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Outline

= Transportation Energy Demands and Influential
Factors

= Practices of Energy System Modelling for Energy
Policies

= Practices of Transport Energy Demand Modelling
Frameworks

= Combining Energy System Model to Enhance
Transportation Demand/Behaviour
Representations
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Introduction

» Energy is the fundamental enabler of transportation
system:

v Emission is a major externality of transportation.

» Obviously, transportation planning exercise target more of
urban transportation issues (congestion, emissions,
fatalities, etc.) than energy policy

v Energy policy effects are considered external factors, e.g.
fuel price, availability of mode technologies, fuel efficiency.

» Combining behavioural elements of travel demand into
energy system modelling is a research challenge
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Transportation Energy and Emissions

Industrial
38%

» 30% energy share, but

38% GHG contribution
Commercial/
Insitutional : _
14% Residential Tmnsgg;anon
17% Agriculture
2%

Energy Consumptions in Canada
__ Transportation 38%

i Industrial 36%
I Residential 14%

- Commercial/
institutional 9%

i Agriculture 4%

GHG Emissions in Canada®™
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Transportation Demand: Travel Modes

360—

» Energy is a derivative

250 of demand for
= 200 transportation
= 150

» Demand for
transportation is a
derivative of travel

. : modes

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
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Year

. Light vehicles . Medium trucks Heavy trucks

Canadian Vehicle Use Survey Report 2009
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Growth in Passenger Transport

1900 EEFCFR T

* 14.2 million vehicles * 378.3 billion Pkm covered _ _

* 19.4 percent are * (.68 vehicles per person |nC|“eaS| ng pnvate
light trucks aged 18 years and over .

* 17,246 km/year on car ownership

average per vehicle

&

El ceasasaas

Increasing SUV

e 20.5 million vehicles * 519.7 billion Pkm covered
e 37.2 percent are e (.73 vehicles per person owne rSh | p
light trucks aged 18 years and over

e 15,552 km/year on
average per vehicle
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Passenger Car Ownership
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What Drives the Growths?

Cars

21% decrease H|ghe|’ rate of

131% increase . i i
increasing light

truck (SUV)

Light trucks

Motorcycles

157% increase

Bus and
urban transit

Air

B 32% increase

47% increase
Rail | 44%, decrease | |
0 100 200 300 400 500 G600 700

Petajoules |
Cars ’ﬁ 22;% decrease

Light trucks

1900 [l 2;13 |
20% decrease

Motorcycles 18% increase

With lower rate of -
energy intensity gain emmmm—) urban transit

Alr

for light trucks (SUV) Rail

??% decrease

26% der;:raasa

: 27% decrease
0.0 0.5 1.0 1.5 2.0 2.5 3.0

M.J/Pkm

1900 [ 2013
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With increasing constraints in energy
avallability/source, increasing only

fuel efficiency of motorized vehicles
may not be enough

-Need to promote non-motorized
modes and supporting land use
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Travel Mode & Transport Energy Demands

Pedestrian | E—S———
Bicycle B e e e e e e
Bi-articulated BRT (diesel) '—
Articulated bus (diesel) NG
2-axle urban bus (diesel) NG
Metro rail (single car) |INEEEEG—_—— | All values reflect a 100% occupancy rate |
Passenger car (diesel)
Scooter (4-stroke, urban) 7—
Passenger car (petrol) N
Scooter (2-stroke, urban)

0O 50 100 150 200 260 300 350 400 450
Distance travelled on 1 litre of fuel, passenger-kilometres

Electricity consumption is transformed into a litre of gasoline based on an energy content of 35 MJ per litre of
gasoline. All data should be considered as guideline values as real values may differ considerably

Bohler-Baedeker and Huging 2012
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Transportation Demand — Urban Density

Total Private Vehicle-Kilometers per Capita (in Thousands) o Africa/Latin America
25 B Asia
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> Non-linear
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Passenger Car Ownership — Urban Density

Passenger Cars per 1,000 Persons
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Urban Density — Energy Consumption
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relationship

» Urban density
Influences car
ownership and
thereby
transport
energy
demands

Kenworthy and Laube 1999
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How to Manage Energy Demands?

