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Modeling of Transport Emissions - |
Hello friends. Today we will have completely new topic like from the past, like environmental

impact assessment or LCA then circular economy so today we will start to discussing about
modeling of emissions from transportation sector. That is very important because if you want to
see the air quality impacts or exposure assessment, from the emissions of transportation sector,

then this is something which is very, very important aspect which we should know.
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So, how to model the vehicular emissions and what is the role of emission inventories in a city, so

in a city, different sectors are there of emissions, whether domestic, power plants, industrial and
then transportation. So, for transportation we will focus today, this modeling efforts to develop an
emission inventory so first of all we would like to discuss what kind of models are available across

the world, which are used for modeling of emissions from different kind of vehicles.

So, like mobile model series then MOVES and then EMFAC of California Resources Board, then
COPERT is there from European countries and then there is this QGEPA from Queensland

Government Environmental Protection Agency in Australia.



And then International Vehicle Emission IVE model, again from U.S.A. but specifically for
developing countries and then we will discuss about limitations of these models which are
available from different developed economies or developed countries and whether we can apply
them in a developing country like India, what are the limitations, what are the challenges and then
we will discuss our own model which has been developed in IIT Roorkee, that is known as
Vehicular Air Pollution Inventory model VAPI. And at the last we will conclude all of these

models related aspects and information.
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Vehicular Emissions
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So, when we talk about vehicular emissions we know that major emissions are coming from

exhaust emissions that is the tailpipe emissions where fuel is burning and then it is coming as
exhaust emissions, whether air pollutants or greenhouse gases, all those things. Then there are
certain fugitive emissions, passive emissions, those are evaporative emissions means they come
out of engine leakage of oil and those kind of things. Then other category is non-exhaust emissions
that is from tyre and brakes, so abrasion related emissions or re-suspension of the dust. Those kind

of are the emissions from non-exhaust sources.
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Types of Vehicular Emissions

* Exhaust emissions

+ Carbon monoxide (CO) * Formaldehyde

* Hydrocarbons (HC) * Polycyclic Aromatic Hydrocarbons

*Nitrogen oxides (NO,) (PAH)
* Acetaldehyde

+ Carbon dioxide (CO,) + Total Aldehyde
+ Particulate matter (PM) « GHG Emissions
* Benzene

¢+ 1-3Butadiene

Source (Ajay Singh Nagpure, 2011)

Well, when we see the vehicle emissions of different kind of list or categories then we see that
exhaust emissions have a list of pollutants like carbon monoxide, hydrocarbons or VOCs that is
volatile organic compounds or NOX that is the emissions of nitrogen compounds or oxides of
nitrogen, then there is this emission of CO2 that is, every kind of burning activity really takes this
CO2 out, because even when we are exhaling in our cells this kind of IC engine activity is going

on, oxidation is going on, we are exhaling CO2.

So, any kind of, whether small or large combustion process that gives the emission of CO2. Then
particulate matters may be there, benzene and this butadiene and formaldehyde, there may be like
P-A-H of PAH that is polycyclic aromatic hydrocarbons and acetaldehyde, total aldehyde,
greenhouse gas emissions and other toxic, heavy metals, those kind of things, may be there in the

exhaust emissions.
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Types of Vehicular Emissions (cont'd..)

* Evaporative emissions
+ Volatile Organic Compounds (VOCs) / Hydrocarbons

* Non Exhaust emissions

* Includes emissions from tyres and brakes
- PM,5and PM,,
~ Heavy metals

Source (Ajay Singh Nagpure, 2011)

And if you talk about evaporative emissions, so basically those are VOCs, volatile organic
compounds or hydrocarbons, they come as kind of evaporative emissions from leakages and those
kind of channels.

Non-exhaust emissions like tyres and breaks, abrasions kind of activities, so very small fine
particles may be there like PM 2.5 or even RSPM that is respirable suspended particulate matter,

which is PM 10 and heavy metals, those kind of known exhaust emissions may be there.

(Refer Slide Time: 0:04:56)

A
Emission Inventory and Vehicular Emission models

Animportant tool for assessing the vehicular emissions based
on emission factors, average speed, fuel consumption and
the amount of traffic on the defined road type

+  Developed manually or using computer-based vehicular
emission models.

Vehicular emission models are developed based on factors
such as

- Vebhicle type

- Fuel category & engine technology

= Vehicle kilometers travelled

- Emission standards

- Various correction factors

Source (Ajay Singh Nagpure, 2011)




So, what is the significance of emission inventory and how vehicular emission models help us to
develop the emission inventory? So, when we want to use any dispersion model, let us say for
trying to assess the air quality in an area, so what we need as input parameters, these emissions,

emissions are the important input parameters.

If you do not have good emission inventory that is the values of emissions which are input
parameter in dispersion modeling, you will not have good concentration estimations. So, emission
inventory in that way is very important and because of that these vehicular emission models are

important because they are the tools which are used for developing of emission inventories.

Then these computer based models are there and because nowadays we do computation and we
can have several equations, computers calculate based on those equations very fast. So, we can
write the program in computer language whether C++, Fortran or Matlab related equations, those

kind of things you can use.

And when we develop emission inventory based on vehicular emission models, so mainly they are
based on factors, emission factors, so emission factors are certain kind of emissions per unit of
kilometer driven or mass unit of this fuel burned, that kind of emission factors may be there, and
also there are other factors or variables like vehicle type, two wheeler emission will be different

than the four wheelers.

Within four wheelers light commercial vehicle or heavy duty vehicles they will have different
emissions, then fuel type also, the same car of CNG and LPG and diesel and petrol, they will have
different kind of emission streams, in quantity as well as in characteristics. So, fuel category and
then the engine technology, vehicle technology and these vehicle kilometer traveled, how many

kilometers one vehicle travels in a day.

All those variable factors are there which influence the ultimate quantity of emissions, and then
emission standards or factors, which are given like there are certain norms, EURO I, EURO Il
EURO Il1, in Bharat Stage |, Bharat Stage Il in India, those kind of, like we are talking about BS
VI or EURO VI kind of, from BS 1V, leapfrogging. So, these norms are there, but actual emissions
on the road may be different.



These norms are based on certain laboratory conditions those kind of things. Then we have
correction factors based on altitude or temperature or pressure or humidity, because the same
vehicle if you run on the, like in a plain city like Delhi or Meerut or any kind of city and then you
go to Mussoorie or any hilly area, so the same vehicle will have different kind of emissions. So,

because of those variable factors we have to do correction in emissions.
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Emission Inventory and Emission Model
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Emission model, estimating emissions from road traffic is the
summation of the product of emissions from all vehicular emission

sources, vehicular activities and other climatic and topographic variables

Source (Ajay Singh Nagpure, 2011)

When we talk about emission inventory and models, this is very simple schematic diagram which

can take you to this conceptual understanding of development of emission inventory, so the data
analysis, which are needed for policy making and policy implementations, so we have to have

some models which can estimate the emissions of different pollutants.

