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M Session 1. Review of Indicators, Data Gaps and

Data Collection
® Content

1. Overview of transport sector
2. Data requirements
3. Data collection overview

® Key Questions
1. What data are already collected and what else is needed?
2.  What are the main challenges to collect further data?
3. How can the necessary data be collected?
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... Global energy

B World transport energy use by mode, 1971-2011
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e Transport share of oil use

B Most energy consumption takes place in road — with a growing share
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B Transport energy use by region, 2000-2012
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B Transport energy grew by 28% in 2000-2012
M Largest transport energy consumption still occurs in the OECD
B The share of non-OECD is increasing very fast
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Passenger and freight transport by region
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B Transport activity grew in 2000-2011 (50% passenger and 54% freight)
B Growth in non-OECD faster than in OECD, both for passenger and freight
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B Transport MORE and FURTHER with a given fuel consumption
® 3 elements to consider:

1. Quantity transported
2. Distance travelled
3. Energy consumption

B Energy efficiency indicator =£nergy/Activity =FEnerqgy/
Quantity xDistance

® Q:Isit more energy efficient to use public transport instead of personal cars?

B Energy saving # Energy efficiency

® Improving energy efficiency is just one way of saving energy
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Sector Segment Mode/
vehicle types

o
-
-
o
-

By fuel type
Energy energy
Efficiency =
Indicator activity

P

Passenger- or tonne-kilometer (pkm or tkm):
= vkm * occupancy (or load)

= stocks * average mileage * occupancy (or load)

© OECD/IEA 2015
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® |EA collects global statistics on energy by mode & fuel type
¢ Usually, available through top-down approach (e.g supply data)

® |EA energy efficiency indicators collect energy consumption data
by segment, mode/vehicle type, fuel type
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] Activity pkm = vkm x occupancy = stocks x average mileage x average occupancy

® Vehicle stocks
¢ Generally available (e.g. ministries, statistical offices)
¢ Can be calculated from new registrations & scrappage
¢ Vehicle classification is not the same everywhere

® Average mileage & average occupancy (or average load)

¢ Household surveys, travel diaries, odometer readings, public transport
operators; less frequently available

¢ Often estimated
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TOP DOWN
[ Energy statistics (based on fuel sales) ] < Important!
[ energy use ]

Transport activity ] [ Transport structure ] [ Energy intensity data ]

vkm % of vkm Specific fuel efficiency
(energy / vkm)

BOTTOM UP

© OECD/IEA 2015
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B Matching bottom-up and top-down approaches

France
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Total (top down) —Total (bottom up)

Gasoline (top down) =Gasoline (bottom up)

Diesel (top down)  =——Diesel (bottom up)
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B Disaggregating modes (e.g. commercial vehicles)
® Very diverse: vehicle classification is not uniform across countries
® Fuel use of CVs highly depend on mission profile and load

© OECD/IEA 2015
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B Occupancy and load

® Difficult to measure; weighted average required

® Public passenger transport
¢ Occupancy rates vary by time, route types, along each route
¢ Differing nature of operators (public vs private)
¢ Need for surveys and legal obligations
¢ Estimations can be useful for the viability of public transport supply

® Freight transport
¢ Result from average load on laden trips & the share of empty running
¢ Load on laden trips differ along each journey
+ Depend highly on mission profile
* Need for surveys and legal obligations

© OECD/IEA 2015
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Administrative sources
Surveying
Measuring/metering
Modelling

IEA country practice database:

http://www.iea.org/eeindicatorsmanual/

Data collection mett

Data

Source

Methodology

Energy data

Total transport consumption

National energy balance
National energy statistics

Administrative sources

Modelling

Consumption by sub-sector

National energy balance
National energy statistics

Administrative sources

Mobility surveys
Modelling

Consumption by segment

Mobility surveys
Modelling

Consumption by vehicle type

Mobility surveys
Modelling

Activity data

GDP, population

National statistics offices

Administrative sources

Vehicle-km (vkm)

Vehicle registers/
Roadworthiness testing
services/

Inspecting organisations

Municipalities/Transport
authorities

National and international
databases
Transport ministries

Measurements: odometer
readings

Measurements: road traffic
count

Administrative sources

Mobility surveys
Modelling

Passenger-km (pkm)

National and international
databases
Transport ministries

Administrative sources

Mobility surveys

Tonne-km (tkm)

National and international
databases
Transport ministries

Administrative sources

Mobility surveys, freight
surveys

Vehicle stocks*

Statistics offices
Manufacturers

National and international
databases

Vehicle registers

Administrative sources

Administrative sources/
measurements

Fuel economy

Manufacturers

Administrative source
Modelling
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Table 3.1 # Pros und cons of using edministrotive doie sources

Pros

Cons

* Avoid cost of a new data collection
process

* Relativey quick availability

* |ncreased synergy between institutions

* Raise profile and interest of energy
efficiency among various services

* Boundary issues: potential mismatch
between definitions and target populations
of existing data and data needed

* Challenges in establishing and main -
taining communication with the source
organisction

* Potential costs [direct and indired, such as
purchase data, or establish agreements,
change data formets, etc.)

*Timeinvestment in search for data sources

The importance of harmonised definitions

© OECD/IEA 2015



International
Energy Agenc

iea " Surveying: collectin

Secure e Sustainable e Together

from a representative sample

Table 3.2 » Pros und cons of using surveying

Pros Cons
* Relativey cost-effective, given extensive * Potentially high absolute cost
information collected *Time consuming
* Ad hoc design of items collected based on | *Need for further estimation work
purpose (e.g. extrapolation between years)
* Representativen ess/statistical significance * Risk of incomplete responses, biases,
* Overall, comprehensive and good quality sampling errors
information * Requirement of staff training

A regulatory framework would enhance success

© OECD/IEA 2015
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7 cuBlc FEET .3
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Table 3.3 » Pros und cons of using measuring

Pros Cons
* Provides actual energy consumption ct *High cost of equipment
end-use or equipment level * Small sample of population and timeflack
*High accuracy of deta collected of representativeness
* Can shed light on actual behavioural * Possible malfunctioning of equipment
patterns ¢ Difficulties in finding volunteers
* Can be o key complement to other
methodologies

Generally costly / small sample

© OECD/IEA 2015



International
Energy Agency

iea

Secure e Sustainable ¢ Together

Modelling: producing output
based on assumptions

Table 3.4 = Pros und cons of using modelling

Pros Cons
* Cost-dfective * Relies on availability of input data
*Designed based on purpose * Depends on quality of input data
* Can consolidate data from multiple * Depends on assumptions made
sources * Transparency mcay be an issue

* Can provide estimates of variables that
cannot be measured

* Allows validation of boftom -up estimctes
against national energy statistics

Largely relies on quality of input data

© OECD/IEA 2015
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What data are already collected and what else is
needed?

What are the main challenges to collect further
data?

How can the necessary data be collected?



Secure e Sustainable e Together

International
° Energy Agency
1ea

Examples for discu

Example of Mexico

B 5 min questionnaire at fuel stations

B Sample size: 545 fuel stations 26265 vehicles
B 4 months from start to finish

W Costs: approx 60 000 €

. Vehicle . Driving Km/day
Vehicle Type Age Total Mileage time per day > estimated >
Vehicle Stated Estimated
Vehicle Type Model Passengers on average average
board occupancy occupancy
Vehicle Tvoe Vehicle Load on Stated isvtéT:t:d
yp Model board average load loa dg

© OECD/IEA 2015
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Example of Canada

Canadian T
M GPS data logger Iﬂé‘LE —
® Vehicle activity directly from the engine StUdy —
1
® (Qualitative questions through the touch screen Powering Informed Decisions
B Sample size: 20000 vehicles
B 21 days to complete
B Incentives: vehicle usage report & cash prize
Main screen of electronic logger device: How a question screen looks:

/v The question being asked.

Why did you stop at this place?

[TripTlme 45:50 Iding  17% ]

@ <¢——  Press here to enter new stop

__—¥ The possible answers to
select by touch.

Fuel cost $2.83 | “hens® ek —_ Pick up
P P and drop
cargo cargo off cargo Help button to
Disance232km | & [ 5o get more
OttoView Other reasons for sop information on
{kad unchanged) 4 the quest—ion
Help )

More information available at: http://www.iea.org/
eeindicatorsmanual/tme01 oho

© OECD/IEA 2015
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B Emission factors

® Either linked to vkm (e.g. regulated pollutant emissions) or fuel consumption (e.g. GHG),
either including upstream emissions (well-to-tank) or excluding them (tank-to-wheel)

B Transportation infrastructure

® Linking vehicle activity with the network extension is helpful to better understand
congestion issues and investment needs to avoid it

M Costs, prices and taxes
® Vehicle, infrastructure and fuel prices and taxes, revenues from ticket sales

® Information on the household expenditures for transportation, governmental and private
expenditures for transportation infrastructure and vehicles, governmental revenues from
road tax and fuel taxes, public and private expenditures for public transport services...

