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iea

What data do you need?

ASIF approach to estimate energy consumption from road vehicles

Transport energy efficiency indicators to support policy making and
evaluation



Using energy efficiency indicators for policy making iea

Figure 6.5 e Detailed indicators pyramid for passenger transport

How much does the transport sector contribute
to a country’s energy demand?

Aggregate

Indicators
Level 2 Is freight transport more energy efficient
Indicators by by ship or by rail?
transport mode
Level 3 What are the implications from the trend to larger
driglizatiels yaidlo i, - passenger cars for transport energy demand?

(e.g. cars vs. SUVs)

Using energy efficiency indicators faces a trade off between usefulness of information and data collection
requirements
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The ASIF approach of IEA’s Mobility Model (MoMo)

iea

Distance
travelled

x Vehicle stock x

Energy — Energy

intensity consumption
B Vehicle Activity

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

m  theenergy Intensity of each of the vehicles in this structure

... allow to calculate Fuel consumption

The ASIF approach of IEA’s Mobility Model (MoMo) makes possible to estimate transport fuel consumption by vehicle
type and fuel
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Linking activity and fuel use - ASIF approach iea

Energy x Emission = Transport GHG emissions
consumption factor

Apply emission factors to quantify climate impacts of fuel consumption
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ASIF Approach: Linking Activity and Fuel Use iea

The calculation is based on Laspeyres identities

F
A
Fi
Ai/A=S,
Fi/A =1,

F = ZFi:Azz:(%)(‘%) = AZSiIi:F

total Fuel use
vehicle Activity (expressed in vkm)

fuel used by vehicles with a given set of characteristics (i)

(e.g. segments by service, mode, vehicle and powertrain)
sectorial Structure (same disaggregation level)

energy Intensity, i.e. the average fuel consumption per vkm

(same disaggregation level)
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ASIF Approach: Linking Activity and Fuel Use (Extended) iea

The same methodological approach used for the calculation of fuel consumption
(ASIF) can be extended to evaluate CO, emissions.

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

Ai Fi Fl] El]
E= EL=A —X—X—X—zA SLILEFLJZE
: - A A F, F :
l

A activity (in vkm)

E emissions

E; emissions due to vehicle i

F.. fuel (energy carrier) j used in vehicle i

EF; emission factor for the fuel (energy carrier) j used in vehicle i
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ASIF Approach: Well-to-wheel versus tank-to-wheel jea

Well-to-wheel: tank-to-wheel emissions + well-to-tank
emissions

Using the example of biofuels... WE' I'tO'Wh GE|

well-to-tank emissions

Product.%Loglst‘% Process.ﬁ D|str|buEEnd L‘
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iea

Aggregate indictors provide limited insight for policy making

Distance x Vehicle stock x Energy = Energy
travelled intensity

consumption
®  Vehicle Activity

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

m  theenergy Intensity of each of the vehicles in this structure

... allow to calculate Fuel consumption

Aggregate indicators provide no information on specific energy efficiency of transport modes and are of limited use
for policy making
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Fundamentals of fransport activity parameters: vehicle-km (vkm) iea

Number of vehicles X kilometres per vehicle

(Stock) (Mileage)

NS

Vehicle kilometres (vkm)
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Fundamentals of transport activity parameters: passenger-km (pkm) jea

Vehicle kilometres x passengers per vehicle

(vkm) (Occupancy rate)

\ /

Passenger kilometres (pkm)
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Fundamentals of transport activity parameters: ton-km (tkm) jea

Vehicle kilometres x tonnes per vehicle

(vkm) (Load factor)

AN

Tonne kilometres (tkm)
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Energy consumption: Aggregate results bring limited insight iea
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Absolute results for energy consumption do not allow to evaluate specific energy efficiency across modes
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Specific energy efficiency of transport: Modal Choice matters iea

Energy intensity of different modes of transport, 2015
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Air and light road passenger modes are more energy intensive than public (‘mass’) transport.
Light road freight is the most energy intensive freight transport mode.
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iea

Where to find data?