So, for the road traffic or different kind of sources may be there as we have discussed exhaust,
non-exhaust and evaporative those kind of things. All things have to be combined when we want
to talk about emissions from vehicles, total emissions, cumulative way, and then we have to apply
correction factor so that our emission inventory or the estimated values of the emissions are nearer

to the actual value.

Though we can never estimate the true emissions, because there are so many variable factors we
cannot convert them into some mathematical equation, so there will be some gap, there are so

many uncertainties, even same car will emit different emission streams if different people drive,



because they have habits of pushing the accelerator at different frequency and then at different

roads or different route you take, your vehicle will have different kind of emissions.

So, depending upon the speed, the driving cycle and the terrain, topography, everything, so many
variables are there, we cannot model them or simulate them in reality but we try, and we try as

much as possible so that our estimation values or estimated values are nearer to the actual one.
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As much precise value we can estimate that will give the better estimations of the dispersion
modeling, which will give concentration values, and those concentration values will give us idea
what is the quality of air in an area, and how much exposure may be there. So, you can translate

that concentration into health risk assessment also.

So that is why this is the series, emission models will give you the emission values, those emissions
values will be used by dispersion modeling and then estimating air quality and health risk. So, that

is why this emission modeling efforts have to be very, very precise, as much as possible.

And emission model inputs and outputs when we talk then like inputs are vehicular population in
a city if you want to develop emission inventory, then we should know how many vehicle are there
in the city, again, there will be uncertainty because registered vehicles will be there, plus although
registered vehicles, quantity is given for certain year, but some people may be living in different

city and they have taken that vehicle.



So that vehicle is not running on the roads of that city, but in that city other vehicles may be coming
there because people from other cities may be working there, and living there. So, these kind of,
and then everyday some people come in the city, some people go out, so all those kind of
uncertainties are there, but still we want to estimate the vehicular population so that we can know

how many vehicles are contributing to the emissions to the urban area.

Then the types of the vehicle, two wheeler, three wheeler, four wheeler, and within the two wheeler
whether it is four stroke engine driven vehicle or two stroke engine, similarly in four wheeler you
will have whether gasoline driven or CNG driven or diesel driven, those kind of, and vehicle age
also.

As vehicle becomes old, emissions will be more. It also depends upon the maintenance also, and
the usage, how you are using, you are taking care of it or not, but naturally age factor is there and
that is why after certain age there are policies that the vehicles will be taken out of the road, because

they are a lot of emission discharging sources or emitting sources.

Then vehicular technology as we have done, vehicular fuel type, CNG and all those, then vehicles
kilometers traveled by any vehicle, so that is also to be taken, then other factors, correction factors
like temperature, humidity, altitude as we have discussed all those will be the input parameters,

and what we will having, the output?

We will having the output of emissions, values. So, those values can be again taken into different
way like vehicle emission inventory by pollutants, means how much pollutant of CO2 or this
greenhouse gas or hydrocarbon or NOX or SO2 is coming out of that or PM2.5 those kind of,

means the pollutant type of emission values you will have.

Also, the vehicle type contribution, you will also have, like how much contribution is there in a
particular pollutant from two wheeler, three wheeler, four wheeler, means you will be able to know
different values and that will give you, that matrix will give you an idea that which area you should
control first if you want to reduce certain pollutant, because you will know from which vehicle,

how much amount of that pollutant is coming out.

Then efficiency of the current policy, because, for example CNG has been implemented in Delhi.

So, if you want to see whether, how much emission reduction is there after CNG implementation



so our emission inventory will give values, before that, before CNG implementation this much of
PM2.5, now this much of PM2.5. So, effectiveness of policy also evaluated based on emission

inventories.

Then input data for dispersion models, as | said this value which is coming out of emission
inventory models or emission models, they will be input parameters for the dispersion models.
Then vehicular emission trends, means over the years how much emission is increasing on the

basis of certain types of vehicles, then fuel consumption and their contribution.

So, you also know how much fuel is consumed in a city, you can validate whether that fuel
consumption is reflected in the emission of a particular pollutant or not, so indirectly air quality
concentration and the fuel consumption they can be surrogate parameters to give you idea whether

your emission inventory is okay or not.

Because the trends will be there, that kind of trend or emission inventory based on pollutants and
vehicle categories and also trends of air quality concentration at certain points in that city and also
the fuel consumption, and as you know that from transport sector basically the dominating
pollutants are NOX and CO, those kind of things. So, they can be the, kind of again, surrogate
parameters to reflect whether your emission inventory is okay or not, when you compare with the

air quality data.
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Classification of Transportation Emission models

Transportation Emission models Top-Down models or Macro-scale
‘ I models works on macro scale
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Average speed Instantaneous
models models

Schematic diagram of the classification of the Transportation emission models

Source [Ahmed Elkafoury et al, 2013)

When we classify the transportation emission models then we can say that one can be the static

model and other dynamic model, bottom up approach or top down approach, depending upon how

do we estimate, what kind of parameters we are taking and that will give you an idea.
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Comparison between Dynamic and Static emission models
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Then dynamic models and static models that is like traffic simulation models or instantaneous
models, so it will depend on what kind of values are available basically. So, speed and traffic
factors if it is available in dynamic model, then traffic simulation model is the part of that. Engine

power related things, if available, then it is a part of instantaneous model.



Similarly in static, means you need to have some average speed of the trip, if you do not have
detailed data so static models are like vehicle kilometer traveled, transport productivity or fuel
consumption, so these metrics will give you an idea about what is the difference between dynamic

models and static models, which are popular.
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Examples of some Vehicular Emission models

MOBILE model series, USEPA
MOtor Vehicle Emission Simulator [MOVES), USEPA

+  EMission FACtor (EMFAC) model, California Air
Resources Board (CARB)

+  COmputer Program to calculate Emission from Road
Iraffic (COPERT), European Environment Agency (EEA)
Queensland Government Environmental Protection
Agency (QGEPA model), Australia
International Vehicle Emissions (IVE) model, funded by
the USEPA

Source: [Ajay Singh Nagpure, 2011}

Then if we give the example or we consider the examples of some important vehicular emission
models, so as initially I discussed that there are models from different countries and in developed
countries they have their own models depending upon how much data is available, what kind of

technology they are using in transportation sector.

So they incorporated in their equations and relationship. So, we have like MOBILE model series,
means they are updated year by year. So, the series of MOBILE models are there, after that
MOVES model was developed. So, these are developed by USEPA, United States Environmental

Protection Agency.

