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Executive Summary

Pollution control plansfor the attainment of environmental quality stardards must provide
convincing evidence that (a) the relative importance of polluting souces are comprehended
and that (b) the control plans proposed are cog-effective and can be implemented by the
community with confidence To spedfi cally addresgheseissues, the Rajaghan StatePollution
ControlBoard (RSRCB), Jaipur has sponsoed this projed to the Indianinsitute of Tedhnology
(IT) Kanpur for the Bhiwadi City. The project has the following specific components:
Development of GIS-based gridded (2 km x 2 km resoluion) air pollution emisson inventay
for ar pollutants (Particulate Matter less than or equal to10 um (PMyg), Particulate
Matter lessthan or equal to2.5 um (PM.s), Sulphur dioxide (SQ), Carbon monoxde
(CO), and Oxides of nitrogen (NOy); Assessmenbf pollutant emissons from domestic
vehicular industral andnon-point souces; Extent and severity of impacts of emission on
air quality; Identify best practices to improve air pollution control for major sources
includingindusties; andDevelopment of air pollution @ntrol action plan.

Theoveral framework of the study is presentedin thefigure below.
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Emisdon | nventory

Theoveral baselineemissoninventay for the year 201¥% presented inTable 1.

Table 1: Overall Baseline Emission Inventory (2017)for the Bhiwadi City (kg/day)

Category PM 10 PM2s (6{0) SOz NOx
Industrél Point 736 663 3070 1901 1712
Vehicle 1485 1336 16439 384 14428
Road Dust 21654 5239 0 0 0
Hotels/Restauants 42 21 76 29 12
Domestic 172 156 901 14 46
Industres Area 3246 2921 4784 9207 5122
DG Set 317 285 966 295 4474
MSW Burning 296 177 1553 18 111
Construetion/Demalition 229 58 - - -
Agricultural Soil Dust 44 - - - -
Total 28221 10855 27789 11848 25905

Thetotal PMio emissonloadin thecity is estimated to be 28 t/d. Thetwo largestcontributors
to PM1g emissonsare road dust(77%) and industrel area saurces (11%); theseare based on
annual emissons. The estimatd emisson suggests thatthere are many important sources and
a composte emisson abatement including mostof the sources will be required to obtainthe
desired air quality.

PM25 emisson loadin thecity is esimated to be~ 11 t/d. Thetop four contributorsto PM2s
emissonsare rcad dust(48 %), industrial area urces (27%), vehicles (12 %) and industral

pointsource (6%); theseare based onannua emissiors.

SO, emisgonloadin thecity is esimated to be~12 t/d. Industral areasources accountfor 78%
of thetotal emisgon. It appeas there may be a need to control SO2 from industral areasource

as SO» is also known to conbute to secondary particles (sulfates).

NOx emisgons are about26 t/d. Nealy 56% of emissons are attributed to vehicular
emissons that occur at ground level, making it the most important sourcefollowed by
industral area source (20%) and DG sets contributing 17% to NOx emission. NOx



apart from being apollutantitself, it is an important componenin the formationof secondary

particles (nitrates) and azone.

The esimated CO emisson is about 28 t/d, second highest after PM10. Nealy 59% emisson
of CO is from vehicles, followed by industial area sources (17 %), industral point source
(11%), MSW Burning (6%), and DG Sets (4%). Vehicles could be themain target for
controlling CO forimprovingair quality with resped to CO.

Bhiwadi is classified as an industrial city. Due to he governmentpoliciesandBh i wadi 6 s
proximity to Delhi, the city has attracted many large aM&ME industries. Most of liese
industies use boilers and furnaces. A careful examination of industral processes brings the

following observations to the fore

A There are about 400 boilers/furnaces that are operational in Bhiwadi and contribute
heavily to particulate as well as gaseous emissons. The large contribution is dueto
the useof coal, wood, and othersolid fuels, the ndusty should shift toclean fuel such
as Natural gas and electricity for a significanteduction in emissons.

A Induction Furnace contributes to 44% oPM emisson.

A Non-defined processoilers/furnaces are producing major SO (38%) and NOx (24%)
emisgons and are using fuels like LSHS, LDO, FO, Cal, and Wood. The mnimum
cgpadty correspondng to the production of the industy has been worked out and
assumed as the cgpadty of the furnace while estimatingemissons.

A Thesewnd biggest contributor to SO, (16%) and NOx (23%) emisson is baby boilers

and mostlyare ruming on coal.

Air Quality Modeling

USEPAG AERMOD model was employed to asgsstheimpad of emissons acurring within
Bhiwadi on the ambient air at multiple locationsfor PM 10 and PM2s. The modelingexercise
was performed for different seasons(winter, monsoon,pog-monsoon,and sunmmer). Locd
metorological data generated through the WRF (Weaher Research and Forecasting) model

were wsed for the dispasion modelingand inpus from emissionnventory (EI) were taken.

The winter isconsicered as critical when it comes to dispesion of pollutantsand pollution
impads. In air quality dispasion modeling, one of the receptors consdered in this study

includes the city of Delhi. The city of Bhiwadi is located in the SSV diredion of Delhi,
3



whereas theprevalentwind diredion at Bhiwadiis from NW diredion. This implies thathe
majaity of thetimethewind is blowing from NW (Figure 2) and, thereforeemissons from

Bhiwadi areunlikely to contributeto Delhid air pollution.

The air quality modelwas run to assesghe contribution of emissonsfrom Bhiwadito the

City of Delhi. It was seen thabeyond 9.0 kmthe average concentration in winter months
due to emissions from Bhiwadi was less than 1 {ig{ffigure 3). The peak 24r
concentration in winter months due to emission from Bhiwadi was estimated to |iog/120
Since winteiseason and peak-Bdur concentran due to emissions from Bhiwadi is very low, it is
unlikely that closure of industry eery stringentir pollution control measures at sources in Bhiwadi
will improve the air quality in Delhi. However, the suggested pollution control measures will

significantly improve the air quality within Bhiwadi city (see control action @lad)may be adopted
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Figure 2: Wind RoseDiagram (Winter: November to February).
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Figure 3: AverageConcentration in Winter Season

Control Action Plan

Bhiwadi is considered as oneof the majorindustral hubsin theregion. In addition to industrel
and automobile polution, there isa sgnificant emisson from non-point souces. Clugers of
small and medium scde industres are aso responsible for air pollution. In most of the
ingtitutions, hotels, and offices, the diesel generators are used at the time of power failure.
Unlike othercities, at severd locdions,garbage burning isa common practice it is also seen
that not only garbageburning, the industrial wasteis also burntat severa places within the
city, which can be an important contributorto air pollution. The rad condtionin thetown is
quite bad as roads are broken, pooily maintained and partially paved and it is observed that
movenents of the vehicle may causenon-exhaustroad dustemission in a significant amourt.
The area outsde the factories is poolly mareged and has become a dumpingground of ron-
hazardouswastes.

A list of potenia control options that include technical and management interventions is
presented in Table 2 for PMio and PM2s respedively.



Table 2: Control Options, Emission Load, and Reductions in PM

Saurce Control Action Responsible authorities Time Frame

Restaurants of sitting capaity more than10 shauld not usecoal andshift Municipal Council, Bhiwadi, Bhiwadi 1 vear
Hoteld to dectric or gas-basedappli ances. Industrial Development Authority (BIDA y
Restaurants — - - - - -

Ashresiduefromthetandbor andother activitiesshaild notbe dsposed Municipal Council, Bhiwadi, Bhiwadi |

nearthe roackide. Industrial Development Authority (BIDA +Y€ar
Domestic LPGtoall, currently 74.4% of thehousehddsare using LPG for coding, ;r?g Departmentof Food,Civil Supplies 2 year
Sedor rest are Ling sdid fuels. Consumer Affairs and Oil Comparies
Muni cipal Solid Any type ofgarbage buning shoud bedtrictly stopped. Municipal Council, BhiwadiRIICO(for Immedate
Waste (MSW) Suwveillarce isrequiredthat hazardous veste goesto TSDF. Municipal Council, BhiwadiRSPCB
Burning e :

dSi(;r:?;tt)ﬁ?Op;]eone andmedathrough workshaqs and literature Municipal Council, Bhiwadi, Bhiwadi

' Industrial Development Authorit{BIDA),

Wetsuppression

Wind speedrediction (for large corstruction site)

Waste shoud beproperly disposed of. It shoud not bekeptlying

neartheroadsasit may contribute to road dust emission.

