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Webinar Etiquette:

Please mute microphones Please use the chat box as the first Need assistance with
when not speaking®. preference or “raise your hand"to Microsoft Teams?

"6 ask a question,
ANYIRAUE ©
N\

Be prepared to unmute if Be sure the moderator canidentify Please contact Kristi Holstead at
called upon to speak. who the question/comment is K-holstead @tti.tamu.edu
Use *6 to unmute by phone. from.

*All attendees will be automatically muted at the start of the webinar.
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MOSERS Training — Part 1

INTRODUCTION
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Outline

Introduction

What is MOSERS?

Application of MOSERS

Analytical Approaches to MOSERS

Overview of the MOSERS Guide Module 2

MOSERS Spreadsheet Tool
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Stakeholders

Federal

% n ‘ U.S. Department of -Trcnsporfoﬁon ’ =
Technical Working Group \"’ EPA (v ;%?g:\ci:sltlr-lé%g:\vay lepmmem

for Mobile Source Emissions / of Transportation

o~
CAPITAL AREA METROPOLITAN Houston-Galveston

— North Central Texas PLANNING ORGANIZATION Area Council
= Council of Governments

Alamo Area Council
Governments

eanﬁ“as “g‘f;;‘:::{east Texas
colnEl PRAR e
ﬂ“\mrﬁ{mn 8 %}

It's Your Air, Take Care!

N MA AAMPO SETREC WT%E\

El Paso Metropolitan Planning Organization

North East Texas

= i SOUTH EAST TEXAS REGIONAL PLANNING COMMISSION METROPOLITAN PLANNING ORGANIZATION
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Goal

 Participants will develop an understanding of:

« MOSERS methodologies basics

‘ »r « Types of emission reduction strategies

’

'  Hands-on exercise on a few strategies

& A

\4

 Basics on activities & emission rates

' » Difference of benefits in SIP, conformity, & CMAQ

/-i‘ Ifexas AsM
ransportation
A nstitute




MOSERS Training — Part 2

WHAT IS MOSERS?
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What iIs MOSERS?

MOSERS = Mobile Source Emission Reduction Strategies

« A set of project types known to reduce mobile source emissions and assist in meeting the
NAAQS

« MOSERS Guide is a set of methodologies, equations, and tools to estimate emission
reduction benefits

MOSERS Guide provides The Texas
_ _ Guide to Accepted
« Uniformity

Mobile Source 3
« Consistency
* Modeling that is not travel demand model (TDMs) Strategies

Emission Reduction i

(MOSERS)
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Emissions Benefits Estimations

Sketch Planning Methods
« Simple equations

* Requires assumptions

* Less time and data needed

Models

 More accurate
« Complex and data intensive

* Requires skills such as software
programs

S
Transportation
Al |nstitute

The Texas
Guide to Accepted
Mobile Source

Emission Reduction
Strategies
(MOSERS)

3rd

Edition

2020




Laws and Regulations

Moving Ahead for Progress in the 21st Century Act 2015 @—= Fixing America’s Surface Transportation (FAST) Act

_ Continues the CMAQ Program and amends the eligible uses of
(MAP 21) y ® 2012 CMAQ funds set aside for PM2.5

Places an emphasis on projects that reduce PM emissions
Safe, Accountable, Flexible, Efficient

2005 @— Transportation Equity Act: A Legacy for Users

_ . (SAFETEA-LU)
Transportation Equity Act for the 21st Century Reauthorizes the CMAQ program

(TEA-21) ———@ 1998
Reauthorizes CMAQ and expanded provisions to improve bicycle The Conf itv Rul
and pedestrian facilities @o————— e conrtormity nuie
1993 Plans, programs, and projects must provide for the timely
implementation of TCMs

Intermodal Surface Transportation Efficiency Act
(ISTEA)

Authorizes the CMAQ Program to provide funding for projects that
contribute to AQ improvements and congestion mitigation.

CCA Amendment =————@ 1981

Regulations require transportation plans, programs, and projects to

conform to approved SIPs, giving priority to transportation control 1977 @ —— CCA Amendment
measures

1991
1990 @—— CCA Amendment

Sixteen categories of TCMs are identified (Section 108)

SIPs are required to contain transportation control plans that
included programs to reduce mobile source emissions

Clean Air Act (CCA) 1970

Establishes the National Ambient Air Quality Standards (NAAQS)
and SIP requirements.
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Criteria Pollutants

n . . . .
\"'IEPA established the National Ambient Air Quality Standards (NAAQS)
for six Criteria Pollutants

@ Carbon monoxide (CO)

@ Particulate matter (PM) Tr aVlSPOF‘m‘l’iom 1S 4
© Ground-level ozone (O,) major contributor +o
@ Nitrogen dioxide (NO,) these four

O Lead (Pb)

® Sulfur dioxide (SO,)




State Implementation Plan (SIP)

« A plan for cleaning the air in those areas of the state that do not
meet the levels of air pollutions set in the NAAQS

« Demonstrates how and when Texas will attain air quality standards
established under the federal Clean Air Act

* Areas not conforming to NAAQS within the state may be
designated nonattainment and are then subject to additional
planning and control requirements

* An emissions inventory of the pollutants in the nonattainment area
IS required
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Transportation Conformity

Transportation conformity links transportation planning and air quality planning for
the purpose of ensuring that changing transportation plans continue to meet
established emissions budgets in the SIP

Air Quality Planning Transportation Transportation Planning
SIP Conformity MTP, RTP, and TIP/STIP

The CAA requires transportation conformity for non-attainment and maintenance areas
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MOSERS Background

Transportation Control Measures
are defined as:

Emissions control measures listed in

CAA Section 108(f)(1)(a)

* Any measure that reduces .emi55|o.ns
by reducing vehicle use or |mproy|nng)
traffic flow (i.e., reducing congestio

Z Texas AGM _
] Transportation
A nstitute

CLEAN AIR ACT

Sec. 108

(5) such other methods as the
necessary to carry out
(fX1) The Administra

appropriate Federal, State,
v later than one AY

tation agencies not

a continuous

Clean Air Act Amendments of 1990,

thereafter—

(A) info
with the Secretary

lic notice and Opportunity for comm,
i iSSi i ial of transportation control

A) rmation prepa
t y of Ty

ransportatio;

Administrator determines
planning process.

tor shall publish and make available to
and local environmental and transpor-
ear after enactment of the

. and from time to time

red, as appropriate, in consultation

n, and after providing pub.-
ent, regarding the formula-

measures related to criteria pollutants and their Precursors, in.
cluding, but not limited to—
(i) programs for improved p
(i) restriction of certain roads or lanes to, or construc-

tion of such roads or lanes for

high occupancy vehicles:
(iii) employer-baseq 't

including incentives;
(iv) trip-reduction

(V) traffic

emission reductions;
Vi) fringe anqg transportat

service

ransportation Mmanagement plans,

: ordinnnces;
flow Improvement Programs tha¢ achieve

ion corrig ing facili.

) | I corridor park
ties serving multiple occupancy vehijcle Programs o transit

(Vi) programs to limit op restrict vehicle use in down.

town areag or other
Ucularly during
Tograms for the pro

(Vi) p,

Periods of peak

occupancy, shared.rige services:

(ix) programg g, limit

tain sectg)ns of

torized vehicles

place;

(x) pro, fi secu,
other fac’;]iger:.ms e o

Protection
as;

are,

Portions of

areas of e ssion concentratiopn par-
e;

us
Vision of a]) forms of high.

d surfaces or cer.

0 roa
the metropolitan area to the yge of non-mg.

or pedestriap

use, both as 4, time anq

bicycle Storage facilities and

including bicycle lanes, fo the ¢o, ience
. . . » e
of bxcychs'.s. In both Public angv;':;f':te




Examples of MOSERS

* Intersection * Intelligent Employee trip reduction
improvements transportation systems program

* Bicycle/pedestrian » Traffic signal Clean vehicle program
facilities improvements Locally-enforced idling
HOV lanes restrictions

Rail Diesel idling reduction

Grade separations program
Park-and-ride

Vanpools
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Questions and Comments
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Introduction to the MOSERS Guide
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History of the MOSERS Guide

First Second
Edition Edition
* Reviewing agencies » Modifications to the Uniformity i - * Refinement of equations
needed consistencies equations esntlir(rjlg':;g)r/] In activity - Added new strategies
 Uniformity in emission * Added new strategies .
g J * Refinement of equations Added spreadsheet tool

reduction strategies Added web portal

2003 2007 2017 2020
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Module 1

The Texas

Guide to Accepted
Mobile Source
Emission Reduction )
Strategies

(MOSERS)

Module 1
Overview of Transportation Air Quality

Online
PDF Document

Final MOSERS Guide Format

Module 2 Tool

MOSERS
The Texas MObile Source Emission Reduction Strategies
Guide to Accepted Strategy Menu
Mobile Source
Emission Reduction
Strategies
(MOSERS)

Module 2
Methodologies

Transit System Bicycle & Pedestri

Online Excel®
PDF Document Spreadsheet Tool

Web Edition

. Texas Air Quality Portal x +

&« C Y @& txagportal.org/mosers_strategis

% Texas
& Air Quality Portal

MOSERS

Online
Documentation
and Data
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MOSERS Guide — Module 1

Overview for

air quality practitioners

The Texas o g ot o oot
Guide to Accepted
The document provides Mobile Source
: : : ssion Reduction
* The basics of air quality EmISSIO
. . . Strategies
« Overview of transportation conformity (MOSERS)
) Alr quallty mOdellng . . MOdU|-E1 fT ansPortation Air Quality
« Mobile source emission reduction over
St rate g i e S of Transportation Air Quality

« Application of MOSERS
« Methodologies & information sources
* Analytical approaches and tools
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MOSERS Guide — Module 2

