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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



Introduction

 Energy is the fundamental enabler of transportation 

system:

Emission is a major externality of transportation.

 Obviously, transportation planning exercise target more of 

urban transportation issues (congestion, emissions, 

fatalities, etc.) than energy policy

 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



Transportation Energy and Emissions

GHG Emissions in Canada

 30% energy share, but 

38% GHG contribution

Energy Consumptions in Canada 



Transportation Demand: Travel Modes 

Canadian Vehicle Use Survey Report 2009

 Energy is a derivative 

of demand for 

transportation

 Demand for 

transportation is a 

derivative of travel 

modes



Growth in Passenger Transport 

Increasing private 

car ownership 

& 

Increasing SUV 

ownership



Passenger Car Ownership

Canadian Vehicle Use Survey Report 2009



What Drives the Growths?

Higher rate of 

increasing light 

truck (SUV) 

With lower rate of 

energy intensity gain 

for light trucks (SUV)



With increasing constraints in energy 

availability/source, increasing only 

fuel efficiency of motorized vehicles 

may not be enough

-Need to promote non-motorized 

modes and supporting land use



Travel Mode & Transport Energy Demands

Bohler-Baedeker and Huging 2012



Transportation Demand – Urban Density

Porter et al 2013

 Non-linear 

relationship



Passenger Car Ownership – Urban Density

Porter et al 2013

 Linear 

relationship



Urban Density – Energy Consumption 

Kenworthy and Laube 1999

 Non-linear 

relationship

 Urban density 

influences car 

ownership and 

thereby 

transport 

energy 

demands



 Managing demand for transportation (TDM: Travel 

Demand Management)

 Pricing: fuel cost, road pricing, tolls, etc.

 Land use and smart growth

 Encourage active modes (walk, bike, etc.)

 Promote public transport

 Sharing modes: ride sharing, car sharing, etc.

 Regulatory strategies

 Transportation System Management (TSM):

 Increase system efficiency: Intelligent Transport 

System

 Bottleneck relief, capacity expansion

 Multimodal freight transport

How to Manage Energy Demands?



Example Estimates



Understanding Transportation Energy 

Demands requires complete 

understanding of transportation 

system



System Perspective of Transportation

Control

Components

Purpose

Capacity

Transportation System

Performance

Feedback

Feedback

Impacts

Impacts

Hierarchy

Higher Order System

Higher Order System

Boundary

a group of  

interrelated 

components. 

form a 

complicated and 

unified whole.

intended to 

serve some 

purposes. 

through the 

performance of  

its interactive 

parts.



Transportation: Demand-Supply Perspective

Socio-

Economic

Activities

Demand 

For

Transportation 

Demand-

Supply

Interaction

Transportation 

Network

Transportation 

System 

Performance

(flow, speed,

safety, pollution, 

etc.)

-Benefit

-Externalities

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.



System Performance <> Feedback

Desired 

Demand for

Transportation:

D* 

Equilibrium

Demand:

D

Transportation

Supply: System

Performance 

Feedback

Feedback

Dynamics of  Demand-Supply Interaction: 

Observed demand is equilibrium demand.

Desired demand is always higher than the equilibrium demand.

Changes in system performance affects demand as well as system performance.

Truly dynamic and two-way interaction and feedback. 



Measuring Demand: Users’ Perspective

Demand 

for 

Transportation

System-wide

Perspective

Individual 

User’s Perspective

Aggregate

Approach

Disaggregate

Approach
Individual User’s Perspective: 

Understanding urban spatial and socio-economic context.

Understanding preferences or options.

Understanding choice making behaviour.

Evaluating elasticity of  demands. 

Traveller’s

Choices



“Demand” vs “Behavior”

