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Model Vehicle Emissions?

Analyze the environmental impacts of
transportation and land use policies

HOV lanes / TDM measures
major road network modifications

changes In transit ridership

Evaluate methods to improve air quality



Evaporative Emissions

Hot Soak
Running Losses

2=

Two Processes
Combustion (Exhaust System)
Evaporation (Fuel Storage and Delivery System)

Refuelling Emissions

CO:

Estimated based on
fuel consumption

Exhaust
Emissions

NOx - High temperatures from
combustion

CO - Incomplete combustion

HC - Escaping fuels




sion Modelling Defined

Predicts HC, CO, and NOx emissions
as a function of:

vehicle fleet composition
operating speed and mode
trip length distribution
temperature

Assumes “average” driver behaviour
and trip characteristics



sion Modelling Defined

Emission models require as input:
number of vehicle kilometers travelled
average operating speed
trip length distribution

¥

these are predicted using
TRAVEL DEMAND MODELS



el Demand Models

Used to predict future traffic levels
based on a region’s demographic and
soclo-economic characteristics

Regional EMME/2 model can predict:
number of vehicles per road segment

average operating speed
trip length distribution



sion Modelling: MOBILES

Empirical model developed by EPA

Estimates emissions of HC, NOx, CO in
grams / mile, NOT air quality

Based on extensive laboratory testing

Assumes “average” driver behaviour
and trip characteristics

Emissions = Base Emission Rate * Adjustment Factors * VKT



Integration

Emission
Models

MOBILES

Travel Demand
Models

EMME/2
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arch Tasks - Phase 1

Estimate intra-zonal travel

Study vehicle operating mode
characteristics in the NCR

Estimate commercial travel

Determine the vehicle age distribution in
the study area

Analyze temperature data



rch Tasks - Phase 2

Develop macros to estimate vehicle
emissions

EMME/2 macros
the “Emission Calculator”




Early Morning 4:00 a.m. - 7:00 a.m. 5:30 a.m. - 6:30 a.m.
AM Peak Period | 7:00 a.m. - 9:30 a.m. 8:00 a.m. - 9:00 a.m.

Midday 9:30 a.m. - 3:30 p.m. 12:30 p.m. - 1:30 p.m.
PM Peak Period | 3:30 p.m. - 6:00 p.m. 4:45 p.m. - 5:45 p.m.
6:00 p.m. - 4:00 a.m. 8:00 p.m. - 9:00 p.m.




Classification Scheme

Developed a classification scheme
based on:
road capacity
local roads / centroid connectors
“major” and “minor” arterial/collectors

freeways and rural highways
transit-only roads

location within the study area
core, urban, suburban, rural



-zonal Travel

Trips which begin and end in the same
traffic zone are not assigned to the
transportation network in EMME/2

To estimate the amount of travel
associated with intra-zonal trips,
TransCAD GIS was used to compute
the shortest path between trip origins
and destinations






kground” Traffic

It is iImportant to know the total volume
of traffic using the transportation
network

Improve travel time estimates

Improve vehicle emission estimates

EMME/2 only predicts passenger
vehicle travel



ckground” Traffic

Analyzed data from the 1996 C&O
counts to determine the amount of
commercial vehicle travel

Established vehicle mix ratios for
freeways, and for arterial/collector roads
In urban, suburban, and rural areas

Made assumptions regarding vehicle
weight categories and fuel types



Compute travel time and
distance values

Import data into OD
Survey database

Run linked trip macro

Compute "cold" start
trip tables

Assign "cold" start trips to transportation
network to establish trends




Operating Mode Summary - AM Peak Period

Minor Arterial/ Major Arterial/ Freeway/Rural
Collector Collector Highway

’I’I”I’ ”I”I J /S AL S S S L

I I I O Stabilized
@ Hot Start
B Cold Start

Road Classification

©
2
©
>
©
S
-
&
(]
i
(]
S
o
X
Q2
L
-
()]
>
(T
(o]
X

Suburban
Entire Region
Suburban
Entire Region
Suburban
Entire Region
Suburban
Entire Region




5.0 °C
6.3 °C
10.6 °C
10.8 °C
8.2 °C
6.0 °C
11.0 °C
12.5 °C
3.7°C

Early Morning

AM Peak Period

Midday

PM Peak Period

Evening

AM Peak Hour

PM Peak Hour

Maximum Daily Temperature
Minimum Daily Temperature




Passenger Vehicle Age Distribution

—x— Ontario - 1990 Fleet*
--—-- Ottawa-Hull - 1998 Fleet
——— Canada - 1998 Fleet
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Operating mode variable =
Additional vkt variable
Number of link locations =
Number of link types = 6

Vehicle Kilometers Travelled
Node ID Total Start Cold Transit

inode Jjnode ull (@start ul3 ulz result
1007 . .93796 2.93795 .03314 30.0909
1022 . .97065 2.9706 .11294 30.236
1027 . .07064 2.07064 .17714 28.5002
1044 . .80411 3.8041 .29046 32.0805
1048 . .42378 4.42378 4.0525 37.0818
2138 . 42342 6.42342 6.41634 52.5359