The Texas

Guide to Accepted
Mobile Source
Emission Reduction

Analysis methods

for emission reduction estimation

The document provides

Strategies

« Analysis methods for each strategy (MOSERS)

* Provides descriptions of required
iInputs and variables

Module 2
Methodologies

« Data sources

 Does not include calculation for >+
activity data I
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MOSERS Guide — Spreadsheet Tool

Automates activity and

MOSERS

MObile Source Emission Reduction Strategies

Strategy 2.1 - HOV Facilities

( Main Menu )y ( Save Report as POF ) I ¢ View Repart )y ( Project Information ) [ Open Strategy Documentation
. . .
Input Data Press here to dear input values | Uniis |
e I I I I S S I O n C a | C u I a t I O n S Region Metropolitan area Heiect Dallas? Fort Worth -
Year Analysis year Sefeed v 2018 -
Road Type Urban or rural with restricted or unrestricted access R Urban-Freeway -
Area type Sefet ¥ Urban -
. ~ Corridor length L 10.0 mile
Facility Geographic Facility type Sgiect W Freeway -
Information
Peak time of the day Befeet v Morning Peak Only -
.
h e to O I rOV I d e S fgacility I-;:lslmg [Lrathic Annual average daily traffic along the Facility 100,000 wehicles f day
I Information
General Purpose Lane Mumber of general purpose lanes Tl ooy 3 lane
HOY¥ Lane Mumber of additional HOY lanes Pl 1 lane

T pDeu e e L e

- - - - General purpose lane auto occupancy 113 erson
e Estimates of vehicle act|v|ty and Default Ocuupancy oY are s scoupany o 2o reen
Ezisting Facility Traffic Wolumes of peak hours 2,266 Wi 2256 wehizles f lane { hour
. R . Information Feak-hour hourly traffic volume B, 763 ™ Wos 6.763 wehicles ¢ hour
e m I S S I O n b e n eflts Default Service Hours Peak service hours per day 3 [P 3 hour
Capacity Facility capacity 224" c 2.2: wehicles { lane ¢ hour
. . ;::‘;Z:Io' Facility free Flow speed ED™ Vi 60 mph
- Emission rates for seven Texas
Traffic Occupancy Fercent of high-occupancy wehicles along the Facility 20 P 20 percent
Constant Yehiclas
. ¥IC Ratio Projected HOY lanes wolumetcapacity ratio 0.30 VICw 030 -
n |etropol Itan areas yolume
Reduction General purpase Lane valume reduction compared to additional HOY capacity 0.95 Fe 095 -
Term
. Dielay calculation term A oms™ B 0.015 minutes { mile
) D efau | t I n t I Default Delay Function Terms Dielay calcul ation term B 35 =] 35 minutes f mile
p u V a u e S Dlelay calculation term M - magimum minutes of delay per mile 1" 1 1 minutes { mile
** Double asterisk indicates that the Cadsed walue is dependent on dgee Cists ataated and canvary based onuser input data selections.
Calculated Data ¥ariable ¥alue Units
. . . Yol General purpose lane vehicle volume - before ¥ gma E7ED wehicles { hour
L] D O C u I I I e n tatl O n I n a C O n Ve n I e nt elume General purpose lane wehicle walume - after Ve 5423 wehicles { hour
- General purpose lane WiC ratio - before WG 1M -
VB RERD General purpose lane WIC ratio - after WIC :: 0.5z -
fO r I I | at Delay General purpose lane delay - before Dioa BAT minute ¢ vehicle
General General purpose lane delay - after Dl 264 minute ¢ vehicle
Purpose Lane General purpose lane speed - before Vg 34956 mph
Calculation Speed General purpose lane speed - after Uw:.u 4747 mph
Trauel time under free-flow conditions TT s s 10.00 minute
Travel Time General purpose lane travel time - before TTena 18.17 minute
General purpose lane travel time - after ™ 1264 minute
YMT Duaily peak hour general purpose lane WMT - bafare YT, 203,094 o
Daily peak. hour general purpose lane VMT - after WRAT 164,495 o
Yolume Additional HOY lane volume Ve 1,354 wehicles { hour
¥MT Daily peak hour HOY lane wRAT VAT g 40,617 o
Delay HOW |ane delay - after [u} 250 minute ¢ wehicle
tll:l_\f L_an_e Speed HOY lane speed - akter ..f 4444 mnk
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Transporiation
Al institute




MOSERS Guide — Web Edition

. Texas Air Quality Portal ® + = *

= C Y} & txagportal.org/mosers_strategies aQ & » 6 :

% Texas

4 Air Quality Portal

Provides MOSERS

documentation and tools
‘:: Guide to Accepted Mabile Source Emission Reduction Strategies is 2 collection of resources in support of developing emissions benefits est

: : B § A =] 11}
T h e M O S E RS S e Ctl O n Of t h e TX D OT AI r T:an;-it Bicyc &c:' FS:E;t"a" nfrastructure & Traffic Operations Vehicle Activity & Technology Travel Demand Management

Qu a | ity PO rta | We b ed iti O n p rOVi d eS: 1.1 Transit System/Service Expansion ‘ . . .
1.1 Transit System/Service Expansion
1.3 System/Service Operatonal Improvements ncrease ridership by providing new rall system services and/or expanding bus services. a

Description

 MOSERS Guide documentatio
ul u ntation
- Expansion of a transit system or service can include the additien of rail services through increased frequency or route extension.
[ ] Strate gy e q u atl O n S Bus or paratransit services can be expanded with new vehicles and/or route extensions.

® Download VerSionS Of the MOSER JIZF:::iccjizi:):rcorr‘m.n'ties\'.r'thenough|;\C|:|ua:ion<:ensit3.’:0suppoﬂreascr‘eb;.ffreq.nzr‘::rans':ser\;'ice.
Module 1 and 2 documents and
the current MOSERS N 11 50D

Spreadsheet Tool & txaqportal.org *
 Emission factors used in the pr x TE o

MOSERS Spreadsheet Tool. S

Reduction in auto running exhaust emissions from VMT reductions

C =VTpusp x TEFpys + VIpusor x TEFpys

Increase in emissions from additional bus starts

D =VMTgysp x EFprsp + VMTIpusor ¥ EFprsop

Increase in emissions from additional bus runnina exhaust emissions
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Questions and Comments
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MOSERS Training — Part 3

APPLICATION OF MOSERS GUIDE

/-i‘ Ilf_'exas AsM
ransportation
A nstitute




Prior to MOSERS Guide, there was a wide variety of methods and equations that
were used to estimate emission benefits for transportation projects

MOSERS was developed to provide Texas practitioners with
consistent emission estimation methods




Applications of

MOSERS

WA )\
Reporting

and Funding

Grant
Applications

)

Transportation
Conformity

What If?
State Scenarios
Implementation

Plans
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Applications of

MOSERS

CMAQ
Reporting
and Funding

\

MQOSERS can be used off-the-shelf for

\ regional evaluations /




Applications of

MOSERS

1

Must use regionally specific /
Transportation | information for conformity

Conformity




Applications of

MOSERS

Attainment /
. Demonstration

State
Implementation
Plans




Applications of

MOSERS

Project selection or

project ranking What If?
Scenarios




Applications of

MOSERS

\

MOSERS can be used to
demonstrate potential /

Grant
Applications

emission benefits

S~ ) -




MOSERS Applied in SIP, Conformity and CMAQ

Different assumptions and inputs

 Affected by start date of the analysis

SIP Conformity CMAQ

Emission benefits estimated Emission benefits estimated Reports submitted for year
for future years (attainment for current, future, and past in which projects are
demonstration) years (depends of MVEB completed

year)




Documentation of MOSERS

Accurate Description of Units

Elements of Consistency of Emissions

Good . _
MOSERS Conservative Assumptions

Documentation Completeness of Documentation

Quality Control
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Documentation of MOSERS - Examples

Expected MOSERS Documentation Elements Off-Model Documentation Elements
Project TIP ID: Traffic Signal Coordination
Project name: The city's master fraffic signal controller was replaced with a new controller with expanded

o ] ) capacity. Thizs allowed 26 more intersections to be coordinatad.
Description (objective):

Inputs to Calculated Cost-Effectiveness
Funding dollars (funding): 590,000
Effectiveness period life): 5 years
Days of usefyear (D) 250
Length of congested roadway segment (L): 8.07 miles
Traffic volume during congested period (congested traffic): 88,6423 trips per day

Funding Category: Before speed: 28 mph
After speed: 33 mph

Project limits or scope (specific location or locations):

Implementation agency:

Emissions Factor Inputs (from Table 4):

Letting date: Eefore Speed Factor After Speed Factor
. ROG Factor 0.51 grams per mile 0.43 grams per mile
Implementation date: NGO Factor 1.14 1.13
Py Factor 0 0

- . Calculations:
Project Benefits Methodology: Annual Praject VMT [VMT) = (D) * (L) * (Congested Traffic)

. ) =250 * 8.07 * 58,643 =
Analysis tool: 178,837,253 annual miles

Is the methodology national or locally derived? o . .
Annual Emiggion Reductions (ROG, NOx, and PMyg) in [b. per year
= [(0.50]) * (VMT) * (Bef Speed Fctr — Alt Speed Feir)]i454 grams per lb.
Note: Initial speed improvements decline to zero improverment by the
Inputs and sourcesfassumptions and their basis: effectiveness period. In order to account far this, the emission reduction
equation reduces initial emizsion reduction benshits by ane half.

o o ) o ROG: [(0.50) * (178,837 253) * (0.51 — 0.43))/454 = 15,757 Ib. per year
Frocedures for obtaining and maintaining data (brief description): NO;: [(0.50) * (172,837,253) * {1.14 — 1.13)/454 = 1,970 Ib. per year
PMyg: [(0.50) * (178,837,253) * (0 — 0W/454 = 0 Ib. per year
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Questions and Comments
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MOSERS Training — Part 4

ESTIMATION OF EMISSION BENEFITS
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Methods

* On-model (TDM)

* Off-model
— Trip Behavior Modification
— Transportation System Improvements
— Vehicle and Fuel Technology




Modeled vs Non-Modeled

« High occupancy vehicle (HOV) lanes
« Grade separations
 Transit

mm Non-Modeled

 Bike-Ped
« Signal improvements
* Intersection improvements




Emissions Estimation

Calculated as Mass / Time
(pounds/day, kilograms/day, tons/year, etc.)