But in United States there are some states which have their own models like in California,
California Air Resources Board that has developed their own model which is known as emission
factor model EMFAC. Then there is like in Europe the popular model is COPERT, which is

computer program to calculate emission from road traffic that is abbreviated as COPERT.



In Australia one is this Queensland Government Environmental Protection Agency model that is
QGEPA model, and in USEPA another model was developed by USEPA in the U.S. that is
International Vehicle Emissions, IVE model, that was particularly developed for developing
countries, taking in to consideration what kind of data may be available, and this IVE model has
been implemented in Pune city in India also. So, these are the different models available at present,

important models, are otherwise there are other models also.
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What is estimated or predicted using models?
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Source: (European Emaronment Agency, 2020)

Then what do we do with the models? Like road vehicles, so the fuel data, evaporative emissions

from the fuel and moment of the goods and passengers, so they have this exhaust emissions and
road wear caused by vehicular motion so non-exhaust emissions. So, this is the picture which we

already know about.
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MOBILE, USEPA

* MOBILE model series, was developed by the USEPA, for
calculating emissions from highway vehicles in the U.S., except

California.

*  MOBILE6.2 was the last version of the series, in 2004, (Later
updated to MOVES series)

+ Calculates emissions of HC, NOx and CO from cars, motor

vehicles, light and heavy duty vehicles.

*+  Superseded by the MOtor Vehicle Emission Simulator (MOVES)

Source (Ajay Singh Nagpure, 2011)

Now we discuss in brief about these models which have listed like MOBILE in USEPA. So, this
is the series which was developed by USEPA and they are using like different kind of highways
related data, and then in 2004, they had this 6.2 series, MOBILE 6.2, later it was updated as

MOVES, means they completely changed the strategy and new model strategy or new model

framework was developed which is known as the MOVES.

This MOBILE model can calculate different pollutants like hydrocarbons, NOX and CO, these are
basically the dominating pollutants from transportation sector, so their focus is more on those
emissions from cars, motor vehicles or light and heavy duty vehicles for transportation of goods,

et cetera, and it was suspended and then superseded by MOVES, the new model.
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MOBILE, USEPA (cont'd..)

*  MOBILE estimates emission based on external
geographical and climatic factors such as:

- Ambient temperature
= Humidity
- Altitude

Calculates basic emission rates for an average speed
of 31.5 km/h for light duty gasoline vehicles,
classified in terms of model year and vehicle
technology.

Saifce: [Ajay Singh Magpure, 2011)

And there are other features of the MOBILE model basically, like it also consider these correction

factors which are geographical and climatic factors related to temperature, humidity, altitude and
so, and the basic emission rates for an average speed of 31.5 kilometer per hour, this has been
based on some service. So, that has been used for these model calculations.
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MOBILE, USEPA (cont'd..)

+  MOBILE computes the hot running emissions of per unit distance (e,) in freeway
and arterials as a function of travel speed for 5 mile/hr speed increments.

e, = SCF (BER + EO) |

Where,

e, = emission in per unit distance

SCF = Speed Correction factor

BER = Basic emission rate

£0 = emission offset, a correction factor to account for BER “off-
cycle” emissions, i.e. additional emissions due to high power
operation, not included in the BER.

Sausfce: [Ajay Singh Nagpure, J011)

And this is the basic equation which you can see

e, = SCF (BER + EO)



like these emissions in per unit distance and then this SCF, this is the speed correction factor,
multiplied by BER plus EO. BER is basic emission rate and then EO is emission offset because of

certain factors, which are taken into account.
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MOtor Vehicle Emission Simulator (MOVES)

*  MOtor Vehicle Emission Simulator (MOVES) is
currently the state-of-the-science emission system
of the USEPA,

* Estimates emissions for mobile sources across the
U.S. except California, for air pollutants, GHGs and
air toxics.

+  MOVES3 is the latest version of the MOVES.
- Follows MOVES2010 and MOVES2014 versions

Sowrce: [USEPA, hitps f'www epa gov/moves)
Then we talk about MOVES model, Motor Vehicle Emission Simulator. So, this is the model
which is used by several states of U.S.A except in California, and this can estimate pollutants of
different nature and greenhouse gases, as well as toxic elements also which are emitted from

transportation sector.
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MOtor Vehicle Emission Simulator (MOVES) (cont'd..)

Estimates different types of emissions such as:

- Engine running, startling, hoteling (extended idling),
evaporative, brake and tyre emissions.

¢+ The input to MOVES model includes:

- Default National averages such as Vehicle counts,
Vehicle Miles Travelled (VMT), temperature, fuel,
location and other country specific inputs,

Source (USEPA, htps //www epa gov/maves)

And like engine running, then startling, hoteling that is extended, idling condition, evaporative,
break, tyre emissions so exhaustive, means it is a very kind of detailed modeling effort which can
give you all kind of pollutant emissions from different activities related to transportation sector
and then the input values which are needed for this are mainly vehicle counts and then the vehicle
miles traveled VMT, temperature, fuel, location and other country specific inputs.

Because they will influence the driving patterns, topographical related features, temperature,
humidity all those things will be depending upon those locations, so that is also one important

input parameter.
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Calculating Running Emissions for Onroad vehicles in
MOVES3
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Source (USEPA, 2021)

This is the flow chart which gives us an idea about this running, calculating the running emissions
for on road vehicles by MOVES 3 version. So, as | said vehicle miles traveled then average speed,
driving cycle, so the source, hours operating then operating this distribution, emission rates, all

those ultimately they give some emissions and those are then adjustment by correction factors.

So, the adjusted emissions or corrected emissions are there which gives some values and this is
repeated for all kind of pollutants and later on clubbed together so that cumulative emissions we

can estimate from different categories of vehicle.
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EMission FACtor (EMFAC) model

EMission FACtor (EMFAC) model was developed by
the California Air Resources Board (CARB).

Estimates the emission inventories of onroad
mobile sources in California.

The input to the model is provided by CALIMFAC
(California Mator Vehicle Emissions Factor Model),
which provides emission rates and WEIGHT to
estimate vehicle activity by model year.

Soufce: [Ajay Singh Nagpure, 2011)

Then there is this another model which is known as EMFAC model or emission factor model. So,

this is basically used for again on road mobile sources and the input values are provided by this
CALIMFAC California motor vehicle emissions factors. So, this model is basically developed by
California Air Resources Board so in California this is the model which is used basically, rather

than other models which are available. So, this provides the estimations for the particular state.
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EMission FACtor (EMFAC) model (cont'd..)

* The emission factors calculated from CALIMFAC are
corrected in EMFAC for several correction factors.

¢ The Vehicle characteristics such as VKT, number of
starts, number of vehicles are provided to the
EMFAC by the BURDEN model to produce the
emission inventory.

¢ latest update is the EMFAC2021.