Data: requirements, collection, uncertainties, and analysis



Transport Data: Activity and energy consumption iea

TOP DOWN

BOTTOM UP
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Vehicle stock

Generally available from administrative sources
e.g. from ministries, statistical offices

Available stock data may not be corrected for scrappage

Stock can be calculated from scrappage and new registrations
Industry associations provide sales data

Make assumptions on vehicle life time

Vehicle classification is not the same everywhere
Two wheelers

Passenger light duty vehicles (PLDV): passenger car and SUV
Mass transport: minibus, bus, bus rapid transit (BRT)

Commercial vehicles: Light commercial vehicle, medium freight truck, heavy freight truck



Vehicle stock: Classification of commercial vehicles jea

UN Regulations United States

Posenzenspor )
>85eatS+drlver maximum mass <5t ‘ ﬁ U 5
Suv

P

Minivan Cargo van Pickup truck

M3 > 8 seats + driver, maximum mass >5t Class 3:4 500 kg to 6 300 kg
Class| with areas for standing passengers ﬁ
Walkin Bax City delivery Heavy-duty pickup

Class Il principally seated passengers, standing possible

,,?55

Class Ill seated passengers only ] m
Goods transport (trucks and trailers) Tprlin [ Syant;
N Trucks
N1 maximum mass < 3.5t ( ‘
Bucket truck Large walkin City delivery
N2 maximum mass >3.5tand <12t
N3 maximum mass > 12 t | 1] o) ==
0 Trai IerS Beverage truck Single-axle School bus Rack truck
01 maximum mass <0.75t m 0“
02 maximum mass >0.75tand <3.5t Refuse Fumniture City transit bus Truck tractor
;
03 maximum mass >3.5tand <10t e —
04 maximum mass > 10t db-“ m w-n
Cement truck Truck tractor Dump truck Sleeper

Classification systems for commercial vehicles are inconsistent
An appropriate balance of detail vs. data availability needs to be found

Source: Consolidated resolution on the construction of vehicles (n.a.), US DoE (2011) © OECD/IEA 2018



Mileage
Household surveys, travel diaries, odometer readings, public transit operators
Information less frequently available than data on vehicle stock
Mileage of vehicles depends on user profile and differs across users

Geographical coverage limited to regions where the surveys are performed

Estimations may use analogies with similar modes in geographical areas with similar fuel
taxation and population densities



Occupancy rate and load factors iea

Public passenger transport
Peak versus off-peak (evenings, weekends)
Route types (feeder line, main line)
Surveys and legal obligations of public transit operators

Goods transport

Average load factors calculated as:
a) Average load on laden trips
b) Share of empty running

Load of laden trips varies both among journeys and during a single journey
Average loads dependent on mission profile, value of goods
Surveys and legal obligations of shipping companies

Passenger cars

Estimate occupancy rate based on analogies within geographical areas with similar socio-economic
and taxation characteristics
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Energy Intensity jea

Energy intensity describes fuel use
per vkm

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)
I L/100 km P4

[l mpgand L/100 km
km/L
mpg

Il L/100 km and km/L

This map is without prejudice to the status of or sovereignty over any territory, to the delineation of international frontiers and boundaries, and to the name of any territory, city or area. © OECD/IEA 2018



Energy use: Comparing bottom-up and top-down approaches jea
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Dual results of the two complementary transport analysis approaches provides high degree of certainty
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Transport data collection methods

iea
Four methods are typically used to collect and process data on transport activity and energy use:

Data collection methods:
Administrative sources
Surveys
Metering
Estimations

What are some examples, in general and in your country, of the data collection sources and
methods listed above?

What are some of the pros (benefits) and cons (drawbacks) of collecting data from each
source or method?