X Emission
Rates

Where:
« Activity can be VMT, number of starts, idling hours, fuel consumed, etc.

 Emission rates can be function of fuel consumed, distance, duration, etc.
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Vehicular Emissions Sources

Vehicles emission occur during: Hot-Soak efueling Losees
o Starts |

. Idling Resting Losses

* Running " A B

wEngine Fuel System Diurnal

* When parked

Emission vary due to:

* Fuel type Crankcase I.Ethatuasr’E[
. Vehlcle.type and age Running Losses . Idle
» Operating speed / . Running

/ ]'['exas A&M °
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Emission Rates Estimation Models

e—— MOVES3, 2021 |

MOVES2014b, 2018 e=—@

@&+ MOVES2014a, 2015
MOVES2014, 2014 8 MOVES2010b, 2013
MOVES2010a, 2010 sl 4 MOVES2010, 2010

MOBILE®.2, 2003 ~=———1& —_, \OBILE6, 2002

MOBILES5, 1993 e=rrllf
@& MOBILE4, 1989

MOBILE3, 1984 e——8

@& MOBILEZ2, 1981
MOBILET, 1978 e=—————4
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Factors Affecting Emission Rates

\) Q o Fuel Characteristics

o Control Programs

Fleet Characteristics ')

External Conditions g

EMISSION RATES




Major Sources of Key Input Data

State Air Agency
Fuel properties
State programs
Meteorological information

MPOs

Vehicle activity (VMT and speed)
Hourly distribution of VMT and
speed

State DOT and DMQ EPA & MOVES defaults

Vehicle type and age VMT distribution by age
distribution Starts per vehicle
Fuel/engine fraction Etc.
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MOVES Emission Process

Process ID Emission Process Rates/Distance = Rates/Vehicle Rate/Profile

1 Running Exhaust X

2 Start Exhaust X

9 Brakewear X

10 Tirewear X

11 Evap Permeation X X X
12 Evap Fuel Vapor Venting X X
13 Evap Fuel Leaks X X X
15 Crankcase Running Exhaust X

16 Crankcase Start Exhaust X

17 Crankcase Extended Idle Exhaust X

18 Refueling Displacement Vapor Loss X X

19 Refueling Spillage Loss X X

90 Extended Idle Exhaust X

91 Auxiliary Power Unit X

/-' ;Bxﬂs ASM @
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MOVES Roadway Type

Rural & Urban Restricted Access

« Freeways/interstate highways

* Toll-ways
« Managed/HQOV lanes

Rural & Urban Unrestricted Access

e Arterials

e Collectors
e Locals

« Ramps




MOVES Vehicle Types

Vehicle Class | Source Type ID|Description
11 MotorCycle
Light Duty 21 Passenger Car . _ _ .
31 Passenger Truck: SUV, Pickup Truck, Minivans - Two-Axle/Four-Tire Single Unit
32 Light Commercial Trucks - Two-Axle/Four-Tire Single Unit
41 Intercity Buses
42 Transit Buses
Buses & 43 School Buses
Medium-Duty 52 Single-Unit Short-Haul Trucks
53 Single-Unit Long-Haul Trucks
54 Single- Unit Motor Homes
51 Refuse Trucks
Heavy Duty 61 Combination Short-Haul Trucks
62 Combination Long-Haul Trucks
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Emission Rates by Speed

2 @

T ~

e O

82 . |

22 Light Duty Gasoline

E o

x C

2 —

25 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75
Average Speed Bin (MPH)
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How Are The Rates Used?

( Emission Outputs ) ( Activity Information )

Rates per Distance
Running exhaust Link-based speeo! and VMT
Evaporative permeation Number of starts in each zone

Evaporative fuel vapor venting Vehicle Activity Number of ends in each zone
Evaporative leaks Hours of trucks idling in each zone

Crankcase running

Rate per Activity

Start Exhaust
Evaporative permeation
Evaporative fuel leaks
Crankcase start

Extended idle exhaust _ : -
Evaporative fuel vapor venting Link, Zone, and Regional Emissions

Emission Rates
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Questions and Comments
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MOSERS Training — Part 5

OVERVIEW OF THE MOSERS GUIDE
MODULE 2
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MOSERS Guide — Module 2

Analysis methods

for emission reduction estimation

The document provides:

/ frans, i
ransportation
AN ;stitute

Analysis methods for each
strategy

Provides descriptions of required
Inputs and variables

Data sources

Does not include calculation for
activity data

The Texas

Guide to Accepted
Mobile Source
Emission Reduction

Strategies
(MOSERS)

Module 2
Methodologies




MOSERS Guide — Module 2

Table of Contents

Controls ony Drive
Controls o I/:Ll_{nc nlmugh Facilities

3 tie:
Contents 103 Controls on 1aye Idling Restrictions

2 — Idle Reduct; N
17 broad types of 1 i S
Input Variables and Data $ 0 Work Schedule Chg, tasts

121 -
1.0  Improved Public Transit 122 Telecommuting
3 1.1 System/Service Exp i 123 com €.
12 System/Service Operational IMPIOVEMEnNtSs ... oceoceeueecceeeees 13.0 ” 'Pressed Work We,
13 Marketing Strategies ‘13 ; Acuvigr Centers..........
2.0 High-Occupancy Vehicle Facilities . ) Desien Guidelines ang Regulations

e 132 Parkin, 3
21 F HOV Faciliti rking Regulati
reeway acilitie 133 2 Ed—Useg];h 015 and Standagds

22 Arterial HOV Facilities 10 Al evelopment

23 Parking Facilities at Entrances to HOV Facilities 141 celerated Vehicle Retirem,

24 SOV Utilization of HOV Lanes ... 50 Cash Paym, ent
3.0  Employer-Based Transportation Manag Prog ’:'51 Parking Managemen; ..

3.1 Transit/Rideshare Service: 1 5-2 me?rmﬁiﬂ Parking for HOV,

32 Bicycle and Pedestrian Programs ... 15'3 g"bl_m Sector Par_ki_ng Pricin

33 Employee Financial Incentives ) atking Requiremen &

154 ements in Zongy
4.0  Trip-Reduction Ordi On-Steeet Parking Contros g Ordinances.

, 16.0 i S
41  Negotiated Agreements 161 Vehicle Replacemen, Retrofits, and fe... .
42 Trip-Reduction P; 16 Clean Vehicte Progeap, > 20d Repowering
43 Mandated Ridesharing and Activity Programs N Tiuck Efﬁciﬁﬂcy ngm;l
44 Requirements for Adequate Public Facilities 17.0 Pti(:i_ng S‘l‘ﬂ(egies

45 Conditions of Approval for New Construction .

17.1 Fgﬂ'ﬁty Pncmg

I 172 Com !
5.0  Traffic Flow Imp: 173 rdon Pricing
51  Traffic Signalization N - Pay-As-You Diive (PAYD)Insm
52 Traffic Operations PPendix. Summary of Taput vag ance Program
53  Enforcement and M: 'Put Variables.........,.

54 Intelligent Transportation Systems (TTS). ...

55 Railroad Grade Separation

56 General Intersection Improvement
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MOSERS Guide — Module 2
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transit multiplied by the percentage that previously drove single-occupant vehicles
added to the fraction of users selecting ridesharing multiplied by the percentage
that previously drove single-occupant vehicles multiplied by the percentage of
rideshare users that are passengers
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S, sa 3 3
E 1 Red 8 (MO
gies (MOS;
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Number of vehicle trips reduced multiplied by the average auto trip length
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Activity Information Needed for MOSERS

Depends on the strategy
Most common

VMT (Volume * Length of the Roadway)
Average hourly speed

Fuel consumed

No. of starts

Idling hours

Trip length

Vehicle population
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Activity Data Sources

Activity Type

Vehicle Miles of Travel (VMT) Travel demand & micro-simulation model, HPMS

Volume Travel demand & micro-simulation model, traffic counts, traffic
studies

Speed Travel demand & micro-simulation model, NPMRDS, other data
sources

Trip Length Travel model (regional specific- trip purpose), NHTS

Vehicle Population TXDOT DMV, other proprietary data sources

Starts EPA models, other peer reviewed studies and models

Idling Hours EPA models, fleet management databases, other peer reviewed

studies and models

Fuel Consumed EPA models, fleet management databases, other peer reviewed
studies and models
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Additional Notes for Emission Rates

Emission models are time consuming & data intensive

Not necessary to run models to calculate emissions
for all strategies

Preference for local data where available

Emission rates requires post processing depending
on the strategy

Can obtain emission rates from
MPOs, TCEQ, TXDOT/TTI*

* Emission rates are available for seven metropolitan areas in Texas from the MOSERS web edition (TxAQ Portal)
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Using the MOSERS Guide Module 2 Emission Equations
Instructor Demonstration
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Class Exercise 1: Transit System Service Expansion

Increase ridership by providing new

rail system services and/or

expanding bus services

« Expansion of rail services through
increased frequency or route
extension

« Expansion bus or paratransit services
with new vehicles and/or route
extensions

Application

 Large cities or communities
with enough population density
to support reasonably frequent
transit service
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Class Exercise 1

A city wants to explore replacing a portion of their bus fleet with
newer, more fuel efficient and lower emission buses. If the
project were to move forward, the replacement buses would be
purchased in 2024 to replace buses ten years old or older. Both
replacement and new buses will be diesel powered.