Source (Ajay Singh Nagpure, 2011)

And it can have some input parameters like vehicle characteristics, VKT, ETC., number of starts,

number of vehicles are provided by another model which estimate the number of vehicle, city wise



and then this latest version of this model is 2021, so they regularly update the modeling framework

basically.
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EMission FACtor (EMFAC) model (contd..)

* The hot running emissions in per unit distance (e,) is
calculated by the EMFAC using the equation

e, = BERx SCF = BER x EXP(b, (v — 27.4) + b,(v - 27‘4)2:

Where,

e, = emission in per unit distance

BER = Mean emission factor value of individual vehicle (calculated
as the total emissions (g) generated during laboratory test
procedure using unified cycle length (mile))

SCF = Speed Correction Factors, developed from 12 driving cycles
b, and b, = model parameters

v = speed expressed as mile per hour

Source: (Ajay Singh Nagpure, 2011)

Then if we want to see the basic equation,

e, = BER x SCF = BER X EXP(b1(v—27.4) + (v — 27.4)2

it is again similar as we have seen earlier, so BER that is the basic emission rate which is multiplied
by this correction factor, speed correction factors, 12 driving cycles, different speeds, so they give
the values, so this is expanded, then these are the constant parameters, B1, B2 model parameters.
Then speed, expressed as miles per hour is there. Certain constant values are there. So, ultimately

this emission in per unit distance we can calculate for a particular vehicle and particular pollutant.
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If you want to compare like how much these correctness or what is, whether it is estimated lower

values or higher values, if we use like MOVES and EMFAC, so this is one interesting example
basically you see, these liquid leaks, like this one, tank vapors so EFMAC these values, so most
of the values estimated on higher side from the EFMAC and the moves estimations are on lower
side and that depends again because if dedicated model is there for a particular state and if they
have exhaustive data set their emissions may be better. But if other modeling technique is there

and those data is not up to the mark then values may differ.
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NOXx start emissions as a function of soak time for heavy-duty

diesel trucks: EMFAC2021 vs EMFAC2017
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So that, otherwise trend is same, but values are a little bit different, and if we compare like the new
version of the EFMAC 2021, with the 2017, so again 2017 models and these different models have
different kind of trends, so because of those value's variations you have the better inventory for
values of the traffic related parameters so your estimations are little bit different, but the trend is

the same as YOu Can See.
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Computer Program to Calculate Emission from Road Traffic

(COPERT)

*  The Computer Program to Calculate Emission from
Road Traffic (COPERT) is developed by the European
Environment Agency (EEA)

* The Core Inventory of Air Emissions (CORINAIR)
working group, the first European initiative to tackle
road traffic emissions was later transformed to COPERT
in 1989.

*  COPERTS.4.52is the latest update of the model
released on May 2021.

Source: (EEA, https //www eea europa eu/themes/aulinks/guidance-and-tools /copertd 10ad-transport-emissions-model)

Then we discuss about this COPERT model which is quite popular in European countries, this is

a computer program to calculate emissions from road traffic.
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Computer Program to Calculate Emission from Road Traffic
(COPERT) (cont'd..)

*  COPERT computes the hot running emissions, evaporative
emissions and non exhaust emissions from brakes and tyres.

Includes 105 Vehicle categories belonging to 5 vehicle classes
such as cars, light and heavy duty vehicles, urban buses and
coaches and two wheelers

*  Estimates pollutants such as CO, NO,, VOC, CH,, CO,, N,0, NH,,
SO,, diesel exhaust particulate matter (PM), PAHs, and POPs,
Dioxins, Furans and heavy metals contained in the fuel such as
Lead, Cadmium, Copper, Chromium, Nickel, Selenium and Zinc

Source: (EEA, https //www eed europa eu/themes/aulinks/guidance-and tools/copertd-r0ad-ransport-emissions-model)

So in Europe they are using it and this is again very data intensive model and that gives a lot of
streams for emission estimates, like you can see CO, NOX, VOC, methane, CO2, N20, NH3, it is

a whole, all kind of range of pollutants, it can be used for estimating this hot running emissions as
well as evaporative emissions and exhaust emissions. All kind of emissions can be estimated, so

this is very detailed model and wonderful model basically, but for European countries.
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Computer Program to Calculate Emission from Road Traffic

(COPERT) (cont'd..)

+ The hot running emissions in per unit distance (e,) is calculated by the EMFAC,
using the equation ey

‘ i ;
Evoras = Buor+ Ecouo* Eevar |

‘ ETOTM. iEURBf\N + ERUR/\[.:*. EHIGHW/\Y ‘ For drivmg conditions

Where,

E,qu = Total emissions (g) of any pollutant

Eyor = emissions (g) during stabilized (hot) engine operation

Ecop = emissions (g) transient thermal engine operation (cold start)

Eygyap = emissions (g) from fuel evaporation. Only relevant for NMVOC species from
gasoline powered vehicles

Eyraax = Erurar = Eyciway = Total emissions (g) of any pollutant of respective
driving situation




But some countries use it when they do not have their own modeling efforts, and we will see why
did we develop our own model because of some limitations, which we will see later on. These are

the equations which are basically used for this COPERT model,
Etrotar = Enot + Ecola + EEvap

so these total emissions in like, Hot means emission during stabilized hot engine operation when

it is running, cold means when you are starting, E evaporation means evaporative models.

So, those emissions are there which are clubbed together, so the total emission is calculated. So,
total emissions then you can also have in different areas like urban area, rural area on highway, so

that way you can have the regional emission inventory basically for different driving conditions.

Erotat = Evurban + Epwrar T+ EHighway
So, this model in that way is a versatile model | would say.
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What is New in COPERT 5.4 compared to its predecessor?

* Introduction of plug-in hybrid (PHEV) passenger cars
* Introduction of hybrid buses

Revision of Euro 5 emission factors for Passenger cars
(PCs) & Light Commercial Vehicles (LCVs)

*  Revision of Euro 6 emission factors for PCs & LCVs

* Parameter updates - error fixes

Source: (s //www.emista com/wp-content/uploads/Tes/docs/COPERT_v5.4_Report.pdf)

And now a new version of the COPERT 5.4, this has also included the relevant information for
plug-in hybrid vehicles, passenger cars and hybrid buses, because in Europe this is being popular
as you can see in different data. So, this revision of EURO V emission factors have been
incorporated, earlier EURO IV was there, and for light and commercial vehicles, passenger cars
all these factors have been incorporated.