B Other data

® Safety- and noise-related, e.g. needed to estimate the social cost of transport (including
externalities)

® Related with material demand, e.g. to allow the assessment of life-cycle energy use and
emissions

© OECD/IEA 2015
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ieg Linking activity and

TOP DOWN

[ Energy statistics (based on fuel sales) ]

|

[ energy use and GHG emissions ]

[ Tanspon ey / \ Carbon intensity data

[ Transport structure ] [ Energy intensity data ]

BOTTOM UP

© OECD/IEA 2015
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B ASIF approach
® Activity of vehicle

® Structure of the organization of vehicle across services, modes, vehicle
classes and powertrain groups

® Intensity of each of the vehicles in this structure

= Fuel consumption

The calculation is based on Laspeyres identities

F=)ITEFI =AY iTE(ALl /A ))(FLi /ALi )=A)iTESLi [l =
F total Fuel use
A vehicle activity (expressed in vkm)
F; fuel used by vehicles with a given set of characteristics

(e.g. by service, mode, vehicle and powertrain)

A;/A =S; sectoral structure (same disaggregation level)

F./A;, =1 energy intensity, i.e. the average fuel consumption per vkm (same
disaggregation level)

© OECD/IEA 2015
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Linking activity, fuel use and G

A

A
Mt
7,,.',’.“. )

er

B Extended ASIF approach
® Extended to evaluate CO, emissions

This extension is suitable to the case of where several energy
carriers need to be considered

E=)ITEEL =A)ITE(ALL /A )(FIi /AL )Rl /Fli )(ELif /

E emissions

E; emissions due to the the vehicle i

E; fuel (energy carrier) jused in the vehicle i

EF. emission factor for the fuel (energy carrier) jused in the vehicle i

J/
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M Energy intensity = fuel use per vkm

B This is measured in different units around the world
® “fuel economy”(travel/consumption, e.g. MPG)
® “fuel consumption” (consumption/travel, e.g. L/100 km)

Fuel economy
units in the world

I L/ 100 km

B mpg and L/100 km
mpg

/L

M /100 km and km/L

© OECD/IEA 2015



International
Energy Agency

Secure e Sustainable e Together

B Linking fuel use and CO, emissions
® Carbon intensity varies by fuel type and over time

Substantial differences
B Tank-to-wheel (TTW)

emissions due to fuel
combustion

IPCC: biomass-based fuels
have zero TTW emissions
(to avoid double counting
with emissions from energy
transformation and
agriculture, forestry and
other land use

®m Well-to-wheel (WTW)

emissions due to fuel
combustion AND fuel
production

biomass-based fuels do not
have zero WTW emissions

300

250

200

150

100 g« 1

50 i .}.. w *° -

WTW GHG emissions (g CO,e,/km

-50

-100

-150

0 100 200 300 400 500

Total WTW energy (MJ/100 km)

Source: EC - Joint Research Centre-EUCAR-CONCAWE collaboration, Well-to-wheels Report, Version 4.a, 2014

= Conventional gasoline

o Conventional diesel
ALPG
CNG
CBG
® EtOHex SB
EtOH ex wheat
© EtOH ex cellulose
© EtOH ex sugar cane
* MTBE
*ETBE
® Biodiesel
® HVO
Syn-dieselex NG
= Syn-diesel ex coal
Syn-diesel ex wood
DME ex NG
O DME ex coal

DME ex wood

© OECD/IEA 2015
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B Disaggregating modes: the example of Commercial Vehicles

® The CV subsector is very diverse: vehicle classification is not uniform across countries

UN Regulations United States
Passenger transport (buses) Class 2: 2700 kg and less

M2 >8seats + driver, maximum mass <5t m ﬁ ﬁ
Q Q Minivan Cargo van Suv Pickup truck
M3~ >8seats+driver, maximum mass>5t
. " —
Class| with areas for standing passengers -E = ﬁ
Class Il principally seated passengers, standing possible el Boc ek Ciy delivery eaiy;Uhpicklp

Class 4: 6 301 kgto 7 200 kg
Class lll  seated passengers only

‘ L.,
Goods transport (trucks and trailers) Fopoel Box n City delivery
N TI'UCkS Class 5: 7 201 kg to 8 800 kg

N1 maximum mass < 3.5t ( .
Bucket truck Large walkin City delivery
N2 maximum mass >3.5tand <12t Class 6:8 801 kg to 12 000 kg

-

:

N3 maximum mass > 12 t s %
O Tra| I ers Beverage truck Single-axle School bus Rack truck
01 maximum mass <0.75 t m ‘ [-=s;esss,] 0‘“
02 maximum mass >0.75tand <3.5t Refuse Furniture City transit bus Truck tractor
:
03 maximum mass >3.5tand <10t & H m ‘
04 maXImum mass > 10 t Cement truck Truck tractor Dump truck Sleeper
Source: Consolidated Resolution on the Construction of Vehicles Source: US DoE, 2011.

® Fuel use of CVs highly depend on mission profile and load
® The proper balance of detail vs. data availability needs to be found

© OECD/IEA 2015
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Transport: data collection

Pretoria, 28-29 January 2015
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Four methods are mainly used to collect and deal with data
on transport activity and transport energy use

1. Administrative sources
2. Surveying

3. Measuring/metering
4. Modelling
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B Make use of existing information and data:
® National energy balances

® Transport activity statistics from public transport operators and government
agencies — e.g. railway operators

® Vehicle registration data (e.g. government or associations of vehicle manufacturers)

® Vehicle import/export data (e.g. from trade offices/border control services/private
sector vehicle trade associations)

® Vehicle characteristics (by size/fuel) from government organizations (e.g. US EPA or
EU EEA) and comparative studies issued by NGOs (e.g. ICCT, T&E)

® Activity patterns: mode share, travel, trip, fuel content, fuel consumption, travel
patterns from specific studies (e.g. mobility in cities, published by UITP)

B Great way to get comprehensive, often official data, however:
® Collection methodology (and data quality) sometimes unclear
® Comparisons between providers may be difficult

© OECD/IEA 2015
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Data collection via direct observation or questionnaires regarding
travel activities, energy use, etc.

Can be labour intensive, require large sample sizes, etc.

Tends to provide estimates, not hard data

Can provide very rich information, useful to understand variations,
correlations, and other aspects of the sample

Examples:
® National travel survey
® Household surveys, focus groups
® Survey of fleets, trucking companies
® Observational (e.g. roadside) surveys

© OECD/IEA 2015
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W | " MUESTRA DEL ESTUDIO DE TRANSPORTE 2010

Example of Mexico

5 min questionnaire at fuel stations

4 months from start to finish

[]
B Sample size: 545 fuel stations 26265 vehicles
[]
W Costs: approx 60 000 €

MILEAGE

Vehicle . Driving Km/day
Age Total Mileage time per day estimated

PASSENGERS

: Stated Estimated
. Vehicle
Vehicle Type Model Passengers on average average
board occupancy occupancy

TONS

, Estimated
. Vehicle Load on Stated
WENEE IS > Model > board > average load > avlcca)raa(ljge

Vehicle Type

© OECD/IEA 2015
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B Direct observation, usually of a physical phenomenon

B Can use existing metering systems or involve creating new ones
® Roadside car counters
® Vehicle fuel economy testing
® Car fuel economy computers (in use performance)
® Tailpipe emissions detection systems
® Speed detection systems
® Atmospheric concentration metering

B Typically reliable but often expensive
® Based on scientific and repeatable tests
® Sample size and data processing requirements will affect costs

© OECD/IEA 2015
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Example of Canada

Canadian T
M GPS data logger IGLE —
® Vehicle activity directly from the engine StUdy _
1
® (Qualitative questions through the touch screen Powering Informed Decisions
B Sample size: 20000 vehicles
B 21 days to complete
B Incentives: vehicle usage report & cash prize
Main screen of electronic logger device: How a question screen looks:

/v The question being asked.

Why did you stop at this place?

[Trianme 45:50 Iding  17% ]

@ <¢——  Press here to enter new stop

__—¥ The possible answers to
select by touch.

Fuel cost  $2.83 [ Shrongs ko Doop ol Pick up
and drop
cargo cargo off cargo Help button to
Disance232km | & [ 5o get more
OttoView Other reasons for sop information on
{kad unchanged) \_/ the question
Help )

More information available at: http://www.iea.org/
eeindicatorsmanual/tme01 oho

© OECD/IEA 2015
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CVS equipment for diesel vehides

Dilution tunnel

Emissions gas analyser
for diesel vehicles

Variable inertia
flywheel apparatus

Power absorption
(rolling resistance +
airflow resistance)

=, Emissions gas analyser
for gasoline vehicles

\G‘
S

S

Chassis dynomometer ‘
for gasoline vehides

© OECD/IEA 2015
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Example of fuel consumption and pollutant emission from cars

Japan J1CO8 mode . .
g0 : B Different test cycles in the US, Japan and Europe
= M . . .
e . ':'*g M M Aol exist (regulatory formulation to unify them
E 230' | 2:}'.{’ 4'00 'lﬁioc‘;\ };‘sog"1’£o ] under development in UN framework)

United States M B To make tested data comparable across
_ oycle . .
S0 . countries (and tests), conversion formulas have
%5’3 \M Wq., | i f to be used
- 20 | ”
$ 1l JL'“ .

