect of closure of activities can be seen guite evidently in the area. The concentrations
of PM,; were maximum L.e_ 170 pg'm* on the onset of major dust-storm on 15th Apnl So, the
peaks in PM,, and PM,, concentrations in 2020 around 20th, 24th. 26th, 29th Apnl and 1st
May are caused due 1o the winds in the region. Because few westemn disturbances brought
rains with them, the gradual fall in concentration on some dates can be observed soon after the
peaks. On comparing the concentrations of 2019 and 2020, the peak of F'I'.Im value was due {0
the dust-storm on 25th [ 26th April in Delhi.
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Phase 3
The overall values of PM 2.5 and 10 were extremaly high in 2018 and 2019. The maximum
value of PM,, in 2019 went upto 430 pg/m® which was only 220 pgim® In 2020,
Also, the 3 small peaks in the concentrations in 2020 were observed due 1o the mild dust-
storms In the city, of which some were followed by rain bringing down the lemperature and
poliuticn concentrations toc, the very next day. After the dust-storms on 13th May, surprisingly
haitsiorm on 14th May brought the conceniration down significantly.




PHASE 4 - 1G] AIRPORT

PR 000 e LR I e fpRE TSR
1A

1.3

win
¥
L5}
=
E 1
¥
E

i

Tm

] i

LT ST ISTH RTINS ZE T AT EIHD  Bed ME-3AT1 ARATTTE ARR-TET b M= TTTH MAT IR P Tr MAVIAT ME- 1157 AT
R

Figuure 17 Comparaan ﬂTFH'H EOnCanirabons in ZUTE and 2020 81 13 sEeon dunng Phass 4 18 May o 3tst May

PHASE 4 - IGI AIRPORT

—— PR LL S ——PLD HLY el o

EIRIE ]

ff‘ ~—a
{’/« \ _ﬂh‘/\/

[rs gy kg T
.

LRI ]

F1 ]
FAT 0 HAALETI MATII R WATTIUT AT  JIND  JIRD WATIAVE RN TET O WAVIETIL RATETT WaF ST MAFIET R AT Wy BLTT A
Ok

Figum 1ﬂ:mﬂpuimmmﬁ}1i =nd 2220 ot 450 slation cumng Procs &° 184 ey to 315 May

Phase 4

The PM,, concentrations were increased as the relaxations were made during this penod. The
domestic flights resumed from 22 May 2020

This phase brought the concentrations PM, _ into the moderately poliuted category in the area.
The concentrations further increased due to dust-storm on 22nd may but were Drought down
argund 29th May by the heavy rainfall in the region Although it was sirange to obsenve here
also like the findings at DTU monitoring station that the concentration of PM, , remained in good

category apan form the day of dusi-storm and increase in movement of vehicles in-and around
the airport, in this phase.
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The station lies in the central Delhi and has PSP as the predominant landuses in the buffer zone
of 1km around the monitoring station 1t also has significant amount of recreational landuse in
it, The predominant wind direction from March to May is from North-east
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There is 40% public and semi-public land-use in the zone, which aftracts a lot of traffic in the area
Also, the share of area under reads is about 10%, with artenal roads and junctions, creating major
emissions from vehicular sector in this zone

During lock-down, most of the government offices that lie in this Zone were closed for the first
lwo phases and were resumed ister with few siaff in the 3rd phase. Although it was observed
through googie trafic, how the trafMic intensity at ITO increased afler phase 1 of lock-down, As it
has the arterial roads and jJunclions, so Ihe emissions through vehicles coniribuled to the Increase
In pollutn concentration. The lable 145 shows how the concentration of PM,, and 10 varied
below and during the phases of leck-down. It was cbserved thal the concentralion reduced in
the firs phase of lock-down but kepl on Increasing dunng the next three phases as more and
maore reiaxations were infroduced. Before the lock-down in March 2020, the concentralions
varied from good to very poor quality but in the first phase, the concentrations were mainly
good which changed to very poor by the last phase of the lock-down.
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Phase 1

The PM, . and PM, concentrations were significantly low when compared to the data of 2019
and 2018, because of the restrictions on majority of industrial activities and movement of goods
and services. Most of the offices in the region remained closed. The PM,, concentrations in
2018 went upte 350 pg/m® whereas in lock-down the peak touched only 100 pg/m® even on the
day of dust-storm. There was a major dust-storm in Celhi due to westemn disturbances around
15th Apnl 2020, which raised the graph above the levels of 2019 concentrations at the end. A
mild dust-siorm on 6th Apnl which increased the levels of PM concentrations.
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Phasa 2

If we compaie it with the phase 1, there was an increase in concentration of PM,_ As the lock-
down was extended. the migrants came fromall over and stranded in front of the raitway siation
te go back to their states. New Delhi railway station which lies near ITO also attracled huge
inflow of people during this period which created congestions on road around MO, which could
be attributed to the nsen concentrations of pollutants. The inifial peak around 15th and 16th April
was due to the dust-storm which was higher than th levels of previous year. During the phase,
in total 5 western disturbances caused the winds and mild dus!-storms in the city, which further
increased the concentration of pollutants. So. the peaks in PM, and PM,, concentrations
around 20th, 24th, 26th, 259th April and 1st May are caused due to the winds in the region
Because few weslern disturbances brought raims with them, the gradual fall in cancentration on
some dates can be observed soon after the peaks. COn comparing the concentrations of 2019




and 2020, the peak of PM_ value was due o the dusi-storm on 25ih / 26ih Apnl in Delhi.
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Phase 3.

The overall values of PM, . and PM,, were extremely high in 2018 and 2019 due to the traffic
induced by the PSP sector in the zone. Many offices were made operation during this phase in
the area. There was inadequate data of PM,, duning this phase.

The 3 small peaks in the PM,, concentrations in 2020 were observed due to the mild dust-
storms In the city, of which some were followed by rain bringing down the temperature and
poliution concentrations too. the very next day. After the dust-storms on 13th May, surprisingly
haiistorm an 14th May brought the concentration down significantly.
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Phase 4

This phase brought the concentrations PM., into the poor category In the area. With the onset
of unobstructed movement of people and vehicles providing goods and sefvices, the emissions
In the region increased. The concentrations increased due to dust-storm on 22nd may but were
brought down arcund 29th May by the heavy rainfall in the region. Although it was strange to
observe that the concentration of PM, . remained in good category apart form the day of dust-
stomm, In this phase.
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The station lies in south Delhi and has recreationaligreen belt as the predominant fanduse in
the buffer zone of 1km around the monitoring station. The predominant wind direction from
March 1o May (s from North-east
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Shidy on Camying Capacity of Air Envranment. NCT Deth

The emissions in this area can only be through either bicgenic emissions from the vegetative
areas, apar from the regional sources. The emission loads from the actvities inside the influence
zone would be neghgible. Although the vegetation impacts the concentration of poliutants in winters,
as these have high biogenic emissions such as VOCs, which mixes with NO2 to form smog. So,

lhere might be drastic increase in concentration of pollutants throughout the winters.
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From the above table no. 147 it can be clearly observed that the PM, , concentrations were good
anly even before the lock-down, and which were sustained till the forth phase of lock-down
Although, PM,, concentrations which were moderately poliuted also reduced to good quality for
the next Ihree phases. As there are no emission sources in the zone, so the concentration of
PM, . and PM,, In the area remained negligible throughout. Although, It Increased in the fourth
phase, which might be due to the reglonal influence of poliution when free movement of people
was permitted Inside the city. It changed the quality from good to moderately poliuled in this

phase

287




PHASE 1 - DR, KARNISINGH SHOOTING RANGE

P I IO =W E_ERE  —S—FRT R I

- .ﬁl
[ =X [
[ g |
!
i
i
m T ] !
i % i 5
£ & L
9 #8500
£
& BRI
44 ¥
L]
4 4 y L] L] L ] L] £ i ] L] L]
- W L i [ s =
JI. '.\. .J‘I '}-‘ ;. _.'.l' "1_ N q " 1 .I"‘ i ".1 L] I“ I.'_ " : l‘_ll ¥
o » @ & o J - = ., i L & -
K ] & ] e L