© OECD/IEA 2018



Transport data collection: Administrative sources

Annual fuel use from national energy balances
(collected via questionnaires sent to ministries and national statistical offices)

Activity statistics from transport operators and government agencies
(e.g. railway operators)

Vehicle registration data, with detailed characteristics from respective government bodies
and the private sector (e.g. associations of vehicle manufacturers)

Vehicle import/export data, with detailed characteristics (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

Studies on: mode share, travel, trips, fuel content, fuel consumption, travel patterns, etc.

Collection methodology (and data quality) sometimes unclear
Comparisons between providers may be difficult

© OECD/IEA 2018



Transport data collection: Surveys iea

Data collection via direct observation or questionnaires on travel activities, energy use, etc.

Can provide very rich information, useful for understanding variation, correlations, and other
aspects of the sample

The people

Can be labor intensive, require large sample sizes, etc.
Estimates, not hard data

National travel survey

Household surveys, focus groups
Survey of fleets, trucking companies
Observational (e.g. roadside) surveys

© OECD/IEA 2018



Transport data collection: Measuring and metering iea

Can use existing metering systems or involve creating new ones
Roadside car counters

Vehicle fuel economy testing

GPS data and vehicle location monitoring

Vehicle fuel economy computers (in use performance)

Portable Emissions Monitoring (PEMS)

Speed detection systems

Atmospheric concentration monitoring

Based on scientific and replicable tests
Sample size and data processing requirements affect costs

© OECD/IEA 2018



Transport data collection: Measuring fuel consumption and emissions jea

CVS equipment for diesel vehides

Dilution tunnel

Emissions gas analyser
for diesel vehicles

Power absorption
(rolling resistance +
airflow resistance)

Varnable inertia
flywheel apparatus

P~ Emissions gas analyser
for gasoline vehicles

Chassis dynomometer

© OECD/IEA 2018



Transport data collection: Measuring fuel consumption and emissions

Vehide speed (km/h)

\ehicle speed (km/h)

\ehicle speed (km/h)
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iea
Different test cycles in US, Japan & Europe exist

Use conversion formulas to make tested data comparable

On-road fuel economy often higher than tested fuel economy
(approx. 15% - 30%) due to:

Climate conditions

Use of auxiliary aggregates

Road conditions

Nature of driving cycles (e.g. not realistic)

Vehicle preconditioning
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Transport data collection: Estimations

iea
What if data shows gaps?
Statistical methods: interpolation, curve fitting etc.

Use of correlations/elasticities

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 complex and diverse?

Modelling/simulation (e.g. heavy duty vehicle fuel economy)

© OECD/IEA 2018



Transport Data: Focus on Data Collection

iea

the heavy
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Source: UNECE, World Forum for the Harmonization of Vehicle Regulations, Working Party on Pollution and Energy, informal working group on Heavy
Duty Hybrids (HDH)
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Transport data collection: MoMo historical database as example for estimations

The IEA Mobility Model comprises an historical database:

N

Stock data

Travel data (pkm)

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 examples of France and Indonesia?)

Fitted adjusting the least reliable data (mileage)

iea

© OECD/IEA 2018



Conlusions



Conclusions

Substantial data requirements

Vehicle stock, fuel economy, and energy use are key parameters
Reality checking is possible

Bottom-up estimates can be done with limited investment
Need to compromise between detail and available resources
The better the historical data set, the more reliable are models

A good model is an important basis for the definition of effective policy instruments!