04— o5 - 50505 ‘°£30,1d§°° B On-road fuel economy often higher than tested
ighw cle

Z100 R — fuel economy (approx. 15% - 30%) due to:
2 oo | VY, R . .
| ( " ‘.' ® Climate conditions
= 20 ’
i 200 400 600 800 ® Use of auxiliary aggregates

E oy

ur:‘::Eumpean driving cyde (NEDC) . Road COﬂdItIOﬂS
10 .. f
:;380 A ® Nature of driving cycles (e.g. not realistic)
2 a0 Nen | ® Vehicle preconditioning

0 200 400 600 800 1000 1200
Seconds
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What if data shows gaps?

B Statistical methods: interpolation, curve fitting etc.
B Use of correlations/elasticities

B Elimination of degrees of freedom and reality check, e.g. the least
certain parameter is adjusted to match certain data

Energy use | = | Vehicle stock ' * | Fuel consumption *[ Mileage ]

What if reality is too diverse?

B Modelling/simulation e.g. heavy duty vehicle fuel economy



International
Energy Agency

Jea  Modelling

Example of the Mobility Model historical database

The IEA Mobility Model comprises an historical database:
B Stock data

B Travel data (pkm)

B Mileage data (km/y)

® Fuel consumption data (L/100 km)

- Primarily based on the collection and comparison of published
information

- Bottom-up results on the energy consumption are checked against
historic fuel consumption by sector and fuel type (from import/
export/production balances: remember the example of France?)

—> Fitted adjusting the least reliable data
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The IEA Mobility Model
What is it?

B MoMo is a spreadsheet model of global transport

® Mainly focused on vehicles and energy use, but also covering emissions, safety, infrastructure
and materials use

® Analysis of a multiple set of scenarios and projections to 2050

® Based on hypotheses on GDP and population growth, vehicle fuel economy, fuel costs, travel
demand, and vehicle and fuel market shares

B World divided in 29 regions, including several specific countries

® USA, Canada, Mexico, Brazil, France, Germany, ltaly, United Kingdom, Japan, Korea, China,
India

B MoMo contains a large amount of information (data) on technology and fuel
pathways
® Full evaluation of life cycle greenhouse gas emissions
® Cost estimates for new light duty vehicles (LDV), fuels and fuel taxes
® Valuation of transport sector expenditures to 2050: vehicles, fuels and infrastructure
® Module on material requirements for LDV manufacturing

© OECD/IEA 2015
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MoMo: key modelling steps

GDP, hicl
population, vehicle
structure of Scrappase v
the transport T  activit New vehicle v
ransport activi . .
system Ny kmptkm vkm)y | registrations _| Energy N co,
pim, tem, | by age and by use emissions
and vehicle stock > powertrain 7Y 7y
| T . Energy Emission
colutant Fuel price Vehicle price consumption factors
° .u .an “I o by powertrain per km
emissions Emission factors

B Generation of transport activity (pkm, tkm, vkm) and vehicle stock

B Evaluation of new vehicle registrations by powertrain and
characterization of the vehicles by age

B Calculation of the energy use
B Estimation of CO, and pollutant emissions

© OECD/IEA 2015
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Who supports this work?

B MoMo is supported by a partnership comprising 16 institutions

M Six companies (BP, Honda, Nissan, Shell, Statoil and Toyota) have been
financing the project development since the end of the SMP

N HONDA

RENAULT NISSAN
-\
W
m TOYOTA

o

THE INTERNATIONAL COUNCIL
ON CLEAN TRANSPORTATION

/(t\ International
Transport Forum

ITDP

(1 :
‘ Institute for Transportation E Xo n M o b I I.

& Development Policy

© OECD/IEA 2015
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Modelling

Simulation of HDV fuel economy

B Hardware In the Loop System (HILS)

® Running the internal combustion engine on the test bench using the heavy duty
engine test cycle

® Calculate the engine operating conditions by performing a simulated run

T TTTTTTTTS. _ HV.model Verification (A.8.6.) HV model (example) Input parameters, e.qg.
: Input parameters for verification ! - Engine (Torque map)
--------- el ] - EM (Torque map, Electric-power consumption map)
— - — Defect check! i s
[Conflrmatlon of objects of examlnatlon] e £ - L___ e ) - REESS (Internal resistance, Open-circuit voltage)
THV & HV model (A.8.3.) <=~ THILS verification ==~ - -NC _] - - ) - Vehicle mass
—— vy - ngine T :
[ Confirmation of HEV model data ] ~~q-- Porform verification Tire radlus
— y.OK _____ in accordance with - Inertia
Investigation ) ! |guidelines of issi ici
Return to parameters for approval! |9 - Transmission efficiency
of causes [Pt iy Tmm—m—————— 7 |verification test :
__________ m method - Gear ratio
Cheek HILS by means

Check HILS
parameters

Use response coefficients
for engine* vehicle that are
for verification test

of reference ECU model
reference parameters
Reference HV
model (A.8.7.?)

v
[ HILS simulated running test ]

0K

of
accelerator PID
constant

N Adijt

. Host iqi: i
Driver model platform Digital signal Interface

— -
Acceleration processor

éharacteristic test of each

HEV component ~Check of & Brakin —

- Engine (torque characteristics, abflllty to aChI:'evIe Clutchg

- Electriomotor (orave. S e initial SOC Gear shit 3 — Power
d adjustment Supply

characteristics, efficiency map)
- Electric storage device (internal
{esistance, open voltage)

| Tomponent Test
rocedures (par. A.8.4.) fo £ sec
: Output test cycle Continue i z
Input parameters for approval speed and load Create test cycle 0 am 4w 0 0 10w 1m0 won 1600 100
[ putp il ] based on HILS for actual test cell run e_Xh_aUSt time sec sec
[T HV model (A.8.3.) simulated running emission test Reference vehicle speed

(Test cycle from Annex1.b.)

Source: UNECE, World Forum for the Harmonization of Vehicle Regulations, Working Party on Pollution and Energy, informal working group on Heavy Duty Hybrids (HDH)

© OECD/IEA 2015



International
Energy Agency

iea

Secure e Sustainable e Together
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= Session 2. Group C: Tral

¢ Sustainable e Together

M Session 2. Indicators accounting

® Content
1.  Monitoring impacts through indicators
2. Projecting energy demand
3. Assessing energy efficiency potentials

Key Questions

1.  What key indicators would need to be developed to track energy
efficiency in transport and assess potentials for savings?

. What are the main challenges to develop key indicators?
3. What data gaps should be addressed?

© OECD/IEA 2015
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in Transport .

B Why are energy efficiency indicators needed?

® Do we know how efficient our transport is?
® Where are the largest energy saving potentials?

® What strategies should we consider for future energy demand?
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== " Where to start? Se
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Figure 7.7 e Pyramid of transport indicators

Tofal transport energy consumption (absolute or as a
share of TFQ)

Share of each energy source in total transport energy
consumption mix
Transport oil consumption (absolute or as a share of
oil final consumption)

@ Share of each sub-sector in total transport energy
consumption
@ Share of each segment in total transport energy
consumption
@ For each sub-sector, share of each segment in
sub-sectoral energy consumption

For each segment, share of each sub-sector
. in segment energy consumption

B Usefulness vs. data requirement

OECD/IEA 2015
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G =+ South African
1€ 4
e level 1indic

70
B Other

B Services

Residential

® Transport

" Industry

N O N O
o O O O
o O O O ©
N N N N N

B Share of transport: 26% in 2012

2012

Other
3%

Services
7%
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B Road transport dominates
B 62% of national oil products used in road transport
B Level 3 indicators (by segment, by vehicle types) available?
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140 - 100% 2012
120 - 0%
| s0% OECD
100 - 70%
20 - 60%
- (o)
u ’ 50% I Freight
0 - 40%
M Passenger
- [0)
40 30% Non-OECD
- 20%
20
- 10%
0 - 0%
O & & @ F P K Q& O O DO
S’ O LK L Q) L L' L L &N N N
A7 DT AT AT AT AT D AT DT AT DT AT DT eeeeen Non-OECD share

Source: IEA energy balances and IEA Mobility Model

= Transport energy demand goes to passenger & freight services
= Very distinctive motivations, organizations and drivers
= Need to examine passenger and freight transport separately

© OECD/IEA 2015
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Figure 7.5 e Energy consumption by sub-sector and mode/vehicle type for passenger
and freight transport (for a total of 23 OECD countries, 2010)

Passenger

Buses
2%
Rail
0
1% Cars
88%

Motorcycles
1%

B Level 3 indicators available for South Africa?