Municipal Council, Bhiwadi, Bhiwa| Immedate

Congruction and
Demolition

Proper hardling andstorage ofraw material: coveredthe storage
and povidethe windbreakers.

Vehicle cleaning andspecific fixed whedl washing onleaving the
site anddamping down of haul routes. Vehicle transporting raw materials
waste materials should be covered.

Actual construction aeashould be covered by afine screen.

No gorage (no matter how small) of construction material near
roadside (upto 10mfromthe edje oftheroad)

Sen#tize construction workers and ntract agencythrough
workshors.

Industrial Development Authority (BIDA
Rajasthan Housing BoareWD, RIICO




Thesilt loadin Bhiwadi variesfrom7 to 73g/nm?. Thesilt loadon eachroad
shauld bereduced uncer 5 gm/m?.

Regular Vaccunsweepng shoud be done on theroadhavingsilt load
above 5 gvm?

One Year
Convert unpavedroads to pavedroads.
vacuumassistedsweepngcaried out four timesin amonth will redwe road
dustemission by 71% (resultant emissions: 6 ton/day)
Road Dust Roadscondition stould be maintained poperly andcarpeting of shouders
asap.
Theseroads should be fixed on piority- Municipal Council, Bhiwadi, Bhiwadi
1. Dhatha Canplexto BhiwadiMod Industrial, Development Authority
2. Bhiwadi Mod to Toll Plaza (Alwar road) (BIDA), Rajasthan Housing Board, PWI
RIICO 6 months
3. Alwar Roadto Mansa Chowk
4. Manrsa Chowk to Relaxo Chavk
5. UIT Residertial Area
6. Chowparki Road
Diesdl vehicle ertering/registered inthe city shauld be eqlipped with
DPF which will bring a reduction of 40% in emissions (This ogion Transportation Department 3yeas
mustbe exylored orce Bharat stage VI fuelis available)
InduSrlesmustbe encoua_gsfdto useBharat stage VI vehiclesfor Bhiwadi Manufacturing Association (BM AImmedlate
Velides transportation of raw andfinished product
Re;sin ction onplying andphasing out of 10 yeas old commercial desel Trarsportation Depatment 1yeas
drivenvehcles.
Introdudion of cleaner fuels (CNG/ LPG) for vehicles. The Department of Food, Civil Supplies| 1 year
andConsumer Affairs an@NG Regulatoi
Electric/Hybrid Vehiclesshoud be ercouraged; New residertial :
and conmercial buildings to hase crargingfadlities. Transportation DepartmersIDA Lyear
New ar pollutingindustry under Red and Orange categosheud be RSPCB
_ alowedin Bhiwadi only with stringent conditions as per CEPI Mechanis
Industries and | jsgued by the State Board Immedate

DG Sds

Ensuing emission standads in industries

RSPCB

Strict actionto stop ursciertific disposal of hazardouswaste in the

suroundingarea

RIICO, BMA, RSPCB




Saurce Control Action Responsible authorities Time Frame
There shauld beseparate Treamert, Storage, andDisposal
Fadlities(TSDFs) for hazardous vaste. BMA, RSPCB 2year
Indugrial waste burning shoud be stoppedimmedately RIICO, BMA, RSPCB Immedate
Follow best pradicesto minimize fugitive amission within the
industry premises, al leakageswithin the industry should be BMA, RSPCB Immedate
cortrolled
Areaand roadin front of the industry shoud betheresponshbility RIICO. BMA
of the industry ’
Categay A Industries(using caal and other dirty fuels)
About400bailers and furnacesn Bhiwadi are running over .
cod, wood, awd therdirty sdid fuels which stould besifted | ot o Eigﬁ?tggyp'z%ardﬂawa”a CityGas | 5 eas
to netural gasandelectricity gto.
Almostall rotary furnace having signifi cantemissionsare .
runnngon ca that neals to beshiftedto natural gasand g:\gﬁi’bstli\lne CR:gg:::jatoRrglfggrd, Haryana City Gas 2 year
electricity g +o. 1,
Multi-cyclonesshoud beredaced bybaghouses BMA, RSPCB 1 year
Categay B Industries(lInduction Furnace)
RecanmendedFume gascapuring hoodfollowed by
Baghouseshauld be used to cortral air pollution BMA, RSP(B 1 year
Diesdl Generator Sets
Strengthering of grid pawer suply, urinterrupted power State Energy Department, JVVNL 2 yeas
suppy to theindustries '
Renevalde energy shoud be wsedto caerthe needof office
requirementin the absenceof power failure to stop the useof BMA, Rajasthan Renewal Energy Corporation Ltd | 1 year

DG Set

*The abwe steps should nat only beimplementedin Bhiwadi municipal limits ratherthese should be extended to upto atleast 25 kmbeyondthe boundary.
This will need sugport from the certral governmentaswell asthe neighbauring state government




Induction FurnaceEmisson Contr ol

There are many industries havinginductionfurnaces, which arevery pollution processes with
almost no pollution control devices (Figure 4). The maximum emissons occur when the
furnace lids and doorsare opened during charging, bad charging, aloying, oxygen lancing
(if dore), poking, slag removal, and tappingoperations. These emissons escgpe from sides
and top the bulding.

Figure 4: Inductance Funacein Bhiwadi (Existing)

To addressthe pollution caused by fugitive emissons using induction furnaces, a fume gas
cgpturing device has been developed and commercially available. A side-based suction
(Figures 5 and 6) is far more effective thantop suction, which interferes with the movementof

thecrane.

Figure 5: Proposed Suction Hood (Pic courtesy: Electrotherm)
9



Figure 6: Working of side-based Suction Hood

It is recommended that a fume gas capturing hood followed by baghouseshouldbe used

to control airpollution.
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Chapter 1: Intr oduction

Background

Industralizationis ontheincreaseand sois the environmental pollution due to emissonsand
wastedischarges fromtheindustres. Industrél pollution hasthe potentialto causeirreversible
readionsin theenvironment and may posearisk to humanhealth. Sincethe carrying capaaty
of the environment is not unlimited and someareas or emsystemsare more suseptible to
adverse environmental impads than othes, the unplaned and haphazard location of
industries might subgantially increase therisk. It is desirable thatfor existing industial aress
stressed une high ambient pollution levels, a systematic and effective adion plan is
developedand implemented in a time-boundmanner rather than consdering theclosure of

the industnrés.

Air pollutionis an important environmental component and requires an adion planthatshould
be based on cause-effed analysis. However, this is not simple. The problem becomesmore
compex dueto the multiplicity and compexity of theair polluting souce mix, automobiles,
generators, domestic fd burning, roadsidedust, constriction adivities, etc., which co-exist

with industres.

Sincetheenactment of the Air Act 1981,air pollution control programshave focused on point
and area source emissons, and many communities have benefited from these control
progams. Nonetheless, most cities in the country still face continuing particulate non-
attainment problems from agosolsof unknown orgin (or thosenot consdered for pollution
control) despite the hgh level of control agplied to many point souces. It is inthe lattercase
that an improved understanding of saurce-receptor linkages is especially needed if cog-
effective emisgon reductions are to be achieved. Determining the sources of airborne
particulate matteris a difficult problem becaiseof the compexity of the urbansouice mix.
The probém is often compaunded by the predominance of non-ducted and widely distributed
area (fugitive) souces and the lack of understanding of the souces of secondary aerosol,

their farmation,and transpot.

The city of Bhiwadi (28.21°N, 76.87°E;populaton:1,04,921)in the state of Rgasthan has
witnes®d a high level of air pollution (http://cpcb.gov.infcaagm), believed to have keen

caused from industrial emissonsfrom large industrial areas (RI1CO and Bhiwadi Phasel to


http://cpcb.gov.in/caaqm)

IV Industral area). The city has attracted many large industries becaise of government
policies, being strategicdly situated in the Nation Capital Region (NCR), and a dired
approah from NH-8. Moreover, Bhiwadi comes under the Delhi-Mumbai Industral
Corridor mega- projed which has brought investnent from both government and private
sedors. It is notavorthy thatindusties in Bhiwadi city co-exist with multiple adivities in
surounding areas (Dharuheda, Tijara, etc) extendingbeyond the administrative boundary,
which resultsin the oerall degradation of air quality of theregion.