EURO VI emissions factors for these PHEVs that is plug-in hybrid vehicles and LCVs light
commercial vehicles are available, and parameter's update means, some errors because of old

parameters so that fixing error's possibility is also there in this model that is incorporated in there.
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Data Inputs to COPERT 5.4 for Plug-in Hybrid Electric
vehicles (PHEV)

Fuel type ’ Topology Weight (hg)*

Ingine power | Llectrk motor
(w)* power (kW)

O

coefficient .

f—J
Technology

Gasoline Parallet 029 m2 » 125 [
Saachoss  Bowersplt 1560 025 19 ns I orots Wi
i s 1982 0307 108 sy ” IRV
Gasoline Paralel 7 01 2 1021 1021 WGllGTE
1982 0307 108 183 9 Mitsubah
Parall
Gasoline rallel . ) ol

209) 0) 7S 1648 ) Volvo V60
' Twin Engine

Diesel Paraliet

Passenger car

category

Data based on a study for Energy consumption and
emission factors for PHEV passenger cars

Source: (htps.//www.emisia.com/wp-content/uploads/Tiles/docs/COPERT v5.4_Report pdf)

When you see this metric or table you can see the data inputs for this new version of the COPERT

for plug-in hybrid electric, so fuel type like gasoline or diesel, topology where the parallel power
split, parallel, those kind of thing, how much weight is there, drag coefficient, battery capacity,
because in hybrid and these plug-in hybrid electric vehicles we have battery, and engine power,
electric motor power, models. All these things basically influence the emissions, because

emissions factors will vary accordingly, so all these are there in the model.
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Regulated Pollutant emissions from Hybrid electric vehicles
during Charge Sustaining (CS) mode: Simulation Results

() ol Maghmiy
Siimete PP 1ti| more experimental data become
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Liwge desel 00kt 0043 00sM
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€0 (g/m)

N (g/hm)
Large guscine 0002 00007 00010

Lavge desel 000N 0000 00007

Smat gaotee 0001 00018 00018
Medum gaschne 0001y 0001s 00018
(wge gavcine 000 00018 ocon
Lirge derel oo 000M 000

Source: (h1ps.//www.emista com/wp-content/uploads/Tdes/docs/COPERT v5.4_Report pdf)




Also, like regulated pollutant emissions for hybrid electric vehicles during the charge sustaining
mode, so that is also given, for urban area, for rural area, for highway, NOX, CO, hydrocarbons,
particulate matter, so where your vehicle is running, whether in rural area, urban area or on express

ways, so accordingly the speed and their emission factors will also vary.
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L A
QGEPA model, Australia

* The Queensland Government Environmental Protection
Agency (QGEPA) developed the QGEPA model.

+ QGEPA is a travel speed emission model and consists of
a hot running emission factor database for CO, HC, PM
and NO,, expressed as g/km.

+  Emission factors available for vehicle technology classes
such as light duty vehicles (petrol, diesel and LPG), heavy
duty vehicles (diesel, CNG, LPG) and motorcycles.

Sausee: [Ajay Singh Nagpure, J011)

Next model is this QGEPA model from Australia, so that is this Queensland Government
Environmental Protection Agency developed this particular model and this can be used for hot
running emission factor database and that can include like CO, hydrocarbons, particulate matter
and NOX, because they are, most of the dominating emissions as you know in gram per kilometer

or per kilometer driven, so how much emission will be there.

So, emission factors which are available for different kind of technology or vehicle class, such as
light duty vehicles or CNG related or petrol related heavy duty vehicles, so all those different kind

of motorcycles, all emission factors are there which are part of this QGEPA model.
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QGEPA model (cont'd..)

+ Separate emission factors available for cold start and
evaporative emissions.

*Also provides emission factors for non regulated
pollutants such as hydrocarbons, N,0, NH, and PAH.

* Speed correction factors are used for evaporative
running loss emissions for Cold start emissions.

Source [Ajay Singh Nagpure, 2011)

And separate emission factors are available for different states like cold start or evaporative
emissions, and then it can also provide emission factors for non-regulated pollutants like
hydrocarbons, N20O, ammonia, PAH, they do not have some values or specified values, how much
emission should be regulated but they can estimate and then speed correction factors can also be

used for better estimation. So, these are the particular features of this model.
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International Vehicle Emissions (IVE) model

Developed jointly by the University of California at
Riverside, College of Engineering- Center for Environmental
Research and Technology (CE-CERT), Global Sustainable
Systems Research (GSSR) and the International Sustainable
Systems Research Center (ISSRC).

*  Funded by the USEPA.

Takes into account various technologies and conditions that
exist in the developing countries such as vehicle driving
patterns, vehicle specific power (VSP), Engine stress
distributions etc.

Saurte [Ajay Singh Nagpure, 2011)

Next is this international vehicle emission model, developed by USEPA, and that is developed by

the joint efforts of University of California and the College of Engineering, Center for



Environmental Research and Technology, Global Sustainable Systems Research Center and
International Sustainable System's Research Center, all these centers have joined hand and

developed this model for developing countries basically.

But it was funded by USEPA because they wanted to know what is the emission kind of trends
and the conditions in different cities of developing countries, and it can take in to account like

whatever technology different countries are using, but this is data extensive or intensive basically.
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International Vehicle Emissions (IVE) model (cont'd..)

* Inputs to the model includes:
- Type and age of vehicle fleet

- Local conditions such as ambient temperature and
pressure
- Fuel specifications

* Estimates Criteria pollutants, GHGs and toxic pollutants.

* Pollutants includes CO, VOC, NOy, PM, 5, PM,;, CO,, N0,
CH,, NH,, Benzene, Lead, 1,3 Butadiene and Aldehydes.

Source; [Ajay Singh Magpure, 2011)

Inputs like type and age of the vehicle in this particular model, local conditions again temperature
pressure, etc., fuel specifications, the proper fuel specifications must be there, otherwise

estimations will not be right, estimation's criteria like greenhouse gases or toxic pollutants or

criteria pollutants.

All those emissions can be calculated and a series of, means it is a good number of pollutants
which can be estimated from IVE model, like CO, VOC, NOX, PM2.5, PM10, carbon dioxide,

nitrous oxide, methane, ammonia, benzene, lead, all those, means, as in MOVES you have seen.
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Components of the IVE Model
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Source [Nicole Davis et al, 2005]

And this is basically the framework or the flowchart of the IVE model. So, you can see these input

data like vehicle technology distribution, air conditioning distribution, all those things, and those

correction factors are used and ultimately emission estimation is done.
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Types of Technologies included in the IVE Model
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Source: (Nicole Davis et. al, 2009)

Types of technologies included in IVE model is again quite detailed like carburetor or single
petroleum fuel injection technology is there or two way or three way, catalytic converters, those
kind of thing, then light duty diesel vehicle or light duty vehicles running from ethanol and natural

gas or propane, those kind of, heavy duty gasoline vehicles, heavy duty diesel vehicles and these



kind of different technologies. So, it is again have, so much information is needed if you want to
estimate in a good way.
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L.
Basic Equations in IVE model

+ Can estimate emissions from a single roadway or an entire area
for specific time periods.