© OECD/IEA 2018



iea

OECD/IEA 2018



Transition title



lea

WWW.led.0rg
W IEA



Exercise I: Filling the Gaps

2012
Include the exercise after the presentation, will be a similar concept but better 630000
185000
?
9950
?
New car fuel economy (L/100km) 8.5 8.2 8
Stock avg fuel economy L/100km) 8.8 ?
fuel consumption (bil L) ? ? ?
CO2 emissions factor (kg/L) 3.6 3.5 3.4
CO2 emissions (million tonnes) ? ? ?

iea

© OECD/IEA 2018



Exercise I: Filling the Gaps

Include the exercise after the presentation, will be a similar concept but better 2012
630000
185000
5480000
9950
Total travel, all vehicles (bil km) 45.0 49.7 54.5
New car fuel economy (L/100km) 8.5 8.2 8
Stock avg fuel economy L/100km) 8.8 8.7 8.6
fuel consumption (bil L) 4.0 4.3 4.7
CO2 emissions factor (kg/L) 3.6 3.5 3.4
CO2 emissions (million tonnes) 14.3 15.2 16.0

iea

© OECD/IEA 2018



Transport Activity: the Fundamentals -

Key parameters: vehicle-kilometres (vkm)

Number of vehicles X kilometres per vehicle

(Stock) (Mileage)

AN

Vehicle kilometres (vkm)

© OECD/IEA 2018



Transport Activity: the Fundamentals i)

Key parameters: passenger-kilometres (pkm)

Vehicle kilometres x passengers per vehicle

(vkm)  (Occupancy rate)

AN

Passenger kilometres (pkm)

© OECD/IEA 2018



Transport Activity: the Fundamentals -

Key parameters: tonne-kilometres (tkm)

Vehicle kilometres x tonnes per vehicle

(vkm)  (Load factor)

Tonne kilometres (tkm)

© OECD/IEA 2018



Transport Activity: Travel Growth

Passenger and freight transport by region, 2000-2015
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Transport activity grew by 86% (pkm) and 75% (tkm) between 2000 and 2015.
Growth in non-OECD countries is faster than in the OECD.

Source: ETP 2017

iea
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Transport Activity: Modal Choice

MJ/pkm

Energy intensity of different modes of transport, 2015

Passenger Freight
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Source:
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Air and light road passenger modes are more energy intensive than public (‘mass’) transport.
Air and light road freight are more energy intensive than large road vehicles, rail and shipping.

ETP 2017

ieal
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Transport Activity: Modal Choice

National passenger activity (pkm) by mode, 2015
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iea
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Transport Activity: Modal Choice

iea

Transport energy use by country, 2013

United States
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Transport final energy use per capita (gigajoules per yea
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This map is without prejudice to the status of or sovereignty over any territory, t nternational frontier. d to the name of any territory, city or area.

Source: ETP 2016 259 EJ 13.2 EJ OECD/IEA 2018



International
Energy Agency

L] * .
Session 1 1€ for EU4Energy  pl4eNERGY

Overview of historical trends and main transport
energy parameters

Energy consumption in transport

Transport activity (pkm, tkm, vkm)

ASIF (Activity, Structure, |ntensity = Fuel use) approach

Data: requirements, collection, uncertainties, and analysis



ASIF Approach: Linking Activity and Fuel Use

iea

TOP DOWN

BOTTOM UP
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ASIF Approach: Linking Activity and Fuel Use

iea

® Vehicle Activity

m the Structure of the organization of vehicle across services,

modes, vehicle classes and powertrain groups

M theenergy Intensity of each of the vehicles in this structure

... allow to calculate Fuel consumption

© OECD/IEA 2018



ASIF Approach: Linking Activity and Fuel Use

iea

The calculation is based on Laspeyres identities

F
A
Fi
A/A=S,

F = ZFi:Azz:(%)(‘%) = AZSilizF

total Fuel use
vehicle Activity (expressed in vkm)

fuel used by vehicles with a given set of characteristics (i)

(e.g. segments by service, mode, vehicle and powertrain)
sectorial Structure (same disaggregation level)

energy Intensity, i.e. the average fuel consumption per vkm

(same disaggregation level)

© OECD/IEA 2018



ASIF Approach: Linking Activity and Fuel Use (Extended)

iea

The same methodological approach used for the calculation of fuel consumption
(ASIF) can be extended to evaluate CO, emissions.