The Rajasthan State Pollution Control Board (RSPCB), Jaipur has sponsoed a study to 1T
Kanpur (11TK) for developing air pollution control planthatwill cover air pollution sources,
dispasion of pollutants inthe ambient environment and short and long-term adions for

restoration ofambient air quality in the Bhiwadi city.

1.0 Needfor the Study

Bhiwadi being oneof theindustral hubsin theregonis growing rapidly andis playing amajor
role in the econonic development of the region. In addition to industral sources, the other
regular emisson from diesl generators, trangportation, and moverrent of manand matrial,
hotelsand restauants, and emissonsfrom outddesources can causehigh pollutionlevels. The
city witnes®s high pollution levels (Winter Season: October2017to January 2018PM10: 519
614 ug/m?, PM2s: 269-349 ug/m?, SO2: 140-250 pg/me, and NO2. 92-121 pug/m®; Source:
Bhiwadi CAAQMS data). Thenational air quality index (NAQI) in Bhiwadi duringthe winter
seasonis in theworst category, Critical (https:/Bpp cpcbeer.com/AQI_Indial). Therefore, there

is anedl to identify and quantify the souces and develop anair pollution control adion plan
to achieveNAAQS (National Ambient Air Quality Stancards).

1.1 Scope of Work

The study has been thefollowing scopeof work:

A Development of GIS-based gridded (2 km x 2 km resoluion) air pollution emisson
inventay for air pollutants(Particulate Matter lessthan 10 um (PM1o), Particulate
Matter lessthan2.5 um (PM2s), Sulphur dioxide (SO), Carbon monoxde (CO), and
Oxides ofnitrogen (NOXx);

A Comglation andinterpretationof the past 10 yearsdambient air quality datain thecity
for PM1o, PM25, SO2, CO, and NOx (24-hr average data) and perform time series


https://app.cpcbccr.com/AQI_India/
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analyses of ar quality data to provide information in terms of trends such as (i)
significant dowrward, (ii) significant upward, (iii) firsty decreasing and then
increasing, (iv) firstly increasing then aecreasing and (iv) no trend,;

Assesament of pollutantemissonsfrom domesticand industral scurces as well as
norn point sources. This assessmenwill be used for the preparation of source and

pollutantspedfic air pollutant souce inventaies.

Activity data colledion for air pollution souces.

Emisson factor compilation from vaiousscientific literature.
Identification of suitableemisgon factor for the study.

Creation of a database on emisson inventay of various air pollution parameters
espedally with resped to PM 1o, PM25s, SO2, CO,and NOX.

Creation of maps to sbw theconcentration in resped of PM, o, PM, 5, SO,, CO,and
NOx usingstateof-the-art USHEPA regulatay model AERMOD.

Interpretation of concentration profile with resped to the emisgon inventory by
employing statsticd analysis andGIS-based system.

Identify best practices toimproveair pollution control for industres usng induction

furnaces.
Movementand transportof pollutants fom outsdeinto Bhiwadi city.
Identification of primary and ssondary sources ofair pollutans.

Identificaion of various control options and assesment of their efficades for air
quality improvements and development of control scenarios consisting of
comhinations of gvera contol options;

Time sries and trend anaysisand annual pattan of air pollutantconcentration.

Development of Cortrol Action Plan.



1.2 Report Structure

The reportis divided into five chapters and annexures at the end. The bref descriptions of the
chapters are given below.

Chapter 1

This chapter presents the background of the study, genera description of the city including
demography, climateand sources of air pollution. The current statusof the city in terms of air
pollutionis described by reviewing the previous studes. Theobjectives, scope,and approahes
for this propad are also briefly described in this chapter.

Chapter 2

This chapter enumerates methoddogy adoptedin the study, characterization of souces, data
colledion and generation. It also givesan overview of theair dispesion modeling and how it

will asgstin makinga control adion planfor thecity.
Chapter 3

This chapter presents and compaes the grid-wise results of emisgon inventory outpus for
various polutants. Thecontributions of arious sources towards air pollution loads(pollutant
wise) are presented. The QA/QC approaches for emisgon inventay are also explained in this

chapter.
Chapter 4

This chapter briefly describes dispasion modelirg, espeaally the applicaion of AERMOD,
USEPAGs stateof-the-art model. Thechapter also describes the modelng results for the

existing emisson senario of thecity.
Chapter 5

This chapter describes, explores and analyses emisson of control options and analysis for
various souces based on the emisgon inventay and modelingresults from Chapters 3 and 4.
This chapteralso discuses somealternatives for controlling prominentsouces with quantified

emisson reductions.
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Chapter 2: Methodology

2.0 Approach to the Study

Theapproad to the stdy (Figure2.1) is bagd ontheattainment of itsobjedives.

R

!

Area Source
Line Source >
Point Source

ission Factors ), ————»

T°p°graphy

Topography

Figure 2. 1 Stepwise Methodology
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2.1 Digital Data Generation

The land-use map of the study area is prepared in terms of settlements, forests, agriculture,
road network, waterbodes, etc. (Figure 2.2). Thevariousgeneratedlayers are shownin Figure
2.3to Figure2.12.Finally, thedigitized mapwas divided into 22 grids of 2 km x 2 km (Figure
2.13.

minor roads

major roads

- water area

residential area

- power grid
open area

- institutional area

- industrial area

I it area

- green area

- agricultural area
l:l Bhiwadi Boundary RNAS_‘“A“

Legend

I:I Bhiwadi Boundary
- agricultural area

Figure 2. 3: Agricultural area
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Legend
I:I Bhiwadi Boundary
- green area
Figure2.4: Green area
N
\\'%I'
Legend
l:l Bhiwadi Boundary
- hilly area
Figure 2.5 Hills
N
W%l'
<
Legend
|:| Bhiwadi Boundary

- industrial area

Figure 2. 6: Industrial area
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Legend

l:l Bhiwadi Boundary
- institutional area

Figure 2. 7: Institutional area

@

Legend

I:I Bhiwadi Boundary

open area

Figure 2.8: Open area

Legend

I:I Bhiwadi Boundary

residential area

Figure 2. 9: Residential area
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Legend

|:| Bhiwadi Boundary
- Water bodies

Figure 2. 10: Water bodies

Legend

—— Major roads

I:I Bhiwadi Boundary

Figure2.11: Major roads

Legend

——— Minor roads

I:I Bhiwadi Boundary

Figure 2. 12: Minor roads
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Legend

Grid (2 km x 2 km)

D Bhiwadi boundary

Figure 2. 13: Grid Identification Numbers

At thetime of development of theemisgoninventory for thecity, a suitable coding systemhas
been adopted toavoid the confusionand misrepresentation of results and interpretation. The
mapwith grid identity numbe's isshownin Figure 2.13.

2.2 Emission Inventory
2.2.1 dentification and Grouping of Sources

An onrthefield exercisewas taken up to physically identify all smalland large souces in the
study area. This exercise included emisson sources like MSW (Municipal Solid Waste)
burning, road dust,and coal/coke burntby stred vendors/small restauants to large units like
industries and various vehicle types. It was necessary to group someof the similar sources to
ke theinveniry and modeling exercise maregeable. Finally, the colleded data were used to
develop emisson invertory for the following pollutans: SOz, NOx, CO, PM1o and PMzs and
software for emisson databese and information/data retrieval systems were designed and

implemented.

All the sources were broadly classified into three categories; (1) point sources (stack height
>20m), (2) areasources (stack O 2 Camal)3) line sources (vehicles) (Figure 2.14).
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Source Category

¥ | !
Area Source Point Source Line Source
(Stack Height < 20m) (Stack Height > 20m) I
Hotels/ Restaurants Industries Vehicles
Domestic Cooking DG sets
MSW Burning I
Construction/Demolition
Road Dust 2W
Industries 3W
DG Sets o
LCV
Buses
Trucks

Figure 2. 14: Clasdfication of air pollution sources

2.2.2 Daa Collection

A physical surwey of the entire study area was done by the IITK team to understand
soucewise adivities. Various air pollution sourcces were identified and locaions for on-field
data colledion were findized. For developing traffic counts including vehicle types,
movenent of the vehicle was recorded at six major traffic intersedions within Bhiwadi
municipal limit; the tiaffic recordings were providedby RSRCB, Bhiwadi office.