Equation 1

+ Based on 2 basic equations:

Q'l' = B[l} X K[]m.\l‘][t] X K{ll'mp”ll X K[HI11d]||I X K[IM”tl X K{f\h}[ll XK

t{Znu'_\f}lll

* Equation 1 estimates the adjusted emission rate by
multiplying the base emission rates by various
Correction factors.

Saufce: [Ajay Singh Magpure, 2011)

And that is the basic equation which is again similar. Only expression is different.

Qr = By X Kwaseyt) X Kgempyt) X Kmayw)y X Kamye) X Ky X Kienery) o

So, the base emission correction factor then temperature related, humidity and the maintenance
related, all those correction factors are applied, so that estimations are better.
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Basic Equations in IVE model (cont'd..)

QHun:nnp, = Ulirl'\'] X D/UC X E[{f|l| X Q[ll lel{f|d|| X K[lhl

+ Equation 2 weights the adjusted emission rate by the travel fraction
for each technology and amount of each driving type of each Equation 2
technology.

+ Final step in Equation 2 is to multiply these results by the ratio of
the average velocity of LA-4 driving cycle and average velocity of
the modeled cycle and multiply by the distance travelled (for
running emissions only).

+ Result is the overall fleet running emissions for allocated time or
distance {in grams).

Sauite: [Ajay Singh Nagpure, 2011) Lirban Dynamometer Driving Schedule (LDDS) or LA cyche

The LS FTP-72 [Federal Tedt Proceduie) oyl is alio called

And this is again the basic model equation, the summation is there for a particular running phase

and particular pollutant.

Qrunning = Uprp X D/Uc X X {fi) X Qg X Xa flag X Kpag

So, different driving cycles can also be included in this, so that you can change the patterns and

you can have different values.
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Basic Equations in IVE model (cont'd..)

Where,
B, = Base emission rate in for each technalogy (start (g) or running (g/km))

Q= Adjusted emission rate for LOCVs running (g) ‘

Q = Average emission rate for entire fleet (running (g))

fiy = Fraction of travel by specific technology

figy = Fraction of each type of driving or soak by specific technology

Uyp) = Average velocity from the specific driving cycle asinput by user in location (kph)
Kieusen = Adjustment to the base emission rate

Kjogy = Temperature Correction Factor

Kiimayy = Humidity Correction Facter

Ky = Altitude Correction Factor

Kiruey = Fuel quality Correction Factors

K = Inspection/Maintenance Correction Factors

Kicaieyy = Country Correction Factors

By = Base emission rate in for LDCVs running (g/km)

D = Distance travelled by LDCV in one day (km)

Ei = Emission of compound i (CO, NO,, VOC|
Ky = Driving Correction Factor

Source: {Ajay Singh Nagpure, 2011

These are the nomenclature's name of those equations which we have just seen.
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Example of Emission contribution from each vehicle type in

Pune city, India

"

"

e oo a)

Source: (Mathew Barth et al, 2007)

The dominant vehicles on
the roads in Pune were two
wheelers followed by three
wheelers.

Buses and Light duty four
wheeler vehicles were major
source of NO, emissions.

.

If we see this example of IVE model application in Pune city, so they estimated like this CO, VOC,

etc., from two wheeler or buses and trucks and you can see like buses and light duty four wheelers

they were major source of NOX emissions here you can see, this one and this one.

Otherwise, two wheelers are dominating in other pollutants whether it is VOCs or CO and fleet

was, also number of vehicles is also maximum in case of two wheelers, and vehicle kilometer

traveled by two wheelers is much more than other categories like buses or three wheelers.
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Model Complexity and Errors in Emission models

+ The reliability of emission prediction relies on two | M
factors, namely accuracy and robustness. ﬁ_l/>

Error

] Model complexaty

Source: Swong Zhu, 2014)

On one hand, the modelling
accuracy can be improved by
more complex modelling
formulations.

On the other hand, the
robustness of model complexity
tends to be negated by the
increasing input errors.




When we see the model complexity and the errors which can be because of this complexity of the
model and this trade off whether, how much error we can afford and how much complex model
we can use, so when you go for complex models basically you are having more and more
parameters into calculation. So, your estimations may be better, but it becomes more complex and
when model is more complex then chances of error are also more, because input parameters have

some variability.

So that is why we want to strike the balance or optimization. You can see this model specifications
when it goes, so errors are there, at certain point it reduces, but input data error related increases.
So, model related specifications as vast as possible. So, model related error will be less but the

input data related error will be more and that again will refute or fail our efforts basically.

So, the total error of this is more here and this is also more, so you do not need to be more complex
and you do not need to be more erroneous estimations, better you can come to this optimization at
this particular place, so that kind of balance can be there and we can reach to this particular

conclusion.
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A
Limitations of these emission models for Indian scenario

+ Al major models like MOBILE, MOVES, COPERT etc. are developed in
developed countries such as US, Japan, Australia etc.
~ Extensive data set are available in those countries.

- Difference in technology, infrastructure, driving cycle in comparison with Indian
scenario.

- May give erroneous results.

+ Emission factor or basic emission rate of emissions
for all models are US and Europe based.

- Enhance the error in model emission outputs for use
in Indian scenario,

Source: [Ajay Singh Nagpure, 2011)

If we talk about limitations of these emissions models which we have discussed in Indian scenario
or Indian context then basically what happens that in our cities if we want to estimate emissions,
we do not have much reliable data and also the data available is not for every kind of input

parameters.



That is the biggest limitations these complex models have, because unless you have these detailed
data set for input parameters your emission's inventory will not be the right one. So, that is why
this motivation was there and in IIT Roorkee we developed another model for Indian context and
that is known as the VAPI model which we will discuss here.
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(cont'd..)

IVE model was designed for developing countries similar to India.
- However, the complexity of the model is similar to the US and European models,
which needs extensive data requirements,

= Difficult to compile such complex datasets in Indian scenario.

+  Most models are not able to give output for more than a year.

+  Most models require experimental data, which are not
available for Indian conditions.

+  Most models are region specific.

Source; [Ajay Singh Nagpure, 2011)

I
The Vehicular Air Pollution Inventory (VAPI) Model by IIT Roorkee

* The VAPI model is designed specifically for developing
countries like India.

¢ VAPI model have incorporated Climatic correction factors,
making the estimations more realistic and region specific.

*  The VAPI model estimations show fair agreement with the air
quality observations in India.

* The model is simple to use and is available in public domain.