» Managing demand for transportation (TDM: Travel
Demand Management)
v" Pricing: fuel cost, road pricing, tolls, etc.
v Land use and smart growth
v' Encourage active modes (walk, bike, etc.)
v Promote public transport
v Sharing modes: ride sharing, car sharing, etc.
v' Regulatory strategies

» Transportation System Management (TSM):
v" Increase system efficiency: Intelligent Transport
System
v’ Bottleneck relief, capacity expansion
v Multimodal freight transport

vil En
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Example Estimates

Percentage of On-Road

Strategy Energy/GHG Reduction
Pricing
PAYD Insurance (Mandatory) 2.5%
VMT Fee — $0.02-$0.05/Mile 1.0%-2.5%
Congestion Pricing 0.5%-1.1%
Transit Improvements 0.4%-1.1% (2030); 0.6%-2.0% (2050)
Nonmotorized Improvements 0.3%-0.8%
Parking Management 0.3%
Work Site Trip Reduction/Employee Commute Options 0.2%-1.1%
Telework and Alternative Work Schedules 0.9%-1.1%
Ridesharing and Vanpooling 0.1%-2.0%
Carsharing 0.1%-0.2%
Educational and Marketing Campaigns 0.3%-0.5%+
Eco-Driving and Maintenance I.1%-5.0%
Idle Reduction 0.1%-0.4%
Speed Limit Reduction/Enforcement 1.7%-2.7%
Combined Effects 7.0%-15.3%

Source: Effects of Travel Reduction and Efficient Driving on Transportation Energy Use and Greenhouse Gas
Emissions, prepared by Cambridge Systematics for National Renewable Energy Laboratory, 2012
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Understanding Transportation Energy
Demands requires complete
understanding of transportation
system
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System Perspective of Transportation

T > a group of
A Higher Order System interrelated
components.
Higher Order System
Hierarchy } fOI'Hl a

v

Control

’ Capacity
% Purpose

Components

Wrtaﬂon System

complicated and

Impacts unified whole.

Feedback

»1ntended to
serve some

Impacts

Performance

purposes.

Feedback

»through the

performance of

Boundary

1ts Interactive
parts.
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Transportation: Demand-Supply Perspective

Demand
m=) \ For
Transportation

Transportation
Network

Transportation
System
mmmm) | Performance
(flow, speed,
safety, pollutio
etc.)
-Benefit
-Externalities

_

Demand-

Supply
Interaction

Socio-
Economic
Activities

System Performance:
> An important consideration guiding the definition of problems and
opportunities that become focus of planning efforts.
»System performance measures are necessary for the decision-making process
in transportation planning.
»System performance measures should be defined not only as outputs, but also
as the outcomes on society.
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System Performance <> Feedback

Feedback

esired
Demand for
Transportation:
D*

Transportation
Supply: System
Performance

Equilibrium
Demand;
D

Feedback

Dynamics of Demand-Supply Interaction:
»(Observed demand is equilibrium demand.
»Desired demand 1s always higher than the equilibrium demand.
»Changes In system performance affects demand as well as system performance.
> T'ruly dynamic and two-way interaction and feedback.
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Measuring Demand: Users’ Perspective

Demand
for
Transportation

Individual
User’s Perspective

-

J/-/T raveller’s
\ Choices
Individual User’s Perspective:

»Understanding urban spatial and socio-economic context.