Freight

Water Rail
Air 4% 2%
2%

© OECD/IEA 2015
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~ some other

Transport energy per GDP

71990

Russia OECD Brazil OECD South Africa Non-OECD OECD Asia OECD China India
Americas Oceania Europe

Transport energy per capita

71990
52001
52012

OECD OECD OECD Asia Russia OECD Brazil South Africa China Non-OECD India
Americas Oceania Europe
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1990 2012

Passenger
44%

Passenger
52% —

Source: Estimation by IEA Mobility Model

= Share of freight transport energy increased over recent decades
= Freight transport energy is important
= Different from global trends

= What would be the main driver?

OECD/IEA 2015



Secure e Sustainable e Together

International

Moving to segments: passen;

Figure 6.5 e Detailed indicators pyramid for passenger transport

Indicators

Level 2

Indicators by
transport mode

Level 3

Indicators by vehicle type
(e.g. cars vs. SUVs)

M Key indicator: energy per pkm

B Allows tracking impacts having to do with the overall passenger mobility

B Q: how to improve energy efficiency of passenger transport?

© OECD/IEA 2015
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Figure 6.6 e Example of level 1 indicator for selected countries: passenger transpor
energy consumption in passenger-kilometre

3.0

Megajoules per passenger kilometer

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

e===pustralia o] ustria «==Denmark «==France e==(3ermany
| taly ws|apan e Netherland w==New Iealand S Dain

B What could drive the differences among countries?

© OECD/IEA 2015
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OECD examples:

Figure 6.7 e Example of level 2 indicators for IEA15: energy consumption per

passenger-kilometre by transportation mode

Megajoules per passenger kilometre

m 1990 m 2010

Light-duty vehicles Buses Passenger trains Passenger airplanes

B Preferred mode matters in addition to fuel efficiency of

vehicles

© OECD/IEA 2015
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Passenger transpo

70

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

2012

OECD

M Aviation*
B Rail passenger

M Buses

B Passenger cars

Non-OECD

B 2-3 wheelers

Non-OECD share

Source: IEA energy balances and IEA
Mobility Model

* Includes international bunkers

= Most energy consumption (and growing) is for cars
e Non-OECD countries experience the most radical changes

e OECD: lower economic growth and close to car ownership saturation

© OECD/IEA 2015
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50000
45000
40000
3908 M Aviation*
£ 30000
g' 25000 ® Rail
% 20000 ™ Buses
15000 M Passenger cars
10000 M 2-3 wheelers
5000

0 Source: IEA energy balances and IEA
QO D A4 O X K O & @ O O N O Mobility Model

" N " T " O O O " T & N
,»Q ’1’0 ’1’0 ’\’Q ’\’Q ’1’0 ,»Q ’1’0 ,\/Q ’\’Q ’\’Q ,-1,0 ’\’0 * Aviation only allocated to

passenger transport activity

= When looking at activity, collective transport modes (higher
average loads) gain importance

e This is especially relevant in non-OECD countries

© OECD/IEA 2015
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3.5
3.0
e \Norld, all modes
2.5 o @» e» OECD, all modes
E20 man asan ev ev eo» o o — ® o o o Non-OECD, all modes
i - a» an - e a» e -
> — ) &3 wheelers
S 15 Z i i
= | ight duty vehicles
1.0 PO S ST 5000000000000 00000060000000S0 e Byses and minibuses
Source: IEA energy balances, IEA Mobility
Aviation* Model
O-o T T T T T T T T T

* Aviation includes international bunkers
and is only allocated to passenger
transport activity

Yes

= OECD has a worse performance (high share of personal vehicles, lower
load factors) but faster improvement

= Non-OECD improvement rate slower (shift to personal vehicles)
= Most energy intensive modes (aviation, cars) have fastest improvements

OECD/IEA 2015
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Grams COZ per Kilometer normalized to NEDC Test Cycle

~
....... st .”\k
., Soa
% ~, .
~ ., India2021:113 @ US 20251109
\\. 20z Canada 2025: 109
EU 2020: 95
80
60
=@ historical performance
40
=@= cnacted targets
20
sse@eee  proposed targets
0 or targets under study
2000 2005 2010 2015 2020 2025

[1] China’s target reflects gasoline vehicles only. The target may be higher after new energy vehicles are considered.
[2] US, Canada, and Mexico light-duty vehicles include light-commercial vehicles.
[3] Supporting data can be found at: http://www.theicct.org/info-tools/global-passenger-vehicle-standards

B The evolution of the specific fuel consumption of vehicles influences the way energy demand
develop with respect to transport activity

B Light passenger vehicles experienced some improvement in recent years

OECD/IEA 2015
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Figure 1. Average new passenger LDV tested fuel economy by country/region,

1990-2011

= 260
¥4
\h‘ N
S 240 —— Australia
K= — United States
3 — Korea

- Official —
g 220 e Canada
U -
o — European Union
S 200 | — Japan
é ----- Chile
5 180+ < T~_. 2 ResmgpeeeteeeA e ™| e Russia
g2 | S e China
a2 end TS Mexico
< 160
g GFEl _| - Ukraine
c analysis South Africa
© 1404 e == | ASEAN
g Latin America
< 120 T T T T T I T T T T T S Tur|.<ey

1990 1995 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 [ ==-- India

Source: Technology Roadmap: Fuel Economy of Road Vehicles (IEA, 2012)
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25.0

Yes
200 = The OECD vs. Non-OECD
£ T st gap is narrower than in
= 100 e passenger transport
50 Navigation® (due to the weight of
0.0 ————————————— navigation)
FEEFE T F SIS = LCVs much less efficient
30 than other modes, but
* important in cities
2 ™™ w Road much less efficient
S o 50 o than rail and shipping
1.0 rucks
Rail freight
05 T aaa Navigation” Sources: IEA energy balances, IEA Mobility
o Frm———————— Model, UNCTAD Review of Maritime Transport,
R I I Ui oI o ransport Jroheve

* Navigation allocated only to freight transport,
itncludes international bunkers
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rmalized to NEDC Test Cycle

Grams CO, per Kilometer no
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Energy Agency

280

260 ¢

240

220

200 \. e
~

Are cars becoming

\..‘\
180 Sa IR Mexico 2016: 169
kY
S~ao
L e T L G S
..... Se
S. Korea 2015: 153 e, China 2020: 117
140 . S/
Stneseneg o, P ~a
120 ORI ./ ~e
... Se.
(S ° ~ .
~ India 2021: 113 @ US 2025(:109
~
100 ~o :
20
80
60
40 =—@== historica | performance
- acted target:
20
@ proposed t. t
o targets under study Source: ICCT
2000 2005 2010 2015 2020 2025

[1] China’s target reflects gasoline vehicles onl he target may be higher

|:| Policy in Progress
[[] Ongoing / Planned GFEI Support !

after new energy vehicles are considered.
s.

= Almost 80% of the global passenger

car market is already regulated
Regulated regions show remarkable
progress, close to 3% improvement
per year since 2005

Non-regulated markets lack behind,
mainly because of a shift towards
larger & more powerful cars)
Global average fuel economy
improved 1.8% annually since 2005
Recent trend: widening gap
between tested and real on-road
fuel economy (need to monitor test
procedures)

© OECD/IEA 2015



Secure e Sustainable e Together

International

iMoving to segments: freight inc

Figure 6.14 e Detailed indicators pyramid for freight transport

Level 1

Sectoral
Indicator

Level 2

Indicators by
transport mode

Level 3

Indicators by vehicle type
(e.g. LDV vs. HDV)

M Key indicator: energy per tkm

B Allows tracking the impacts having to do with the whole supply chain
B Asin the case of passenger transport, parameters can differ for specific needs
(e.g. fuel economy of heavy duty trucks)

© OECD/IEA 2015
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Examples: J:

1.1

0.9

MI/$

0.8

0.7

0.6

Transport energy consumption
per GDP

—Japan

—Germany

100%

80%

60%

40%

20%

0%

Germany

B Domestic
navigation

w Rail

m Domestic
aviation

m Road

At high level: comparable features

© OECD/IEA 2015
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Road freight transport:
0.4 1 _energy consumption per GDP

L
(@)}

0.35

» —Japan W Germany

S~
S 03 —Germany

|
wu

W Japan

0.25

1

2000 2005 2010

4
02 T T T T T T T 1 3
2

100%
f o
80% { |
*‘ W Heavy trucks 0 -

60% ; k Energy cons / tkm Average load
SEESEEEE (M]/tkm) (tonne/vehicle)

40%

O Light commercial

C,
20% vehicles

0% l
Germany Japan

At detailed level: intensities and structures are very different
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‘2 Projecting future trans

B Transport sector evolves over time
® Especially important for emerging economies

B Needs to be proactive

B Projection is a key step for transport planning and
target setting
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ez Drivers of demand for transport

