UNITED STATES

DEPARTMENT OF TRANSPORTATION

AERIS State of the Practice Assessment:
Techniques for Evaluating Environmental
Impacts of ITS Deployment

Summary Findings
Prepared by Noblis on behalf of the

USDOT Applications for the Environment: Real-Time
Information Synthesis (AERIS) Program

Richard Glassco, Principal, Noblis

. S
N\
U

AERIS

Sponsored by the ITS Joint Program Office, Research and Innovative
Technology Administration (RITA).




Presentation Outline

» Purpose of the Assessment
= Overview of Evaluation Methods and Application Areas
= Examples of each Evaluation Method and Application Area

= Conclusions
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Purpose of the Evaluation Assessment

= |dentify potential technigques to evaluate environmental impacts of ITS
deployments enabled by vehicle-to-vehicle and vehicle-to-infrastructure
communications

» Help inform the AERIS Program on the use of appropriate techniques for
assessing applications and strategies
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Categories of Evaluation Techniques

» Direct measurements of emissions and fuel consumption from
vehicles
o PEMS (Portable Emissions Measurement Systems)
o OBD Il (On-Board Diagnostics)

» Infrastructure-based measurements of air quality

o Fixed and mobile air quality sensors, weather monitoring systems, and
traffic sensors

= Models of environmental impact
o Policy models: emissions estimated using nomographs or spreadsheets
for given policy decisions
o Meso-scale models: emissions estimated for each vehicle type based on
average speeds and miles traveled

o Micro-scale models: emissions estimated based on second-by-second
vehicle trajectories
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Direct Measurements from Vehicles

» PEMS (Portable Emissions Measurement Systems)
= Provide a quick and direct way to measure emissions
= Provide a high correlation with dynamometer test results

o Provide measurements to build and/or calibrate emissions models (such
as EPA’s Motor Vehicle Emission Simulator (MOVES)

o Can be used in driving trials to measure emissions before and after
deployment of an application

Limitations

o Instrumentation is restricted to a small sample
= Estimates of corridor/regional impacts need to be extrapolated
= Driving trials need to be representative of the population
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Direct Measurements from Vehicles (cont'd)

* On-board diagnostics (OBD)

o Since 1996, emissions and engine performance data for light-duty
vehicles have been available from the OBD II port

o Examples include fuel consumption, misfires, catalytic converter
performance, and oxygen and exhaust gas recirculation system sensors

o Similar information has been available from heavy duty trucks since April
2009

Limitations
o OBD testing of heavy duty engines is not advanced
o Available data varies by vehicle manufacturer

o Parameter ID (PID) access codes are controlled by manufacturers,
making access for research more difficult
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Examples of Measurement-Based Evaluations

Emissions and Fuel Consumption Testing for PowerMaxx Combustion Catalyst

(Texas Transportation Institute, 2007)

o Direct PEMS comparison of emissions resulting from the use of a fuel consumption
catalyst in heavy trucks. Results: 6 to 14% fuel savings and 7 to 20% NOx
reduction.

Training Urban Bus Drivers to Promote Smart Driving (Greece, 2007)

o Fuel use by buses was measured using EDM 1404 before and after drivers were
trained in eco-driving. The benefit of the training was an overall 4.35% reduction in
fuel saving per km.

TOTEMS Instrumentation Package (University of Vermont, 2009)

o A package of 20 sensors was used to quantify second-by-second emissions of
gases and particles, and relate them to road grade, engine load, traffic conditions,
and weather data.

Integrated Mobile Observations (USDOT Road Weather Program, 2011)

o Uses OBD Il data on maintenance trucks of three State DOTSs to collect and
transmit driving information and correlate them with weather and road condition
data.
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Infrastructure-Based Measurements

= Provide measurements to build and/or calibrate emissions models
and procedures within traffic simulation models

= Assess air quality before and after deployment of strategies

» Provide measurements for real-time decision support tools (e.g.,
strategies in response to current or predicted air quality)

Limitations
o Possible confounding factors for before and after assessments

= Time of day, atmospheric conditions (temperature, precipitation, wind
speed), demand, signal timing plans

o Suitable for small-scale deployments
= Estimates of corridor/regional impacts must be extrapolated
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Examples of Infrastructure-Based Evaluations

» Transportation Air Quality and Congestion Evaluation (TRACE)
(ongoing test conducted in US-19 in Pinellas County, Florida by Telvent)

o The goal is to develop response plans to manage prevailing traffic and air
guality conditions.

o Includes air quality sensors (CO, NO, NOx, PM), traffic detectors, and
weather sensors to relate emissions data to traffic and weather
conditions.

o MOVES will be integrated in the future.