Figume 187 Comoansan of PM . conceniations o 2078, 2070 and 20020 gunng Prase 1 23 March 1o 14t Agml

BHASET - DR. RARMISINGH SHOOTING RANGE

i | | e L U S TR Y |

TR IL

SR

=i Fi
&
||-' E s . .
: o, /\
2 UH) -~ il - E g % q'.
L — q“'l"'f._#-' \"'«. ~ad tl'l_ A -

v -

FS % w
138 £ _p-l‘_".-'-:l :-_:-:_'/'—'\ -
S ,.,_.--‘_\\’ o . " * 1__._'_._... - l._r
B

Figos 1E2: Comgpanson u!.nll.i_m-lmt.urr:m =18 2010 mnd 2020 dunng Phosa 1: 25t March o -14ih Apail

Phase 1

The PM, . and PM, concentrations were significantly low when compared to the data of 2019
and 2018. The PM,. concentrations in 2019 went upto 310 pg/m® whereas in lock-down the
peak touched only 130 pg/m? even on the day of dust-storm. As it gets Influenced by the
regicnal poliutants, the emissions in 2018 and 2013 are higher whereas low in 2020, as the
city also expenenced good air quality throughout. There was a magor dust-storm in Delhi due fo
western disturbances around 15th Apnil 2020, which raised the graph above the levels of 2019
concentrations at the end. A mild dust-storm on 6th Apnl which inCreased the leveis of PM_
concentrations.
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Phase 2

The concentrations in 2020 during lock-down are three times lesser than those in the 2018
The concentration of PM,, was maximum Le_ 200 pg/m* on the onset of major dust-storm on
15th April. The peaks in PM,; and PM, . concentrations in 2020 around 20th, 24th, 26th, 25th
April and 1st May are caused due to the winds in the region. Because few westem disturbances
brought rains with them, the gradual fall in concentration on some dates can be cbserved socon
after the peaks. On comparing the concentrations of 2019 and 2020, the peak of PM_, value
was due to the dust-storm on 25th / 26th Apnl in Delhi.
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Phase 3

The averall values of P 2.5 and 10 were extremely nigh in 2018 and 2019 due to the regional
infivences of pollutants. The maximum value of PM,, in 2019 went upio 430 pg/m* which was
only 165 pg/m® in 2020.

Also, the 3 small peaks in the concentrations in 2020 were observed due 10 the mild dust-
storms In the city, of which some were followed by rain bnnging down the temperature and
pollution concentrations too, the very next day. After the dust-storms on 13th May. surprisingly
hailstorm on 14th May brought the concentration down Significantly.
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Phase 4

This phase brought the concentrations PM,, into the moderately polluted category in the area.
With the onset of unobstructed movement of people and vehicles providing goods and services,
the emissions in the region increased.

The concentrations increased due to dust-storm on 22nd may but were brought down around
259th May by the heavy rainfall in the region. Although it was strange 1o observe that the
concentration of PM,_, remained in good category apart form the day of dusi-storm, in this

phase.
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6.11. CoNCLUSIONS

All the stations attributing different predominant landuses were analysed during the phases of
lock-down, 2019 and 2018 , and some common cbservations were made. The stations on the
south side of Delhi; Dr Kami Singh Shooting Range, Aya Nagar and Gl airport mainly located
on the fringes of the city, presented a commion pattermn. The emission loads attributed from these
zones along the monitoring station were negligible as cbserved from the fock-down peniod as
their concentration remained good fo satisfactory in the first three phases of lock-down. [t was
observed that they manly projected the concentrations anising through the influence of reqional
activities. PM_, concentrations in all the three zones were good through out the fock-down,
whereas the PM,, concentration was good only in first three phases and increased in the 4th
phase when the regional concenirations increased of olher slations in the city

The stations located in North Delhi were DTU and Alipur, which had agrcullural as the
predominan! fanduse and activity They both showed a graduai decline in the poliution
concentration during the first lock-down phase, bul the concentrations increased in the second
phase after the harvesling aclivity Degin which usually happens after Biasakhl on 14th April
every year The concentration of pollutants remained similar frem 2nd and 3ra phase, as only
few resinclions were lited in phase 2 and it remainad the same therzalter as no additional
aclivities were permifted/allowed in these zones which would have made an significant impact
on the emission loads in these zones. The concentration at Alipur was observed to be simiiar
only In 4th phase just like the 2nd and 3rd at the station, but was found 10 be Increased at
DTU, because of the influence of fire incidents which brought emission loads from Narth east
direction to the station. Although, the wind direction at Alipur was aiso Norih east only, but there
weren't any fire incident observed in the norh east of the staticn which could have influepced
the concentration.

The monitoring stations at Bawana, |TO and Ashok Vihar which had different pregominant
landuses; Indusinal, PSP and residential respectively showed diverse patiern in the
concentration throughout the fock-down phases.

Ashok Vihar Station which had residential ianduse had a decrease in concentration of pollutanis
when the lock-down was esiablished, and thereafter remained the same (i.e., good quality)
through out the 4 phases. Hence, the emission loads from the residential activities are very
less,

Whereas, in Bawana induslrial areéa, the concentrations duning first three phases were simifar
only and increased significantly in the fourth phase when the maior relaxation in movement of
people, goods and services inside and oulside the city were allowed. So, the pollulion levels
al this station depends highly on the emission load from the movement of vehicles supporting
the industrial activities.

On confrary, the concenirations al ITO stalion increased majorly in the phase 2 itsell | because
of high venilcular traffic in the area. As the data of phase 3 and 4 al the station IS Insuflicent, 5o
nathing can be stated lo anakyse the pattem




7. DEVELOPMENT OF SUITABLE FRAMEWORK FOR
CARRYING CAPACITY ASSESSMENT

The development of framework for carrying capacily based planning Involves, mainly.
identification of the resources of the region and scope of thelr ulllization vis-a-vis environmental
impacts. The carrying capacity of air environment gives a rough estimate of the emission load
(from various sources, man-made and natural) it can sustain under a set of specific conditions
(retease, topographic and atmospheric). We should put our efforis to explore strategies for
planned and sustainable development of Delhi capital reglon.

7.1. AssimiLaTive Caracity DIMENSIONS OF AIR ENVIRONMENT

The term “assimilative capacity” of the atmosphere is believed to be used inlerchangeably with
the “carrying capacily” The assimilative capacity of the atmosphere gives roughly an kea of
the extent to which the atmosphere is capable of sustaining the pollution load from vanious
emission sources. Thus, a thorough study of the assimilative capacity is essential for judaing
proper sitting of new industrial units and for regulating the operating of the industries according 1o
the atmospheric conditions. The assimilative capacity depends on various physical parameters
such as the atmospheric slability, the lopography of Ihe region elc. The almospheric stability
is-a crucial parameter which is based on solar insulation, mean wind speed and lemperature
profile. The assimilative capacily of the almosphere is direclly proportional 1o the ventilation
coefficient and inversely proportional lo the pollution potential. Further, the ventilation coeMcient
Is expressed as a product of the mixing height and the transpon wind speed within the mixing
layer. The use of atmospheric stability for the estimation of assimitative capacity is manifested
in the mixing height and the transport wind. A region with large pollution potential would have
less carrying capacity

The ventilation coemMcient, which 15 the product of mixing depth and the average wind speed,
Is an atmosphenc condition which gives an indication of the air quality and pollution potential,
I.e., the ability of the atmosphere to dilule and disperse the poliutants over a region. The
higher the coefficlent, the mare efficiently the atmosphere is able to dispose the poliutants and
better is the air quality. On the other hand, low ventilation coefficients kead to poor dispersal of
pollutants causing stagnation and poor air quality leading to possible poliution related hazards
The ventiiation coefficient is a function of mixing depth and the average wind speed through
the mixing layer. A fluctuation in the values of eitheriboth these gquantities causes a varation in
the ventilation coefficient

The ventilation coefficent (VC) is computed as:
VC = Mixing Height * Mean wind spead




.....