As emisgons from vehicles vary on engine size, year of manufacturing and daily distance
traveled, parking lane surveys were conducted at six locations to assesstypes of vehicles
(engine size, fud type, and their vintage) plying on theroads. Road dustsampling was done at
eight locationsto obtainthe silt load on the roads. Ongoing constiuction adivity information
was collected from the public waorks department and ground proofing was done thraigh field
surweys. The constiuction areas were validated through satellite imageries. The mainsouices
of secondary data collection were RSRCB Bhiwadi office, Censusof India (Census2011),

CPCB 6 (www.cpch.nicin) scientific reports, and papers. The information has also been

collededthrough the Internet by visiting various websites. Although al possble efforts have

been madeto colled thedata, some iformation/data could be missig.
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Hotels/Restaurants

The details of the hotels and restauants were colleded through field surveys and
websites. During thefield surwey, it was oberved thathotels restauants, etc. usecoal asfud in
tandoas. Theaverageconsumpiton of coal in tandoorbased on the survwey was 30 kg/day. We
assume that25% of theseenterprises use tandoor ér food preparation. The common fue
other thancoa in the tandoorwas LPG. The fud consumpion for ead fud type was
estimated for ead grid. In mostof the cases, it was found that there were no air pollution

control devicesinstalled at hotelsand restauants. The emissons of SO, NOx, PM19, PM2s,

and CO were estimatd from the adivity data from ead fuel type and thenwere sunmed up
in ead grid cell. The emisson factors given by CPCB (2011) were used. For spetia
distribution of different polutants, the hotels locaions were geotagged, and a sparate
shapefile was created. The hotelsand restauants emissions were then distribugéd into the 2

km x 2 kmgrid of the city.
Domestic Sedor

Theward mapof the Bhiwadi area was obtaired from Nagar Nigam and it was digitized. The
Bhiwadi consistsof 35 municipal wards.Thedata onanumter of houshadds,fue usage (codl,
LPG, crop residue, cow dung, and wood) and populationwere colleded from the Censusof
India (2011). LPG cylinders dlotted to the citizens through Ujjawala yojna (11%; souce
https://data.gov.in) were also consideed while estimating the emissons. Theemisgon factors
are given by CPCB (2011) and AP-42 (USEPA, 2000) were used for each fuel type.Emissons
of various pollutantswere cdculated from the adivity data assuming no control device was
installed.

MSW Burning

Open burning adivities are broadly classfied into refuse and biomass burning. The refuseor
muncipal solid waste(MSW) burningdependson solid wastegeneration and extentof disposl
and infrastructure for collection. The emisgon factors are given by CPCB (2011)and AP-42
(USEPA, 2000)were used for estimating theemisson from MSW buming.

Construction and Demoalition

A detailed surney was undertaken to assessonstuction and demalition adivities in the study
area. The constuction and demadlition locations were then verified with satellite imagery.

18
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Information onsevera buildings, roads, and tyovers undr constuction were colleded from
the Pullic Works Department(PWD) and thesites were physically suneyed. Theareas under
constriction adivitieswere caculated based on surwey dataand using GIS. Theemissonswere
estimaied usingEq (2.1) given by AP-42 (USEPA, 2000). The unit of the activity data is m?,
i.e. areaof theseadivities

E =1.2 torsaae/morth of activity (tons/m?morth) (2.1)
Agriculture Soil

Thetotal agricultural area has been obtaired through GIS by making a separate shapefile for
the agricultural area. The emisgon factor for crop type is obtaired from EMEP/EEA air
pollutantemisson inveriory guidebook (EEA, 2013).

Industries asAres Source

All industries having stck height below 20 m have been consicered as an industral area
souce The nwgjority of the industries is having small boilers, furnaces, etc. Most of the
information onthe industriel areas concerning fuel consumpiton, stack height, production
cgpacity has been colleded from RSRCB, for missingdata standrd default values were
asumed toestimatethe emissons. Ash contentin the coal was assumed to be 35% and &6
contentas 1.8%for LDO,;

1% for HSD (https:/www.iocl.com/). CPCB (2011) and AP-42 (USEPA, 2000) emisson

factors were used to cdculate the emissons. Finally, al the emisson for ead pollutantis

sunmed up foreach grid.
Industries as Pt Source

Theindustries having a stack height of morethan 20 m have been taken as apoint source. The
information on stacks, fud, and its consumpiton was obtaired from RSPFCB. The AP-42

(USEPA, 2000)emisson factorswere used to @alculatetheemisgon.
Vehicle

Theaverage daily flow of vehiclesin ead hourfor 2Ws, 3Ws, 4Ws, LCVs, Buses, and Trucks

at six locationswere video recorded for a 24-hourduration. Road lengthsin ead cdl for major

and minor roads were cdculated from the digitized mapsusing theArcGIS toadl, ArcMap and

extradedinto thegrids. Theinformationon traffic flow from traffic counts was translated into
19
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the vehicles on theroadsin ead grid. Wherever it was feasible, either traffic flow was taken
diredly from the traffic data, and for interior grids, traffic from medum roads going the
highways was taken to flow in the interior part of the city. The emissonsfrom each vehicle

caegory for each grid is estmated and summedp.

To obtain the prevalence of vehicle technology types operating in the city and fuel used,
parking lot questionraire surweys (engine technd ogy and cgpadty, vehicle age, fuel use, etc.)
were doneat seven locations(Relaxo chowk, Bhiwadi Mod, RIICO Chowk, DhabhaMod, KG
Plaza, Capital Mall, and MansaChowk) in thecity of Bhiwadi.

Thetraffic flow from outsideBhiwadi from Daruhera, Alwar, and Gurgaon. ARAI (2011) was
consicered to cdculate the emissons using PCB (2011) emisson factors. The emisgon

factors vary considerably for engine size, fuel uses, and age of the vehicles.
Road Dust

Dustemissonsfrom paved and unpaved roads depend on the Gilt loadingdpresent on the road
suiface and average weight of vehicles traveling ontheroad. Theterm silt loading (sL) refers
to the massof the silt-sized material (equal to or lessthan75 em in physica diameter) per
unit area of the travel suface The quantity of dustemissonsfrom the movenent of vehicles
on a paved orunpaved road can beestmated usng thefollowing empirical expresson 2.2:

Eew = [k (sL)*”' x (W)™ ] (1 - P/AN)
..(2.2)
E = particulate emisson factor (having units matchingthe units ok),
sL  =road sufacesilt loading (grams persquare meer) (g/m2), and
W = averageweight (tons) of thevehicles ravelingtheroad.
Eet =anna or otherlongterm average amissionfadorsin the same urits ask,
P = number of "wet" days with at least 0.254 mm (0.01in) of precipitation duringthe
averaging period, and
N = numberof daysin the aseraging period.

K : constint (afunction of particle size)in g VKT 1(Vehicle Kilo meter Travel).
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DG Sets

DG sets are used as the source of power in shopping compexes and industries during the
power-cuts. From the results of the surey, it can be concludedthatthere isa minimum of 4
hours/ay power cut in the city, espedaly in sunmer. The DG set details were obtaned from
the RSRCB Bhiwadi office the DG sets were geotagged on the nap using GIS.

The unit of the adivity data is KWh power generation. The emissonsfrom DG sets installed
in industres were estimated and thenwere summed ugor each grid. The calculation is tkased
on Eq (2.9, where ER, overall efficiency reduction was taken as zero. The CPCB (2011)

emisgon factors were used for emisson estimation.
Thegeneral equation for emissonsestimationis:

E =A x EF x (1- ER/100) (2.3)

Where:

E =Emissons;

A = Activity rate;

EF = Emisson factor, and

ER =Overall emisson reduction efficiency, %

2.2.3 Emission Estimation

For estimating the emissonsadivity datais calculated usingthe colleded and generated data
(Eg.2.3. The adivity data is thenmultiplied with emisgon factors of a processtype for that
adivity.

Emission Factor

An emissonsfactor is a representativevalue that attempts to relate the quantity of a pollutant
released to the atmosplere with an adivity assocated with the release of thatpollutart. These
factors are usually expressedas the massof pollutant per unit massof raw matrial, volume,
distance traveled, or duration of the activity (e.g., grams of particulateemitted per kilogram of
coa burnt). Such factors facilitate the estmation of emissons from various sources of air
pollution. In mostcases, these fators are simply averaging of al available data of acceptable
quality and are generally assumed to be representative of long-term averages for al facilities

in thesource category.
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2.3 Dispersion Moddling

The dispesion modelingcan asgstin examining the(i) impad of emisson on air quality, (ii)
spetial extent of impad of pollution souckes, (iii) possble impad of outsde souces and (iv)
planning emisson control and improvement in ar quality. The stateof-the-science,
comprehensive meteorological and regulatory air dispesion modelng systemswere used to
conduct air emisson modelingn this study are briefly described below.