System-wide
Perspective

Aggregate
Approach

Disaggregate
Approach

»Understanding preferences or options.
»Understanding choice making behaviour.
»LEvaluating elasticity ot demands.

ivil Engineering
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“Demand” vs “Behavior”

—Aggregate —Disaggregate

—Easy to — Often abstract
measure and difficult to

—Realizations of meastre
probable —Shaped by
outcomes contexts
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Necessity of Behavioral Models

Platooning _

Eco-driving

Congestion mitigation

De-emphasized performance -
Improved crash avoidance -
Vehicle right-sizing _
4 Higher highway speeds - )
Increased features -
Travel cost reduction _

\ New user groups - )
Changed mobility services _
Infrastructure footprint® I

-60% -50% -40% -30% -20% -10% 0% 10% 20% 30% 40% 50% 60%

% changes in energy consumption due to vehicle automation

Wadud et al, 2016

Civil Engineering

$ UNIVERSITY OF TORONTO

UTTRI Unn



Necessity of Capturing Heterogeneity

\>\ assumed line if no health
35 » AN deterioration/disability, the natural
<~ decline is due to stages of lifecycle
= 30 \N
18]
iS4
E AN
o 25 age-wise distribution of driving
: // \\
(19]
B2 20 ™S
-bcn highly automated driving
E encourages this gap to be filled
2 15
©
2‘ /
'
o 10 \
5 actual fall in driving, assumed due to x\
health deterioration/disability
0 | | | |
0 10 20 30 40 50 60 70 80 90 100

Age of driver

Wadud et al, 2016
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Measuring Transportation Behaviour
requires Complete Specification of
Transportation Choices/Decision
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Trip-based Aggregate Model

Avg. number of trips ‘@ Trip Generation —
Avg. trip Distance T

‘ O Trip Distribution Dj
Proportion of trips by W T. \J
different Modes "

Ti',auto
"' _ Mode Split
Energy Intensity of

each mode T transit

. 2

Total energy demand

Assignment
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Transportation Energy Demand: Key
Determinants

Avg. number of trips v Home location
Avg. trip Distance v Work location
1 /v Activity

locations
Proportion of trips by v" Social network

different Modes :
v Car ownership

Energy Intensity of %7‘/ Car type

each mode choices

.., v" Choice of mode
for different trips

Total energy demand
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Energy System Modelling for
Energy Policy Analysis
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= Optimization Models

— Use linear programming (under constraints ) to identify energy systems
that provide the least cost means of providing an exogenously specified
demand for energy services.

— Examples: MARKAL (TIMES), EFOM, etc.
= Simulation Models

— Simulate behavior of energy consumers and producers under various
exogenous signals (e.g. price, income levels, limits on rate of stock
turnover).

— Examples: ENPEP/BALANCE, Energy 20/20
= Accounting Frameworks

— Rather than simulating decisions of energy consumers and producers,
modeler explicitly accounts for outcomes of decisions So instead of
calculating market share based on prices and other variables, Accounting
Frameworks simply examine the implications of a scenario that achieves a
certain market share.

— Examples: LEAP, MEDEE, MESAP
= Hybrids Models combining elements of each approach
— combine elements of optimization, simulation and accounting

— LEAP operates at two levels: basic accounting relationships are built-in
and users can add their own simulation models on top

ivil Engineering
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TIMES-Canada Model

Primary N Production / Conversion End-Use ) Demand for
Energy Technologies > Technologies Energy Service
Secondary Energy Final Energy Useful Energy

Fossil Fuel Reserves " 2
Conventional & Oil sands E)Ftractlon Refineries IND Production IND (12) - mt
Crude oil, Gas, Coal Oil, Gas, Coal Furnaces, Boilers Iron & Steel, Cement

Machinery Chemicals, Copper

Coke Plants

Biomass Potentials
Crops: Starch, Oilseeds COM Services COM (8) - Py/m?
Greasy residues Biomass Plants Furnaces, AC, Heating, Cooling
Lignocellulosic sources [ 5] solid: pellet, wood Fluorescents, Etc. Lighting, Appliances DM 2050
Dedicated crops Liquid: biofuels > Oil prices
Waste, Biogas, Algae Gaseous: biogas RSD Dwellings RSD (20) - PJ/unit Elasticities

Heat Pumps, Lamps = Heating, Cooling
International Imports 5| Hydrogen Plants Freezers, Ranges Lighting, Appliances DM 2100
Crude oil, RPP, Biomass > > Growth
Gas, Coal,H2 Do " TRA Vehicles TRA (18) - Pkm/Tkm Elasticities

mestic Trades
-Pipelines Car.s, truclfs, buses =3 Road:short/longdist.