The mixing height of Deihi has been taken from CPCB CAAQM. The table below shows the
mixing height of Delhi for vanous months.
Tabie T4 Vendizdon coefScsarts, 2018

Ilnrmh Min Max I.Hn .Iwg ih:_Avg
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m_— 31 HH 791 ??93
mm—m_m Eﬁﬁﬂﬁ
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The ventiiation coeflicient of Deihl s low which justifies Ihe observation of similar pattern of
pollutant concentration all-round the year. The assimilative capacity of Deihi is low and as such
any son of polluting activity have a serous impact on air environment. This points out to proper
management of traffic and land use allocations.

7.2. Carrving CapaciTy (CC) WiTH RESPECT TO AIR ENVIRONMENT

This is the ‘maximum capacity of environment that can support the existing emission load by
a land use and its associated activilies over a particular time period”. The unil of PCC 15 m¥/s.

it is expressed as:
CC = (Emission Standard as per CPCB)/(Emission from Land uses) x Ventilation
CoBMCIENL; ........ccicmmmsismisnamsmsnssnanssnmanssrens [ 1)

Tatie 148 Venlisgn Coelicien] in mameng =nd sflernoan

PM,, PM,, Wind Speed | Mixing Ventilation

" The US National Melecrolpgical Centre and Atmospheric Environment Services, Canada, has
classified thal, high poliution potentiai or low assimilative capacity occurs during afiernoon,
when ventilation coeflicient is < 6000 m#s and mean wind speed does not exceed 4 mis and
during morning hours, when mixing height ts < 500 m.

Venlilation Coefficlent simply provides a broad indication of the dispersion polential in ferms
of low {=2000 m*s), medium {2000-6000 mé/s]) or high {6000 m¥s) of the atmosphere. But it
does not give any idea about the amount of emission ioads that can be assimilated in the given
airshed of the regeon.
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The carmying capacity changes over time as it depends on atmosphenc stability and emission
load over a certain penod of time. However, to give an idea, monthly camying capacity w.rt air
environment are established acknowledging the fact that meteorological factors changes over
months/seasons

The Carrying Capacity for an ideal situation where both PM,, and PM,, is wilhin limit, as
derived from equation (1) will be 2000 m*/s in morming and G000 m#/s in evening. The ventiation
coefficient however varies w r i wind speed and mixing height and the values may be way lower
than the given standard of 2000 méfs or 6000 mé/s. Even al low venlilation coeflicient, cities
have observed Clean air dug 10 reduced emission load which is the case of lock-down where a
number of activities have been prohibited including lranspornation

In light of these, we can say that Ventilation Coeficient does nol merely say that the clties
have low or high capacities, The carrying capacity depends on both V.C. and emission loads
Reducing the emission loads at areas having low ventilation coefficient will Improve air quality
The case is backed by the assessment of air quality during lock-down penod. The value of
mixing height has been considerad the same throughout due 1o fack of data.

Carrying Capacity Is said to be good when the estimated C.C Is greater than the ventilation
coefficient. Thus, the carrying capacity is dependent majorly on the emission load per day.

7.3. METHODOLOGY OF CARRYING CAPACITY ASSESSMENT

Emission Concentration o —— —— o ————— o Land Use Actiity Rate

Wind Speed  Mizing Height

foand Wap Type Engagement | = H :
Emission Concentration = k x Teatacion Costiduse. k= activity rate or emission rate

The density of dry aif can be calculated using the ideal gas law. expressed as a function of
temperalure and pressure:

i P
R:par.lﬂ: T
whste:
p = olr density fleg/mt) e Tl
p = obsolute previure [Pajlne 1l
T = bl tamperature [Kjnote !
Ripecie = Spechic gas corstant for dry alr |/ fkg «€)jinse !

The specific gas consiant for dry air is 287.058 J/(kg-K) in Sl uniis. This gquanlity may vary
slightly depending on the molecular composition of air al a particular location

Therefore:

Al IUPAC standard temperature and pressure (0 °C and 100 kPa), dry air has a density of
1.2754 kgfm*

Al 20 °C and 101 325 kPa, dry air has a densily of 1.2041 kg/m®

Huirnid air;




Camying Gapauity Assessment

The addition of water vapor 1o air {(making the air humid) reduces the density of the air. which
may at first appear counter-intuifive. This occurs because the molar mass of water (18 gimol] is
less than the molar mass of dry air (around 29 g/mol). For any ideal gas, at a given iemperature
and pressure, the number of molecules is constant for a paricular volume (see Avogadro's
Law). So, when water molecules [water vapor) are added fo a given volume of air, the dry
air molecules must decrease by the same number. to keep the pressure or temperature from
increasing. Hence the mass per unit volume of the gas {its density) decreases

The density of humid 2ir may be calculated by reating ? as a micdure of ideal gases

i) [ ] pa My +Fl-Mu B bk - Gl S8 Bl i i e
P i aly = BT + BT = RT P = P pedrs of oy it [Pl
; Where; iy = Soncic ges conifant fof o o, 707,054 Jifog €|

T = lenpesim €
By = Pmmre of wolel vopor [Fo)
iy, = Spucle ooy coralan! g waber vapee, 461 4F8 |y ©
Ay == blakor s ol oy Qe ARG
M. = Linicrere ot wele saper, O DS kgemel
i = ikt goe comrizet 8300 1 moi)

The vapor pressure of water may be calculated from the saturation vapor pressure and refative
nurmdckty. 1t 1s found Dy:

Pr = $Pue
e

Py = Yopor presaee of wabsr
= Radodlve umidey
P = Sahagiion wante peesiurs

The saturation vapor préssure of water at any given temperature is the vapor pressure when
refative humidity is 100% One formula used to find the saturation vapor pressure [Pa] is

T.ET
Pt = B.1078 x 107@m3
whare T = kin degress C. See vapar prewum of woter for othes equaiions,

Note:

This equation wiil give the result of pressure in hPa (100 Pa, equivalent io the older unit
millibar;, 1 mbar = 0.001 bar= 01 kPa)

The partial pressure of dry air pd is found considering partial pressure, resulfing in:

M=p—fh
-ﬁ'mp:&ﬂp‘- Heibed e abarrved abaoiuin Cresie,

1 1 1
o — O Pressure

rrission Coneentr i ACTivi - = 4 - 4
Emission entration ity Rate Wind Spered  Miang Height  Tamperamre  RH

Emission Concentration is directly proportional to the activity rate, so wherever there are
industrial areas, the conceniration of poflutants would be high because of constant industnal
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emissions and the supporting transport activities for loading/unioading activities.

Wind speed shows inversely proportional relationship with emission concentration, as low wind
speeds reducing the dispersion rate of pollutants and thus increase in emission concentration
will be observed. Also, it was found that built form (refer map 10) also affects the wind speed
inside the cily, which creales chunks of land where there is negligible wind speed when
compared o the areas nearby.

Mixing height also varies inversely with the emission concentration. As explained in fable 149,
the mixing height is maximum in the evening and starts reducing thereafter from & pm o & am
during the night. It can be seen from Table 131 & 152 that mixing height is maximum in the
month of July and minimum in November and December

Temperature is directly proportional 1o mixing height | e. inversely lo the emission concentralions,
when lemperalure Is high, mixing height is observed 1o be high and hence low pollution is
absefved in these areas. And when temperature IS low in winters, mixing height reduces
significantly, mcreasing the pollution in the city

The increase of refative humidity in the atmosphere reduces the amount of sofar radiation
reaching the earth’s surface. The heat from the solar radiation Is observed by the air, resulting
in minimizing atmospheric temperature nearer to the surface of earth. The air layer nearer
o the surface of the earth becomes colder than the upper layers, thus reducing the upgoing
cuments and leading to the increase of pollutant concentrations.

Atmospheric pressure is directly proportional to the concentrations of the pollutants, as in areas
where there |s low atmosphernic pressure, wind flows vertically upwards, incréasing dispersion
rate of pollutanis whereas in areas where there is high pressure, downward movement of air is
observed adding the concentration of pollutants from near by areas too.

