RWR 4015

Traffic Simulation for Planning
Applications

Dr. Ahmad Mohammadi
Week 7 | Hands-on:

Environmental Analysis
(Energy, Emissions, EVSs)

Fall 2026

RoadwayVR

roadwayvr.github.io/TrafficSimulationforPlanning Applications



https://roadwayvr.github.io/TrafficSimulationforPlanningApplications/

Agenda

4 Energy Consumption and Emission Model (HBEFA Model)

J Emission Models in Simulation

 Environmental Analysis in Simulation

U Develop Mixed Traffic Planning Strategies of EVs and ICE in Simulation

 Analyze Environmental Impacts of Different Scenarios



HBEFA Model

UIncludes a wide range of vehicle categories (passenger cars,
light-duty vehicles, heavy duty vehicles, buses, motorcycles),

4 Different fuel types, and pollutants (CO,, NOy, HC, PM, etc.)

.
The Handbook of

Emission Factors for
Road Transport

GET THE HANDBOOK "

https://www.hbefa.net/



Emission Models in Simulation

Emissions

Introduction

SUMO includes the following emission models:

e HBEFA v2.1-based: A continuous reformulation of the HBEFA & v2.1 emissions data base (open source);

e HBEFA v3.1-based: A continuous reformulation of the HBEFA & v3.1 emissions data base (open source);

e HBEFA v4.2-based: A continuous reformulation of the HBEFA & v4.2 emissions data base (open source);

e PHEMIight, a derivation of the original PHEM & emission model (model is open source, but full data sets are only commercially available);

e PHEMIight5, the V5 version of PHEMIight supporting deterioration emission model (model is open source, but full data sets are only commercially available);

e Electric Vehicle Model: an electricity-consumption model by Kurczveil, T., Lopez, P.A., Schnieder.

e MMP Electric Vehicle Model: an electricity-consumption model by Kevin Badalian from Teaching and Research Area Mechatronics in Mobile Propulsion (MMP), RWTH Aachen
University.

Literature on the Models and their implementation can be found at the DLR electronic library (https://elib.dIr.de/89398/) .

https://sumo.dIr.de/docs/Models/Emissions.html



HBEFA Model in Simulation

Good news is 2> We only Assign Emission Class in SUMO -2 It Automatically calculate energy and Emission based on:

Parameter

Speed

Acceleration / Deceleration

Vehicle Weight / Mass

Road Gradient (slope)

Traffic dynamics

Description

Instantaneous vehicle speed

Rate of speed change

From weight or mass parameter

(optional override)

Optional if elevation data is provided in

the network

Stop—go cycles, queueing, idling, etc.

Influence

Major factor — emission curves are speed-

dependent
Impacts NO,, HC, CO, and fuel use heavily

Affects energy demand, fuel consumption,

uphill power

Increases or decreases energy/fuel use

Affects emissions indirectly through speed

profiles




HBEFA Model in SUMO Simulation

What each string encodes

 HBEFA3/PC_G _EU4
» Dataset/version: HBEFA 3 .x (what SUMO calls "HBEFA3.1")
* Vehicle: Passenger Car (PC), Gasoline
e Standard: EU4 (Euro 4 = mid-2000s tech)
® HBEFA4/PC petrol Euro-e6d
* Dataset/version: HBEFA 4.x (e.g., 4.1/4.2)
* Vehicle: Passenger Car (PC), petrol
e Standard: Euro-6d (latest Euro 6 stage with RDE/PEMS compliance, = 2020s tech)



Environmental Analysis in Simulation

Energy Consumption
and Emissions

Mixed Traffic of EVs
and ICEVs

Mixed Traffic of AVs
and ICEVs

Energy consumption Energy consumption

CO2, NOx and other
pollutants

Energy consumption ‘

CO2, NOx and other

pollutants

v
Alternative Infrastructure
/Network Designs

CO2, NOx and other
pollutants

Digital Twin
(Real-Time Simulation
Environment)

Energy consumption ‘

CO2, NOx and other
pollutants




Develop Mixed Traftic Planning Strategies
of EVs and ICE in Simulation

Vehicle Type Powertrain Driving Type
ICEV Gasoline Human-driven
BEV Electric Human-driven
BEAV Electric Autonomous

Included in Study?