Uranium & Lithium | | -Transmission Trains, Ships, Planes Rail, Marine, Air
Reserves | —_—

AGR process AGR (10) — Mt
Renewable Potentials I > Power & Heat | cCS Machinery, Heating, =3 (Oilseeds, Dairy,
Hydro, Wave, Tidal L Cogeneration Plants _)J Transport, Others Poultry, Fruits
Wwind, Solar, Geo Thermal, Nuclear
OceanThermal & Salin'&\l Renewables, Biomass International Exports

—34 Crude oil, RPP, Biomass
LNG Imports l'——) LNG Regasiﬁcationl—— | Gas,Coal, H2,LNG
[ LS liauefaction f——— - 1

A% 7 —

Scenarios
GHG Emissions Carbon sequestration Energy policies
Combustion, Process EOR, Aquifers, Afforestation Climate policies

Civil Engineering Vaillancourt et al. 2014
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TIMES-Canada Model

End-use demand segments within five consumption sectors.

Sectors Number of Units End-use demand segments
segments

AGR 9 Million tons Grains and Oilseeds, Dairy, Beef, Hog, Poultry, Eggs, Fruit, Vegetables, Others

COM 8 PJ Space heating; Water heating; Space cooling; Lighting; Street lighting; Auxiliary equipments; Auxiliary motors;
Others

IND 12 Millions tons Iron and steel; Pulp and paper (Low quality, High quality); Cement; Non-ferrous metals (Aluminum, Copper,
Others); Chemicals (Ammonia, Chlorine, Others); Other manufacturing industries; Other industries

RSD 20 PJ Space heating (Detached houses; Attached houses; Apartments; Mobile homes); Space cooling (Detached houses;
Attached houses; Apartments; Mobile homes); Water heating (Detached houses; Attached houses; Apartments;
Mobile homes); Lighting; Refrigeration; Freezing; Dish washing; Cloth washing; Cloth drying; Cooking; Others

TRA 18 Millions passenger-km - Road/Passenger: Small cars (Short distance, Long distance); Large cars (Short distance, Long distance); Light

trucks; Urban buses; Intercity buses; School buses; Motorcycles; Off road

Millions ton-km

- Road/Freight: Light trucks; Medium trucks; Heavy trucks
- Rail: Freight; Passenger

- Air: Freight; Passenger

- Marine

Civil Engineeri
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Energy Demand Modelling for
Transportation Planning
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Modelling Transportation Energy Demands

Modelling Transportation Demands

Aggregate Modelling Disaggregate
Approach: Top-down Modelling Approach:
approach Bottom-up approach

Historical aggregate

data Detailed sample data

Civil Engineering
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Aggregate Model of Transportation
Demands

Owner > Work
Characteristics (2) Location (9)

_ _ Commute
Environmental < Vehicle Home »| Across
Impacts (3) Fuel Type (6) Location (8) Cordon (7)
I
Operating Subject
Costs (4) to Toll (5)
Y

Annual Kilometers
Traveled, AKT (1)

@ | Civil Engineering Adapted from Whitehead et al 2015
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Energy Policy & Transportation
Demands: Aggregate Demand Modeling

Energy policy

[ Variables, X ] [ Variables, X ]

Per-km driving —lag g
cost

Vehicle type
choice

Vehicle-km
Lag Travel

Demands
Fuel efficiency ]

Variables, X ]

Emissions Fuel consumtion Other externalities

vil Engineering Adapted from Kim et al 2015
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Integrated Transportation Demands:
Bottom-Up Approaches

Land Use-Transportation
Feedback Cycle:

Environmental Impacts
CO, Emissions

Noise
Air quality
Residential Land-scape
5 P~ X Water resources
(re)location \
uti,,g 7
ney) /
™ Travel Origin & Destination
— Travel Demand
Other activity Charantailsticn R ——

Travel route choice

Locations

(E.g shopping, school,

Vehicle Ownership

recreation, hospital, etc)