Caoncluding all the above observations stated in the chapter, camying capacity can be expressed
as following:

It is the ‘maximum capacity of environment that can support the existing emission load
by a land use and its associated activities over a particular time period”.

The concentrations of substances in the atmosphere are determined by: 1) transport, 2)
diffusion, 3) chemical transformation, and 4) ground deposition.

Based on Anthropogenic activity:

Emiision Concentiation o & * K

Where. 3 ~ activity rate (units/hour), K - emission factor (g/unit)

Based on Meteoraloglcal factors:

Themwiore, we can say that;

It is expressed as’
Carrying Capacity = (Emission Standard as per CPCB)/(Follutant Concentration) x
Ventilation Coefficient; ..........cccoverreremesreensrermrsmsmrsnensses (1)

Emission Stondord as per CPFCH
Carrying Capacity = |
o S«

(this formuia is being used for eslimating carrying capacity further in the study)

# Ventilation Coefficient) - Ventilation Coefficient
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8. CARRYING CAPACITY ASSESSMENT

Using the formula of carrying capacity derived In chapter 7, the estimated camrying capacity for
poth PM, . and PM., were concluded month-wise for the monitoring stations across Delni NCT.
All the camying capacity assessment maps (Maps 237-260) were developed through raster
{factor) analysis using GIS, based on the categones mentioned in table 152,

Taode 150 Carrping Capacity estmatcn of Dells for 2098
Ave. AvE.  |Estimate
cashacs B OO o " |estimated
Wind  |Mixing |Mixing 5 fwg, VC |PM,, PM,, [dCC y
Month V.Cim'fe 3 g ot im’fg
Speed |Meight |Height im"fs) |cone. come.  |(m'[s) PM 10
(mfs) | (m) {m) {ug/m" [pg/m’) |PM 25
{Min i Max
lmnusry 4 it 2004 566404 162084 438.741] 195514
February 1.14 o] :.'E'H."H; 102,750 2343 77 1241 36 137 .00%
March 1216 65 22150 B19051 279107 143648 99.67E3
April 1.36 70 A066.6] 250054 JE04 83 144093 901323
May 1.4% Tl 41400 104,35 617057 A137.96| BT.E5VED
Juna L bl A5} 1:“:-1”_ FHIN | 198314 B1.0SES
I-I.l!\l___ 1-']-!1 'ii!l:l _fnl'l..l'lfi_..l'l:.-n_l .i';'l-i'..'-l'[_!:i 1_._1:1[?'?.'.’ !:l.l'_.l"l'.l..l'.nf -l]'.?.’:ﬂ_ 'IIJ“-..."I':H-
Augiast 1.49 140 1476 1494488 ZH04 3] 147694 41 71920 171 )
September| 100 G| 177] 84.0987] 2420,64] 1252 37] 469776 116755
October 1.7 W M5 G e1s) 249528 179645 137087 304364
November | 106 ol 1749 6421 189,54 977.183] 199614 345005
D eC e bt (59 | 164 4970958 164056 #4493 228039 382047
Tabda 181, Carmpng Capani®y sstmaton of Dsir for 2010
| ::' s s o PhAs A PRy [Etlmated Dated |
it | 5% T b S [ V't PR - e B L UL N P TeP S Fr
gy |t g i) b il PwMzs o
| ) L [htas
e— L0 o o mal mm] wsesfaaas  jraaze 1808 |
[February 131 D I T D T T R T
|tk {38 x| s g7l ased 1smafemer s | t06REY
sarl 14 w| omes| 00| ressa rorcEleurr sy | omsm
| ] 7o  awsa|  opg| cosa]  wrialeses  peast | pamoin
L T gn|  1eme 4] 0ns] wAZIS|EReE  [roas | 1579813 796306
ru, 1 ool shrete)  1paa] siga) Asdilasen s
A LA | s | oA 1nicalenr e
i"""’"‘"" 118 sl 1] @] e woeelani:  fean | 15 36 718 1355
[Oetolbat iU EED sl mnal ol os[ieiss  aave | senibd
,rimmhr 1519 it 1o Bis mé ] T CILETY
[n'“'“"" _IaNl: A Lo A ..'—f'.'-".-l",_t.-.- L V) s S L 1 11
Taoia 107 Categorizaiion of Carring Capacity
Category Condition Code
High Carrfing Capatley = Vemilatlan Coastficient
Mageiile Carrying Sopaciey = Fﬂ;ﬂ;‘:ﬂ_ﬂiﬁht
Low | carnying capacizy « vemsitation coatticiant

310
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9. STRATEGIES & RECOMMENDATIONS

9.1. STRATEGIES TO ENHANCE CARRYING CAPACITY

Carrying Capacity can be enhanced given the management capacity (MC) is avaitabie.

Tabis 153 Fsniall patiersy sosanesd in 2012
flim Plan
T o - el
Helght (m] |Height [m)
Sanuary 2.3 Bl 10 2003 1.m|
February 5.3 11 50| 0878 131
March 15.4] Al 65 2215 1.3
Apri 112.31 4 70| 20668 18
May 10.6 10 70 4140 1.46(
lune 83 5 60 1685 19|
July 71 78 170| EE74.76 137
August an.0| 20| 100 1876 133
Saptember 5.1 1| g0 1.16|
Ortober 35| 5 so| 2045 0.98|high
November 0.2 ] 60l 149  1mfhigh
December 5.5 3 so|  isedl oo
Management Capacity:
Factors if properly managed will increase the capacity further sich as
(i} Biomass Burning:

a Increase In LPG penelration in city
b. Zero open burning and
C Use of residue briguettes in power plants

(ii) Transport:

a Public transportations sysiem on eleciric vehicles followed by private vehicles
b. Fleel modemization - all vehicles o BS-VI

. Reducing emissions from vehicies by congestion managemsent

d. Shift of cars and 2w to shared commuter transport

(itl) Industries:
a. Power plant controls with continuous monitoring
b. Sinct PM control on all industries




—

C. Fuet switch to gas from solid fuels

{iv) Road Dust and Construction:
a. Vacuum cleaning of roads
b control of dust from construction aclivities

(v) Other

a. Use of refuse in WTE — reducing emissions from refuse buming in WTE piants fitled with
controls

b. 24 x T electricity supply — reduce DG sel emissions

c. Control of burning of wasle In landfill sites

Effective strategies month wise needs 1o be developed basad on given meteorological conditions
and recurming anthrepogenic aclivities observed In the past such as stubbie buming

The study done by TERI and IIT K provides the emission load per year. However, the guestion
still remains unanswered such as 1o what quantity of emissions (in kgsiday) needs o be
maintained In order io achieve the NAAQ standard for PM, . and PM, 7 The receptor modeling
of some locations in TERI Report provides a giimpse of contributing sources based on winter
and summef seasons and such receptor modeling outputs needs to be prepared for all the
monitoring stations in Dedhl for all the months in order to fully capture the emission sources at

that particular location.
Poliution Control Efficiency [%)] = capfure efficiency [%] x destruction {or collection) efficiency
[%]
Maximum controlled emissions rate [Kgs/hr] = Emission rate [Kgs/nr] x {[100 - Pollution control
efficiency] =100}
Max. controlled emissions [Kgs/year] = Max. uncontrolied emissions [Kgs/year] x ([100 -
Poliution control efficiency] =100)
Table 154 Staingies and Seir gollulion santrof efisiency
Sl. | Strategies Description Poliution Control
no Efficiency (")

Supply and use improved | Supply (mproved biomass  cook-sioves | 7
biomass cook-sioves o T5% amd 100% of hooseholds using
biomass in 2025 and 2030, respectvaly.