Notes

Baseline reference

Present-day EVs

Future autonomous EVs

Goal: How they reduce energy consumption and emissions
at a complex intersection

Transportation Research Part D 136 (2024) 104403

» . . o o 8 TRANS]:’()RT{\T]ON
Contents lists available at ScienceDirect  RESEARCH

[ ey -

Transportation Research Part D

journal homepage: www.elsevier.com/locate/trd

L)

Check for

Energy savings and emissions reduction of BEVs at an isolated | upcas
complex intersection™

Radha Reddy *%, Luis Almeida ¢, Pedro M. Santos *", Harrison Kurunathan *",
Eduardo Tovar "

3 CISTER Research Center, Rua Alfredo Allen, 535, Porto, 4200-135, Portugal

Y ISEP - Instituto Superior de Engenharia do Porto, R. Dr. Anténio Bernardino de Almeida 431, Porto, 4200-135, Portugal

¢ FEUP - Faculdade de Engenharia da Universidade do Porto, Porto, 4200-465, Portugal

4 Department of Computer Science and Engineering, Amrita School of Computing, Amrita Vishwa Vidyapeetham, Coimbatore, TN, 641112, India

ARTICLE INFO ABSTRACT

Keywords: Improving urban dwellers quality of life requires mitigating traffic congestion, minimizing
Intersection management waiting delays, and reducing fuel wastage and associated toxic air pollutants. Battery-electric
Battery electric vehicles vehicles (BEVs) are envisioned as the best option, thanks to zero exhaust emissions and

Internal combustion engine
Human-driver control
Autonomous control
Energy savings

Emissions reduction

regenerative braking. BEVs can be human-driven or autonomous and will co-exist with internal
combustion engine vehicles (ICEVs) for years. BEVs can help at complex intersections where
traffic is saturated. However, their benefits can be reduced by poor intersection management
(IM) strategies that coordinate mixed traffic configurations inefficiently. This paper studies
energy savings and emissions reduction using BEVs mixed with human-driven ICEVs under

Reddy, R., Almeida, L., Santos, P. M., Kurunathan, H., & Tovar, E. (2024). Energy savings and emissions reduction of BEVs at an
isolated complex intersection. Transportation Research Part D: Transport and Environment, 136, 104403.



Develop Mixed Traftic Planning Strategies
of EVs and ICE in Simulation

Table 3
key Value Type Default Description
ParamEterS SPEC]-f]-E fﬂr BEVS:’IBEA"'FS* device.battery.capacity float 35000 (Wh) Maximum battery capacity Epngx
Par EtEI‘S VE_IUES maximumPower float 150000 (W) Maximum power which the vehicle can reach (unused)
vehicleMass float 1830 (kg) Vehicle mass my.p, (deprecated)
Max. batter}y Capacity 64 kWh loading float 0 (ka) Additional mass (to be defined in the vehicle type)

frontSurfaceArea float 2.6 (m?) Front surface area A,
Max. power 150 kW =
. airDragCoefficient float 0.35 Air drag coefficient c,,
CUHStaIlt pDWEI‘ ]'ntake IUD W rotatingMass float 40 (kg) (Equivalent) mass of internal rotating elements
Internal moment of inertia 0.01 Kg m’ radialDragCoefficient float 0. Radial drag coefficient c,.a
All‘ drﬂg Cﬂ&fﬁtlﬂlt D* 35 rollDragCoefficient float 0.01 Rolling resistance coefficient ¢,y
. . constantPowerlntake float 100 (W) Avg. (constant) power of consumers Pggpst
Radial drag coefficient 0.5
propulsionEfficiency float 0.98 Drive efficiency Nprop
Rﬂl]- drag CﬂEf-EI-C]-EHt D*Ul recuperationEfficiency float 0.96 Recuperation efficiency nyecp
P]"{}pl]lﬂi_[)]’]_ Efﬁ_{:ien{:}f 0_98 stoppingThreshold float 0.1 (m/s) Maximum velocity to start charging
* . device.battery.maximumcChargeRate float 150000 (W Maximum charging rate of the batte
Recuperation efficiency 0.96 v ? o o v
\ device.battery.chargelevelTable float list Ordered list of state of charge values (from 0 to 1) for which maximum charge rates are defined in device.battery.chargeCurveTable
Stopping threshold 0.1 km/h | | o .
device.battery.chargeCurveTable float list Corresponding maximum charge rates to each state of charge value in device.battery.chargelLevelTable

https://sumo.dlr.de/docs/Models/Electric.html#emission output



https://sumo.dlr.de/docs/Models/Electric.html#emission_output

Develop Mixed Traftic Planning Strategies
of EVs and ICE in Simulation

“has.battery.device"” value="true"
“device.battery.capacity” value="64000"
“maximumPower"” value="150000"
constantPowerIntake" value="100"
airDragCoefficient"” value="0.35"
rollDragCoefficient” value="0.01"
propulsionEfficiency" value="0.98"

recuperationEfficiency" value="0.96"