= Modeling Environmental Impacts of Traffic using a New Generation of
Pervasive Sensors (2009, Newcastle University)

o Comparisons of results from AIMSUN and VISSIM simulations to air
guality measurements (CO) from fixed and mobile sensors in the
Gateshead town center area achieved a good match.
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Modeling Environmental Impacts

= Examine impacts of applications and technologies that are not
mature or have limited market penetration

= External factors can be controlled for before and after assessments
» Can simulate large-scale incidents and traffic disruptions

» Less expensive than field tests, especially if large numbers of
vehicles and/or sensors are involved

= Zero fuel consumption and pollutants emitted during tests

Limitations
o Possibility of misrepresentation of engine performance
o Need for significant, high-fidelity data to calibrate models

o Lack of quality data on how travelers will change behavior in response to
AERIS applications
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Traffic and Emissions Models

» Typically traffic models are run to produce trajectories and speeds

» These speeds are fed into emissions models to produce estimates
of emissions and sometimes fuel consumption

» Emissions models may include atmospheric dispersion, given
temperature, precipitation, humidity, and wind values

» Types of Models
o Meso-scale models use average speeds by link
o Micro-scale models use second-by-second speeds or vehicle
specific power (VSP) values to describe engine status

= Micro-scale models are needed to capture effects of traffic
smoothing and eco-driving
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Traffic and Emissions Models (cont’'d)

= Some micro-scale traffic models in current use:
o TRANSIMS
o VISSIM
o AIMSUN
o TransModeler
o Paramics
o CORSIM

= Some micro-scale emissions models in current use:
- MOVES
- CMEM
- PHEM
o VERSIT+ micro
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Areas Where Traffic and Emissions Models
Have Been Used

= Traveler Information (e.g., routing and variable speed limits)

» Traffic Signal Control

Transit Operations

Freight Management

Integrated Corridor Management (ICM)

Demand Management

Eco-Driving Techniques
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Modeling the Effect of Traveler Information

» Fuel Saving Potential of Car Navigation Systems (Institute of Traffic
Management, Germany, 2008)

o The study developed its own fuel use model.
o Compared the most fuel-efficient route to the standard route, including

changes in maximum speed and driving behavior. Results yielded fuel
savings up to 43%, with only 15% increase in driving time.

= An Energy and Emissions Impact Evaluation of Intelligent Speed
Adaptation (University of California, Riverside, 2006)

o Paramics traffic micro-simulation results were fed into CMEM to model
effects of variable speeds limits to smooth traffic in congested conditions
(level of service D).

o Results yielded over a 80% reduction in CO, HC, NOx emissions and
70% fuel consumption reduction (and decreased travel time by 15%).
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Modeling Traffic Signal Control

= Optimizing Traffic Control to Reduce Fuel Consumption and Vehicular
Emissions: Integrated Approach with VISSIM, CMEM, and VISGAOST
(University of Utah and the University of Michigan, 2009)

o Linked VISSIM, CMEM, and the signal timing model VISGAOST to
optimize signal timings and minimize fuel consumption and CO,
emissions for a 14-intersection network in Park City, Utah and estimate
CO, HC, NOx, and CO, emissions.

o Estimated fuel savings are around 1.5%.

» Emission Modeling at Signalised Intersections Using Microscopic
Models (Rotterdam, Netherlands, 2008)

o Used the AIMSUN, VISSIM, and the VERSIT+ statistical traffic emission
model to estimate vehicle emissions given vehicle speeds and
accelerations as inputs.

o Conclusions showed that AIMSUN and VISSIM underestimate emissions
in congested conditions.
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Modeling Transit Operations

= Assessing the Net Effect on Emissions of the Implementation of a Bus
Rapid Transit (BRT) System in Sao Paulo, Brazil (2009)

o The International Vehicle Emissions (IVE) model is used to estimate
emissions (CO, CO, VOC, NOx and PM,,) using bus and auto volume
and speed data collected before and after a Bus Rapid Transit (BRT)
project (2006 and 2009).

o Emissions from the assumed displaced vehicles were also included.

o “When the contribution of autos taking alternative routes after the
implementation of the BRT system is taken into account ... emissions of
CO, VOC and CO, actually increased and only pollutants more directly
related to bus operations, such as particulate material and NOX,
decreased.”
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Modeling Freight Management

= Environmental Impacts of a Major Freight Corridor: A study of the [-710 in

California (University of California Transportation Studies Institute, 2008)

o TransModeler and CMEM were used to capture detailed heavy venhicle trajectories
and congestion effects to model emissions, including the spatial dispersion of
pollutants in the corridor.

o Several freight-related ITS emission-reduction scenarios were examined.

o Results showed reductions in CO, HC, NOx and PM by various amounts by
scenario.