Source; (Ajay Singh Nagpure, 2011)

This is the VAPI model which was developed in IIT Roorkee and this is catering the requirements
of the Indian conditions basically, so specifically for our cities we have taken in to account what
information is available, also there are issues for certain models only for one year estimation was
possible, and other limitations were there. But best practices of those models or best features have
been incorporated and optimization have been achieved so that we can have good estimations of

these pollutant emissions in Indian cities.
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Assumptions in the VAPI model

The growth in vehicles per 1000 persons over time is assumed
to follow a Sigmoidal (S-shaped) relationship.

One car plus two wheelers per family are assumed to be the
Saturation level.

* The seating capacities of auto-rickshaws and taxis are 3 and 5
respectively, implying that the saturation levels per 1000
persons are assumed to be 330 and 200 respectively.

Source; [Ajay Singh Magpure, 2011)

And these are the assumptions which we are taking into this model framework like the growth of
population of the vehicles, per 1,000 persons, is assumed and it followed this sigmoidal, S shaped
relationship, so that we can estimate at what stage the saturation value will be there. Then one car
plus two wheelers per family was assumed that this is kind of saturation value, average, means not

other people will go for more cars.

Although some families may have two cars, but some families do not have car, so this is the
average value, which we agreed based on expert's judgment as well as the values which we got
from literature, then the seating capacities are also depending upon whether it is a three wheeler
or the cars, et cetera. So, accordingly, the number of persons using that vehicle have been

calculated so that the passenger related journey can be estimated.
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A
Core Architecture of the VAPI model
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Source; |.J\|.|', Singh Nagpure, 2011)

This is the core, fundamental architecture of the VAPI model, so the vehicle kilometer travel,
vehicle ownership saturation level and human population because that will influence the
purchasing power, purchasing, phasing out age of the vehicle, at what age it will be discarded from
the road and then this GDP and this per capita income, PCI, and vehicle population, all these things

were taken into account for developing this model.

Then emission factor, altitude, humidity, temperature related correction factors. So, for different
kind of like, if we go for running exhaust emissions we have taken emission estimates for CO,
hydrocarbons, NOX, CO2, this particulate matter, total PH, all those, and then these adjusting
factors were used and for non-exhaust emissions we just took PM10 and PM2.5 because for heavy

metals, etc., there were some issues, but later on it was also added.
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Pollutants considered in VAPl model

Running Exhaust emissions

- CO,HC, NO,, CO,, PM, Benzene, 1-3 Butadiene,
Formaldehyde, Total PAH, Acetaldehyde, Total Aldehyde

* Running loss Evaporative emissions

*  Non exhaust emissions
= Emissions from Brakes and Tyres
* PM, and PM,

Saurce; [Ajay Singh Nagpure, 2011)

Pollutants considered for VAPI model as | just given you this list, all these pollutants were used

for VAPI model and it is in public domain, that model is available you can also use.
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Running Exhaust emissions
The main concept in calculating the

running exhaust emissions in the
l EFa,p,i = EFP' (X CT. piX CM‘ p.iX CA' pi ‘ VAPI model is to apply an emission
factor with climatic and geographical
correction factors,

’ E,, = PixEFa, ,xV,xD,

Equation 1

Where,

0,, = Annualtravelling days of 1 vehicle category 3

£,,, = Adjustedemission rate of poliutant p from | vehicle category | Equation 2 |
EF,, = Emission factor of pollutant p from i category (g or mg km ')

E,, » Total emissions of pollutant p from i vehicle category (unit depends on EF unit)

-
= Temperature correction factor of pollutant p of vehicle i category

Gy

C...‘ . = Humidity correction factor of pollutant p of vehicle | category
Cyp, = Altitude correction factor of poliutant p of vehicle 1 category
P, = On-road Population (model wise) of | vehicle category (numbers)
V, = Per day distance travel (km day ') by i vehicle category

Source; (Ajay Singh Nagpure, 2011)

These are the basic equations for exhaust emissions,

EFa,p,i - EFp'l' X CTp'l' X CH,p,i X CA,p,i

Et,p,i = PI X EFa,p,i X Vi X Dy;



so emission factors are there, and then correction factors are there, so they are multiplied to

calculate the real estimations.
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Climatic Correction factors Humidity Correction factor
Temperature Correction factor e [ o ‘
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Source; [Ajay Singh Magpure, 2011)

Climate correction factors are given in these equations,

Coini 1
Crpic = [(RLHR EHigh=tTow) — 1] x 100
p,i,tLow

CT,p,i,G = Ciow X (1+ CTG)(t—tLow)

_ Cp,i,hSO%
CH,p,i,G - [(C
p,i,h20%

1
)(®0-20) — 1] x 100

Chipi = Chaos X (1 + Cpg) 720
you can go through and learn what are those parameters which are there for correction factors.
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A
Geographical Correction factors

Altitude Correction factor

_A Equation 7

Giaom

I Capi = Capom * (14 oo o Inr-—""‘

Capic = Growth rate of correction factor according to 950 m and
1700 m of polhstant p of { vehicle category

Coatmo m = Correction factor at 1700 m altide (m) of
pollutant p of § vehicle category

Caumso = Correction Lactor at 950 m altitude (m) of polhant p
of 1 vehicle category

@ altitude (m

f 1
b gt
( x
Capic = ( = ]U'") l‘ <100 "

_| Equation 8

Source: (Ajay Singh Nagpure, 2011)

A
Climatic Correction factors Humidity Correction factor

Temperature Correction factor

o ) .-——~| Equation 3

——| Equation 4 |

Crpic - Growth rate of comection Tactor according to low and

Pugh vemperature of pollutant pod § vehicle category 1
Cumugn ~ Comection factor in high temperature (1) (40 °C) of Equation 5
polliaat p ol | vehile Citegory [ |
Cpinow - Corfection lactor o bow bemperdture (1) (4 °C) of

pallutani p of | vehicle category | Equa[iﬂn 6
High = High wemperature (¢] (40 'C]

few - Low semgerature (1] (4 °C

1 Ambsent temperature (¢ in ¢

Source; [Ajay Singh Nagpure, 2011)

Altitude related or humidity related as we have seen.

Cp,i,a1700 m

1
Capic = [( )(1700-950) — 1] x 100

Cp,i,a950m
Capi = Cagsom X (1 + Cag) @250

Temperature related so all empirical relationships have been used for correction factors
estimations.
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Vehicle Characteristics

On-road Vehicle population, vehicle projections and \
phasing out of vehicles included in VAPI model.