The modelingapproah is shownin Figure 2.15 and is based on the AERMET diagnostic
metorologicd model and the American Meteorological Society/ Environmentl Protedion
Agency Regulatay Model (AERMOD) dispersion mode(USEPA, 2018.

WRF Model Air Pollution Terrain
Source Input Elevations

RAMMET

AERMET 4@1\10[) AERMAP
Model Validation

Concentration
Computations

Figure 2. 15: Methodology adopted for Air Quality Modeling

AERMOD is adispesionmodelhaving the ability to characterize the planetary boundary layer
(PBL) through both suface and mixed layer scaling. This modelis cdled the AMSUSEPA
regulatay model,or AERMOD and acompete and powerful air dispersion modelingpackage

which seamlesdy incorporates the following popularUSHEPA air dispesion modelsinto one
integrated interface:

A AERMOD
A ISCST3
A ISGPRIME
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The AERMOD modeling system consists of one main progam (AERMOD) and two
preprocessors(AERMET and AERMAP). AERMOD uses terrain, bourdary layer, and souce
data to model pollutant trangport and dispesion for cdculating tempordly averaged air
pollution concentrations.

Onsitehouly metorological data were generated and validated by WRF (weather reseach
and farecast) model This validated megorological data wereused as theinpus to AERMOD
in pre-processor RAMMET and AERMET of the modeé These megorological parameters
from the WRF model(wind speed, wind diredion, rainfall, temperature, humdity, pressue,
cdaling height, global horizontal radiation and cloud cover) were prepared for the dispeasion
model The terain elevations were also being considered, this will provide a relationship
between terrain feaures and thebehavior of air pollution plumes.

2.4 Emission Control Options: Analysis and Prioritization of Options

The emisson control plan depends on current air quality levels and options and extent of
control required at various souces including line, area and point source and analyzes the
results in terms of air quality improvements. An impact and adion matrix were developedfor
the existing scenario. The developed matrix is used for prioritizing the list of maregement
optionsfor soucesin atempora framework leading to the city-spedfic action plan. The study
evolves a city-spedfic control adion plan consistng of severa control options of various
souces. In the process of finding the best control scenario, possble control options are
identified to reduce the ambient PM via emisson reduction a souce. After the
finalization of selected control options,the control scenario was formulated by comhinations
of the various control optiors.
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Chapter 3: Emission Inventory

3.0 Introduction

Emisson inventay (El) is a basic necessty for planningair pollution control adivities. El
providesa rliable estmate of tota emisgons of different pollutants, their spetial and
tempoa distribution, and identification and characterization of main sources. This
information on El is an essentialinput to air quality modelsfor developing strategies and
policies. Theultimate goal of the planning pocess is to identy and adieve emisson
patterns that do not result in violations of ambient air quality stardards. In this chapter,

theemisgon inventoy of theareais presented.

The bioad emisson source caegories of air pollution in an urban area irclude; (i) transport
(motor vehicles and railways), (i) commercial establshments,(iii) industrial, (iv) domestic
cooking/hesating, (v) fugitive dustand (vi) biomassburning. There could aso be someunique
or spedfic souces in a particular area. Procedures and reliability of emisson inventay for
regular poirt, area and line souces are well-establshed. However, identificaion and
guantificaion of fugitive/non-point emisson souces (emisgons not released through stacks,
vents, ducts or pipes) are quite chalenging butbed available practices have keen used in this
study. Digital data generatedin Chapter2 (reproduced as Figure 3.1) having multiple layers of
spetialy sensitive information are extensively used in El estimation.

Legend

— NH919

Figure 3. 1: LanduseMap of the Study Area
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At thetime of development of theemisgoninvertory for the city, a suitable coding systemhas

been adopted toavoid the confusionand misrepresentation of results and interpretation. The
mapwith grid identity numbe's is shown inFigure 3.2.

o Al D,
\q>
B3 B4 S
B2
/ B1

B8 B9 B10 B11

B13

B14 B15 B16
Legend ’jy
Grid (2 km x 2 km)
. - B19 B21 B22
D Bhiwadi boundary

(\f—\w\

Figure 3. 2: Grid Map of the City Showing Grid Identity Numbers

3.1 Area Sources
3.1.1 Hoels/Restaurants

Theoveral emisson fromthis aea source (Hotel S/Restauants) is presented in Figure 3.3.

80 +6

42
29
21
I .

PM10 PM2.5 CcO 02 NOx

Emissons (kg/day)
= N w B (&) [} ~
o o o o o o (@]

o

Figure 3. 3: Emission L oad from Hotels/Restaur ant

Thespatia distribution of emissonsof PM1o, PM2s, NOx, SOz and CO fromHotel/Restauants
is presented inFigure 3.4 to 3.8.
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Figure 3. 4: Spatial Distribution of PM10 Emissions from Hotel/Restaur ants
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Figure 3. 6: Spatial Distribution of NOx Emissions from Hotel/Restaur ants
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Figure 3. 8: Spatial Distribution of CO Emissions from Hotel/Restaurants

3.1.2 Domestic Sector

The interior boundaries in the map (Figure 3.9) show the administrative boundaries of wards
andvillages. After obtainingthe area of wardsand villages, the emisson density for each ward
is calculatedfor different pollutants(PM 10, PM25, SO2, NOx, and CO.

The owrdl emission from domestic sowes is presented in Figure 3.10. The emisson
contribution fom different fuel types to diferent polutants isshown inFigures 3.11 to 3.15.
Thespetia distribuion of emissons fom the domestisedor is shown irFigure 3.16 to 3.20.
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Figure 3. 9: Administrative Boundaries ofWards and Village
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Figure 3. 10: Emission Load from domestic sources (kg/day)
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Figure 3. 11:PM10 Emission Load from domestic saurces (kg/day, %)
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Figure 3. 12: PM25 Emission Load from domestic saurces (kg/day, %)
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Figure 3. 13: SO2 Emission Load from domestic saurces (kg/day, %)
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Figure 3. 14: NOx Emission Load from domestic saurces (kg/day, %)
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Figure 3. 15: CO Emission Load from domestic saurces (kg/day, %)
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Figure 3. 16: Spatial Distribution of PM 10 Emissions from Domestic Sector
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Figure 3. 17: Spatial Distribution of PM 25 Emissions from Domestic Sedor
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Figure 3. 18: Spatial Distribution of NOx Emissions from Domestic Sector
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Figure 3. 19: Spatial Distribution of SO2 Emissions from Domestic Sector
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Figure 3. 20: Spatial Distribution of CO Emissions from Domestic Sector

3.1.3Municipal Solid WasteBurning

Theward-wise MSW generationis presentedin Figure 3.21.Bhiwadi city is generating about

42 tonres per day of MSW. The MSW burning is widespreal in Bhiwadi, which is more

frequentin winter.

0.00

Outof 42tonnes/dy of MSW, only aboutfive tonnes/day is collectedand dispo®d of perhaps
ungientificdly (CPCB 2011). In theabsence of any designated dumping grood/ landill site,
agencies entrustedwith the task of waste maragementare dumpgng wasteindiscriminately in
open areas. The MSW burningin Bhiwadi is also widespreal (Figure 3.22). It is clearly seen
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thatM SW burningis amajor soucethatcan contributeto bothPMio and PM.s. Thisemisson
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is expededto belargein theregionsof econonically lower strata of the society which do not

have proper infrastructure for the colledion and disposal of MSW.

It is assumed that uncolleced MSW is dispogd of by burning it in open areas. This MSW
could also have hazardous industrial wastedispogd of in a clandestine manner thatalso may

get burntwith MSW (Figure 3.23.

The estimaied emissonsfrom MSW burningare: 296 kg/d of PM1o and about 177 kg/d of
PM2s (Figure3.24) and spatially variation is shown in fjure 3.25to 3.22.