Develop Mixed Traftic Planning Strategies
of EVs and ICE in Simulation

Types

T~ | Type Editor |-:
Edit v X
& Create Type | ¢4 Edit vType
_? Delete Type | Vehicle Type attributes Lane Change Model attributes Car Following Model attributes
Copy Type | vClass — guiShape - strateqgic Algorithm Krauss :I
a | Current Type | £ evehicle :l il evehicle :l cooperative accel
id EV probability speedGain decel
AV ~ : _
G_,‘J color personCapacity keepRight apparentDecel
- - | Attributes | length containerCapacity sublane emergencyDecel
| id " EV | minGap boardingDuration opposite sigma
B maxSpeed loadingDuration pushy tau
_ typeDist. | desiredMaxSpeed latAli ~| hyG
| — ||ﬂevehitl;| esiredMaxSpee atAlignment pushyGap
v speedFactor normc(1.00,0.10,0.20,2.00) minGaplat assertive
@ color I emissionClass | Zero/default > maxSpeedLat impatience
| length | 5.00 | width actionSteplLength timeTolmpatience
| minGap || 2.50 | height carriageLength accellLat
| maxSpeed ||55,55 | imgFile motivelength lookaheadLeft
asiredMaxSpee| 2777.78 | osgFile i speedGainRight
|parkingEadgeJ| | laneChangeModel :l Edit parameters maxspeedlLatStanding
| accel | 260 | Junction Model attributes maxSpéedLétFac‘mr
- - turnAlignDistance
| decel ||4,5[]| | crossingGap ignoreFoeProb e
| sigma || 0.50 | ignoreKeepClearTime ignoreFoeSpeed RF;;E :[g = E Edit parameters p4
| t " 1.00 | driveAfterYellowTime sigmaMinor SprIghiAcceplance |
aul ' : : : : ertakeDeltaSpeedFac Parameters Operations —
Hel | driveAfterRedTime timegapMinor
| | driveRedSpeed impatience key value & Sort |
~* | Extended attributes | has.battery.device true X %, Clear
_ - Qgccegtl @Qancell £ Reset | 4. = |
Edit extended attributes - L. B Load |
Hsave |
Help |

© accept | D cancel | € reset |
]I

T P T




Develop Mixed Traftfic Planning Strategies
of EVs and ICE in Simulation

 Create an Intersection

1 Add one Combustion Vehicle g
1 Add one Electric Vehicle .
Q Save SUMO Files .




Analyze Environmental Impacts

& Sumo options >,
=i p

E & Save options | &5 Load options | %) Default options |

1 Topics 1 Options
Sumo options = emission-output & |iey and Emmision\ElectricVehicle\Emission.xml
- configuration ' emission-output.precision K2
~input emission-output.geo I false &
EV.netxml - netedit 1.22.0 - output emission-outputstep-scaled |I false @
JJ File Modes Edit lock |Processing Locate Tools Window Langu: ~time Em'_SE'_D"'D“tp”t'aﬁ_"b”tes &
A § - processing emissions.volumetric-fuel | false @
“ & JJ 5 JJ d I?l R - routing device.emissions.probabili -1.00 4
Types " Elc:r?fztiimand : report dde?ice.err?i&'t.imns.expli::i’F il 2
: @ Join routes - - emissions ewc_e.em|5_5.|c?n5.deter_rn|n|5t|c I false @
- - | Type Editor &2 Adjust person plans S . communication dE‘fICE.En"I-IES-IDHS.bEQIn -1 3
%Ejzz g‘;z I %, Clean invalid route elements F8 - battery _ device emissions period |0 2
T | B2 Sumo options Shift+F10 : example__dewce -
{} Options F10 - ssm_device
ra Current Tune L | ~toc_device
- driver_state_device
 bluelight_device
- fcd_device
- elechybrid_device -

Search ||!'||Q emissiorl

1ol |_@Cancel| £) Reset |




Analyze Environmental Impacts

t_0is Combustion Engine Vehicle mg of CO2/CO/HC/NOx/PMx produced in

mg of fuel consumed in this 1-second step
t_1is Electric Vehicle this 1-second step

¥

<timestep time="1.00">

<vehlicle 1d="t_0" eclass="HBEFA3/PC_G EU4" COZ=['3085.80" |CO¥"147.47"| HC="0.74"| NOx="1.38|' [EMx="0.07"] [fu=s1="985.55"
<vehicle id="t_1" eclass="Energy/default" C02="0.00" CC="0.00" HC="0.00" NOx="0.00" FMx="0.00" fusl="0.00" electric

</timestep>

<vehicle id="t 0"
<vehicle id="t_1"

e Wi

ctricity="0.00" nois
01s

="63.49" route="!t 0" Type="DEFAULT VEHTYPE" waliting="0.00"
ctricity="1.40" h

le e
le e="66.38" route="!t 1" Cype="EV" walting="0.00" lane="-E6 0"

Wh consumed in this 1-second step.