Transport activity (vkm, pkm, tkm) and vehicle stock are largely
determined by:

B Relationships linking GDP and population with transport
activity and modal choice

® GDP per capita is linked personal vehicle ownership and modal
choice

® Economic output (GDP) with tonnes lifted

B Effects of changes in the cost of driving and moving goods

® Elasticities of pkm, tkm, average travel and average loads also affect
transport activity and modal choice
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Transport activity (vkm, pkm, tkm) and vehicle stock are
largely determined by:

B Structural changes in the transport system
® Passenger: related with the role of public transport

® Freight: related with economic and trade structures, impacting
on the average haul length and modal choice

B Transport demand and modal choices are also
modulated under the travel time budget (TTB)
constraint
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Shares of pkm on different modes across the world

B Passenger cars dominate in high income countries
® Fuel taxation, population density, urban environments

Drivers of demand fo

® Lower income countries see much larger importance of two wheelers and

collective transport modes

40% -

20% oo

0%

. M Passenger cars

N —

OECD
Japan
America
Union
United
States

Latin

European

W Air

M Rail

W Buses

M Mini-buses
Passenger light
trucks
3-and 4-wheelers

M 2-wheelers

Notes: Shares are based on estimated total passenger-kilometres, nationally and regionally, for each mode. ASEAN is Association of Southeast Asian

Nations.
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Large freight

Freight transport activity and GDP

B Transport activity (tkm) proportional
to GDP (figure) il

Tkm = load (also proportional to GDP) * | o

Australia

vkm (constant by distance class) pp— — o

— Germany

m— Sweden

— taly

iR
i\

w—— France

Norway
UK

Tonne-km / capita

Tonnes lifted by mode are subject to
structural changes, driven by: o7 e 6 e @ @ %% % Sfurde: TEA, 2004

GDP per capita (thousand USS / capita)

o

The trade-related nature of the economy
the origin/destination of goods
the type of goods transported

the modal competitiveness

B Tkm and loads are also subject to the influence of the cost of moving goods
(through elasticities)

© OECD/IEA 2015
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Drivers of demand for trar

Motorized personal vehicles for passenger transport

1000 -

Vehicles per 1000 people

2

g

S

3

Structural effect

ooooooooooooooo
.

ooooooooooooooooo
.

......uo
.
.
.t
.
.
at
.
.

Cost (USD/km)
influences the
evolution of vehicle

> +\,..' i .
. &‘ mileage
10 20 30 40 50 60 70 80

GDP per capita (thousand USD 2000 PPP)

Sources: elaboration of national and international databases, building on the information referenced in UNECE, 2012
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Public passenger transport

Drivers of demand fo

Modal share of personal vehicles in total personal and public transport

£ 100
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40 o p Osaka Munich
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'D ot uup T 00e L iuieeessesccecsessseeesssseeviTsIIVVYY
Oljgé.: (:Zg *Warsaw Proguc.a .......................
g eesc"®
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I}..!;tm fgucngzhcu Selon
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. Mun:bcu . | .
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Source: elaboration of UITP, quoted by IEA, 2008
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Air passenger transport

high-speed pkm share in total pkm

1.0
Marth America

0.9 Pacific OECD

VVestern Europe

0.8 Eastermn Euroce

Former Soviet Unicon

0.7
0.6

Latin America

= Cenfrally Planned Asia
= M. East, Nth&Sth Africa

0.5 Other Pacific Asia 'l
e Sub-Saharan Africa )

0.4 — South Asiz b

B
0.3 - == Average F"

S p
0.2 =
'I

0.1

-
0.0 1

100 1000 10000 25000

pkm per capita

Source: elaboration of Schafer, 2005
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Travel time budget (TTB)

B Average travel time constant across a wide range of average
incomes

B Time dedicated to travel unchanged for a wide range of daily
working hours

5.0
African Villages in: City Surveys: National Travel Surveys:
| Tanzania, 1986 1 Tianjin (China), 1993 19 Paris (France), 1983 A Belgium, 1965/66
45 - IlGhana, 1988 2 Kazanlik (Bulgaria), 1965/68 20 Paris (France), 1991 B Austria, 1983
3 Lima-Callao (Peru), 1965/65 21 Sendai (Japan), 1972 C Great Britain, 1985/86 R
4 Pskov (Former USSR), 1965/66 22 Sapporo (Japan), 1972 D Gemany, 1976 o
40 -+ 5 Maribor (Former Yugoslavia), 1965/66 23 Kanazawa (Japan), 1974 E Netherlands, 1979 8
. 6 Kragujevac (F. Yugoslavia), 1965/66 24 Kagoshima (Japan), 1974 F Great Britain, 1989/91 =
7 Torun (Poland), 1965/68 25 Kumamoto (Japan), 1973 G Finland, 1986 <
8 Gyoer (Hungary), 1965/66 26 Hamamatsu (Japan), 1975 H Netherlands, 1987 [}
g 35 -+ 9 Olomouc (Former CSFR), 1965/65 27 Fukui (Japan), 1977 | France, 1984 o
© 10 Hoyerswerde (Former GDR), 1965/66 28 Niigata (Japan), 1978 J Germany, 1982 =
Qo 11 Sao Paulo (Brazil), 1987 29 Hiroshima (Japan), 1978 K Netherlands, 1989 B
< 30 4+ 12 Sao Paulo (Braail), 1977 30 Osaka (Japan), 1980 L USA, 1990 |5}
= Y 13 Warsaw (Poland), 1993 31 Tokyo (Japan), 1980 M Germany, 1989 <
[ 14 6 Cities (France), 1965/66 32 Osaka (Japan), 1985 N Switzerfand, 1984 P~
] 15 Osnabruck (Germany), 1965/66 33 Tokyo (Japan), 1985 O Switzerland, 1989 .9,
a8 25 + 16 44 Cities (USA), 1965/66 34 Cities No. 21-29 in 1987 P Australia, 1986 ©
® 17 Jackson (USA), 1965/66 35 Tokyo (Japan), 1990 Q Singapore, 1991 £
£ 18 Paris (France), 1976 36 Osaka (Japan), 1990 R Norway, 1985 ]
Z 20 4+ S Norway, 1992 hal
5 T Japan, 1987 B
[ <
© 2 3 4 20 3
= 15 © 9o Q13 ® ) 16 o 5
T, D2 31 17 PR35 o [}
o0 hH % 22, o Bé oK PoRpn s, © L o
10 =1 1 0 oot 25 2 O S T0 00 [¢) [}
9 10 A®1 5005 Oy E F M 36 £
B Cl =
6 27 34 =
05 —+ a
Personal care (o)
0.0 | } } | 0 T T T T T T
0 5000 10000 15000 20000 3.0 3.5 40 45 2.0 . i 6.5
GDP/cap, US$(1985) Daily Working Time, h/cap/d

Source: Schafer, 2005
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0 - 100% 2012
- 90%
60
- 80% OECD
50 - 70%
B Pipelines
40 - 60%
n . L
) L 509 Navigation
30 - 40% M Rail freight
- 9 B Trucks
20 30% Non-OECD
- 20% B CVs
10
- 10%
0 - 0%
> & O O O & @ O O N N
r\,g@ /‘,QQ /»QQ /»QQ %Q& %QQ %00 11,00 ,-\,QQ %QQ /»Q\' /»QN ,»QN 000000 Non_o ECD Share

Source: IEA energy balances and IEA
Mobility Model

* Includes international bunkers

= Road takes the lion’s share also for freight
e Trucking experiences the fastest growth
e LCVs (energy intensive) have larger growth potential in non-OECD
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180000

Freight transport

160000

140000

120000
100000

B Navigation*

80000

™ Rail

billion tkm

60000
40000
20000

0

S
S
DA

M Trucks

W LCVs

,\’), Source: IEA Mobility Model,
Q UNCTAD Review of Maritime Transport,

fl,
UIC rail transport database

b O > O A DO O
LT LIPS PSS
S DS S S

* Navigation allocated only to freight transport

= When looking at activity
e shipping outweights all other modes

e rail becomes comparable to road, but only highly used in a few
countries: United States (26%), China (26%), Russia (20%), India (6%)
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IEA bottom-up energy estimation

New registrations by fuel type

Average vehicle scrappage age
Assumed a gap with OECD regions

Vehicle stock
Average vehicle mileage

Assumed based on considerations
on road conditions (lower speed)

and constant usage time

Vehicle-km

Data on fuel economy of new registrations

Focus on South Africa, ro:

Energy use (Mtoe)

16

14

12

10

0

MoMo Total

ESD Total

ESD Gasoline

MoMo Diesel

ESD Diesel

Assumptions from technical considerations (slightly worse-then©@ECDs 1A Mobility Model
improvement delayed by 5 to 10 years) for most modes but road (GFEI data)

Energy use in |[EA balance

© OECD/IEA 2015
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Passenger Light Duty Vehicles - New registrations