Use of agrcuftural residues in open buming fhrotsgh WTE plants
WTE (With adequate tail-pipe confrods)

& -ufagncutt:u‘al rasiiues in | Zaro-open rnmg and use of residues |15 12
loca! households briquettes in local households




SL

13

Strategies

Electrificaiion of vehicular fleet

Electric vehiclgs- 213 wheelars

Improved ::tinn and
maintenance system

20% m 2025 and 40% in 2030 slacinc wo-
wheelers, and 100% ihres-whealars

modarmizaton

Rﬂ:htud eniryimovement of
pre-H5-VI vehicles

All vanicles to be BS-V1 equivalent

High amitter emissions go down from 25%

to 10% (2025) and 25% 1o 5% in 2030

Poliution Control
Eﬂtiency W-]

Bus {!S-EEHI:}. two (20-40%) and three
wheelars (100%), and cams (20-40%) in
2025 - 2030

0.4

0.3

15

Inlmdul:lhn and enforcement
o new
slandanls

22

24

Shifi of 50% cars and 2-w to
shared commufer vehicles

Incmmd penebration  of
hybrid and EV cars

FPower ptani conbrois  with
continuous monitarng

Shift 50% of personal fransport on shared
commuter :I‘I on EV in 2025 and 2030

35% hybrid and 13% EV cars by 2025 .and | 0
T h'.!hrlli and JIHE EV by 2030

Imp{munl simcier NOx and S02 standards

5% and 100% enforcement of S02MNOX

802 and NOx|standards in ofher industries in 2025 and

Fuel switch lo gas from sold
fuels

IﬂlTl:H:Iul:E m-:nm FM., and
Vacuum cleaning of roads

Confrol  of  dust
construchion achivities

:mzu respectively

5% an-:'ru-u‘iﬁ fuel swilch fo gaz fram salid

Tuels in 2025 and 2030, respectively

implament  stricter PM
standards in indusiries through installatione
of wet scrubbers

Introduce and

it ioad reduction 25% and 50% (in 20257
and 2030, rezpectively)

from | Barriers and water baced confrols -30% and
B0% in 2025 and 2030, respactively.

04

23

0.2

24

14




T

Sl. | Strategies Description Poliution Control

no. Efficiancy (%)
PM, | PM,
28 Full ban on refuse buming | Reduced emissions form refuse burning in |5 3

activities and use of refuse in | Waste o Enargy (WTE)
Waste to Energy (WTE)

PM and NOx confrols st DG seis (BO0% | 0.3 0.1
reduction in PW and NOx emissions in 2030)

30 DG  =slz confrols  wsing
innovative lachnologiegs

It can be denved that air pollution is influenced by
« Regional Factors (Macro-Level)
« Local Factors (Micro-Level)

At regional level, the factors include:

- Climate: Temperaiure, Precipitation, Relative Humidity, Pressure, Wind Direction and wind
speed

= Topography

« Land Use and Land Cover

« Activitles around the city limits and its location

At Local level, the Tactors include

« Climate: Temperature, Precipitation, Refative Humidity, Pressure, Wind Direction and wind
speed

- Land Use: Primary activity and Secondary activity (Travel Demand)

« Location of Activities = Industries, Power Plants, Commercial Centres, efc.

- Bullding Heights. Local Climatic Zones

As observed In the analysis, the buffer zones around the monitoring stations which have
indusirial areas shows high conceniration of both FM,, & PM, . poliutants in comparision to
ather landuses, because of the supporting activiies of industrial zones like vehicular trafic for

toading/ unlcading of goods, etc. So recommendations are propesed to further reconside the
tocation of indutnal estates.

9.2. RECOMMENDATIONS FOR ZONING INDUSTRIAL ESTATES

Industrial Estate Planning Approach in India:

Central Poliution Control Board (CPCB)

CPCB's Zoning Allas for siting of industriies program aims 1o support and simplify decision-
making process on siting of industries based on environmental considerations This is an
attempt o idenlity suitable areas district wise for planned industirial development in vanous
siates Using Ihe Zoning Atlas, one can identify environmentally sound sites for selting up




an |[E. These sites can be reviewed from economic considerations such as avaiiability of maw
matenials, transportation network, water supply and elecincity, waste disposal facilities, eic..
to identify the probable sites for which detailed micro-level investigations can be carries out to
select final sites

State Industrial Development Corporation (SIDC)

SIDC identifies the polential sites for industrial development. The industrial sites are selected
mainly on Ihe basis of socio-economic considerations in accordance with the regional'siate
master plan. S10Cs approach the development authorities for Noliication of the proposed sites
for land use conversion SIDC also monitors the development of Industrial Estates (IE) within
the stipulaled imeframe in order to prevenl artificial escalation in land prices

Development Autharities (DA)

The DA plans the physical and infrastructural development of an IE In many regions instead
of the SIDCs, DA dentilies the sites as well The DA also nolifies the land use Conversion once
the site is selected. There are other instifutions and govemnment agencies that have siated
addressing vanous aspects of IE pianning, but the attempts are In Isoiation.
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Emvircnmental Guidelines for Indusiries

1. Areas to be avoided

In siting industries, care should be taken to mnimize the adverse impact of the industries on
the immediate neighbournood as well as disiant places. Some of the natural Iife suslkaining
sysiems and some specific land uses are sensitive 10 industrial impacts because of the nature
and extent of fragility With a view of prolection such an industrial ‘site shall maintain the
following distances from the areas listed:

| Tamis 1303 Lhisiares of Differsnt Areas frm Incusmat D=

1 Ecalogically and for atheruwise Ar leaat 25 kim, depemding on the geo-climatic condiions the requisiie
seqis ilive arvas distance have b be increased by the appropriate agency.
s Coastal aress At least 1 /2 Jon from High Tide Lise.

b | Floed Main of the Riverine Systems. At least 12 km from fhood plain or modified fiood plain affected by dam
in the nplh'r.lm urhrﬂnud control 5:,_':|5E|'r=|.

| 4 Transport/Communication System A2 beast 1/7 ko from higiwey and rafbway.

i1 Major aetilements Distance from settlements b difficalt o malntain becawse af urban
{3.00,000 population] sprawl. At the time of siting of the industry if any major settiement’s
notified limit & within 50 km the spatial direction of prowih of the
suttlement for ab Jeast a decade must be assessed and the mdusty shall
bur sited at beast 25 km from the projectsd growth bousdary of the

settlenwnt

Sourpe Enekprrrensl Gulssines for indpsries MOEFCD

2. Siting criteria

Economic and socialfactors are recognized and assessed while siting an industry. Environmental
factors must be taken into constderation In industrial siting. Proximily of water sources, highway,
maijor settliements, markels for products and raw malerial resources is desired for economy of
production, but all the above lisled systems must be away for environmentai protection. In such
a selected site, the following factors must be recognized:

. No forestland shall be converted into non-forest activity for the sustenance of the
industry (as per the Forest Conservation Act, 1980).
. No prime agricultural fand shall be converied info indusirial skte.

. Within the acquired site the industry must locate itsell at the lowest location to remiain
obscured from general sight

. Land acquired shall be sufficiently large to provide space for appropriate treatment
of wastewater still left for treatment after maximum possibie reuse and recycle. Reclaimed
(ireated) wastewater shall be used to raise green belt and to create water body for aesthetics,
recreation and if possible, for aguaculture. The green belt shall be 1/2 km wide arcund the
cattery limit of the industry. For industry having odour problem it shall be a kilometer wide.

. The green belt between two adpining large-scale indusines shall be one kilometer.

. Encugh space should be provided for storage of solid wastes so that these could be
available for possible reuse.

. Layout and form of the industry thai may come up in the area must confirm with the
landscape of the area without affecting the scenic features of that place
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. Associated township of the industry must be created at a space having physiographic
barrier between the industry and the township.

. Each industry 15 required to maintain three ambient air quality measuring stations within
120-degree angle between stations.

3. Guidelines for Buffer Zones

Buffer zanes are areas created around the conservalion area, often peripheral to it. inside
or outside to enhance its protection. Within Buffer zones, certain legal andior cuslomary
restrictions are placed upon resource use andior is managed 1o reduce the negative impacts
of restrictions on the neighbouring communities. Based on various activities, imporant buffer

Zones have been idenlified in Table 136
Taoke 150 Atities and Seir Bufier zones

§.No. | Activities Recommended Buffer

2 [Ramay nd__|RoW ncudes no development e miset

Ingtailation of telecom towers shousd not be allowed on and around (100 Meters)
the builidings whera educational, rebgious and healih care msthdions are
functioning.

i3 Goopings for deciaration of EcolBensive Jones amoeng natonal pars and wild Iie santuanes. MocF, 2001

24 Drafl Spepisl Regulabon For Inslalsten O Teleoaoen Towers In Urban Asemas, Govedrmard of Drisas, 2013
25 BEZ guideimes, indoxines Commizsionersis Qovearment of Gujerst




S.No. | Activities Recommended Buffer

G Mining and Buffer zone in case of Mining Leasa (ML) area up to 25 ha is o be considerad
quarying= as 5 km all around the periphery of the core zone and for ML area above 25 ha-
an area 10 km all around the pariphery of the core zone.