Input vehicle mix data, trip length distribution,
temperature data, operating mode fractions

Create MOBILES input file and call MOBILES

Wait for MOBILES to finish executing; read in
MOBILES output file and summarize results




Input vehicle mix data, fuel consumption

relationships, and GHG factors

For each vehicle class, compute fuel
consumption and GHG emissions

Summarize data over all vehicle classes and
write results to output file




Welcome to the EMME2
Emission Calculator

&




. Emizsion Calculator

MOBILES Vehicle Mix Descriptions

Head vehicle datafronm e

Erten data waing horm

ulator

=10] x|

Vehicle Mix:

Light Druty Gasz Yehicles
[LDGY]

Light Dty Gaz Trucks 1
[LOGT

Light Diuty Gas Trucks 2
[LOGT]

[HOGW]

Link Description:

Area=1
Ratio to Pasz.  Ratio to Transit
Wehicles Yehiclez
26 i
{19 i
{01 i
i

Heawy Duty G az Yehicles ||:|

Link Type =1

Ratio to Pass.  Fatio to Transit
Wehicles Yehicles

Light Duty Diesel Vehicles ||:|_5 ||:|

[LDCA

Light Dty Diesel Trucks ||:|_|3 ||:|

[LDCTI

Heavy Duty Diesel Yehicles ||:|_5 |-| 00

[HDD

M atorcycles (M) ||:|_5 ||:|

Switch to a new area /
facility type combination

Save data in file

Restart

Continue




&, Emission Calculator

Fread data o file

Temperature Data and Other MOBILES Inputs

Erater deta st b

lculator

[=]

Pleaze enter the temperature data in degrees Celoius

b arirurn daily temperatune

iz

Firirurm daily ternperature 37

111

Ambient kemperature

Fuel data;

Wolatility class

Reid vapour prezsure
[ps=i]

Mote that the ambient temperature
should carrespond o the analysis
period being studied. For example, if
the PH Peak Period iz being analyzed,
the ambignt temperature should
carrespond ta temperatures in the late
afternaan. If the analysiz period iz the
entire day, enter 339 far the ambient
temperature. In this situation, MOBILES
will compute the ambient temperature
based an the daily min. and max.

temperatures.

. Emizzion Calculator

I [=] E3

Please zelect the twpe of output you
would prefer.

Data zummarized by link,
clazzification

Link, b linik, output
£ [zuitable for input inta
ERME /2]

Greenhouse gas
values only

Greenhouse gaz and
" fuel consumption
data

Region wariable

Y

Analysis pear 995

Month of evaluation

Continue

i+ July
i January

Save data in file Fiestart

Contiriue




Daily Emissions by Location
All Vehicles

O Rural
(] Suburban

ONTARIO ZONES B Urban
E Core

QUEBEC ZONES

VKT VOC's CO (kg VKT VOC's CO (kg
(x1000) (kg) x10) (x1000) (kg) x10)




Daily Emissions by Road Classification
All Vehicles

[0 Major Arterial/Collectors
ONTARIO ZONES B Minor Arterial/Collectors

B Centroid Connectors
[l Local Roads
. QUEBEC ZONES

VKT VOC's CO (kg NOx VKT VOC's CO (kg
(x1000) (kg) x 10) (kg) (x1000) (kg) x 10)




Sensitivity to Vehicle Age Distribution
PM Peak Hour

@ Ontario Vehicle Fleet

O Ottawa-Hull Vehicle Fleet

29.72%

29.91% 30.72%

VOC's (kg) ~ CO (kg x10) NOXx (kg) VOC's (kg) ~ CO (kg x10) NOXx (kg)
All Vehicles Passenger Vehicles Only




Temperature Sensitivity Analysis
PM Peak Hour

- O Base Temperature |

@ Minimum Temperature Day

m Maximum Temperature Day

VOC's (kg) CO (kg x 10) NOx (kg) VOC's (kg) CO (kg x 10) NOx (kg)
All Vehicles Passenger Vehicles Only
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LINKS:
ci=0
& cj=0

COL-IND:Rarea

WINDOW:
361829/5026839
371646/5034202

00-05-23 14:35

2.13

MODULE :

RMOC. ......

.ja

BASE NETWORK

USER DEFINED LINK DATA 2

ibration:emme2ban.n

al

EMME/2 PROJECT: 1995 land use

, 1995 TRANS model c

30: Copy of Scenario

SCENARIO




BASE NETWORK

ATTRIBUTE Q@GHG: GHG EMISSIONS (KG/KM)

onmee

LINKS:
ci=0
& cj=0

COL-IND:Qarea

SCALE: 100

200
400
600
800

1000
WINDOW:

361829/5026839
371646/5034202

EMME/2 PROJECT: 1995 land use, 1995 TRANS model calibration:emme2ban.n95
SCENARIO 30: Copy of Scenario3 -- 1995 network
ATTRIBUTE Q@ghg: GHG Emissions (kg/km)

00-05-23 17:11
MODULE :




clusions

It is very feasible to compute vehicle
emissions based on the output from
travel demand models

More work is required to improve the
quality of input data, particularly with
respect to travel speed and vehicle age
distribution
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