L 3000 ——|EA estimate
Focus on South Africa, road ,g - s
2500
A EIU
Bottom-up energy estimation: issues 2000 X Global Insight
. o . ACMA
e New vehicle registrations by fuel type 1500 ﬁf -
* Data available from NAAMSA, OICA, ™ ﬁﬁ o
.o . 500 — Stock variation
specific companies (e.g. quch),  amsodionte o
consultants (e.g. Global Insight, SRI), o0 193 199 2000 2010 & Bosch
re.Sea.rCh papers (e'g' UnlverSIty Of Passenger Light Duty Vehicles - Stock
Michigan), IRF 300 —— IEA estimate
° Veh|C|e StOCk 20 B Ministry (cars, jeeps,
. . « . . 20.0 taxis)
e Stock variation from ministerial data A UNFCCC cars,jeeps,
has same magnitude of new o0 B
registrations from available sources  ™° tors)
L . . 50 + Indian Oil
* Ministerial data on stock consistent
. . . . 0.0 --—A T T = Princeton
with assumption mentioned earlier 1970 1990 2010

. P assen ge r- k m ’ tO nne- k m Sources: IEA Mobility Model (using several published data)

Assumptions needed on average vehicle load by mode
Results roughly consistent with data from Indian planning commission

© OECD/IEA 2015
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® Energy use = Activity x Structure x Intensity

! 11

® Energy saving = Avoid or Shift or Improve

B Improving efficiency is not the only option!
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¥ Avoid-shift-improve: an

16 S ——
6DS 1
7 O 4DS. [16DS
LD reeeueeeeeeeeeesuee et ee et bRt R RS R kR R kRt kRSt Efficient Vehicles
S 10 - M Low Carbon Fuels
9
u -
3 . m Shift
6 m Avoid
4 .
D e eeeeeeieeeieeeieeesessesessesessesessessesessesesesessesesseiesiesessessssessssessesesssseseiessesessessssessssessssesssieisiesssiesseiesseissieisssesssieissiesisiesesesieiesiesessiiesieiesieiisiesiiiesiiesisiesiiieseesetinasns
0 I T T T T T T T T T 1
2000 2005 2011 2015 2020 2025 2030 2035 2040 2045 2050

Source: |IEA ETP 2014

m Examples of IEA scenarios to low(er)-carbon transport
e Avoid unnecessary travel
e Shift to more efficient modes
e Improve the energy efficiency of each mode (fuel efficiency + load factor)

OECD/IEA 2015
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Je2 Discussion topics

1. What key indicators would need to be developed to
track energy efficiency in transport and assess
potentials for savings?

2. What are the main challenges to develop key
indicators?

3. What data gaps should be addressed?

ooooooooooooo
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- Transport: Energy Efficiency Target Setting

6

Pretoria, 28-29 January 2015

shop 2 of 3
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M Session 3. Energy Efficiency Target Setting
® Content

1. Understanding context

2. Transport policies: avoid-shift-improve approach
3. Conclusion

® Key Questions

1.  What are your policy priorities in transport? (energy saving,
climate change mitigation, access to mobility, safety, etc.)

2. In what area would there be the largest potential to achieve your
priorities and what would be the most effective policy options
(avoid/shift/improve)?

3. How can indicators be used in setting targets and monitoring
progress?
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Why are transport policies needed?

* To reduce increasing energy demand
* To attenuate negative impacts

= Damage to the environment
= Health related issues (local pollutants / noise)
= |njuries / fatalities
= Economic loss (congestion / fuel / time / accidents)
- To (try to) provide equal access to mobility
= Basic principle individuals should be able to move freely
= Social equity
= Access to employment and services
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Three policy levers

AVOID/REDUCE SHIFT IMPROVE

Improve the energy

- Shift to more
Reduce or avoid travel efficiency of transport

environmentally

or the need to travel friendly modes

modes and vehicle

technology
« Integration of transport + Transport Demand « Low-friction lubricants
and land-use planning Management « Optimal tire pressure
« Smart logistics + Mode shift to Non- + Low Rolling Resistance Tires
concepts Motorized Transport « Speed limits Eco-Driving
. ... + Mode shift to Public (Raising Awareness)
Transport « Shift to alternative fuels

Source: GTZ

© OECD/IEA 2015
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Understanding drivers of demand

* Two key parameters driving transport demand

= Travel Time Budget (TTB ): how much time do you have/are
you will to spend travelling each day?

" Impacts: Distance to destination (land use planning), access
(transport service provision/choice), information (ITS)

= Travel Money Budget (TMB): how much money can you/are
you willing to spend on transport?

= Considerations: affordability (service provision), social/cultural
preferences (policy environment), pricing (policy tools)

Rebound effects: demand increases as budget grows
(or is substituted)
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Understanding context

How do policy and planning impact travel decisions?

Sprawled cities Congested cities

Developing cities

ah mﬂm&m _LH m

@%

Urban density
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Transport energy use

A. Avoid

* Land use, urban design, teleworking

B. Shift

* Low carbon transport modes

C. Improve

* Efficient vehicles, technology
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Avoid — land use planning

Land use shapes transport, which in turn shapes land use

Photo source: Flickr

The most energy efficient trip is the trip not performed.

© OECD/IEA 2015
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Avoid — land use and urban design

« A 10% increase in urban density reduces per capita travel
vehicle kilometer by 1% - 3%

Transport-related energy consumption
Gigajoules per capita per year

804
- Compact development policy:
701 © Phoenix
Detroit Urban density and
. | N transport-related
Population near employment | o shatgy sonsumplen
. . . Boston
Access and proximity to transit SO gra N
. New York
Mixed-use development o
. . . . . Toronto
Pedestrian, bicycle, transit-friendly design | ¢ %z... North Ameican ces
307 @ Melboune ® Australian cities
Syd:::\bur ® European cities
- lStOCkF?gEkfun @ Asian cities
Paris ﬂl.//oz%‘ig;.e;s
London —@,— ”2:’ b
10‘Copenha.gen ® ./\\//Vie"tng ';liTokyo
Amsterdam o
Singapore Hong Ko\ng
5 ' ' ‘ ] __® Moscow . | ’ 5
0 25 500 75 1000 125 150 200 250 300

Urban density
Inhabitants per hectare
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Avoid — land use and urban design

Example: Curitiba, Brazil — proboner
i Merarrr Merwern

 Innovative land use e -
lanning with integrated - |
p ZR1 e 3 b | 2

with transport planning “

(Traffic flow 60 kmvh) on the Axs red Lanes on the Axs (Trafhc flow 60 km)
“ v
* Result N
Trinary Road System
M (0] d a I S h are Figure 3.7 The Trinary Road System in Curitiba
Source: Author compilation (Hinako Maruyama) based on IPPUC (2009a), Hattori (2004), and pictures supplied by IPPUC. S ource: ES M A P

Note: km/h = kilometers per hour.

Source: IPPUC, 2009

Bicycle
5%
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Avoid — parking policies

Figure 5.25 Cycle of automobile dependency

¢ Ca rs a re p a r ke d m O re Increased vehicle ownership

Automobile-oriented

transport planning

than 90% of the time

Dispersed development
pattern

« 2-3 spaces per vehicle

Reduced travel
. options
Generous parking Cycle of automobile dependency

 Estimate more than 90%  =w»

parking is free (US)

Alternative modes
Automobile-oriented stigmatised

land-use planning

Suburbanisation and degraded cities

Source: Adapted from Litman (2008b).
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Avoid — teleworking (remote commuting)

One-day telework per week can reduce (in principle)

commuting related vehicle travel by as much as 20%.

Local regulations should not inhibit teleworking.

* Marginal cost of vehicle travel is high to justify telework.

Enabling telecommunication infrastructure.
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Avoid (+ Shift + Improve) — road pricing

« Stockholm congestion charge
* Trial 15t Jan — 31 July 2006

* Charge differed by time-of-day (€1.10, €1.60, €2.20) and
levied on inward and outward journeys

* Many exemptions (ecovehicles, taxis, public transport)

" Increase in public transport services (7%) 4 months before
start

= Attitudes changed during trial

* London congestion charge Feb 2003-present
= Congestion down 25% from pre-charge
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Transport energy use

A. Avoid

* Land use, urban design, teleworking

B. Shift

*  Low carbon transport modes

C. Improve

* Efficient vehicles, technology



Shift transport energy use

- Aim is to use the most energy efficient mode

- Optimal mode depends on trip distance / location
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Shift transport energy use

P GHG efficiency of different modes, freight and passenger, 2005

Shipping -. Rail | N
- Bus |
Freight rail I. —|
= 2-wheelers (| ]
Road freight n
R I pengers Love I —
Air | Air In
T T T T T T T
| 10 100 1000 0 50 100 150 200 250 300 350
GHG intensity (gCO, eq/tkm, log scale) GHG intensity (gCO, eq/pkm)

Note: The clear line indicates world average, the bar representing MoMo regions’ discrepancy.