Trip scheduling/sequencing

(re)location

Accessibi\iw

Urban Spatial
Structure

Civil Engineering Acheampong and Silva, 2015
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Integrated Transportation Demands:
Bottom-Up Approaches

CEMUS

Ageregate socio-
demographics

(base year)

Activity-travel

environment
characteristics fbase ‘

year)

Policy actions

Model parameters

Civil Engineering

% UNIVERSITY OF TORONTO

Synthetic

population
generator (

9

3 3

Link volumes

and speeds

Dynamic Traffic
Assignment

(DTA)

Detailed mdividual-
level socio-
demographics

(base year)

Socilo-economics, land-

use and transportation
system characteristics
simulator

( )

Individual
activity-travel
patterns

¥ 3

Socto-demographics
and activity-travel
environment

Activity-travel
simulator

(

)

Bhat and Waller 2008




Integrated Transportation Demands:
Bottom-Up Approaches

ILUMASS

“ivil Engineering
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| o o o - ————— o ——— | ————— o ——
: rSynthetic i r’lfransport i rSynthetic firms : '
i i population i 1§ networks i 1 —floorspace ' !
! ! —housing : 1 —roads ! 1 —firms '}
I § —household i { — publictransport § } - jobs : |
| § - person: - E B
! § —cars ! 1 ' 1 N3
[ B S O —— 2 e o e e g g e e e e e 2 [ ——— s
SEERSERICSTLEV] (RS SISO LA S AT A RN ISR SRS '
Land use

Population Accessibility Firms

— housing — jabs -— — floar space
P _ househalds s —shaps — — firms

— persans — population — jobs

— cars — facilities

A

Transport

v

v

Travel demand

Dynamic traffic

Goods transport

OF TORONTO

—traffic noise
at housing

—traffic noise
at sources

— activity assignment demand
— programs — minimum paths $ —trips
—week plans — flaws
—trips — link loads
Environment
Impacts Emissions Impacts
— air quality — air pollution — air quality

— traffic noise
at waork place

Wagner and Wagner 2007
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Integrated Transportation Demands:
Bottom-Up Approaches

ILUTE e Emmam -

Land Use <----:
¢ )

]

1

1

l—— Location Choice I

I )
I 1
I 1
I )
I |
I )
i )
I )
I 1
I )
: 1

1
1 =1 1
I I 1
1 1 |
i 1 ]
i |Auto Ownership 7 i :
1 1 1
I I 1
I 1 1
i 1 |
I I 1
1 1 |
I )
I 1
I I
I )
1 I
I )
1 I
I 1
I )
I )
I 1

Demographics

Government Policies

Actlivity/T ravel &

<
Regional Economics [<——>
B —
-

")‘ _____ 1
Goods Movement
U
Transport System Dy_na:rmc '{'ra 1C
| Assignment Model |
Flows, Times, etc. External Impacts

il Enginccring Miller 2008
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Integrated Transportation Demands:
Bottom-Up Approaches

ILUTE Application EXAMPLE INTERVENTIONS

e R

Persons Auto & Transit
& Households ravel Times/Costs

L !

TASHA Activity/Travel | Household Auto Transportation
Scheduler Ownership Model Network Model
Activity | Vehicle Allocation Trips By Mode, VKT by Facility
Patterns & Model Vehicle Type & Type, etc.
Trip Chains Time of Day
o/ Hot/Cold Soaks, Emissions Model
Cold Starts, etc.
,, |
L;catilonts) of .| Exposureto Dispersion Mobile Source
People by Polkition Model Emissions
Time of Day

vl E nomulm Miller 2009
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Key Modelling Modules: Households

(P —————————— - \ Long term
| |
| | ¥
| Land system '
| |
| - |
| P |
| x |
| . . . |
, Residential location .
I choice |
| |
» ] [
Femmmmmeeme——- LT Fef----- -
| |
| Household mobilit 1 . 15 Household equipment
| . ’ Y [ Household Activities ‘.
| ownership choice < ownership choice
| |
| [ |
| . \
[ V |
| |
: Mode & Destination : Equipment usage &
| choice | uration choice
| e [ W
| : | F :
| seccccecccccmcccnduces I i e g '\ ] seessccsccccccccccchanes SO —,
) § b
: : Transport system 18 Energy system
i ol .
R R R e | 35 S s A S o v
Short term