R

Figure 3. 22: MSW Burning in Bhiwadi
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Figure 3. 23:: Industrial WasteBurning in Bhiwadi
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Figure 3. 24: Emission Load from M SW Burning (kg/day)
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Figure 3. 25: Spatial Distribution of PM 10 Emissions from M SW Burning

34



Legend

PM2.5 (kg/day)
PM2.5

[ Joo8-254
[ 255-543
B 544 - 14.41
Il 442-26.83

Legend

NOx (kg/day)
NOx

[ Joos-132
B 1:33-4.41
B 442-993
I 994 - 2202

Legend

S02 (kg/day)
$02

[ Joo1-021

[ Jo22-079 \Z
[ 080-177 NJ /
B 178-3.45 A

Figure 3. 28: Spatial Distribution of SO2 Emissionsfrom M SW Burning

35



Legend

CO (kg/day)
co

[ Jo73-2287
[ 22.88-64.27
B 64.28-127.49
I 127.50-219.20

Figure 3. 29: Spatial Distribution of CO Emissions from M SW Burning

3.1.4 Constuction and Demolition

A detailed surwey was undertaken to assessconstriction and demolition adivities. The
constriction and demalition sites are shownin Figure3.30with atotal area of 68980m? uncer
building constriction. The major constuction adivitiesinclude residental housingas well as

commercial constiuction. Constriction inthe industrial area isrelatively small.

Legend

® Construction / Demolition Site
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Figure 3. 30: Construction/Demolition Sites
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Total emisson from construction and demalition adivities is presented in Table 3.1. The
spetialy resolvedmap of constriction and demalition adivitiesis shownin Figures 3.31 to
3.32.

Table 3. I Emission Load from Construction and Demolition activiti es (kg/day)

Category TSP PM 10 PM2s

Buildings 682 170 43
Roads 235 59 15
Totals 917 229 58
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Figure 3. 3L: Spatial Distribution of PM 10 Emissions from Construction/Demolition
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Figure 3. R: Spatial Distribution of PM 25 Emissions from Congruction/Demolition
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3.1.5 Desel Generator Sets (DG sets)

There are about 630 DG sets (422 with > 100 KVA and 208 <100KVA cgoacity). The tdal
emisgonsfrom DG sets are presentedin Figure 3.33. It is assuned that DG sets operate for
two hoursper day. Spatial distribution ofemisgons from DG Sets is shownin Figures 3.34to

3.38.
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Figure 3. 33: Emission Load (kg/day) from DG sds
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Figure 3. 34: Spatial Distribution of PM 10 Emissions from DG Sds
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Figure 3. 37: Spatial Distribution of SO2 Emissionsfrom DG Sds
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Figure 3. 38: Spatial Distribution of CO Emissionsfrom DG Sets

3.1.6 Agicultural Operations

Thetotal agricultural land in the Bhiwadi estimated from theland-usepattern is 1650hedares.
The total PM1o emission from agricultural soil dustis estimaied to be 44 kg/day. The PMzs

emisgonsare negligible fromthis source.

3.1.7 Industry (Area Source)

The southand southwvest region of Bhiwadi consigs of an agricultural and hill area, whereas
most industies are located in the central and north regions of the city (Figure 3.39).
Figure 3.40 peesents the overal emissionsfrom industries (stack height < 20 m) as an area
souce. Spatia distribution of emissons from industres as an area souce is presented in
Figures 3.41 from

3.45.

There are about250air pollutingindustresin Bhiwadi operating in Bhiwadi city, out of which,
about 120 are meal processng industries, which include automobile parts mandacturers,
forging, aloy and sted parts (sheds, ingots, etc). Another caegory of industries includes

chemicd manudaduring, etc.

Theseindustres are extensively usingcoal, especially in baby boilers, which is causingheavy
air pollution. The less efficient ar pollution control devices in most inductionfurnace
operations (pouring and casting, casting cleaning, charge handling and casting cooling)

contribue signifi cantly to theemissons(for details see Sedion 3.3.
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Figure 3. 40: Emission Load from Industries as Aea Source (kg/d)
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Figure 3. 41: Spatial Distribution of PM 10 Emissions from Industries as Aea Source
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Figure 3. 44: Spatial Distribution of SO2 Emissionsfrom Industries as Aea Source
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Figure 3. 45: Spatial Distribution of CO Emissionsfrom Industries as Aea Source

Summary of emissonsfrom various area souice caegories discused above are presentedin
Table 3.2.

Table 3. 2 Summary of Emisson Load from Area Sources (kg/day)

Categay PMio | (%) | PM2s | (%) | cO | (%) | SO, | (%) | NOx | (%)
Hotel 42 1 21 1 76 1 29 0 12 0
Domestic 172 4 156 4 | 901 11 14 0 46 0
Industrial Area 3246 | 75 | 2921 | 81 | 4784| 58 | 9207| 96 | 5122| 52
DG Set 317 7 285 8 | 966 | 12 | 295 | 3 |4474| 46
MSW Burning 296 7 177 5 | 1553 19 18 0 111 1
Contruction/Demolition | 229 | 5 58 2 0 0 0 0 0 0
Agricultural Soil Dust 44 1 0 0 0 0 0 0 0 0
Total 4346 | 100 | 3618 | 100 | 8280| 100 | 9564 | 100 | 9765| 100

Themajorcontributionfor PMyg is fromindustries (stadk height < 20 m), followed by DG sets
and MSW burning. For NOx, thelargestsaurce is Industy (Areasource) followed by DG sets.

3.2 Point Sources

Thelargeindustries having stack height >20 m industries have been located onthemap(Figure
3.46); there are nore than 60 such industres. The emisgon of pollutantsfrom largeindusties
is givenin Table 3.3 and Figure 3.47. The satial distribution of emissonsfrom point souices

is presented inFigures 3.48t0 3.52.
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Table 3. 3 Emission L oad from Point Saurces

Category
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NOXx

Industries

736 663 3070 1901

1712

/ °
/'/\“/ S

Legend L\\\j /\\‘
y

3500

3000

ra
L
(=]
(=]

2000

1500

Embsions{kg/day)

=
2
=]
(=]

500

[:::] Bhiwadi Bounda / ///;7
Industry point source /
L\ "

n / "

o Ty

Figure 3. 46: Locations of Points Saurces in the City
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Figure 3. 47: Emission Load from Point Sour ces
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Figure 3. 50: Spatial Distribution of NOx Emissions from Point Sources
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Figure 3. R2: Spatial Distribution of CO Emissions from Point Saurces

3.3 Industry: Emission, Typesand fuel usage

Bhiwadi is an industrial city and it is worthwhile to quantify the emisson in terms of
technolagy and fuel-wise distribution. Theoveral emissonsestimated from thedifferent types

of boilers, furnaces, etc are presented in Table 34.

There are about400 boilers/furnaces thatare operational in Bhiwadi and contributeheavily to
particulate as well as in gaseous emissons. The large contribuion is due tothe use ofcoal,
wood, and other dirty fuels, the industy shouldshift to clean fuel such as Natural gas and
electricity will significantly reduce the emissons. Induction furnace emits a large amount of
particulate mateer as control measures are not adequate and rudimentary except someunits (

for details see Chapter 5).
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From table3.4we can infer that:

A Induction Furnace contributes to 44% oPM emisson.

A Non-defined boilers/furnaces (maybe mandr, rotary furnaces) are procducing major SO,
(38%) and NOx (24%) emissons and are using fuels like LSHS, CBFS, LDO, FO,
Coa, and Wood. The minimum capadty correspondng to the production of the
industy has been worked out and assumed as the cgpadty of the furnace while
estimatingemisgons.

A Thesemndbiggest contributorto SO, (16%) and NOXx (23%) emisson are baby boilers
and the majaty are ruming on coal.