Vehicle population

+ Present and past registered vehicles are considered in the VAPI model

The onroad vehicle population for a year o f "] 100 Equation 9
is found out by projecting the vehicle e

i tate of soual growth of populatin

Yng ¢ Avtagg geo

population for the past year (Eq. 9 & 10) Pop)of | vehle
and then subtracting from the cumulative
registered vehicle population upto that
year (Eq. 11)

aered gopudation of | vehicke Caegary o (he
4

o
. Lemgth of e (yean) tetween the il yoar and finad

(w0

R .
T = Tl o populinen of  wehicke gy, ] EQUAtiON 11
"

7. = Regiored popwiiion of | vebade Category at curre
o (

WPy 1y« Repiered popwlitin of | whicle ategiry.
current yeur mines phadng o age of wbale where 2 i the
hasing out g2 of vehicle

Source: (Ajay Singh Nagpure, 2011)

When we do like characteristics of the vehicle, so you can have different kind of relationship,

RPOp ifinal 1

XPop,i = [( )Y — 1] x 100

RPop. linitial
RPop. ifinal = RPop.ipmitiw X (1 + XPop.i)y
Pop; = RPop.c— RPoOp.(c_zi

which has been used in this VAPI model, you can see these on road vehicles population for a year
and then past year, so we can deduct how many people are discarded because of age, so that kind

of calculation parameters are there for estimating the better number of population of vehicle.

(Refer Slide Time: 0:39:26)



Vehicle Characteristics (cont'd..)

Vehicle population projection * Vehicle population is based
on the GDP and per capita

Equation 12 income.

Wher, 4 1 the saturation bevel (measured 0 vehicks per 1000 4
peopll Cis Corr prraoplamome s hopelmd e © 1€ GOMpertz model is used,

cept) are parameters, which define the shape or curvatiuee of the

fancton The paramete ks o dnd f ar calwlond in the VAPI model.
Gompertz
model Y GRY = ()G Py

. | @)« (Y.6)

Y RINCY)) - (YNGR \‘l Equation 13 I
Waen Equation 14

G = GOP for commercal and public transport and O for private
vehide

Pew Per thousind vehicle popelation of { category of vehicle in
parnticubar year (1

 w yeans for cakoudating

Source; (Ajay Singh Nagpure, 2011)

And the population projection because this model can also be used for future estimations after 10

years, how much emissions will be there, because of growth of different vehicle category.

aehG

VPT = /16

_ n(XG6Py) — (XG6) X (XPir)
n(x(G?) — (X6)?

_ EP)EG)?) — Ex)(XGP:)
n(X(G?) - (X6)?

B

So, this vehicle population projection has been used by this particular relationship and saturation

values have been estimated accordingly.
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Vehicle model wise Calculation Base emission factors are based

on vehicle age and model year

Registered vehicle | [ 4y, . ing,-wvp,.,, p—— Equation 15

population in a year —

Pofias = Lach year newly regsiered {model wive] populison
3

Percentage of vehicle
model present in a year

" el wie vehicle popelatin by
regwternd eah yeur s percostige

gded bt on

o, « RTTTR 2l 4-<|Lquar|onl7|

Source: (Ajay Singh Nagpure, 2011)

And this vehicle model wise calculations have been there, because different models have different

emission factors.
RPopy,; = RPop..;— RPOp.(c—1)i

RPop,,; X 100
RP,;

%Popm; =

Pop; X %Popy, ;

So, accordingly, number of those model related passenger cars or two wheelers are there, so
accordingly that value is picked by the model and use the appropriate emission factors and given

the value.
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I @ 000000000
Running Evaporative missions

Vehicular evaporative emissions are the
largest contributors to the total
evaporative emissions of VOCs.

* Running losses from petrol vehicles are
largest compared to other sources.
+ Ex. Diurnal emissions, hot soak
emissions and resting losses.

Running losses are the result of vapor
generated in gasoline tanks during

. ) e 0 P - ) N .
VAPI model calculates the Evaporative vehicle operations.

adjusted emission factor from the equation

(E.u. pi = F‘Fpllx CT P iX c;\l pi

Source; (Ajay Singh Nagpure, 2011)

Then we can also have these relationships as we have seen for running evaporative emissions
because these kind of fugitive emissions you can say which comes out of leakage, etc., that is also
taken into account.

Eqpi = EFpi X Cepi X Capi

(Refer Slide Time: 0:40:21)

A
Non Exhaust emissions

+ Non-exhaust PM from road traffic is generated mechanically by abrasion
{wear) of tyre, brake, and road pavement and by the resuspension process of
road dust

*+ VAPImodel calculates the Non exhaust | E

=PxE xVxD —
emissions using the equation: tpi = AR i TR E e Equation 19

Where,

D, = Annual travelling days of | vehicle category in year

EF;; = Emissions factor of pollutant p from | vehicle category (g or mg km ]

E,, = Total emissions of pollutant p from | vehicle category (umit depends on EF umit)
P, = Pallution from | vehicle category

V, = Per day distance travel (km day?) by I vehicle category

Saurce; [Ajay Singh Magpure, 2011)

Non-exhaust emissions are estimated by this relationship

Et,p,i =Pi X EP,i X Vi X Di



and this is because of like brakes and tyre, those abrasions or wear and tear and those kind of
emissions depending upon how much annual days are traveled and per day distance how much is
there, and this E is total emissions of the pollutants and pi is pollution from a particular i vehicle

category. Then it is summation is taken so that cumulative value is estimated.

(Refer Slide Time: 0:40:51)

A
Conclusion

+ Vehicular emission models are mainly developed by various
countries such as US, Europe and Australia.

+ These complex models are able to predict and evaluate the
emissions from vehicles of all categories involving various
aspects such as technology, infrastructure and vehicle driving
cycles.

* However, most of these models are country specific and
processes on the extensive native data sets available in those
developed nations.

The VAPI model is a simple vehicular emission model designed

for developing countries, like India

So in conclusion we can say that there are models available across the world, but they are meeting

their own demands and they are very data intensive, which, in developing countries, are not much
useful, because if you do not have reliable data and their indigenous emission factors then the
emissions estimated by using those models of the developed countries may not be giving the right
values or correct values and based on those values if we decide our policy framework then that
may not fulfill the requirements.

So that is why this, there is a need for having our indigenous modeling efforts and we have done
this through this VAPI model. So, this is all for today's introduction that what kind of models are
available and what kind of new efforts are to be needed and this might have given you a broad

picture about emission models basically.

How these emission inventories are developed because these emission inventories are nothing but
the values of emissions, coming out of different vehicles and at different locations, and you can
have a single value for city, but you can also distribute the values grid wise, 1 kilometer by 1

kilometer, 10 kilometer by 10 kilometer or along the road, so those kind of values are needed for



input parameters of the dispersion models basically. So, this is all for today on this traffic emission
modeling or vehicular emission modeling, | hope you have enjoyed it and you can go for additional

information through these references.
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So, next time we will be having kind of case study to use these models like IVE model, VAPI

model and how they are used for ground level application for estimating values for different kind
of cities, different kind of topographies and how, some policy based insights are taken out of those

estimated values. So, see you in the next class for that particular lecture, thanks.