Calculate NOx emission benefits using following information.

Traffic Information

Average model year of buses to be replaced = 2014
Anticipated average model year of new bus = 2024
22 mph
Total vehicle miles traveled (VMT) of buses to be replaced = 6,336

Average Bus Speed
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Class Exercise 1: Clean Vehicle Program

Strategy 16.1 Equation g

Daily Emission Reduction (grams/day) =
VMT pzp ¥ (EFg— EF ) + VT zzp * (TEF 53— TEF))

Average daily VMT of the replaced vehicle multiplied by the change in pre-

replacement and post-replacement composite emission factors

Daily Emission Reduction =

Daily miles X Change in
running emission rates

(| .., old rates — new rateS) EF, (grams/mile)  Speed-based running exhaust emission factor after replacement
(NOx, VOC, PM, oz CO)

Variables (unit) Definitions

pl us EFg (grams/mile)  Speed-based running exhaust emission factor before replacement
(NOx, VOC, PM, or CO)
Dal ly trlps X Change in TEF, (grams/trip) Trip end emission factor after replacement (NOx, VOC, PM, or CO)
start emission rates — ———— 1 on o
. TAMS,/ try np end ermission factor betore replacement i 7 . LM, or

(i.e., old rates — new rates) ? Y o P
VMT ger Average Daily VMT of the vehicle to be replaced
VT zep Average Daily Trps of the vehicle to be replaced

Source: CalTrans/ CARB
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Class Exercise 1: Step 1 Equation

Equation

Daily Emission Reduction (grams/day) =
VMT zzp * (EF 3 — EF,) + VI gz * (TEFz— TEF )

Average dailf VMT of the replar:ed vehicle mult\plied b}-' the change in pre-

Ieplacement hnd post—replacement composite em\ission factors

/ \

Running Emissions Start Emissions

Revised Equation
Daily Emission Reduction = VMT gz * (EFz— EF )
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Class Exercise 1: Step 2

Average MNOx Average NOx Average NOx Average NOx

Speed {grams/mile)} Speed {grams/mile} Speed (grams/mile) Speed (grams/mile)
2.5 67.61180252 39 7.277778527 2.5 22.74472302 39 2.480097625
- - 3 55.93208247 40 7.224916447 3 18.87541259 40 2.46065858
L O O k— u p N OX e I I l I SS I O n rate S 4 41.33243242 a1 7.174630341 4 14.03877454 a1 2.442166972
5 32.57264239 a2 7.126738811 5 11.13679171 a2 2.424555917
6 27.58011221 a3 7.081074795 6 9.421119584 43 2.40776398
7 24.01401923 a4 7.037486415 7 8.195639492 a4 2.391735313
2 21.33944949 45 6.995835297 3 7.276529423 a5 2.376419032
9 19.25922859 16 7.206000843 9 6.561666036 16 2.414424939
- o - : 10 17.59505186 47 7.407223175 10 5.989775326 a7 2.509536977
Dﬂ]lv Emission Reduction = VMT REP * (EF B— EFA) 11 15.48740927 48 7.600061243 11 5.275996039 48 2571936014
- ' 12 13.73104045 a9 7.78502837 12 4.681179966 a9 2.631788152
13 12.24488221 50 7.962596811 13 4,177874058 50 2.689246204
14 10.9710323 51 8.133202143 14 3.746468994 51 2.744451611
15 9.867029037 52 8.297245731 15 3.372584606 52 2.797533734
16 9.622665965 53 8.455098395 16 3.29018274 53 2.848612757
17 9.407051489 54 8.607105842 17 3.217475212 54 2.897799965
o o 18 9.215394178 55 8.753585167 18 3.152846298 55 2.945198547
\ OX Emissions Rates for 22 m P h 19 9.04391132 56 8731095059 19 | 3.095020428 56 | 2.935624897
20 8.889576748 57 8.709394077 20 3.042977145 57 2.926387165
21 8.749938689 58 8.688441404 21 2.995889676 58 2.917467975
2 O 1 4 EF. = 8 6 2 3 O 22 8.622995 59 8.668198992 22 2.953082887 59 2.908851131
B . 23 8.507089892 60 8.648631327 23 2.913998427 60 2.900521515
24 8.400843543 61 8.792909359 24 2.878171005 61 2.946401453
25 2.303096902 62 8.932533261 25 2.845209777 62 2.990801392
26 8.21287253 63 9.067724658 26 2.814784467 63 3.03379181
2 O 24 E F A= 2 . 9 5 3 1 27 8.129331444 64 9.198691325 27 2786612883 64 3.075438778

28 8.051757579 65 9.325628247 28 2760453555 65 3.1158043
29 7.979533636 66 9.462888792 29 2.736098319 66 3.159636241
30 7.912124623 67 9.596052008 30 2.713366766 67 3.202159765
31 7.82345249 68 9.725298659 31 2.6807592 68 3.243432598
EV] 7.740322365 69 9.850799029 32 2.650189607 69 3.283509117
33 7.66223043 70 9.972713675 33 2.621472717 70 3.322440593
34 7.588732138 71 10.15130263 34 2594445055 71 3.38078222
35 7.519433748 72 10.32493078 35 2.568961832 72 3.437503246
36 7.453985459 73 10.49380199 36 2.544894442 73 3.492670272
37 7.392074915 74 10.65810911 37 2.522127993 74 3.516346296
38 7.333422821 75 10.81803472 38 2.500559778 75 3.598590961
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Class Exercise 1: Step 3

Calculate the emission reduction

Daily Emission Reduction = VMT gz * (EF 5 — EF))

= VMTpep * (8.6230 - 2.9531)
B VMTgep = 6,336 miles

= 6,336 * 5.6699 EF, = 8.6230

= 35,924 grams / day EF,= 2.9531

Emission Reduction = 35.9 kg / day




Using the MOSERS Guide Module 2 Emission Equations
Class Participation
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Class Exercise 2: Traffic Signalization for Corridors

Improved traffic flow

« Can improve interconnection and
coordination of signals

* Reduce travel times, delays, and
stops.

Application
* Implemented on major arterials
and large capacity roadways
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Class Exercise 2

A city Is planning on retiming signals on one of their principal
arterial corridors. The project will be completed in June 2024.

Calculate NOx emission benefits using following information.

Traffic Information
AADT = 30,000
Corridor Length = 4 miles
Number of Signals = 4
Peak hourly travel mix = 6.77%
Hours in peak period = 6
Speed before Peak hour = 17 mph
implementation Off-peak hour = 39 mph
Speed after Peak hour = 18 mph
implementation Off-peak hour = 43 mph
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Class Exercise 2: Traffic Signalization for Corridors

Strategy 5.1 Equation

Daily Emission Reduction (grams/day) = A + B

Equation

Daily Emission Reduction (grams/day) = A + B

For corridors

A=V1;!_P*(EFH’P—EFA,P)*L

Change in running exhaust emissions from improved traffic flow dunng the peak
penod

B= V_q op ¥ (EFB; oPF— EFA, [}P) * 1L

Change in runming exhaust emissions from improved traffic flow dunng the off-
peak period
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Class Exercise 2: Coordinated Signals Variables

Strategy 5.1 Variables

Vanables (unit) Definitions

EF, or (grams/mile) Speed-based running exhaust emission factor during off-peak hours in
affected corridor after implementation (NOx, VOC, PM, or CO)

EF,pr (grams/mile) Speed-based running exhaust emission factor during peak hours in
affected corridor after implementation (NOx, VOC, PM, or CO)

EF B, oP (glams/ mule) Speed-based running exhaust emussion factor during off-peak hours in
affected corridor before implementation (NOx, VOC, PM, or CO)

EFgp, (grams/trip)  Speed-based running exhaust emission factor during peak hours in
affected corridor before implementation (NOx, VOC, PM, or CO)

EF; (grams/hour) Idling emission factor (NOx, VOC, PM, or CO)

L (mule) Length of corridor affected by signalization project
Vo, or Average daily volume for the corridor during off-peak hours
Vo p Average daily volume for the corndor during peak hours

Source: Federal Highway Admunsstration Southern Resource Center & Texas A&M
Transportation Institute

/ I1_'-91:35 AEM @
ransportation
Al |nstitute




Class Exercise 2: Step 1 Equation

Equation

Daily Emission Reduction (grams/day) = A + B

For corridors

C A=V, p*(EF,,—EF, ) *L

Change in runming exhaust emissions from iinprm-*ed traffic flow during the pea]::

period
B=Vpop* (EFg op— EF, op) * L

Change n ].'l.ll'lllil]g exhaust emissions from i_mpmved traftfic flow dm‘ing the off-

peak period
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Class Exercise 2: Step 1

Calculate peak hour volume

A=Vp p* (EFg p—ElF, p * L |

Vpp=AADT * Peak Hour Mix * Hours in Peak Period

= 30,000 * 0.0677 * 6
= 12,186 vehicles per day
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Traffic Information

Average Daily Traffic (AADT)

Corridor Length

Number of Signals

Peak hourly travel mix

Hours in peak period

Speed Peak hour speed

before  off-peak hour speed
Speed Peak hourspeed

after  Off-peak hour speed

30,000
4 miles
4
6.77%
6

17 mph
39 mph
18 mph
43 mph




Class Exercise 2: Step 2 Equation

Equation

Daily Emission Reduction (grams/day) = A + B

For corridors

A=V p* (EFg p—EF, ) *L

Change n running exhaust emissions from iinprm-*ed traffic flow during the pea]::
period

E B=Vpop* (EFg op— EF DD

Change in runmng exhaust emissions from i_mpmved traffic flow dm‘ing the off-
pea]:: period
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Class Exercise 2: Step 3