8 Henlage related | Every area, baginning from e imil of the protecied area/monument, exlending
argasie x o a distance of 100 meters in all dwections shall be the ‘protected areac’
and extending up 1o a disiance of 200 meters in all directions shall ba ‘reguiated
area’.

The protected zone i5 8 no construction Zone. The buiding regufations in the
regulaled zone to be prepared by the Hentage Conservafion Committes in
consulation with AS1,

10 Coastal Coastal tand up fo 500 m from the High Tide Line (HTL) landward side and a
Regukation Zone | siage of 100 m along banks o creaks, ectuares, backwater and rivers
subject to tidal fuctuations i= cafled the Coastal Regulation Zone. which s

reguiaied for developmental activilies.

2% Proforma Far Emironmantad Apprasal OF Miring Projects, MOEF

2T The Petralsum and Natumal Gas Qukes, 1050

8 Od Mnes Regulations. 1084

29 Modsl Builging Byslaws, TCPD

o Ancisnd Menuments 808 Archasoipgoad Sdes and Remains &0 2010 (AMASH)
31 Mational Disaster Mansgensent Godeines Managemerd of Fioods. NDALA




S.No. | Activities Recommended Buffer

12 High densdy/ 4reas around high density, mixed land vse residential areas akng
high:activity dense commuter's zones! arierial and sub-arerial roads to be buffered with
ZOnes trees and planiafions, flexibie bulding maleral for atenuationrefieckion

4 Eco-Bensifive zones

Due to rapid urbanization and its impact on protected zone, there Is a need to conserve
protected areas. The MOEFACC has developed guidelines for dedaration of eco-sensitive
zones around protecled areas, national parks and wildlife sancluaries These guidelines
provice the framework to states/UTs to develop specific buffer zones around National Parks,
Wildiife Sanctuaries, Sanctuaries, imporiant migratory comkdors, et with a view of minimizing
and preferably eliminaling any negalive impacl on prolected areas and sancluaries. The
recommended procedure 1o be adopied by states Is mentioned below.

+ Prepare an inventory of the different land use patlemns and Ihe different types of activities,
types and number of industries operating around each of the Protected Area (National Parks/
Sancluaries) as well as imporiant Comidors be made with the help of range officers.

« A small committee comprising the concerned Wildlife Warden, Warden, an Ecologist and an
offictal of the Revenue Department of the concemed area, could be formed whose function
Is to provide recommendation on requirement and extent of eco sensitive zone. Further, the
commitiee can also suggest the methods of management of zone and thematc activities, which
can be included in the Developmeni Plan/ Master Plan of the region.

9.3. ZoNING ATLAS FOR SITING OF INDUSTRIES™

CPCB prepared a zoning atlas for industries, some major factors are discussed below

As per the District Atias, Zoning Atlases are to be prepared with following themes:

. Areas to be avoided (Biological diversity and Incompatible Landuse) — Environmentally
Sensitive Zones

. Air Pollution Sensitivity (3ites for air polluting Industries)

22 National Dissske Maragemsrd Guldsfnes Chemicai Disasters (Tadustisly NOMA

31 hetn:wws.roci ric inadfraws 120002011 D1 pof (Natioesi Power Corperation of Endia Lmisd)

34 Ansed Mumar, CPCE, T5.08-2018
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. Surface Water Pollution Sensitivity (Sites for water polluting Indusines)

. Suitability of sites/zones for industrial location

Areas to be avoiced- Sensifive Zones/ Biological Diversity /incompatible Land Uses-

. Biologecal Diversity: Sanctuanes National parks Game reserve Tiger reservelelephant
Sensitive Zones Sanctuaries, parks, resenve, reservelurtle nesting ground, breeding grounds
Core areas of Biosphere reserves. Wel lands, Areas with threatened (rare, vulnerabile,
endangered) florafauna, profecled corals, Reserved/Prolected Forest and any other locally
specified

. sensitive/incompatibie Land Uses. Public water supply areas (river, resemnvoir)
manuments, Flood prone areas, CRZ, World Heritage Site, Religlous places, Touris! places,
Protecied tribal settlements, Agriculture Research Stations, Air Port and any other specified by
State or local government

931 AR POLLUTION SENSITIVITY ASEESSMENT

An assessment for Delhi has been camed out based on the guidelines introduced by the
Zoning Atlas.

Industry Impact Potential*
Al > '._f km
A2 ste7km 000
A3 2o 5 km
A

© rmmy

Figore 180 Calegorzaion of ndisries

Souroe: Ritpotode comndin orjfuseriesT EF pdf

3. Land Use Sensitivity

Feature Zone-1 Zone-2 Zone-1 |Zone-4
|

National Farks /Sanchuaries’ Margrove ama’ YWetlands =3hm | 2wSkm BT km i=—?1m1
Tiges resarvelslephant reser/eturtie  nesting ground, =<2km 2w 5km Eta¥ km !bT'f:m
brewding grounds! Game resene i | |
Core 2an of biosphene renerus elkm | 2mSkm HwTm [ >Tkm
Notified pratectzd wbal seifements’ Criical/high’ air <2km 2w dkm SkThkm | >T7km
poited areas’ Agricutursd research stations/Alr Port

Ar=as with threatensd (e, winersble, sndangered) <2km 2telbkm SwTkEkm = Tkm
fliorafauna, protected oorais Habitat for migratory birds

Botanical gardens. Zoological gardens, Gene Banks <2km | ZtoSkm Sto7lkm |
Monuments of nabonal significance/ World Herfage Sites  <2km 210 5km Sto7hm |

1
!

Any ofher ciosediprolectsd area under the Wid Life <2km  Z105km Sl Thm iz-m-n
i

{Proection}bct, 1972

Core areas of scenic areasiourism areashil resons’ <Zim 2o Skm Sto7km
refigious places/pilgrim centres with more than 5 lskh

visforsAouristeipigrims per yesr

Hilly siretohes that act as barriers for dispersion of «<2km 2w 3km GwThkm | =7km
emissions, areas with freguent inversion conditions

Ay oner feature as specified by the State or local <2km ZoSkm GTkm |*Tkm
government'or locally applicatie

Figors TET: Led ure SensRiity
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| Sowrpe fitp Sodn ceeindiz orgfuserees TP pdf I

4. Site Suitability to Air Polluting Industries (without considering water pollution)

Air pollution | Env, Zone-1 Lone-1 Zone-3 Zone-4
sensithvity | Sensitive {=2 km) 2wSkm) | (Sm7km) | (> 7 km)

(5te 7 km)

A3
(2125 km]

Industries with impact potential less than 2 km |A4 category) may be cansidered for siting
anywhere in the district based on micro-level conditions, except in the areas that are fo be
avolded | However, in all the cases micro-level assessments are essential before taking final
decizlon on site suitability, Also, ‘consent o establish’ is required In all cases,

Figome 188 St Suilatity o by Poluseg Irdustres {without consoanng waisr paligion)

SIFTE D Aedn CoBniie ppfuseriees s pal

0 3.2 Possipie M TERNATE STES FOR INDUSTRIAL SITiNG

1. Zoning of the Distnct

sSensitive Zones

. Zone -1 High nsk zone for air polluting mdustnes (21)

Zone-2 High risk zone for air poliuting indusines (Z22)

Zone-3 Medium risk zone for air polluting indusines (23)

. Zone-4 Low nsk zone for air polluting industries (Z24)