A COemissons fomthe themic fluid heaer are highest (about 209%).
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Table 3. 4 Furnace/Boiler Details in Bhiwadi

Boiler/Furnace Type Fuel usedin Boiler/Furnace No of Furnaces PM10 PM2.5 S02 NOX €O
yp Boilers kg/day kgiday | kg/day | kgiday | kg/day
Baby Boiler Cod, Wood,HSD, Gas, 42 447 402 1831 1589 1597
Briquettes

Coal pulveriser Coal 14 152 137 474 549 12
Hot Air/Water Generator LPG, Wood, Cal, HSD, 9 59 53 20 28 1365
Induction Furnace Electricity 46 1762 1586 0 0 0
Ball mill Electricity 42 96 87 0 0 0
Down Draft ShuttleKiln LPG, PNG, LDO 13 4 3 176 43 8
Sintering Furnace Electrical and LPG 6 0 0 0 1 1
Anneding Furnace LSHS, CBFS, LDO 21 26 23 1240 241 22
Cupola Furnace Coal 4 33 29 102 118 3
Heating & Re- Heding LSHS, LDO, FO, Cod, HSD 20 312 281 1362 1179 32
Furnace
Mandir Furnace Cod, Wood 10 37 33 107 124 74
Pit furnace Electricity, LSHS, Coal 12 197 177 139 161 4
Non-defined Furnace LSHS, CBF?,,VI(;E);), FO, Codl, 73 454 409 4194 1651 1477
Rotary Furnace Cod, HSD, LDO 14 246 221 1084 968 29
Thermic Fluid Heater Wood, LDO, Coa, HSD 52 151 136 332 160 3140
Thermo Pack LSHS, Wood,Coa, HSD 6 6 5 47 22 77
Total 384 3982 3584 11108 6834 7842
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3.4 Vehicular - Line Saurces

Thesix locationsthat were selected for videorecording for the 24-hour duration as shownin
Figure 3.53.

= R
H = ~l£n haba Complex

et ] ¢
B _ S =
S o il

& | 7A030

Legend

@ Traffic count sites

major roads

minor roads

:] bhiwadi boundary

Figure 3. 53: Traffic location considered for vehicle emission in the city of Bhiwadi.

3.4.1Parking Lot Survey

Out of atotal of 2609 vehicles suneyed; the breekdownwas. 639 2-Ws; 107 3-Ws; 17494-
Ws; 27Buses and 87Trucks. During the parking lot surwey, 217 LCVs were surveyed, and it
was foundout thatal LCVs runondiesl fuel and 99% LCVs are pog-2006. All the Autos,
buses and trucks were running on diesdl fuel and are of po€-2000. Figures 3.54 and 3.55
present parking lane suwvey resuls (for 2Ws and 4Ws) in terms of engine size and year of

manuacturing.

m 2 W (Scooter) >80 cc 1991-1995 =2 W (Scooter) >80 cc 1996-2000 =2 W > 80 cc 1996-2000

® 2 W <100 cc 1991-1996 ™2 W < 100 cc 2000-2005 ™ 2W < 100 cc post 2005

= 2 W 100 -200 cc post 2000

Figure 3. 54: Distribution of 2-Ws in the study area (parking lot survey)
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48,3% 29,2%

=4W < 1000 cc 1996-2000 =4W < 1000 cc Post 2000 =4W 1000 - 1400 cc Post 2000 =4W > 1400 cc Post 05

=4W < 1600 cc Post 2000 m4W < 1600 cc Post 2005 =4 W < 3000 cc Post 2000 =4 W <3000 cc Post 2005

Figure 3. 5: Distribution of 4-Ws in the study area (parking lot survey)

The emisson from vehicles is shownin Figure 3.56. The emisson contribution of each
vehicletype in the city of Bhiwadi is presentedin Figures 3.57 to 3.61. The spetial

distribution of emissons fom vehtlesarepresented inFigures 3.62 to 3.63.

18000 16439

16000 14428
14000
12000
10000
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] -
0 - -

PM10 PM2.5 Qo 02 NOx

Figure 3. 56: Emission Load from Vehicles (kg/day)
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Figure 3. 57: PM10 Emission Load contribution of each vehicle type in the city
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PM2s=1336 Kg/day

Figure 3. 38: PM 25 Emission Load contribution of each vehicle type in the city
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m3Ws

m4Ws
Lovs

m TRUCKS

mBUSES

NOx=14428 Kg/day

Figure 3. 3: NOx Emission Load contribution of each vehicle type in the city
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S0;=384 Kg/day

Figure 3. 80: SOz Emission Load contribution of each vehicle type in the city
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CO=1643 Kg/day

Figure 3. 61: CO Emission Load contribution of each vehicle type in the city
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Figure 3. &: Spatial Distribution of PM 10 Emissions from Vehicles
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Legend
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Figure 3. 65: Spatial Distribution of SO2 Emissions from Vehicles
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Legend

co (kg/day)
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I 163526 - 2169.34

Figure 3. 66: Spatial Distribution of CO Emissions from Vehicles

3.4.2Paved and Unpaved Road Dust

Thesilt loads(sL) samples from thirteen locationswere colleded (Figure 3.67). Then themean
weight of the vehicle fleet (W) was estimated by giving the weight to the percentage of
vehicles of al types with their weight. The emisson rate (g VKT-1) was calculated based on
Eq (3.1). VKT for eadt grid was calculated by consicering thetonnage of each road. Then
finally theemisgon loadsrom paved and un@ved roads were found outby using Eq (3.1).

By = [ k (SL 0.91 (VV)I.()Z] (1 —P/4N)

(3.1)

E = particulate emisson factor (having units matching the units ok),

sL  =road sufacesilt loading (grams persquare metr) (g/m2), and

W = averageweight (tons) of thevehicles ravelingtheroad.

Ee« =annua or other long-term average emisgon factor in thesame units as k,

P = numberof "wet" days with at least 0.254 mm(0.01 in)of predpitation duingthe
averaging period, and

N = numberof days in theaveraging period.

k :consent (afunction of particle size)in g VKT Y(Vehicle Kilo meter Travel).

It was assuned that theobserved silt load on road was theresult of onemonth of accumuation.

Theroad dustresuspeni®n from vaious cities isshown inFigure 3.68.
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Figure 3. 67: Road Dust Sampling Location

Figure 3. 88: Road DustEmission in Bhiwadi
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The PMyp and PM2s emissons from road dust are 21653 kg/day and 5238 kg/day
respedively. Silt load \eries a lot, in winter and monsoonseasonit is lessdueto moisture,
dew, and atmospleric condtion. The spetial distribution of emisgons from road dust Re-

suspensiols presented inFigure 3.69to 3.70.

Legend
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Figure 3. 70: Spatial Distribution of PM 25 Emissions from Road Dust Re-suspension

3.5 City Level Emission | nventory

The overal baseline emission inventay for the entire city is presented in Table 3.5. The
pollutant wise contribuion is shown inFigures 3.71 to 3.75. The gatia distribution of

pollutantemissons fom all sources ispresented infigures from 3.76 to 3.80.
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It has been foundthatPM10 emissonsare highest followed by CO and NOXx. It is to be noted
thatroad dustis the biggest emitter of PM 10 and PMzs, thevehicleis the biggest emitter of CO

and NOx while Industral area saurce is the biggest emiter of SO

]

® Industrial Point

B Raad Dust
Hotels/Restaurants

m Domestic

B IndustriesArea
DGSet
MSW Buming
Cmdgruction/Demolition
Agiicultural Soil Dust

PM 0= 28221K g/day

Figure 3. 71: PM1o Emisgon Load of Different Sources in the city of Bhiwadi

Thetotal PM1o emissonloadin thecity is estimaed to be 28 t/d. Thetwo biggest contributors
to PMyo emissonsare road dust(77%) and industral area saurces (11%); theseare based on
annual emissons. The estimated emisson suggests thatthere are many important sources and

a composte emisgon abatement including mostof the souices will berequired to obtainthe

desired air quality.

[ |
m Industrial Point

m Raad Dust
HotelgRestaurants

m Domestic

m IndustriesArea
DGSet
MSW Buming
Codgruction/Demolition
Agiicultural Soil Dust

PM.s= 10855 Kg/day

Figure 3. 72: PM25 Emission Load of Different Sources inthe city of Bhiwadi

57



PM2s emissonloadin thecity is esimated to be~ 11 t/d. Thetop four contributorsto PM2s
emisgonsare road dust(48 %), industral area sources (27%), vehicles (12 %) and industrél

point source (6%); theseare based onannua emissiors.

|
® Industrial Point

3% = VehicleRaad Dust
0% I Hotels/ Restaurants

3% 0%

m Domestic

B IndustriesArea
DGSet
MSW Buming
Cadruction/Demolition
Agiicultural Soil Dust

0%

SO,= 11848K g/day

Figure 3. 73: SOz Emission Load of Different Sources in the city of Bhiwadi

SO, emisgonloadin thecity is esmated to be~12 t/d. Industrél areasources accountfor 78%
of thetotal emisson. It appeas there may be a need to control SO, fromindustral areasouice

as SO» is also known to conbute to seondary particles (sulfates).