Sources: |IEA Mobility Model database; Buhaug (2008).
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B Energy efficiency of different modes of transport, 2010

Rail | Shipping |
Bus | |
_ Freight rail ||
2Ws | i
} Road freight
PLDVs | 3 Ireig | I
Air | Air |
| | |
0 1 2 3 0 5 10 15 20
MJ/pkm B World average MJ/tkm

B Air and light road passenger modes are more energy-intensive than collective
passenger transport modes

M Air and light road freight modes are also more energy intensive than large road
vehicles, rail and shipping

© OECD/IEA 2015
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Overview of mass transit options

Capacity (Passengers per | 10,000 to 20,000 | 10,000 to 20,000 12,000 to 45,000

line in one hour) (Sometimes going up (Sometimes going up
to 40,000 Bogota BRT) to 80,000 Hong Kong

Metro)

Costs (Million USD per | 5to 27 13 to 40 27 to 330

km of length)**

Existing  Networks in | 2,139 15,000 10,000

2011 (km) **

CO, perpassenger (gCO,/ | 14 to 22 4 to 22 3 to 21

pkm) * %

Typical Fuel Diesel Electricity Electricity

Source: ** Data from IEA, 2012 Energy Technology Perspectives 2012, rest from Newman and Salter, 2011

© OECD/IEA 2015
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Shift — bus rapid transit (BRT)

- Bogota’s BRT a reference:
100+ systems in world today
(cities in Columbia, Ecuador,
China, India, Brazil....)

- Significant CO, reduction -
25% - 39% (IEA estimate).

Bus Rapid Transit
Planning Guide

June 2007

- Advantages: improved fuel
efficiency, higher speeds and
less stop-and-go traffic on
dedicated routes

More on BRT planning and development:

https://qo.itdp.org/display/public/live/Bus+Rapid+Transit
+Planning+Guide

© OECD/IEA 2015
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Shift — rail

Rail carries 9% of global
transport activity — but only
accounts for 3% of
transport energy/emissions

Rail efficiency per pkm
shrank 30% between 2000
and 2010 — and can improve
more in the future

HSR is excellent alternative
to short flights — but only a
handful of countries are
planning new HSR lines

’ RATLWAY
HANDBOOK
' 2013

4 ' ENERGY

~ 4 . CONSUMPTION
[~ AND
\ ) CO, EMISSIONS
FOCUS ON ENERGY MIX
ot u c/

Check out the new UIC/IEA Rail handbook:

http://www.uic.org/spip.php?article3193

© OECD/IEA 2015
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- Limitation: requires users to be
within convenient distance

 Participation in car sharing on
average reduces car travel by
3 000 km/year

*  More formal programmes, like
Paris Autolib’ entering market.
Risk is attracting non-drivers to
programme.

© OECD/IEA 2015
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Shift — non-motorised transport (NMT)
Cycling:

* Infrastructure provisions: lanes, parking,
traffic signals

* Funding / cycling mode relationship:
= Amsterdam: USS 39/resident, Cycling 35%,
= USA: USS 1.5/resident, Cycling 1%.

* Bicycle “sharing” (rental) services
* Viable alternative for short trips

* Best promoted for densely populated city
centers

OECD/IEA 2015
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Shift — non-motorised transport (NMT)

Walking:
* Pedestrian infrastructure, amenities
and services are often neglected.

- Pedestrian friendly policies:
=Safe sidewalks
=Well marked, respected crossings
=Car-free zones
=Traffic calming measures

- Walkability Index: modal conflict,
security from crime, crossing safety,
motorist behavior, benches and street
lighting, etc.
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Transport Energy Use

A. Avoid

* Land use, urban design, teleworking

B. Shift

* Low carbon transport modes

C. Improve

* Efficient vehicles, technology
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Improve transport energy use

- Technology efficiency policy

= Standards
= Alternative technology

Biodiesel Electricity Ethanol Hydrogen Natural Gas Propane

d:)
4

= Components

Technology leapfrogging

- Behavioural policy

= Promotion & awareness
* Incentives for cleaner vehicles

© OECD/IEA 2015



Improve — IEA recommendations

5.1 Fuel-efficient tyres

= Labelling on tyre rolling resistance
" Tyre pressure monitoring systems (TPMS)

5.2 Fuel efficiency standards for light-duty vehicles
5.3 Fuel efficiency standards for heavy-duty vehicles

5.4 Eco-driving

= Driver training
= |In-car feedback instruments

ooooooooooooo
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Overview of Regulation Specifications

US.(include
California) (enacted)

US. (enacted)

Canada (enacted)

EU (enacted)
EU (proposed)

Japan (enacted)
Japan (enacted)

China (enacted)
China (under study)

South Korea
(enacted)

Mexico (enacted)

Brazil (enacted)

India (proposed)

2016

2025

2016

2015
2020

2015
2020

2015
2020

2015

2016

2017

2016
2021

Fuel
economy/
GHG

Fuel
economy/
GHG

GHG

Fuel
economy

Fuel
economy/
GHG

Fuel
economy/
GHG

Fuel

34.1 mpg* or 250
gCO,/mi

49.1 mpg** or 165
gCO,/mi

153 (157)*** gCO/
km

130 gCO,/km
95 gCO,/km

16.8 km/L
203 km/L

6.9 L/100km
5L/100km

17 km/L or 140 gCO /
km

35.1 mpg or 157 g/
km

1.82 MJ/km

130 g/km
113 g/km

Size-based corporate

Sizewbased
corporate avg.

Size-based corporate
avg.

Weight.-based
corporate average

Weight-class based
corporate average

eight-class based
per vehicle and
corporate average

Weight-based
corporate average

Size-based corporate
avg.

Weight-based
corporate average

Weight-based
corporate average

Cars/Light
trucks

Cars/Light
trucks

Cars/Light
trucks

Cars/SUVs

Cars/SUVs

Cars/SUVs

Cars/Light
trucks

Cars/SUVs

us.
combined

us.
combined

us.
combined

NEDC

Jcos

NEDC

us.
combined

us.
combined

us.
combined

NEDC

FIGURE 9 HDV Global Regulatory Landscape
(Items in blue are ICCT expectations (not public announcements))

Fuel economy Phase 1 regulation implemented starting MY 2015

Standard Final rule Regulation implemented starting MY 2014

proposal (mandatory DOT program starts MY 2016)
GHG/ Fuel Phase 2
efficiency imple-

Phase 2 menta-
tion
- Test Industry 's't‘:"“d’:'r"d National
N procedure  standard : standard Regulation implemented starting MY 2015
CEmmim e e adopted
mented

CO2 test Impact assessment/

Technical studies Policy implementation

procedure Test procedure finalized
GHG Final rule Regulation implemented starting MY 2014 Phase 2
proposal g P~ 9
Impact Test
g Technical studies assess  procedure {0 ITPlementation
ment finalized
Phase 2
el Proposal Regulation implemented starting MY 2016 R
efficiency menta-
tion
End-user Requirements for new Additional regs. for existing tractors and trailers Additional regs. for existing trailers and reefers
requirements tractors, trailres (2011+) (<MY 2010) (<MY 2010)

Source: GFEI (2014)
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Global Fuel Economy Initiative

TARGETS

2008

2011

OECD average

average fuel economy
(Lge/100km)

7.0

annual improvement rate
(% per year)

-2.2% |

-2.7%

-2.4%

Non-OECD
average

average fuel economy
(Lge/100km)

7.5 7.6

7.5

annual improvement rate
(% per year)

0.4% |

-0.6%

-0.1%

Global average

average fuel economy
(Lge/100km)

8.0 7.6

7.2

annual improvement rate
(% per year)

-1.7% |

-1.8%

GFEIl target

average fuel economy
(Lge/100km)

-1.8%
< 8.0 >

annual improvement rate
(% per year)

-2.7%

2012 base year

-3.0%

THE GFEI FUEL ECONOMY TARGETS

From 2005 baseline: ®
reduction in L/100km by 2020 in
30% all new cars in OECD countries
[ ]

- ==

\ 4

by 2030 in all new cars globally

by 2050 in all cars globally

GFEl

@D riA Foundation iCCt

et 7 International (@)
iea 't Transport Forum 55_2}
UNEP

’rs UCDAVIS
INSTITUTE or TRANSPORTATION STUDIES

2030: new light vehicle fuel consumption/km

50% better than in 2005

2050: stock-average light vehicle fuel
consumption/km 50% better than in 2005

© OECD/IEA 2015



Improve — other policy measures

* Fuel switching
 Electric vehicles

* Pricing, subsidies and incentives
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Improve — fuel pricing

 Fuel prices strongly influence “driving culture”
= Countries with higher fuel prices drive smaller cars and less

* Fuel subsidies skew market and are inequitable
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Improve — taxes and incentives