Calculate off-peak hour volume

B :@ (EFj 0p— EF, op) *L S —

. » AADT = 30,000
Corridor Length = 4 miles
Number of Signals = 4
Peak hourly travel mix = 6.77%
Vpop =AADT — Peak Hour Volume PR S —
_ _ Speed Peak hour speed = 17 mph
- 30’000 12 ! 186 before  Off-peak hour speed = 39 mph
— 17 14 Y, hl I r Speed Peak hour speed = 18 mph
’8 enICies pe day after Off-peak hour speed = 43 mph
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MOx MO

. . Average Speed (arams/mile) Average Speed (arams/mile)
Class Exercise 2: Step 4 P
3 0.1527 40 0.0702
4 0.1317 41 0.0704
5 0.1191 42 0.0706
. . 6 0.1107 43 0.0707
Look-up NOx emission rates —— “ oo
8 0.1002 45 0.0711
) 0.0967 46 0.0716
10 0.0939 47 0.0720
11 0.0916 48 0.0725
12 0.0897 49 0.0729
13 0.0881 50 0.0733
S 0.0867 .
Emission Factors o 00855 2; ooree
16 0.0843 53 0.0752
17 0.0832 54 0.0758
Peak hour = 17 mph EF; , = 0.0832 = e 53 0.0763
Speed ' 19 0.0813 56 0.0772
20 0.0806 57 0.0780
before 21 0.0795 58 0.0788
Off-peak hour = 39 mph EFB oP — 0.0702 22 0.0785 59 0.0796
! 23 0.0776 60 0.0804
24 0.0768 61 0.0818
Peak hour = 18 mph EF, p = 0.0822 25 0.0760 62 00832
Speed ' 26 0.0749 63 0.0846
fer 27 0.0738 64 0.0853
a 28 0.0728 65 0.0872
Off—peak hour = 43 mph EFA oP — 0.0707 29 0.0718 66 0.0802
) 30 0.0709 67 0.0931
31 0.0708 68 0.0960
32 0.0706 69 0.0988
33 0.0704 70 0.1015
34 0.0703 71 0.1057
35 0.0701 72 0.1098
36 0.0701 73 0.1137
37 0.0701 74 0.1176
33 0.0701 75 0.1214
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Class Exercise 2: Step 5

Calculate total NOx emission benefits

Emission Factors
A= VRP * (EF_E,P_ EFA? p) * L ‘ Speed Peak hour = 17 mph EF; p = 0.0832
before  Off-peak hour = 39mph  EFg op = 0.0702
A=12186* (0.0832 _ 0.0822) * A Speed Peak hour = 18mph  EF, ,=0.0822
after Off-peak hour = 43 mph EF, op = 0.0707

A = 48.744

A+ B =48.744 — 35.628
A+ B =13.1 grams/ day

B =Vp op* (EFp op— EF 4 op) * L ‘

B=17,814*(0.0702 - 0.0707) * 4
B = -35 628 Emission Reduction = 0.0131 kg / day
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MOSERS Training — Part 6

MOSERS SPREADSHEET TOOL AND WEB
EDITION
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MOSERS Guide - Spreadsheet Tool

« Macro-enabled and
Excel-based

= Texas A&M
DS /‘ Transportation
MObile Source Emission Reduction Strategies Al institute

Strategy Menu

« Automated

9
O

« Estimates changes Infrastructure

Transit System Bicycle & Pedestrian & Traffic Vehicle Activity & Travel Demand

i nve h i C | es a Ct iVity Operations Technology Management

* Two menu types

= Texas A&M
el /" Transportation
MObile Source Emission Reduction Strategies Al institute

Strategy Menu

* Grouped by strategy
ty p e Strategy 1.1 Strategy 4.2 e ——

Transit System/ Trip Reduction
Service Expansion Programs

« Navigation buttons o o

tegy 5.1 Shoulder Lane
Traffic Signalization Applications

Telecommuting

» Ten active strategies e

Strategy 3.2 Strategy 6.1
Bicycle and Pedestrian Programs Park-and-Ride -
Option 1 New Facilities

Strategy 3.2
Bicycle and Pedestrian Programs
Option 2

Strategy 10.2
Controls on
Heavy-Duty Vehicles

Rel
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MOSERS Guide - Spreadsheet Tool

Save report as PDF
Open web

 Navigation and documentation

action buttons

. . o - Toxas
User input is limited _ N osomteges g Tranapon
to white cells

View report on screen
Return to Menu 2

;’xpansion

.
[ D r'o p —_ d OW n | I Sts i ( Save Report as PDF View Report g Project Information ) ( Open Strategy Documentation )

Metropolitan area Select w Dallas/ Fort Worth

« Average Texas state- ' — e s

Urban or rural with restricted or unrestricted access Urban-Freeway

wide default values oot Go to project information <= wmaas

Proposed average headway during peak hours Hy p minute [ vehicle
. Proposed average headway during off-peak hours O rtl O n Of St rate Harrar minute [ vehicle
a re aVa I | a b I e fo r T Proposed one-way transit corridor length p gy Las mile
istance
Average one-way auto trip length within the buffer distance of new transit L, mile
° Proposed service hours during peak period of the day . hour
Service Hour
Proposed service hours during off-peak period of the day 3 hour

Estimated typical daily transit ridershi rider
Ridership & & 2

Percentage of transit riders who were auto drivers 24 percent

I . Estimated transit speed along the corridor during peak hours B mph
[ ] F I I WA S H I g h Wa y Current auto average speed along the corridor during peak hours Mam mph

Estimated transit speed along the corridor during off-peak hours B OF mph

Current auto average speed along the corridor during off-peak hours V4 op mph

:
Capacity Manual
. m““
/
Equations ccoom S o —

Carpool Percentage Percentage of transit riders who were auto drivers were also carpooled 50 P 50 percent

Daily Ridership Distribution Peak hour ridership factor 5 Fp

Variable
Off-peak hour ridership factor For
. . Estimated transit ridership during peak hours R. - person
Ridership
Estimated transit ridership during off-peak hours Rop - person
Estimated typical day transit ridership R - person
1 TBXE?S A&M . Transit trips during peak hours [two-way) P = trips /day
v Transportation Transit Trips 2L,
‘ m Transit trips during off-peak hours (two-way) BUE.OF = trips /day
Institute . : ;

Trancit WAAT Meaihe trancit VRAT
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MOSERS Guide - Spreadsheet Tool | &

T mmmwew ) ( Smemepommeor ) ( Vewmper ) ( projactiiormation ) ( Openstrategy Documentation )

- s eececermese o luausbsl  vae U ]

Region Metiopoitan area Setciv | Dallast Fort Worth

Year Anslysis year Setect

Road Type Urban ot rural with resristed or unrestioted secass Seccv | Urban-Freeway
Areatupe Seteet v

_— i Coridor length L 00 e
acility Geographic Seteet v Freeway

.Input data 4 | == i, — =

I E T e Annusl average dailytatfc slongthe Faciley ° 100.000 eSiEEs(ety

e Seven sections N each st rategy | S o I

"
General puiposelane auto oocupancy

NI

o 1 person
Default Ocuupancy HOV lane suto oecupancy 04 N ersan
Existing Fasiiy Tratfis Volmes ofpesk hous Ty 2.5 Uebils Tana Thars
Inkormation Feskhour bauly affe vakime Ao v ) wehies Thou
Default Seruioe Hours Foak senioe hours por 3y B [ 3 hour

Capaeity | Faoiyoapaoty e | 22m uehices ane hovr
Fres Flow -
Freer Faciltyfes flow speed 0 ) moh
Defaulc rian
N Traftic Gocupancy | Perosntof bighocoupanoy vetices aong the facity 2| b 2 percent
Constant  Vemictas
iR Ficlested HOVlanes volmefoapaiky oo [T 050 .
EEn ciional HOV o3pasiy 035 [ 095
Term
Decason e A s | oors ez i
Default Detay Function Terms  Delaycalculsion e a5+ 5 35 minutes il
. B e G TR " i s e
i 31K tes ha Tt Zac Uil T Gspendsnton et s Tae(s] ahdcan vy bsed o aar ol 43 S¥slons.
Calculated Data Yariable Yalue Units
v General ppose lane vehice lume -before Vs e7es vehices hour
ee General purpose lane vehicle volume - sfter Varor 5488 wehicles  hour
" General purpose ane VIC ratia - before WICina 101
VICRatio  general purposelane WCratio- ater W ogz .
Detes Genera pupose e delay-before O &7 it vehils
Generst enatal purpose e dely- ftr Do 268 it vehile
oz Lans Generalpurpose s speed-befars e 2955 moh
Caloulation | Speed — 747 mph
ions T ) e
Trauel Time |~ Generalpapose sne waie me -before T w ey
General purpose e wave time - aiter o 2o e
ar Dl pesk hour geneslparpose ane VAT befors Wi 200t
D pe ak hour general purpose lane VT - aiter M, 4458
Volume Addiianal HOV lanevolume Vs i vehies Thou
T Bl pesk hour HOY ane AT it w08
Delas HO e dely - ot o, 55 e vehile
Hovieme G Vo spees s z e o
Travel Time |~ HOV lane uaveliime -afer ™ L e
Trp
T8 ion | Fedutionciupsperhou o L wps o
Activity Output Data Yalue Units
Peak Hour Summary Numberof peak houts (AM andior P 3 nour
Facilty Length Length af HOW faiity i 0o e
HOY Lane s Average hourl ualumes on HOV lanes during pe sk hatrs Yaw 1354 wehicles ¢ hour
Summary olume
D Speed HOV lane spesd (mph) - fter o [0 mah
e General purposelane speed during peak howrs - efore e 0 mph
General Spesd General purpose lane speed during peak hours - after Hea # mph
Furpose Lame ot how s er OV ol Ve 55 et Thour
ume outs - before HO foly Ve P wehiles {hour
T
Bedustonie | Rlfuion | FriWISHn kol o v T, 12 b
wnr
T om | o e of e uto VAT . sz
Pollutant .
5 voc PH., A Units
" 12.220 1273 0.336 307701 30,398 Fgiday
Daily Emissions Redustion +BiCe .
D Do 8941 16045 | 0740 | 67836 | 6705 | bstdw