Analyze Environmental Impacts

Sumo options

MENU

& Save options | & Load options | £ Default options |

-| Topics H Options
Sumo options = battery-output ﬁrlrgey and Emmision\ElectricVehicle\battery.xml i
- configuration battery-output.precision | £ 3]
“input device.battery.probability |-1.00 )
. _ - output device.battery.explicit R
EV.netxml - netedit 1.22.0 time device.battery.deterministic |I™ false ﬁ
JJ File Modes Edit Llock |Processing Locate Tools Window Langu: - processing device.battery.track-fuel I false ﬁ
“ = JJ S JJ &% v bk Recompute Network in Data Mode - routing
. Compute demand F5 “report
TYPES %, Clean routes F6 - emissions
[~ | Type Editor <EJD'" ELE Ff - communication
WS Adjust person plans Shift+F7 )
& Create Type [o Ul battery
7. Clean invalid route elements F& - example device _
7 Delete Type | s -, ple_
B C T | &2 Sumo options Shift+F10 - ssm device
0 e ] -
BY VP i Options F10 - toc_device
r = I Current Tvne L] - driver state_device
 bluelight_device
- fcd_device
- glechybrid_device -
Search ml_ 9, batter]

Lol ¢ |Q Cancel | €) Reset |




Analyze Environmental Impacts

<battery-export xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" xsi:noNamespaceSchemalocation="http://sumoc.dlr.de/xsd/battery file.xsd">

<timestep time="0.00">

<vehicle id="t_1" energyConsumed="0.00" totalEnergyConsumed="0.00" totalEnergyRegenerated="0.00" actualBatteryCapacity="17500.00" maximumBatteryCapacity="35000.00" chargi:
</timesteps>
<timestep time="1.00">

<vehicle id="t_1" energyConsumed="1.40" totalEnergyConsumed="1.40" totalEnergyRegenerated="0.00" actualBatteryCapacity="17498.60" maximumBatteryCapacity="35000.00" chargi:
</timestep>
<timestep time="2.00">

<vehicle id="t_1" energyConsumed="4.68" totalEnergyConsumed="6.08" totalEnergyRegenerated="0.00" actualBatteryCapacity="17493.92" maximumBatteryCapacity="35000.00" chargi:
</timesteps>
<timestep time="3.00">

<vehicle id="t_1" energyConsumed="7.00" totalEnergyConsumed="13.09" totalEnergyRegenerated="0.00" actualBatteryCapacity="17486.91" maximumBatteryCapacity="35000.00" charg
</timestep>
<timestep time="4.00">

<vehicle id="t_1” energyConsumed="6.07" totalEnergyConsumed="19.16" totalEnergyRegensrated="0.00" actualBatteryCapacity="17480.84" maximumBatteryCapacity="35000.00" charg
</timestep>
<timestep time="5.00">

<vehicle id="t_1" energyConsumed="7.22" totalEnergyConsumed="26.38" totalEnergyRegenerated="0.00" actualBatteryCapacity="17473.62" maximumBatteryCapacity="35000.00" charg
</timestep>
<timestep time="6.00">

<vehicle id="t_1” energyConsumed="10.02" totalEnergyConsumed="36.40" totzlEnergyRegsenerated="0.00" actualBatteryCapacity="17463.60" maximumBatteryCapacity="35000.00" char
</timesteps>
<timestep time="7.00">

<vehicle id="t_1" energyConsumed="-18.29" totalEnergyConsumed="36.40" totalEnergyRegenerated="18.29" actualBatteryCapacity="17481.89" maximumBatteryCapacity="35000.00" ch
</timestep>
<timestep time="8.00">

<vehicle id="t_1” energyConsumed="-10.45" totalEnergyConsumed="36.40" totzlEnsrgyRegenerated="28.74" zctuzlBatteryCapacity="17492.34" maximunBatteryCapacity="35000.00" ch.
</timesteps>

_</battery-export>



Inputs
+  Network
» Charging station
« Parking Stand
» Travel demand
+  Mixed Fleet
(EVs &GVs)
Dispatching policy

Legend of the figure

EV
GV
& Rider
O Charging station

® Parking stand

v

Simulation scenario

Charging Stations

Vehicle to rider

1. Charging Station
Assignment

_S0C>x » 2. Rider Dispatching

Idle [vehicle

3. Vehicle
Repositioning

Idle vehicle to parking stand

4

Sam—

>3

& @ "

Evaluation

Ride hailing service (successful rate, average waiting time, ratio of empty distance)

Charging demand (total charging demand, charging load)

Environmental impact (eVMT ratio, CO2/PMT, emission factors)

Figure 1. TNC mixed fleet management framework

Pacific
Southwest
Region UTC

University Transportation Center

Evaluating the Impact
of Clean Miles Standar«
on the Transportation
system: A Microscopic
Simulation in San
Francisco

Peng Hao
Haishan Liu
Guoyuan Wu
Matthew Barth

College of Engineering -
Center for Environmental
Research and Technology
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