- CO,-differentiated purchase, registration and ownership

fees, annual circulation (mileage) tax
- Scrappage schemes, feebates
- Special tax credits for hybrid or electric vehicles

m< 100
130 < CO:!
- R - L w
o [ | e
o E——
o [ ] —
2009 7- 21% | 9% | 21% | 26% _
2010 - 21% ] 19% 21% *
0"% 10!% 20!"/ 30% 40!% 50!"/ 60% 70!"/ 30!% 9!;% 106%

Change in sales by CO2 classes (5 main EU markets) (Source AAA — Renault)
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Improve — potential rebound effects

- As cars become more efficient, mileage is rising

= Cost of use should rise accordingly

* High up-front costs may lead to willingness to use

vehicles, no matter the cost of use

* Technological answers have to be implemented with
accompanying measures to counter balance negative

effects

ooooooooooooo
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Avoid — review

Building cities from scratch is not often possible

- Timeframe to alter urban design is usually very long

= Bigger effects to be seen in the long term

- Dense environments with good transit use less energy

* Energy and GHG savings potential enormous as life style

are altered for generations

* Policy changes not always easy — often a cultural change
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Shift — review

Getting people out of their cars is not easy
+ Potential efficiency from shifts is large
* Many programmes can be low-cost and highly effective

* Risk of rebound effects

= Typically, these are still offset by efficiency gains
- Building access/choice critical to successful shifting

- Consumer behaviour changes can require incentives
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Improve —review

* Improve is major component of improving transport

energy efficiency and reaching emissions targets

- Many technologies commercially available and cost
effective — better policies and regulation needed to push

market

- Other technologies need to be brought to market; cost/

subsidies/incentives can help achieve this

- Policies should address demand/rebound effects
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Overcome financing challenges

B Key questions

® What can be funded through users?
¢ E.g. Fuel economy, new tire manufacturing standards

® How to re-direct public sector funding towards multi-modal
infrastructure services
+ National gov. co-finance, centralised funding arrangements

® How to tap private sector?

¢ Bond financing: traditional, climate, social impact bonds

Source: Partnership on Sustainable Low Carbon Transport (2014)

© OECD/IEA 2015
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Transport roadmaps

Biofuels for transport
Electric and plug-in hybrid vehicles
Fuel economy of road vehicles

Hydrogen (in preparation)

Transport policy pathways

Improving the fuel economy of road vehicles




Focus IN the Improve”

component of our low carbon L '
scenarios P K

o FueT‘E‘éOdﬁ"c | fl’nlti&lv
| == TR_Yevs
Six core partners: FIA _* <l | ' ’#

Foundation, UNEP, IEA, GFEI recognized as -
ITF, ICCT and UC leading initiative in |

Davis, financial support energy and climate
from GEF and EU reports and discussions

k

‘FIA Foundation = o +— International

Transport Forum

nnnnnnnnnnnnnnnnnnnnn
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Global Fuel Economy Initiative

“How can we maximize the benefits of fuel efficiency in LDVs on a
global scale, given the projected expansion of the global fleet?”

* Analysis: data gathering, modeling, baseline development,
projections

e Evaluation: policy tools and options

e Strategy development: organization of dialogues

* Qutreach: Awareness raising, communication

P
\z 'A' E’ . International '" UC DAv's o .

oL . FIA Foundation { jea ™~ 22 O icct /(\ International
UNEP for the Automobile and Society af INSTITUTE or TRANSPORTATION STUDIES THE INTERNATIONAL COUNCIL Transport Forum

© OECD/IEA 2015
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RESEARCH POLICY GLOBAL

SUPPORT CAMPAIGNS
With the support of g -

Supports [ J
&
G F I 1b Hy M (h, ‘ ar’
Clean Frek md Vehicles
GLOBAL FURL FCONOMY INITIATIVE
jlob Huel Yy )

<1m"'

® HOME @ ABOUT @ SUPPORT GFEl @ UPDATES @ PUBLICATIONS @ FAQ

GLIMATE] .o

Read 'How vehicle
fuel economy

% improvements can
o == | save $2 trillion..."

. === View all Working
B Papers =

Fuel
Economy
and the
UN's Post
2015 SDGs

Connect with GFEI GFEI Updates
. X . Click here to download the
= twitter.com/globalfuelecon e GFEI among key commitments leaflet =
b at UN Climate Change Summit ‘
£GFEINetwork A =3

e GFEI urges accelerated action

m linkd.in/18ItFd2 on fuel economy policy at
Climate Summit talks
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Biofuels for transport

Technology roadmap
Bioenergy from heat and power roadmap: primary bioenergy
demand in low-carbon ETP scenario increasing from 3 EJ today to 160 EJ in
2050; 100 EJ for generation of heat and power, the includes the supplies
used for the 27 EJ of final energy demand in transport in 2050

Key points
B Long-term biofuel use in transport focused on modes with lower
chances to access to electrification (aviation, shipping and road freight)
B Advanced biofuels crucial for sustainability aspects. Cost reductions
necessary.
® Need for sound policy framework for issues related with direct and indirect
land use change, trade will be increasingly relevant

® Need for support to bridge research gap, development of scaled-up
demonstration facilities, as well as deployment investment
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Electric and plug-in hybrid vehicles

Technology roadmap

Focus on light vehicles (higher chances to electrify)
Roadmap vision: industry and governments should attain a combined
EV/PHEV sales share of at least 50% of light vehicle sales by 2050
2020: target of 20 million PHEVs/BEVs on the road

Key points

m PHEV/BEV stock in 2013 was 50 times smaller than 2020 target above,
but 2013 global sales were 210k, nearly double than in 2012*

B Policy support critical: cost-competitiveness (battery costs 15t target)
and provision of adequate recharging infrastructure (links to smart grids
and the vehicle-grid interface)

B Improved understanding of consumer needs, desires, behavior needed

B Global EV sales more than doubled between 2011 and 2012

* Source: ICCT, 2014
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Fuel economy of road vehicles

Technology roadmap
Addressing both light duty and heavy duty vehicles

Technology Roadmap
Fuel Economy of Road Vehicles

Key points
B Investing in fuel economy is cost-effective
B Most technologies already commercially available, some need additional
research to become commercially viable
B Market uptake low due to a number of barriers
Potential improvement by 2030 ranges from 30% to 50%
Heavy vehicles: potential lower/costs higher than for light vehicles, but
® Heavy duty vehicle mileage higher than cars (larger fuel savings)
® Percentage cost increase for fuel efficient technologies on heavy
duty vehicles is similar to passenger cars
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Hydrogen

Technology roadmap
B Attempt to give more detailed insights on how hydrogen could
contribute to decarbonizing the energy system in order to achieve a 2
degree Celsius target
B The main focus of the roadmap will be on energy demand applications:
® Transport sector including a special focus on hydrogen
transmission, distribution and retail infrastructure
® Large scale energy storage and energy integration aspects
® Hydrogen in the buildings sector
® Hydrogen in the industry sector
B Aims at providing a broader view integrating possible sectoral synergies



International
Energy Agency

iea

Fuel economy of road vehicles

Policy pathway

Addressing both light duty and heavy duty vehicles
Includes a case study on Japanese HDV fuel economy standards
Policy focus: tested fuel efficiency (not in-use operation)

Key points
B Improving the efficiency of existing vehicles impractical and costly: the
focus must be on new registrations
B Best practice is to adopt an integrated approach combining three policy
elements:
® fuel economy and/or CO, emissions labelling/information
® vehicle fuel economy and/or CO, emission standards/regulations
® fiscal measures such as vehicle taxes/incentives and fuel taxes
B Four steps: plan, implement, monitor, evaluate
B Best mix and prioritization depend on specific circumstances




Energy Efficiency is a key
component - Working with US
Government/Australla

: GFEI is a High Impact
Opportunity under the Se4ALL
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- . .

Sec Gen Cllmate el ,_ GFEIl is an accelerator at the Sec
Gen’ s Climate Summit

GFEl is supporting an energy
band transport target on fuel

. economy/efficiency

POST 2015 Framework
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Resources

e

\ Inernations
% nergy Agency
ea

A Tale of Renewed Cities

Apolicy guide on how
to transform cities
byimproving energy

nology Roadmap

' J- ” s for Transport
W Int

Technology Roadmap

Electric and plug-in hybrid electric vehicles

temationa .
Y
iea/

IEA Policy Pathway Series: http://www.iea.org/publications/policypathwaysseries/

IEA Technology Roadmaps: https://www.iea.org/roadmaps/
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National target setting examples

B GFEI: Public-private partnership to double vehicle
efficiency

B UIC: 50% reduction in CO2 emissions from train
operations by 2030, and 75% reduction by 2050 (specific

average CO2 relative to a 1990 baseline —ie. reduction
of emissions per passenger/km + tonne/km)

B UITF: Double the market share of public transport use
around the world by 2025

B UEMI: Increase the market share of electric vehicles in
cities to least 30%, of all new vehicles (incl. cars and
motorized 2-3 wheelers) sold on annual basis by 2030........