Demand

– Aggregate

– Easy to 
measure

– Realizations of 
probable 
outcomes

Behavior/Choice

– Disaggregate

– Often abstract 
and difficult to 
measure

– Shaped by 
contexts



Necessity of Behavioral Models

Wadud et al, 2016



Necessity of Capturing Heterogeneity

Wadud et al, 2016



Measuring Transportation Behaviour

requires Complete Specification of 

Transportation Choices/Decision



Region
Based

Residents
Business/

Government

Work/school 

commuting

Shopping, 

social, leisure,

recreation 

Goods 

movement

Service 

provision

Business 

travel
Tourism

Travel 

Within the Region

Travel 

to/from the Region

Travel

through the Region

Who

Why

Where

Non-Region

Based

Residents
Business/

Government

Tourism
Goods 

movement

Service 

provision

Business 

travel

How Auto Bus Rail
Pedestrian/ 

bicycle
Truck Marine Air

Peak 

hours
Off Peak Weekday Weekend Fall WinterSpring SummerWhen



Trip-based Aggregate Model

Avg. number of trips

Avg. trip Distance

Proportion of trips by 

different Modes

Energy Intensity of 

each mode

Total energy demand
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At-home

Drop-off

Work

Pick-up

Time budget defining feasible activity space

ShoppingTime budget defining feasible activity space

Time budget defining feasible 

activity space

Home

Home

Time budget: modelling time frame defining feasible activity space

Activity-based Disaggregate Model



Transportation Energy Demand: Key 

Determinants

Avg. number of trips

Avg. trip Distance

Proportion of trips by 

different Modes

Energy Intensity of 

each mode

Total energy demand

 Home location

 Work location

 Activity 

locations

 Social network

 Car ownership

 Car type 

choices

 Choice of mode 

for different trips



Energy System Modelling for 

Energy Policy Analysis



 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



TIMES-Canada Model

Vaillancourt et al. 2014



TIMES-Canada Model

Vaillancourt et al. 2014



Energy Demand Modelling for 

Transportation Planning 



Modelling Transportation Energy Demands 

=

Modelling Transportation Demands

Aggregate Modelling 

Approach: Top-down 

approach

Disaggregate 

Modelling Approach: 

Bottom-up approach

Historical aggregate 

data 
Detailed sample data



Aggregate Model of Transportation 

Demands

Adapted from Whitehead et al 2015



Energy Policy & Transportation 

Demands: Aggregate Demand Modeling

Energy policy

Per-km driving 

cost

Vehicle-km 

Travel 

Demands

Vehicle type 

choice

Fuel efficiency

Emissions Fuel consumtion Other externalities

Lag 

Lag 

Lag 

Variables, X Variables, X

Variables, X

Adapted from Kim et al 2015



Integrated Transportation Demands: 

Bottom-Up Approaches

Acheampong and Silva, 2015

Land Use-Transportation 

Feedback Cycle:



Integrated Transportation Demands: 

Bottom-Up Approaches

Bhat and Waller 2008

CEMUS



Integrated Transportation Demands: 

Bottom-Up Approaches

Wagner and Wagner 2007

ILUMASS



Integrated Transportation Demands: 

Bottom-Up Approaches

Miller 2008

ILUTE



Integrated Transportation Demands: 

Bottom-Up Approaches

Miller 2009

ILUTE Application



Key Modelling Modules: Households 

Ghauche 2010



Key Modelling Modules: Firm/Industry

Ghauche 2010



Household Energy Demand: Integrated 

Model for In-home and Transportation 

Yu 2011



Energy System Model -vs-Transport Energy 

Demand Model

Transportation 

Demand 

Models

Rich in representing 

consumer behaviour

Poor in 

representing 

energy 

supply

Energy 

System 

Models

Rich in representing 

energy supply

Poor in 

representing 

consumer 

behaviour



Notable Effort: Consumer Choice IN TIMES 

(COCHIN-TIMES) at UC Davis

Ramea et al 2015



MA3T (Market Allocation of Advanced Automotive 

Tech) Consumer Choice Model in COCHIN-TIMES

Ramea et al 2015



Consumer Classifications in the MA3T (Market 

Allocation of Advanced Automotive Tech) Model

Ramea et al 2015



Vehicle Classifications in the MA3T (Market 

Allocation of Advanced Automotive Tech) Model

Ramea et al 2015



Vehicle Purchase Choice in the MA3T (Market 

Allocation of Advanced Automotive Tech) Model

Ramea et al 2015



Disutility Costs in the MA3T (Market Allocation of 

Advanced Automotive Tech) Model

Ramea et al 2015



MA3T Simulates 1458 US consumer segments 

Choosing from 40 Light Duty Vehicle Types



 TIME type models are for regional policy analysis

 COCHIN-TIME approach tries to induce consumer 

behaviour within such regional model

 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:

 Car ownership choice model: Discrete choice model 

of car type and number of car choices

 Choice model of consumer’s reaction to energy 

policies

Looking Forward



Questions ?