Description

implemontation EFL 0133663 | 0.047207 0003685 2196545 34G.161Z82  gramsimile

. .
6 E I I l I SS I OI . fa( to rS mentaian of HO\ Faciitastimate) ater EF 0739195 | 0042981 0003627 2094571 332072809 gamsimile
.

an Y faol EFus 0136875 0.044684 0003575 0003676 337620301 gems/mile

Ao ipeend smission factor TEF., | 0534713 | 0623872 0006347 5641642 | BLAZ7ESS  gramsiwip

Variabl

Change nrunning sthaust
emissions from uekicles shifing

from generslpurposelanests . M= Vs T(EF s ~EF ) " Npw "L 130,456 104133 0.375  BIN6T.268 266486  gramsiday

Change nrunning sthaust

. . .
emissians of vehioles in general
N R ) B=Ware EFs -Vars EFgral New "L 4412561 2524889 1945 0140058 15272381 gramsida
uehicles shited awsy from

gensra pupaselanes
B oo Sl nt=t | C= VT " TEF s 2267957 2646083 OBO19 23929304 2600540 gamsiday
Reduetian in uto unning

thsistomissionsiomus | D= VMT, *EFs 5663100 200399  WEI  9364230 SN2 gameidw
reductions
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MOSERS Guide - Spreadsheet Tool

Input Data section

Press to clear all input values Select indicates drop-down list for cell

i

Input Data i Press here to dear input values )|
Region Mletropolitan area SERect T Dallas! Fort Worth
Tear Analysis year Serect v 2018
Road Type Urbean ar rural with restricted or unrestricted access At v Urban-Freeway
Brea bype SeEfect v Urban -

. ) Corridar length L 0.0 mile
Sty l?euglaphm F acility type or e Freeway -
Information

Feak time of the day Serect v Morning Peak Only
Facility I?:isting Traffic Annual average daily traffic along the Facility - 100, 000 wehicles fday
Information
General Purpose Lane Mumber of general purpose lanes I oy 3 lane
HOY¥ Lane Mumber of additional HOW lanes L1 o 4 1 lane

/

White cells for require user input
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MOSERS Guide - Spreadsheet Tool

Default Data section

. Restore default value buttons
Default value restores to this value

4 n
Default Data “Defoult | Variable | Value | Units  <aCEIYTN
General purpose lane auto occupancy 113 O 113 persan ¢ Restore |
Default Ocuupancy HOY lane auto occupancy 231 O, i | person - Restore |
Ezisting F acility Traffic Yolumes of peak. hours 2,256 o 2,256 wehicles ¢ lane ¢ hour
InfFormation Feak-hour hourly traffic wolume -t W 6. 769 wehicles § haur
Default Service Hours Peak zervice hours per day hy [P 3 haur
Capacity Facility capacity 223 c 221 wehicles f lane § hour
Free Flow T o
Speed F acility free How speed ED [T &0 mph
Default HIgn-
Traffic Occupancy Fercent of high-occupancy wehicles along the Facilitg 20 P o 20 percent
Constant ¥ehivlas
¥IC Hatio Frojected HOW lanes volumefcapacity ratio 0.0 VIC 090
Yolume
Reduction General purpose Lane volume reduction compared to additional HOW capacity 045 Fa 095
Term
DOelay calzulation term A, 0. = A, 0015 minutes f mile
Default Delay Function Terms DOelay caleulation term B ah™ B 35 mintes § mile
Dielay calculation term M - makimum minutes of delay per mils oy 17 gl 1 W minutes f mile
" Dowble asterisk indicates that the Secswd value is dependent on dgser Sisds Madeetsd and can vary based Mr input elections. \
N
White cells in this section are
. *%\ ¢ . :
Double asterisk (**) indicate that the default populated with Texas default values.
value is dependent on other selections. Project-specific input is optional.
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MOSERS Guide - Spreadsheet Tool

Calculated Data Section

No data entry required

Calculated Data Yariahle Yalue Unit=
General purpoze lane vehicle volume - before Y e E.7ES wehicles ¢ hour
Yolume - 2 -
General purpose lane vehicle volume - after W 5483 vehicles { hour
_ General purpose lane WIC ratio - before I 1.0
WIS (REL) General purpose lane WG ratio - after T :: n.az 2
General purpose lane delay - before D s BT minute f vehicle
Delay a = =
General General purpose lane delay - after Do 2.E4 minte f vehicle
Purpose Lane General purpose lane speed - before T 3955 mph
Calculation Sreed General purpoze lane speed - after ._.m:# 4747 mph
Trawel time under Free-flow conditions L 10,00 minute
Travel Time General purpose lane travel time - before TT s 1517 minute
General purpose lane travel time - after TT om 12.64 minute
Daily peak hour general purpozse lane WMT - before YT 5 203,024
e Daily peak hour general purpose Lane WMT - after YT, 164,435 2
¥Yolume Additional HOV lane wolume Wi 1354 vehicles ¢ hour
¥MT Daily peak hour HOW lane YRAT YIAT e 40,617 .
Delay HOY lane delay - after D, .80 minute f vehicle
EaDI:uLI:It‘ieun Speed HOW lane speed - after Ve 4444 mph
Travel Time HOW lane travel time - after TT e 1360 minute
;:guctinn Reduction of trips per hour L P 1414 trips { hiowr

P
rans ation
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MOSERS Guide - Spreadsheet Tool

Activity Output Data Section

No data entry required

Activity Output Data ¥ ariable ¥alue Units

Peak Hour Summary Mumbeer of peak hours (A8 andtor PR Mo 3 hawr
Facility Length Length of HOW Facility L 0.0 mile
HOY¥ Lane Ezlaukr;llnm Auerage hourly volumes on HOY lanes during peak. hours Vau 1,354 wehicles ¢ hour
Summary

Speed HOY lane speed [mph) - after (T, 44 miph

General purpose lane speed during peak. hours - betare T 40 miph

General S General purpose lane speed during peak hours - after ._.m,:# 47 mph
g:;:::::!!Lane Peak-hour Auerage hourly volumes on general purpose lanes during peak hours - after HOYW Facility LI 5,483 vehicles § hour

Yolume Auerage hourly volumes on general purpose lanes during peak hours - before HOW Facility W E.7TE3 wehicles ¢ hour
Reduction in ;:guctiun Reduction in number of daily auto trips WTe 1241 trip
Yehicle
Activity e Freduction in number of daily auta WRAT VAT, 42,414

Reduction
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MOSERS Guide - Spreadsheet Tool

Daily Emissions Reduction Section

Daily Emissions Reduction

Pollutant

Description Variable NO, | vOC | PM,, | CO | co, Unix=
L : 12,220 7.274 033 | 307701 | 30398 | kalday
Daily Emissions Reduction A+B+C+D 26,541 16.045 0.740 | 678364 67.015  lbstday

Emission Factors

e Vaniable 4o —1—yoc | pM, | co [ co.

Speed-based running exhaust emission Fachor for affected rnoadway before :
e EFa 0.1336635 0.047247 0.0035656 2136545 | 3441312582 grams ! mile
Speed-bazed running exkhaust emission Factar on general purpose lanes afer ;
implementation of HO'W Facility[estimate) EF a4 0.135185 0.04:2331 0.003627 203451 3320728039 grams ! mile
Speed-bazed running exhaust emission Factor on HOW Facility [estimate) EF 44 0. 136875 0. 0d4E5d 0.003ETE Q.O03676E | 337.620301 grams ! mile
Auto trip-end emission Factor TEF jerra 0534713 N.BZ23872 0.006347 5 EB41842 1427555 grams { trip

Section with emission factors loaded
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ransportation
Al |nstitute




MOSERS Guide - Spreadsheet Tool

Daily Emissions Reduction Section

Daily Emissions Reduction

Flag Load button

Description Variable

Daily Emissions Reduction A+B+C+0

Press Here to Load Emission Factors |
ullutant

NO, vOC  \PM,, . co, | Ll
kgt day

Load Emission Factors - Ibs ¢ day

Emission Factors

e Vaniable | —yn —1—voc | pM, | co [ co.