Civil Engineering

Ghauche 2010
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Key Modelling Modules: Firm/Industry

_______________ Long term
r )
| | A
| |
' Land system '
| |
| - |
| |
| " |
: Organization location :
| choice |
| |
| A |
O DA R - - j"Sosswa i et -
| |
' Organization mobilit 1 : — —4> Organization equipment
| g : - | Firm Activities jil =" S
i ownership choice i ywnership choice
| ! A
| |
| A 1 x
[ J [ "
| i
: Mode & Destination : Equipment usage &
| choice i duration choice
I X L y
| |
R oo--o- Wi s e s o s  f peeeeescscesccccsccbecas B nrrrn
) § '
: : Transport system ; : Fnergy systen
' L .
R e e ccan el 0 e e e v
Short term

Civil Engineering Ghauche 2010
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Household Energy Demand: Integrated
Model for In-home and Transportation

[ ‘ Household
Demographic
Evolution Module

1
Neighborhood |!
Design Module Ji

L}
I

Vehicle Ownership,
Purchase/Replace
Module

Household Appliances at Time t | |Appliance Ownership,
Purchase/Replace

Module

Trade-off
‘ Lifestyle Patterns

Neighborhood Characteristics, Household
Demographics, Appliance & Vehicle Ownership,
Trade-off Lifestyle patterns at Time t+1

@ @ Household Trip
Generation Model
Household Trade-off | Household Travel
Electricity/In-home Consumption
Consumption Module| Lifestyles ‘ Module Household Trip
@ @ Mode-Length Model
Household In-home Household Out-of-home
Energy Consumption Energy Consumption
at Time t+1 at Time t+1
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Energy System Model -vs-Transport Energy
Demand Model

Rich in representing Rich in representing
consumer behaviour energy supply

Transportation
Demand
Models

Poor in
representing
energy

supply
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Notable Effort: Consumer Choice IN TIMES
(COCHIN-TIMES) at UC Davis

Standard | Social Planner /l\ ( Vehicle Cost } ( Fuel Cost 1
TIMES model N\ i
Step 1: Creating pronTTTTmmmnmnmmmmmmmm 6" __________6__________________________________________] ____________________
heterogeneity in i [ Vehicle Cost [ Fuel Cost ,
demand ; /|\ /|\ /I\ /|\ ,
L /\ /\ 5 Disutility Cost |
Step 2: Adding | !
disutility costs N __________-ﬁ--------------- .----------.@ _____________________________________________
Step 3: Creating g 00 O O O O O O All three costs + E
clones of each group | /IV\\ /NN /IN /N /NN Random error i
and adding random i VAVA N & N A /N N\ terms |

error terms b o e e e i e e e e e ]

Eg. Creating clones to include MINL structure for any consumer group (simpler than COCHIN, which
has NMNL structure) Log/st'/c Regression Curve

Wreme Valoe Type | {Wanlriun) COF

3 clones ‘ ,
‘ Prececssces e —_— Total Cost =
Vehicle & 2 Disutility : / . Vehicle Cost +
Fuel Costs Costs } presanes £ — Fuel Cost +
ot /: - Disutility Costs +
? L / I : (Error term/scale)
1 ' 3 INSTITUTE or TRANSPORTATION STUDIES 10
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$ UNIVERSITX OF TORONTO




MA3T (Market Allocation of Advanced Automotive
Tech) Consumer Choice Model in COCHIN-TIMES

Auto Industry “1:~\\\\ OAK
,_--~—M——“-“":::::=-*:~I- ———————— RIDGE

2 National Laboratory
i / Vehicle Attnbutes Component :AOIILCV
4 Driving I Attributes o
\

: Energy Prices / Behavior
K \ \ \
v Consumer / : \ \
/ Policies Fact-to-perception Cholces "‘ Sales E - i \
7 ) I
Thansiator (NMNL) e : [Experience] F 5 '
/