= Modeling Reduced Traffic Emissions in Urban Areas: the Impact of Demand

Control, Banning Heavy Duty Vehicles, Speed Restriction, and Adaptive Cruise

Control (University of Twente, Netherlands, 2008)

o This study used the VISSIM traffic simulation and the VERSIT+ emissions models
to model four approaches for emissions reduction, including avoiding acceleration
and deceleration with Adaptive Cruise Control.

o For this case, CO, and NOx were reduced 3% but PM10 increased 3%.

o In VERSIT+, PM10 emission is not sensitive to vehicle dynamics. For the case
where heavy vehicles were banned, CO, was reduced 26%, NOx was reduced
50% and PM10 was reduced 31%.
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Modeling Integrated Corridor Management

= Analysis, Modeling, and Simulation for the I-15 Corridor in San Diego, CA
(Cambridge Systematics and San Diego Assoc. of Governments, 2010)

o TransModeler and EMFAC were used for a microsimulation of ICM strategies,

including freeway ramp metering, arterial traffic signal coordination, and managed-
lane operations.

o The simulation period included the morning peak period from 6:00 AM to
11:00 AM.

o Results showed that “Expected annual savings include 245,594 hours of vehicle-
hours of travel, a reduction of fuel consumption by 322,767 gallons of fuel, and an
annual reduction of 3,057 tons of vehicular emissions.”

= Analysis, Modeling, and Simulation for the US-75 Corridor in Dallas, Texas
(Cambridge Systematics and Dallas Area Rapid Transit, 21010)

o DIRECT was used to simulate ICM strategies along the US-75 corridor during the
morning peak period from 5:30 AM to 11:00 AM.

o Results showed that “Expected annual savings include 740,000 hours of person-
hours of travel, a reduction of fuel consumption by 981,000 gallons of fuel, and a
reduction of 9,400 tons of vehicular emissions.
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Modeling Demand Management

= Evaluating Air Quality Benefits of Proposed Network Improvements on
Interstate 10 in the Coachella Valley (University of California, Riverside, 2006)

o Used a Paramics model of the 1-10 corridor, for the morning peak hour. Traffic
was projected for 2030 with and without highway improvements.

o The results from the Paramics model were fed into the CMEM Version 3.0
emissions model.

o Results showed that “The absolute reductions in CO,, CO, HC, and NOx are
22.44, 2.18, 0.22, and 0.10 tons per hour, respectively.”

» Impacts of Freeway High-Occupancy Vehicle Lane Configuration on Vehicle
Emissions (University of California, Riverside, 2006)

o State Route 91 East in Riverside County, California was modeled with Paramics
with a limited access HOV lane and a continuous access HOV lane.

o “The continuous access network produces less emission than the limited access
network for every pollutant.”

o The largest emission differences were for CO, followed by HC. The continuous
access network produces about 12 to 17% less CO and 7 to 13% less HC.”
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Modeling Eco-Driving

» Energy and Emissions Impacts of a Freeway-Based Dynamic Eco-
Driving System (Barth and Boriboonsomsin, 2009)

o Paramics and CMEM were used to estimate the effectiveness of
smoothed speed profiles.

o Results showed that CO, emissions dropped 35% and fuel consumption
dropped 37%.

» Development of Ecological Driving Assist System: Model Predictive
Approach in Vehicle Control (Kyushu Univ., Japan, 2008,)

o AIMSUN-NG was used to compare fuel consumption with and without
smoothing to eliminate unnecessary braking and acceleration.

o Results showed approximately 10% reduction in emissions.
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Policy Models

= An Introduction to Long range Energy Alternatives Planning System
(LEAP) (Stockholm Environment Institute, 2008)

o LEAP is an integrated modeling tool that can be used to track energy
consumption, production and resource extraction in all sectors of an
economy and to assess policy analysis and climate change mitigation.

» Macroscopic Greenhouse-Gases Emissions Model of Urban
Transportation for Municipalities (University of Toronto, 2009)

o The MUNTAG (MUNicipal Transportation And Greenhouse gases)
model, was developed to help municipalities estimate their current
transportation emissions, set future targets, and run forecasting scenarios
and response to policies.
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Conclusions

= PEMS is suitable for generating data and refining emissions models
= OBD Il is just beginning to be used for data collection

» Infrastructure-based sensors are suitable for assessing small-scale
deployment and real-time decision making

» Models are appropriate for examining emergent technologies with
limited market penetration, or scenarios that cannot be field tested
economically or safely

» Micro-scale models are needed to capture effects of traffic
smoothing and eco-driving applications

= Modeling behavior changes and extrapolating to regional and
national-level results remain the biggest challenges

» Use of the MOVES model is in its early stages
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Thank You!

Richard Glassco
Principal Systems Modeler
Noblis, Transportation Systems Division
rglassco@noblis.org
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