Speed-based running exhaust emission Fachor for affected rnoadway before EF
implementation a
Speed-bazed running exkhaust emission Factar on general purpose lanes afer EF
implementation of HOW Facility[estimate) )
Speed-bazed running exhaust emission Factor on HOW Facility [estimate) EF 44
Auto brip-end emission Fackor TEF agru

grams ! mile
- - - - - grams { mile
= = = = = grams ! mile

= = = = = grams { trip

Section with emission factors NOT loaded
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MOSERS Guide - Spreadsheet Tool

Emission Calculations Section

No data entry required

Emission Calculations

_ . Pollwame 0000000 |
Hariable _NO. | vOoc | _PM, | _CO | CO. |

Change in running exhaust
emissions from vehicles shifting
from general purpose lanes to
HOW laresz

A=Vys "[EF g - EFgal " Ney "L -130.456 104.133 0375 89,067.268  266.486 grams { day

Change in running eshaust
emissions of vehicles in general

purpase lanes as a result of B=Wgsrr EFs ~Vara "EFgeal " Mey "L 4.413.581 @ 2524.833 151,345 101,340,958 | 15,272,381 grams { day
vehicles shifted away from
general purpose lanes

Reduction in auto start exhaust

e e C=VYTg " TEF spra 2267957 Z.6d6.055 26.913 23,923,304 260,540 grams= f day
Feduction in auto running
exhaust emisgions from trip D=VYMT, "EF 5.663.180 2,003,348 156.325 33164250 | 14,538,102 grams { day

reductions
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MOSERS Guide - Spreadsheet Tool

Project Information

. . = Texas A&M
1. Return to input section MOSERS g Tarisporiation

:‘ Go To Data Input ( Open Strategy Do tation :'

MObile Source Emission Reduction Strategies

Strategy 1.1 - Transit System/Service Expansion

Project Title

Project Location

Project Location

A n a |yS i S Ye a r Analysis Year: Metropolitan Area:  Dallas/ Fort Worth @ Countyv{optiunal}:@
s

Metro Area

County

© N o u bk WD

Project Description
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MOSERS Guide - Spreadsheet Tool

Pre-formatted PDF

The MOSERS spreadsheet tool
version/date of release

Strategy number and name

Strategy report creation date and
time. This date and time coincides
with the default naming used in
the Save Report as PDF button
function

Strategy report page number

/ ]'['exas A&M
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»° mosers
l’*’:"'“" Mobile Source Emission Reduction Strategies
Project Tite:  Not Provided

Project Type:  Bicycle and Pedestrian Pragrams (Option 1)

Nitrogen Oxides (NO,) 9.855
Volatile Organic Compounds (VOCS 3727
Particulate Matter (PM ) 0.114
Carbon Monoxide (CO) B80.348
Carbon Dioxide [C05) 6,101

Estimated Project Emission Redutions Due to Strategy

100

Faducti
in kg/da

- —
[J =X 4 flele 20k <o
Project Number:  Not Provided Analysis Year: 2014
Project Location: Mot provided

Metro Area:  Austin
County: -

Texas Department of Tensportation Strategy 3.2 Bicycle and Ped - Option 1
Release: AC-21853-D MOSERS Tool Draft - uly 2020 Generated 7/13/2000, 611 Ph
https:/txagportal. org/mosers_strategies’ Pagelofa

Source Emission Reduction Strategies

/ariable

Stategy sy,
(s Bycie
Ge 2naPed - Oprign 4

lleraﬁed?m,rml S13p
Page3ofy

SUREEN 3.2 Byl and Fed - option 1
Generated 7/13/2000, 5211 ;g
Fagm2ofl
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MOSERS Guide - Texas Air Quality Portal

@ Texas Air Quality Portal ®

< C & txagportal.org/mosers_strategies T O :

IO
®
P

MOSERS Overview WMIOSERS Guidebook MOSERS Too MOSERS Strategies Archived Documentation

MObile Source Emissions Reduction Strategies (MOSERS)

The Texas Guide to Accepted Mobile Source Emission Reduction Strategies (commonly known as MOSERS Guide) is a set of reference

documents and tools for use among Texas transportation practitioners who are undertaking air quality planning. The intent of the
luate mobile source

MOSERS Guide is to provide guidance and resources for transportation air quality practitioners to understand and

O

emissions reduction strategies. The MOSERS guide was originally developed by TTl in 2003 and updated subsequently in 2007

The 2007 version of the MOSERS Guide is the current version that has been formally adopted by the TWG and Texas Air Quality
I

takeholders. It is a comprehensive guidebook covering an intreduction to transportation air quality, an overview of accepted mobile
source emissions reduction strategies, and recommended methods and equations for calculating their emission reduction benefits. A new
version of the MOSERS Guide which will replace the 2007 version of the is currently under development and is expected to be adopted
and published in August 2020

TTlis also developing a MOSERS spreadsheet tool with built-in eguations capable of estimating activity reductions and emissions
changes for a select set of strategies. The current draft version of the MOSERS tool provides includes 10 strategies and emissions rates for

7 metropolitan areas (A, B, C....). TTl is actively adding strategies to the MOSERS tool based on input from TWG stakeholders.
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MOSERS Guide - Texas Air Quality Portal

& Texas Air Quality Portal X

<«

&

8 txagportal.org/mosers_strategies

B Mosers Er

] Training
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MOSERS Overview MOSERS Guidebook

Texas
Air Quality Portal

= =] ] @ [

MOSERS Too

Module 1 - Overview of Transportation Air Quality
Meodule 1 provides an overview of transportation and air quality planning, and discusses key topics relating to federal regulations, transportation

conformity, mobile source emissions modeling, and transportation control measures.

Module 2 - Methodologies

Maodule 2 contains a comprehensive set of analysis methods that can be used in the evaluation of emissions reductions achievable through the
adoption of MOSERS. This guidebook contains updated graphics, easy-to-navigate charts, and comprehensive resource listings to help the reader

gain an understanding of the subject matter and identify other resources for further reading.

]
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MOSERS Guide - Texas Air Quality Portal

& Texas Air Quality Portal X
r 6

& C & txagdev.netlify.app/mosers

B Mosers EE Training

c = o ® k)
MOSERS Overview MOSERS Guidebook MOSERS Too MOSERS Strategies Archived Documentation

The Texas Guide to Accepted Mobile Source Emission Reduction Strategies (2nd Edition)

This guidebook is an updated reference for new and experienced technical staff in metropelitan areas undertaking transportation/air quality

=D planning to better understand and utilize mobile source emission reduction strategies as they seek to achieve attainment for NAAQS. It is also

intended to serve as an introduction for transportation professionals in new nonattainment areas with little or no experience in transportation/air
AL tended t troduction for transportation prof [ tt t th littl p transportat

quality issues. The guide provides an overview of the transportation/air quality relationship, along with specific details about maobile source

emission reduction strategies, and serves several functions.
Guidebook Improvement Process 4G
et A process diagram describing how to improve the MOSERS guidebook
= Introduction Memorandum (2007) S o
AL Transmittal of "The Texas Guide to Accepted Mobile Source Emission Reduction Strategies, 2nd Edition”
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MOSERS Guide - Texas Air Quality Portal

& C & txagdev.netlify.app/mosers

Conformity B Mosers EE Training

k3 =] a @
\ 5 Guidebook MOSERS Too MOSERS Strategies Archived Documentation

The following are the MOSERS strategies, listed by category. Information on each strategy, including the
equations used, is included.

e 5o A = 1111

Transit Bicycle & Pedestrian Infrastructure & Traffic Operations Vehicle Activity & Technology Travel Demand Management

1.1 Transit System/Service Expansion | ; . .
1.1 Transit System/Service Expansion

System/Service Operational Improvements e

Description

1

[

Expansion of a transit system or service can include the addition of rail
services through increased frequency or route extension. Bus or
paratransit services can be expanded with new vehicles and/or routs
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MOSERS Guide - Texas Air Quality Portal

&« c 8 tragdev.netlify.app/mosers b+ e H
& X A =) 1] ‘
Transit Bicycle & Pedestrian Infrastructure & Traffic Operations Vehicle Activity & Technology Travel Demand Management

1.1 Transit System/Service Expansion | . ) .
1.1 Transit System/Service Expansion

1.2 System/Service Operational Improvements

Description

Expansion of a transit system or service can include the addition of rail
services through increased frequency or route extension. Bus or
paratransit services can be expanded with new vehicles and/or route
extensions.

Application

Large cities or communities with enough pepulation density to support
reasonably frequent transit service.

Emissions Equations Activity Equations Resources

Daily Emission Reduction (grams/day) = A+ B —~ C — D

A=VTrp x TEFyuro +VIror x TEFauro0

Reduction in auto start emissions from trips reduced

B=VMIrp x EFguyro.r + VMTRrop x EFsvTo.0P

Reduction in auto running exhaust emissions from VMT reductions

C =VIgysp x TEFpys +VIgusopr x TEFpys

Increase in emissions from additional bus starts

D =VMTgys.p x EFpys.p —VMTgusop x EFgysop

Increase in emissions from additional bus running exhaust emissions
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MOSERS Guide - Texas Air Quality Portal

& C @ txaqdev.netlify.app/mosers * O :
| $ A £ 11} )
Transit Bicycle & Pedestrian Infrastructure & Traffic Operations Vehicle Activity & Technology Travel Demand Management

1.1 Transit System/Service Expansion | i . .
1.1 Transit System/Service Expansion

1.2 System/Service Operational Improvements

Description

Expansion of a transit system or service can include the addition of rail
services through increased frequency or route extension. Bus or
paratransit services can be expandead with new vehicles and/or routs
extensions.

Application

Large cities or communities with enough peopulation density to support
reasonably frequent transit service.

Emissions Equations Activity Equations Resources

VepL.B = VLiane X NgpL

I"’5"‘---1 - I’}.a:ie X A'T'Vrs 4 1'

Verr.a = Viane % NerpL

Methodology and assumptions

The calculator is designed to evaluate the benefits of providing corrider
level new transit service, and the area-wide or system-wide
improvements can be estimated by summing the individual benefits of

each corridor together. It estimates the daily activity benefits including
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Using the MOSERS Guide Spreadsheet Tool
Instructor Demonstration
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Class Exercise 3: Idling Controls on H-D Vehicles

Idling Restrictions

* Reduced vehicle emissions

* Reduced fuel cost

* Implemented manually or through
vehicle modifications

Application

* Medium-sized and large urban
areas with a significant number
of heavy-duty vehicles
operating in the area
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Class Exercise 3

Austin is planning to implement extended vehicle idling
restrictions for hotelling of heavy-duty trucks within the
metropolitan area. The restrictions will be implemented area
beginning in the 2023.

Calculate the emission benefits using following information.