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

Ai Fi Fl] El]
E= EL=A —X—X—X—zA SLILEFLJZE
: - A A F, F :
l

A activity (in vkm)

E emissions

E; emissions due to vehicle i

F; fuel (energy carrier) j used in vehicle i

EF; emission factor for the fuel (energy carrier) j used in vehicle i

© OECD/IEA 2018



ASIF Approach: Well-to-wheel versus tank-to-wheel ie)

Well-to-wheel: tank-to-wheel emissions + well-to-tank emissions

Using the example of biofuels... Wel |-tO-Whe8|

well-to-tank emissions

Produch LoglstH Procesh D|str|buH EndL‘

© OECD/IEA 2018



International
Energy Agency

L] * .
Session 1 1€ for EU4Energy  pl4eNERGY

Overview of historical trends and main transport energy
parameters

Energy consumption in transport
Transport activity (pkm, tkm, vkm)

ASIF (Activity, Structure, |ntensity > Fuel use) approach

Data: requirements, collection, uncertainties, and analysis



Transport Data: Activity

iea

TOP DOWN

BOTTOM UP

OECD/IEA 2018



Transport Data: Activity

Generally available (e.g. from ministries, statistical offices)
Can be calculated from new registrations & scrappage
Available data may not be corrected for scrappage (e.g. Brazil, Algeria)

Vehicle classification is not the same everywhere

Household surveys, travel diaries, odometer readings, public transit operators
Information less frequently available than data on vehicle stock
Geographical coverage limited to regions where the surveys are performed

Mileage: estimated using analogies with similar modes in geographical areas with
similar fuel taxation and population densities

B Occupancy rate of personal vehicles: estimated by analogies / assumptions within
geographical areas with similar socio-economic and taxation characteristics

© OECD/IEA 2018



Transport Data: Activity

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

UN Regulations United States

assenger transport (buses)

M3
Class |
Class Il
Class IlI

Goods transport (trucks and trailers)

> 8 seats +driver, maximum mass <5t

ey

Minivan Cargo van Suv Pickup truck

>8 seats +driver, maximum mass > 5t
with areas for standing passengers ﬁ

rincipally seated passengers, standing possible Welkin Cly deltery Heawduty pickup
eI PEEEEE S
seated passengers only

Large walkin Box truck City delivery

N Trucks
N1 maximum mass <3.5t ( ,
Bucket truck Large walkin City delivery
N2 maximum mass >3.5tand < 12t
N3 maximum mass > 12 t | 1" ) ==
o Trailers Beverage truck Single-axle School bus Rack truck
01 maximum mass <0.75t m m
02 maximum mass > 075 t and < 35 t Refuse Furniture Cltytranslt bus Truck tractor
:
03 maximum mass >3.5tand <10t e I
04 maximum mass > 10t m W“ Eﬁ fb‘
Cement truck Truck tractor Dump truck Sleeper
Squrce: Consqlmtﬁwsswm%tMBMWMW H¥ehTecin nrnfS oooooo - Us Dok, 2011
VMO Vil nnssivin prvjhie viinu svaw

B An appropriate balance of detail vs. data availability needs to be found

iea
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Transport Data: Activity

Difficult to measure
® Public passenger transport
+ Peak versus off-peak (evenings, weekends)
¢+ Route types
+ Surveys and legal obligations of public transit operators
® Goods transport
+ Average load factors calculated as:
a) Average load on laden trips
b) Share of empty running

¢ Load of laden trips varies both among journeys and during a single
journey

¢ Average loads dependent on mission profile, value of goods
+ Surveys and legal obligations of public transit operators

iea

© OECD/IEA 2018



Transport Data: Energy Intensity iea

Fuel economy units in the world
B v/100km

. mpg and L/100 km

mpg
km/L

. L/100 km and km/L

This map is without prejudice to the status of or sovereignty over any territory, to the delineation of international frontiers and boundaries, and to the name of any territory, city or area.
[ | Energy intensity = fuel use per vkm
B Thisis measured in different units around the world