Refueling & R Model : - / x|
Recharging N Rl = = afe - Availability : : g : :
Infrastructure d -
Technology ¢ v
Scrappage [ Lo ]. ‘_@_ ‘- !
. ¥
l, input

|
§ Social Impact .
~_ ' . ‘
'~ i Fuel and canst {(energy, environ, econ)}
feedback Electricity Use

Ramea et al 2015
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Consumer Classifications in the MA3T (Market
Allocation of Advanced Automotive Tech) Model

Settlement Type

E Risk Attitude J

Driving Behavior

Recharging
Infrastructure

Urban
Suburban
Rural

Early Adopter (8%)
Early Majority (38%)
Late Majority (54%)

Low Annual VMT (8656 miles)
Medium Annual VMT (16068 miles)
High Annual VMT (28288 miles)

Home + Work

Home + No Work
No Home + Work
No Home + No Work

(+ public recharging infrastructure common to all)

Civil Engineering
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Vehicle Classifications in the MA3T (Market
Allocation of Advanced Automotive Tech) Model

Conventional Hydrogen EVs
Gasoline Hydrogen ICE 100-mile
Internal Diesel
Combustion
_ Fuel Cell Vehicle 150-mile
Gasoline
Hybrid Diesel
_ Fuel Cell Plugin 250-mile
10-mile
Gasoline 20-mile
Plugins 40-mile

Ramea et al 2015
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Vehicle Purchase Choice in the MAST (Market
Allocation of Advanced Automotive Tech) Model

Consumer Choice

Infrastructure

Vehicle Price Fuel Cost . Perception
| ; support

g Ramea et al 2015
| Engineering
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Disutility Costs in the MA3T (Market Allocation of
Advanced Automotive Tech) Model

* Refueling Inconvenience Cost

— Cost associated with the lack of access to refueling infrastructure (station
availability)

— Based on various spatial simulation and cluster analysis studies done on acces
time to find stations—multipliers are derived

* Range Anxiety Cost

— Cost to capture the consumer’s perception of anxiety associated with the
limited range of EVs and infrastructure availability.

— Based on a daily VMT distribution, model checks whether it meets the range
for the day. If not, a S/day penalty is given, which differs across risk groups

* New Technology Risk Premium

— The consumers’ willingness to pay to avoid risk (or gain novelty) approaches
zero as cumulative sales of the vehicle technologies increases over time

* Model Availability Cost

— Make and model diversity is represented in the vehicle choice model as the
log of the ratio of the actual number of makes and models available, to the
“full diversity” number (conventional vehicles)

‘-“3-?.‘1.-
Civil Engineering Ramea et al 2015
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MAST Simulates 1458 US consumer segments
Choosing from 40 Light Duty Vehicle Types

e U.S. LDV market divided into 1458 seg., 2005-50
e Buy or no buy decision is now endogenous

e 20 powertrain technologies, cars and light trucks, to be
expanded into small cars, midsize cars, large cars, SUVs
and pickup

e Vehicle attributes: retail price, fuel economies,
acceleration, refueling hassle, range limitation cost, etc

e Infrastructure: hydrogen, natural gas, electricity, diesel;
home, work, public charging

e Policies: fuel/carbon tax, feebate, parking or HOV
Incentives, tax credit or rebate

10 Managed by UT-Battell The MA3T model: _
fo : Itll:; eI; ep}i rtm e1111 o feExelerOV Market Acceptance of Advanced Automotive Technologies

Dr. David Greene, Dr.Zhenhong Lin
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Looking Forward

» TIME type models are for regional policy analysis

v' COCHIN-TIME approach tries to induce consumer
behaviour within such regional model

v' However, such model may not reflect on end-users’
daily demand dynamics

» Targeted econometric models can allow further
Investigation of impact of any energy policies on end-
users:

v Car ownership choice model: Discrete choice model
of car type and number of car choices

v Choice model of consumer’s reaction to energy
policies

# | Civil Engineering
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Questions ?
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