Project Information

Number of facilities in the plan = 8 facilities

Existing number of heavy-duty vehicles per facility = 200 vehicles

Existing average idle time per vehicle per day = 480 minutes

Maximum idling time per vehicle per day allowed by restriction = 240 minutes
Compliance factor (percent of vehicles that do not idle) = 60 percent

/-i‘ Il_'exas AsM
ransportation
Al |nstitute




Class Exercise 3

Strategy 10.2 T

Number of facilities in the plan = 8 facilities
Exte n d ed Ve h |C|e Existing number of heavy duty vehicles per facility = 200 vehicles
Existing average idle time per vehicle per day = 480 minutes

Id I | ng CO ntrOIS on Maximum idling time per vehicle per day allowed by restriction =

= 240 minutes

H eavy_ D uty Ve h | CIeS Compliance factor (percent of vehicles that do not idle) = 60 percent

Region Metropalitan area Select v Austin -
Year Analysis year Select ¥ 2023 -
Facility Description Facility type Select v Rest Area -
MNumber of
u“j =" Existing daily number of heavy-duty vehicles per facility Mg 200 heavy-duty vehicle
Vehicles
Extended Vehicle Existing Idling ~ Existing average idle time per vehicle per day t 480 minute
Idling Facility
Number of
m_“_ -er MNumber of existing facilities in plan to reduce idling time N 8 facility
Facilities
Idling Control ~ Maximum idling time expected to be allowed per vehicle by the control t 240 minute
Idling Control
Compli
HLoREE Compliance factor (percentage of vehicles that park instead of idling) Frapr 60 percent
Factor
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Class Exercise 3

Calculated Data | Variable | Value | Units
Number of Vehicle Calculation Existing daily number of heavy-duty vehicles per facility - 200 heavy-duty vehicle
Activity Output ~ Variable Value | Units
Idling Bef
Idling Summary e . Total idling time spent before implementation of control per vehicle per day iz 8.00 hour
Implementation
Idling Aft
SLEEAr . Total idling time spent after implementation of control per vehicle per day ty 4.00 hour
Implementation
Number of Vehicles Total number of vehicles Nr 1,600 vehicle
Daily Emissions Reduction ——
—
o . . Pollutant
Description Variable
NO, . voc PM,, co | co,
17,246.612 2,964.669 102.137 8,227.661 834,722 da
Daily Emissions Reduction A*B oo
38,022.226 6,535.968 225.173 18,138.867 1,840,244 Ibs / day

Emission Factors

Description VENELTS

Pollutant

Idling emission factor for trucks EF; 187.137719

32.168714

1.108257

89.275839

Units

9,057.309570 grams / hour

Emission Calculations

. Pollutant .
Variable Units

The number of vehicles in

=, F -
compliance with idling restrictions A=Ny* Frarx S e
The reduction in idling exhaust
emissions from reduced time spent B=EF; * (tg —ty) 17,965.221 3,088.197

inidling

960.000

106.393

960.000

8,570.481

960 vehicles [ day

869,502 grams [ vehicle
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Using the MOSERS Guide Spreadsheet Tool
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Class Exercise 4

Corpus Christi is planning to implement trip reduction program
within the metropolitan area. The programs will be implemented
area beginning in the 2022.

Calculate the emission benefits using following information.

Project Information

Road type = Urban-Freeway
Total employment (site-wide or area-wide) = 10,000 employees
Average home-based vehicle work trip distance = 9 miles
Current trip mode shares of home-based work trip - SOV = 60 percent
Expected percent of SOV drivers to participate bike/ped program = 10 percent
Expected percent of SOV drivers to participate transit program = 20 percent
Expected percent of SOV drivers to participate rideshare program = 10 percent
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Class Exercise 4

Road type = Urban-Freeway
Strategy 4 . 2 Total employment (site-wide or area-wide) = 10,000 employees
. i Average home-based vehicle work trip distance = 9 miles
Trl p Red u Ctlo n Current trip mode shares of home-based work trip - SOV = 60 percent
F) ro g r am S Expected percent of SOV drivers to participate bike/ped program = 10 percent
Expected percent of SOV drivers to participate transit program = 20 percent
Expected percent of SOV drivers to participate rideshare program = 10 percent

Input Data _____Press here (o dlear input values ____

Region Metropolitan area Select ¥ Corpus Christi

Year Analysis year Select ¥ 2021 -

Road Type Urban or rural with restricted or unrestricted access Select ¥ Urban-Freeway -

Employment Total employment (site-wide or area-wide) N 10,000 employee
Distance Average home-based vehicle work trip distance per employee L 5 mile

Trip Information Mode Share Current trip mode shares of home based work trip - single occupant vehicle psor 40 percent
Speed Average speed of home-based work trips v 35 mph
Bike,-"'l.’ed Expected percentage of SOV drivers to be participants in the bike/pedestrian program PEF 10 percent
Participants

Trip Reduction

Program Transit Expected percentage of S0V frivers to be participants in the public transit program P Transic 20 percent

Information
Rideshare Expected percentage of S0V drivers to be participants in the rideshare program DRideshars 10 percent

Defaut Data “oetautt | verbe | vae |
Occupancy Rideshare auto occupancy 231 Ogid-hara 231 rider
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Class Exercise 4

Calculated Data Variable Value Units
Bike/Ped
! e,-f. Mumber of bike/pedestrian program participants Npp 600 participant
Participants
Transit Mumber of public transit program participants Nrransir 1,200 participant
Participants Mumber of ridesh rtici ts N, 600 rtici t
umber of rideshare program participan ; articipan
Calculation progi P P Rideshare pi P
e Mumber of single occupancy vehicle trips of rideshare program participants VT Rigershare 681 trip
eshare
Mumber of rideshare trips of rideshare program participants VT rransic 2,400 trip
Mumber of rideshare trips of rideshare program participants VTpp 1,200 trip
Activity Output Data Variable Value Units
Trip Summary Reduction in number of daily auto vehicle trips VT 4,281 less vehicle trip
VMT Summary Reduction in number of daily auto vehicle miles traveled VMTp 38,525 less
Participants Summary Mumber of participants Np 2,400 participant
Speed Summary Average speed of home-based work trips v 35 mph
Daily Emissions Reduction —
s . Pollutant
Description Variable
NO, . wvoc PM,, co | co,
5.568 4.242 0.164 125.574 12,875 da
Daily Emissions Reduction A+B r kg / day
12.275 9.352 0.361 276.842 28,385 Ibs / day

Emission Factors

Pollutant

—_

Variable Units

Description

0.003518

Speed-based running exhaust emission factor for affected roadway before implementation during

EFp 0.093447 0.042201 2.642612 327.8307 grams [ mile

peak hours

Auto trip-end emission factor TEF.4um0 0.455742 0.611215 0.006546 5.552591 57.4129 grams [ trip

Emission Calculations

Units

Reduction in auto start emissions
from trips reduced

Reduction in auto running exhaust
emissiens from VMT reductions

. Pollutant
Variable

A=VTg * TEF 7y
(trips * grams / trip)

B=VMT; * EF im0
(vehicle miles * grams / mile)

1,967.933 2,616.319 28.018 23,767.975

3,600.024 1,625.795 135.523 101,805.759

245,757

12,629,570

grams / day

grams / day

= Texas A&M
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Questions and Comments
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Final Thoughts

Encourage Texas practitioners to use MOSERS

Welcome suggestions and recommendations to
Improve

New information will be included when available
New methodologies will be added

Continual improvement of content and user
experience
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Contact Information

Reza Farzaneh, Ph.D., P.E.
Program Manager
Air Quality Program
Texas A&M Transportation Institute
Email: R-Farzaneh@tti.tamu.edu
Office: (512) 407-1118 |
Fax: (512) 467-8971
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Robert Huch, P.G., CPESC
Research Specialist
Air Quality Program
Texas A&M Transportation Institute
Email: R-Huch@tti.tamu.edu
Office: (512) 407-1133
Fax: (512) 467-8971

http://tti.tamu.edu/group/airquality/

Madhusudhan Venugopal, P.E.
Associate Research Scientist
Transportation Modeling Program
Texas A&M Transportation Institute
Email: M-Venugopal@tti.tamu.edu
Office: (817) 462-0523
Fax: (817) 461-1239



mailto:M-Venugopal@tti.tamu.edu
mailto:R-Farzaneh@tti.tamu.edu
http://tti.tamu.edu/group/airquality/
mailto:R-Huch@tti.tamu.edu

Thank you
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Activity Trends

14000 ——VMT x 1074 ——-SHP x 1074
—s— Extended Idle Hours ——APU
——Starts x 1073

10000 .
= — ---"

8000

12000

Activity

6000
4000

2000

V o™ 70 40 0
LA )
U A

Analysis Years

@ O Vv » © D O
Q° N A A N° N o
DS S S S

/‘; Ifexas AsM
ransportation
Al institute




Resources

FHWA

https://www.fhwa.dot.gov/environment/air quality/cmaag/toolkit/index.cfm,
http://www.fhwa.dot.gov/environment/air quality/conformity/research/mpe benefits/

http://www.fhwa.dot.gov/environment/air quality/conformity/research/transportation control m
easures/tcm3.cfm

https://www.fhwa.dot.gov/environment/air quality/cmag/training/
https://www.fthwa.dot.gov/environment/air gquality/cmag/research/cmag cost.cfm
https://www.fhwa.dot.gov/environment/air _quality/cmaag/reference/cost_effectiveness tables/
https://www.fthwa.dot.gov/environment/air quality/conformity/methodologies/moves.cfm

TXDOT

http://www.txdot.gov/inside-txdot/division/environmental/compliance-toolkits/air-quality.html
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Resources

EPA

https://www.epa.gov/state-and-local-transportation/matrix-epa-guidance-
documents-developing-and-quantifying-control,

http://www.epa.gov/otaq/stateresources/transconf/policy/420b14007.pdf,
http://www.epa.qgov/otag/stateresources/transconf/policy/truckidlingguidance.pdf
https://www.epa.gov/state-and-local-transportation/transportation-conformity

http://www.fhwa.dot.gov/environment/air quality/conformity/research/transportati
on control measures/tcm3.cfm

TCEQ

https://www.tceqg.texas.gov/airquality/sip/
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