A1 category - industnes with emissicn from combustion of fuets using coal 125 thr or equivalent
fuel, or industries having process emission emitied through organized et out system (stack)
of having fugitive emission or odour nuisance, or indusines generafing noise levels of 90 dBA
and above

AZ category - industries with combustion emission from usage of coal 125 thr or equivalent, or
generafing noise levels between 70-90dBA, or having diesel generalor sets 50 KVA

AJd calegory - industries having emission only from boilers of steam generation capacity iess
than 24/hr but not using coal, or noise of FABA, or using DG sels uplo 50 KVA

-

A} Site Suitability for Indusinies with respect 1o air pollution

The area lying within Eco_sensitive_areas 2Km_Buffer (Zane 1) are not sultable for any type of
Indusiries (A7, A2 & A3). The areas lying between Eco_sensitive areas 2km_Buffer and Eco
censilive_areas bkm_Buffer (Zone 2) IS not suitable for indusiries A1 & A2 The siling of A3
Indusiries Is possible in this zone: The areas lying between Eco_sensitive_areas_Skm_Buffer
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and Eco_sensitive_areas TKm_Buffer (Zone 3) is not suitable for A1 type indusines where as
there is possibility for A2 and is most suitable for A3 type industries The areas lying beyond
Eco_sensitive_areas fkm_Buffer {Zone 4) s possible for siting of A1 type industnes and is
most suitabie for AZ and AJ type indusines.

Industries with impacl potential iess than 2 km (Ad category) may be considered for siting
anywhere in the district based on micro-level conditions, except in the areas that are lo be
avoided However, in all Ihe cases micro-level assessments are essential before taking final
decision on site suitability. Also, ‘consent 10 establish’ is required in all cases
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SITE SUITABILITY FOR INDUSTRIES W.R.T AIR POLLUTION

Map 200 Sie susabilly for Pdusiiss
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Sirategiss & Aecommendaions

SITE SUITABILITY FOR INDUSYRIES W.R.T 5Puu,uﬁuu .

Satellite cities

Map 251 Location of bock krsia v resped o Fe ste sitabiy
According to a research paper released by the Centre for Scence and Environment on March
11 at the Amil Agarwal Dialogue in Delhi, India is the second largest producer of bncks in the
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world and manufaciures nearly 200 billion bricks a year. The paper siates that 65 per cent of
these bricks are produced in the Indo-Gangetic plains, which have one of the world's most
fertile alluvial plains

Brick kiln shall be established at least 500 m away from residential area having 8 minimum
population of 100-150 people or 20 houses including both kachcha and pucca houses, 1.0 km
from a residential area having 3 population more than 130 or more than 20 houses including
both kachcha and pucca houses. However, the distance from notified municipal area will be
5.0 km.

9.4. OBSERVATIONS:

Given the predominant wind direction of Delhi and observing monthly wind directions, the
possibly sultable locations Hes towards South Wesl The area has varlous locational advantages
w.rl access 1o road network (expressway, highways) and airport connectivity. The existing
locational setting of Industries favors large Inflow of vehicles (trucks) for transport of Anished
goods and procurement of raw materials. The wind direction being predominant from NW, W, E
& SE direction is unfavourable for indusinies located within that region. The existing industries
near Bawana, Mundka, Alipur, Rohinl, Jahangirpun, Wazirpur and Anand Vihar thus poses a

lﬂgﬂ problem of air potlution.
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The Emission Inventory prepared by TERI and [IT Kanpur have accounted for fuel usage in
industries while the emission from the process itself within those industries and secondary
activities {procurement of raw matenals and transportation of goods) were not accounted. The
existing zoming of industries in Delhi (a5 per Master Plan of Delhi, 2021) does not support o
betterment of air quality. 10.1.3 Phase 1 (25 March — 14 Apil) A

Legend
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LANDFILL WTER
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BLB-CITY LEVEL MARMET
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DISTHICT CENTIRES
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] oo e, Pussmins, pounitimy

ROAD NETWORR
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Wag 262 Maoe Lesylly Loczhans in Dels

On observing the daily mixing height data and wind speed, we aiso see the location advaniage
of siting industries lowards south-west region of Delhi. The modeled mixing heighl is shown
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below

The MoEF&CC and URDPFI Guideline Vol 1 states the use of Zoning Atlas for Siting of

Industries prepared by CPCB for allecation of industnal areas where as no such relevance

have been found in Master Plan of Delhi, 2021
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10. SCALES OF INTERVENTIONS

The foliowing recommendations are provided based on the scale of influence:

10.1. CONTROL ON LANDUSE BASED ACTIVITIES

A. Regional Leval

It has been observed that regional influence in terms of operating brick kiins, fires, stubble
buming especially fro north -east and north west have an influence on the level of alr pollufion
in NCT Delhi Hence for 3 distance of 5 to 8 kms beyond the NCT boundary there should be 3
confrof of sources of air pollution. Some af the suggeslions are as follows

« The growth trajectories as specified in the Delhl Master Plan 2021 and NCR Plan should
include considerations of Environmental Management w.r | air quality. -

- Developments & Development controls govermed by FAR should Incorporale study of wind
movement towards city and should help in better pollutant dispersion potential

+ Transport corndors connecling Delnl with nearby cities should be managed in such that
neavy trafic volumes are diveried away from the observed monthly wind direction pattem

- Goods movement Into the city via HCVs and LCVs should be controlled via lmiting
mavement to city imits. This would mean relocating a befter site for warehouses.

« Comprehensive Transportation Management Flan based on latest year study should be
prepared.

- Management Plan for solid wasie & agricuitural waste should be brought with focus on
discouraging bumning of waste.

- Management of desertification— vegetation/green cover and urban wetlands should be
developed in the green belt and pen-urban areas of Delhl.

B. City & Local Level
The built form of the City modifies the air flow pattem and pockets of air stagnation prevent
the dispersion of poliutants . Activity build up due to corresponding landuse and increase in
poliution levels need to be addressed. It is therefore suggested |
« Developments & Cevelopment controis govemned by FAR should incorporate study of
wind movement within city and should help in better pollutant dispersion potential. Height
restrictions should be enforced based on fluid dynamics/air movement
« Standard Operaling Procedures should be idenlifed for organized and unorganized
activities (as observed during lockdown period)
» Landuse based activities should be controlled based on |is scale of trip generation &
attraction,
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- Efficiency of public transport should be increased thus reducing dependencies on personal
vehicles for daily trips. The focus should be on minimizing vehicular kilometer travel (VKT)
of each individual

« Strategies for encouraging cycles as mode of fravel to work should be infroduced

« Dedicated bicycle lane, elevated bicycle comidors or shaded bicycle cormdors should be
identified to encourage more bicycle users.

« Restricted vehicular entry to major work centres encouraging use of last mile connectivity
should be enforced,

« Green cover should be maintained based on is infuvence over air quality. It should not act
as a barrier

= Location of landuse which attracis high levels of activities should be discouraged In North
Wesl, North East and Souh East Delhi which show high level of air pollution

= Proposed Industries should nol be localed In areas around sensitive landuses.

= The growih direction of Delhi is towards Wes! spreading over Morth West and South West
region. The holding capacities have been increased significantly In order o accommaodate
the existing and future population. As such efforts should be made 1o ensure iand use
Zoning akigns with promoting good air guality rather than degrading the situation. Alse land
use implicalions on akr quality can be estimated In hand for new development zones in
order to provide sustainable solution without hampenng the development process and air
quality.

= Preparation of existing land-use pian. The have been cases where proposed masier plan
of city and existing scenanocs differ and Delhl is no exceplion. And GIS based master
plan shape files should be made publicly available from Cevelopment Authorifies and Air
poflution Data including the mixing helght values from Air Quality Monitoring Agencies in
order to encourage better R&D in the field of air pollution

10.2. ACKNOWLEDGMENT OF VARIABLES AND INDEPENDENT FACTORS

A. Regional, City & Local Level

« Strategies should focus on controfling land use based activities and should not enlirely
depend on venlilation coeMicient which primarily signifies assimilative capacity of air
environment.

= Mixing heights increases and decreases with ime and as such strategies should be
independent of these vanables | e, wind speed and mixing height should be kept in mind.