B Industrial Point

m Vehicle

B Raad Dust

= Hotelg/Restaurants

m Domestic

B Industries Area
DG&et
MSW Buming
Cmdgruction/Demolition
Agticultural Soil Dust

NOx= 25905K g/day

Figure 3. 74: NOx Emission Load of Different Sources in the city

NOx emisgons third- highest emisson ~ 26 t/d. Nealy 56% of emissons are attributed to
vehicular emissonsthatoccur at groundlevel, probably making it themostimportant followed
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by Industral area source (20%) and then DG sets contributing 17% to NOx emission. NOx
apart from being apollutantitself, it is an important componenin the formationof secondary

particles (nitrates) and azone.

205 0% 0% m Industrial Point

m Vehicle
® Raad Dust
Hotels/ Restaurants

6%

m Domestic

® IndustriesArea
DGSet
MSW Buming

0%
0%

Casruction/Demolition

Agiicultural Soil Dust

CO= 27789K g/day

Figure 3. 75: CO Emission Load Contribution of Different Sources in the City

The etimatd CO emisson is about ~28 t/d, semnd highest after PM1o. Nealy 59%
emisson of CO s from vehicles, followed by industia area sources (17 %), industrial point
source (11%), MSW Burning (6%), and DG Sets (4%). Vehicles could be themain target for
controlling CO forimproving air quality with resped to CO.

Spatial variation of emission quantity suggests that the central and northern part of the city

shows hgher emissons ttan otherparts of thecity.

Table 3. 5 Overall Basline Emission Inventory for the Bhiwadi City (kg/day)

Category PM 1o PM2s (6{0) SO NOx
Industral Point 736 663 3070 1901 1712
Vehicle 1485 1336 16439 384 14428
Road Dust 21654 5239 0 0 0
Hotelg/Restauants 42 21 76 29 12
Domestic 172 156 901 14 46
Industres Area 3246 2921 4784 9207 5122
DG Set 317 285 966 295 4474
MSW Burning 296 177 1553 18 111
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Category PM 10 PM2s CO SOz NOXx
Constrietion/Demalition 229 58 - - -
Agricultural Soil Dust 44 - - - -
Total 28221 10855 27789 11848 25905
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Figure 3. 77: Spatial Distribution of PM 25 Emissions in the city of Bhiwadi
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Figure 3. 8: Spatial Distribution of CO Emissions in the City of Bhiwadi
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Chapter 4: Air Quality Disperson Modeling

4.0 Introduction

USEPAG AERMOD model was employed to asgsstheimpad of emissons acurring within
Bhiwadi ontheambient air at multiple locationsfor PM1o, and PM2s. The modelingexercise
was performed for different seasons(winter, monsoon,pod-monsoon,and sunmer). Locd
metorological data generated trough the WRF (Weaher Research and Forecasting) model
were wsed for the dispesion modelingand inpus from emissioninventory (EI) were taken

from Chapter 3.

4.1 Meteorological Data

In evaluating the emisson dispesion from the city of Bhiwadi, the metoroogical data-set
was generated usingthe weather research and forecasting modelfor the period of January 01,
2018 7 December 30, 2018. The frequency distribution and frequency count data are
obtaned by processng the houly surface file. The wind class frequency distribution is

shownin Figure4.1.

402

oz 25

.0 o0
}

o 570 - 880 == ‘II1 10
360 -5.70 8.80-11.10

wind Glass (m/s)

Calms

210 -36
050 - 210

Figure4.1: Wind ClassFrequency Distribution for Bhiwadi (winter)

Thewind rosediagramsfor Bhiwadi city were developed usinghe oftware WRPIot for an
entire year and sasons summer, winter, monsoonand po$-monsoonjre shown inFigures
4.2 t0 4.6.
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Most of thetime thewind blows fom NNW and SE. Thewind diredion suggests that most
of thepollutants wil comefrom the NW sedor and somedlso fromthe SE sdor. The

averagewind speed was 3.0 nis.

10%

8%
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WEST:
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I =110
B sso-1110
Resultant Vector B s0-8%0
346 deg - 12% SOUTH ’ I 360-570
| 210-360
0.50 - 2.10

Calms: 1.97%

Figure 4. 2: Wind RoseDiagram (annual).
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Figure 4. 3: Wind RoseDiagram (Summer: March to May).
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Figure 4. 4: Wind RoseDiagram (Winter: November to February).
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Figure4.5: Wind RoseDiagram (Monsom: June-July).
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Figure 4. 6: Wind RoseDiagram (Pos-monsom: August to October)

4.2 Land Use and Geophysical Parameters

The AERMOD modeling systemsrequire a physical description of the ground surface to
determine metorological paramegrs in the boundry layer. The geophysicd parameers are
land usetype, terrain elevation, suiface roughness, albedo, Bowen ratio was taken as default

vaues in themodel.

4.3 Digital Terrain Elevation Model (DEM)

The DEM is themostcriticd informationrequired for compex terrain. AERMOD processes
DEM data and createsan elevation and height scale for each receptor in thedomain.

The DEM results are important for thefollowing inputs:
A DEM is required to predict wind flow patterns and dispesion.

A Receptor elevationswill berequired for air quality analysis. The DEM is necessary for

determining receptor elevations.

A In compex terrain, AERMOD simulates a plume acording to the concepts of the
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critical dividing streamlines thatdefine which plumes flow over the hill and which flow
around it. USEPA recommends the use of AERMOD while modeling incompex
terrain.

A Spedal attention to DEM is given to obtain the results with better accuracy and
precision.

The terrain is the vertical dimension of the land surface Gridded terrain elevations for the
proposed modeling domain were derived from 3 arc-second digital elevation modelsproduced
by the United States Geologica Survey (USGS). Data are provided in fil es covering 1 degree
by 1-degree blocksof latitudeand longitude. The processedterrain elevation datais shownin
Figure4.7.

Figure4.7: DEM of the Study Area

4.4 Recetor Elevation

Receptor elevations were obtaired from the National elevation dataset (NED, USGS). The
NED data was processedwith AERMAP, a pre-processor progam that was developed to
process terain data (baseelevation and hill height scde data) in conjunctionwith a layout of
receptorsand souces tobe used in AERMOD.
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4.5 Evaluation of Dispersion Modelling Results

Theair dispesionmodelingwas donewith complex terrain. By this approah, al theelevations
of terrain are accounted,and the air dispersionwill refled more accurate results as compaed

to flat terrain.

4.6 Air Quality Modeling Results

Theair quality modeling results consicering theidentified souices (Chapter 3) are presentedin
Table 4.1. The winter isconsicered as critical when it comes to dispesion of pollutantsand
pollution impads. In air quality dispasion modeling, one of the receptors considered in this
study includes the city of Delhi. The city of Bhiwadi is located in SSN diredion of Delhi,
whereas the prevalentwind diredion at Bhiwadiis from NW diredion. This implies that
majaity of thetimethewind is blowing from NW (Figure 4.2) and, thereforesmissonsfrom
Bhiwadi areunlikely to contributeto Delhid air pollution.

The air quality modelwas run to assesghe contribution of emissons from Bhiwadito the
City of Delhi. It was seen thaheyond 9.0 kmthe average concentration in winter months
due to emissions from Bhiwadi was less than 1 |igffigures 4.8 and 49 The peak 24r
concentration in winter months due to emission from Bhiwadi was estimated to |bg/20
Since winterseason and peak-Béur concentration due to emissions from Bhiwadi is very low, it is
unlikely that closure of industry eery stringentir pollution control measures at sources in Bhiwadi
will improve the air quality in Delhi. Howeverhe suggested pollution control measures will
significantly improve the air quality within Bhiwadi city (see control action @lad)may be adopted

Table 4. 1:Air Quality Dispersion M odeling Results

Season PMi1o | PM2s
Ped Corcentration (24-hr) Summer 125 102
Winter 164 128
Monsoon 151 125
Pog-Monsoon 186 154
AverageCorcentration for theseasons Summer 31 25
Winter 45 34
Monsoon 28 22
Pog-Monsoon 39 31

The 24-hr pes& concentration and average concentration isofeths for various seasonsare

shown inFigure 4.8 to 423.
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Figure 4. 13: AverageConcentration in MonsoonSeason
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