+ Alr Poliution Studies |.e, called Source Apportionment Study / Emission Inventory should
be done in conjunciion with Land Uses and Development Authorties and Alr Pollution
Management Agencles should work together to device effective and appropriate zoning
mechanism for controfing air pollutant concentration




10.3. SETTING EMISSION BUDGET FOR EACH ACTIVITY

A. Regional Level, City & Local Level
« Emission budget {allowable emissions in kgsiday) should be identified based on vanous
cbservations. The case of lockdown can be taken in such case and emission fimiis from
varnicus activities highlighted in emission inventory should be prepared
- Emission budget should acknowledge the growing papulation, increase in personal vehicle
users and demand of goods.

10.4. IDENTIFICATION OF APPROPRIATE ZONING MECHANISMS

A. Regional Level, City and Local Level
« Foning of Land uses should be done only with detail study on the implications of land use
and its associated activities on air quality. Long term average meteorological conditions or
climate simulation modeling should be taken inlo consideration
» The Masler Plan of Delhi should incorporate land use implications on air quality and device

appropriate land use mix.

10.5. IMPROVING MANAGEMENT CARACITY

A. Regional Level City and Local Level
- Toenforce air pollution controls, strategies such as emission siandards, economic incentive,

cost benefit and air quality standards can only be achieved with adequate management
capaciy

- Dperational & Management capacity of air pollution mitigation strategies should be
increased

« Houtine checks and disposal of activity-based strategies shouid be done in frequent interval
every menth.
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12. FUTHER STUDIES

The chapter suggests all the further studies that needs to be carried out refated to fanduse,
buiit form, vegetation for control of air poliution in NCT Delhi

MCT Delhi spread over an area of 1483 5q. kms. with a population of 16.75 million (Census
2011) and a density of 11,297 persons per sg.km is proposed to grow to 230 lakhs by
2021 and as per best fit curve model of population prejection could reach upto 250
lakhs by 2030. The major environmental issue in the city is the high levels of pollution
especially PM,, and PM__ .

The urban sprawl, builtform density need to be studied to control local level increase in
pollution levels. The Source Apportionment Studies and Carrying Capacity Analysis has
identified zones reporting high pollution levels or hotspots. Detailed scientific studies
need to be undertaken both in the hotspot areas and the other areas to arrive at patterns
of landuse, built form and vegetation types that would help to contain the rise an air
pollution leveais .

12.71. SCIENTIFIC STUDY TO CORRELATE LAND USE ACTIVITIES AND AIR POL-
LUTHOMN

The study would include identification of planning zones, sub zones of wards which fall Into
hotspot and non-hotspot areas wrt PM,, and PM,, and record the air poflution trends as
available from the monitenng stations in the area and study the following in the area followed

by:

« Overview of the selected area 0 ammve at population, density predominant fanduse,
green recreation and waterbodies, traffic characteristics, infrastructural status elc

« Landuse typology- Residential, Commercial, Industrial, Public-Semipublic, Mixed use
(types of mix), recreation, waterbodies elc and trends as per the MPD, 1962, POP 1980 and
MPD 2021 and proposed interventions as per MPD 2041

* Flooruse—Building use and flooruse in select landuses alongwith and heights to understand
the existing patlerns in the selected area

« Study of Byelaws and Development controls- as applicable 0 the landuse size of
building 10 understand vialations If any

 |dentification of activities w.rt to Landuse — Activity listing to arrive al air polluting
activities such as raffic composition, volume, street vending, cooking, manufacturing,
wasle disposal elc and identification of air polluting activolies

» Location and spread of activities w.r.t landuse and seasons - appropriale mapping 1o
understand the spread and Intensity of the aclivities

* Preparation of emission Inventory based on the air polluting activities through

primary surveys
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= Estimation of air poliution load due to the polluting activities based on appropriate
emission factors

= |dentification of aspects of landuse and built form that impact air pollution and
suggestions for their management and control

12.2. BUILT- FORM CHARACTERISTICS, AIR FLOW AND VENTILATION COEFFI-
CIENT

The study would include dentification of planning zones, sub zones or wards which fall into
hotspot and nen-hotspot areas wrt PM, . and PM, and record the air pollution trends as
avaliable from the monitoring stations In the area and study the following in the area foliowed

by

= Overview of the selected area 1o amve al population, density predominant landuse,
green recreation and walerbodies, traffic charactensiics. infrastructural status eic.

= Study of Byelaws and Development controls- as applicable to the landuse. size of
building to understand the applicable FloorArea Ratios, Ground Cover, setbacks eic. and
violations i any

« Built form Charactenstics - building heights, building censity, open to built ratio.
predosminant anentation

* Ground Level Concentration of pollution =for PM, . and PM__ based on GIS or applicable
models

« Estimation of air pollution load due to the pollufing aclivities based on appropriale emission
faclors

* Simulation of wind flow movement seasonwise = Iy application of approprisie models
to amive at areas which trap pollution

* Suggestions for building heights, orientation efc to e included in the bye laws to
enable dispersal of air pollution

12.3. Air PoLLuTioN AND TOLERANT VEGETATION

The study would include study of exisling tree, shrub, climbers and ground cover in identified
planning zones, sub zones of wards which fall into holspot and non-hotspot areas wrt PM, .
and PM,, and record the air pollution trends as available from the monitonng stations in the
area and study the following in the area followed by,

* Overview of the selected area 1o amive at population, density predominant landuse
green, recreation and waterbodies, traffic charactenstics, infrastructural status etc.

« Literature study on guidelines for greenbelt development for mitigating airpoliution -
species suggested for various agroclimatic zones in India and suggestions for propogation,
location wrt air poliufion source, density and width of ptantations in the case of NCT Delhi

= Pattern of existing vegetation - location, spread and species typology along roads of
vanous hierarchy, parks of vanous hierarchy, residential, institutional, commercial, industrial
areas, along waterbodies and within urban /ity foresis  w.rt — fype of species, height
spread, canopy size ( large shrubs and trees), evergreen/deciduous, leaf characternistics,
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condition elc

* Air Pollution Tolerance Index — estimation of the APTI of existing vegetation based on
laboratory analysis of samples from the area

« Suggestion for selaction of the right vegetation to enhance Jir poliution exposurs/
mitigation for study area— type of species mix, propogation, location and maintenance for
existing area

« Supgestion for selection of the right vegetation to enhance air pollution exposure/
mitigation for NCT Delhi=- lype of species mix w,rl vanous transport comidors Indusirial,
Commercial, Inslititional, Residential landuses including propogation, focation and
mainlenance guidelines

12.4. DeLineaTiON OF AR SHED oF NCT DeELMI

Airsned is roughly analogous to the concepl of the watershed and considers air basins as
geographical areas thal share the same air because of lopography, meteorology and climate
To address the problem of air pollution comprehensively, Sagnik Dey, Associale Professor at
IIT-Delhi and Coondinator for the Centre for Excellence for Research for Clean Air (CERCA),
said, “We need to delineate airsheds based on wind flows and their pelliutant reach. The
city action plans should be integrated with the larger airshed management strategy 1o
deal with the problem”.

An approach of delineating Airshed can been developed with focus on inflows and outflows. The
quality of air is influenced by the intensity of activity(les). Cities are dependent on each other
for goods, raw matenals, employment opportunities, efc, Therefore, identifying the intensity of
flows will heip in building a functional relationship between the dominant centre {focus area)
and the surmmounding citiesfiowns
« Gravitation Analysis between cities adjoining NCT Delhi in NCR - Ghaziabad, Noida,
Grealer Noida, Faridabad, Gurugram, Jhajjar, Sonepat, Baghpat elc to understand the
intensity of activities and fiows between these cities and implication on air pollution load
« Sources of Pollution in NCR - ldentification of sources of pollution based on latest Source
Appottionment studies conducted for NCR
« Estimation of Ground Level Concentrations of air pollutants pollutants - based on
appropriate modeis w r ! identified sources
« Delineation of Airshed of NCT Delhi-guidelines for developmenl and recommendations
for reguiation of landuse and achvities in the Delineated region.
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