® “fuel economy”(travel/consumption, e.g. MPG)

® “fuel consumption” (consumption/travel, e.g. L/100 km) o 0o/t 2018



Transport Data: Energy Use
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iea
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Exercise I: Filling the Gaps

CO2 emissions (million tonnes)

2010 2011 2012

New car sales 570000 600000 630000
Retirements 150000 165000 185000
Total car stock 4600000 ? ?
Average travel per vehicle (km/year) 9780 9875 9950]
Total travel, all vehicles (bil km) ? ? ?
New car fuel economy (L/100km) 8.5 8.2 8
Stock avg fuel economy L/100km) 8.8 ? ?
fuel consumption (bil L) ? ? ?
CO2 emissions factor (kg/L) 3.6 3.5 3.4

? ? ?

© OECD/IEA 2018



Exercise I: Filling the Gaps

2010 2011 2012
New car sales 570000 600000 630000
Retirements 150000 165000 185000
Total car stock 4600000 5035000 5480000
Average travel per vehicle (km/year) 9780 9875 9950]
Total travel, all vehicles (bil km) 45.0 49.7 54.5
New car fuel economy (L/100km) 8.5 8.2 8
Stock avg fuel economy L/100km) 8.8 8.7 8.6
fuel consumption (bil L) 4.0 4.3 4.7
CO2 emissions factor (kg/L) 3.6 3.5 3.4
CO2 emissions (million tonnes) 14.3 15.2 16.0




Transport Data: Focus on Data Collection

Four methods are typically used to collect and process data on transport
activity and energy use:

Data collection methods:
Administrative sources
Surveys
Metering
Estimations

What are some examples, in general and in your country, of the data
collection sources and methods listed above?

What are some of the pros (benefits) and cons (drawbacks) of
collecting data from each source or method?
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Transport Data: Focus on Data Collection

Annual fuel use from national energy balances
(collected via questionnaires sent to ministries and national statistical offices)

Activity statistics from transport operators and government agencies
(e.g. railway operators)

Vehicle registration data, with detailed characteristics from respective government
bodies and the private sector (e.g. associations of vehicle manufacturers)

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

Vehicle characteristics (by size/fuel) from government organisations (e.g. US EPA or EU
EEA) and comparative studies issued by NGOs

Studies on: mode share, travel, trips, fuel content, fuel consumption, travel patterns, etc.

Collection methodology (and data quality) sometimes unclear

Comparisons between providers may be difficult

© OECD/IEA 2018



Transport Data: Focus on Data Collection con

Pros:

Data collection via direct observation or questionnaires on travel activities, energy use,
etc.

Can provide very rich information, useful for understanding variation, correlations, and
other aspects of the sample

The people
Cons:
Can be labour intensive, require large sample sizes, etc.

Estimates, not hard data

National travel survey
Household surveys, focus groups
Survey of fleets, trucking companies

Observational (e.g. roadside) surveys
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Transport Data: Focus on Data Collection ien

Direct observation, usually of a physical phenomenon
Can use existing metering systems or involve creating new ones
Roadside car counters
Vehicle fuel economy testing
GPS data and vehicle location monitoring
Vehicle fuel economy computers (in use performance)
Portable Emissions Monitoring (PEMS)
Speed detection systems
Atmospheric concentration monitoring
Typically reliable but often expensive
Based on scientific and replicable tests

Sample size and data processing requirements affect costs
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Transport Data: Focus on Data Collection iea

CVS equipment for diesel vehides

Dilution tunnel

Emissions gas analyser
for diesel vehicles

Power absorption
(rolling resistance +
airflow resistance)

Varable inertia
flywheel apparatus

P, Emissions gas analyser
for gasoline vehicles
~
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Transport Data: Focus on Data Collection

Vehide speed (km/h)

\ehicle speed (km/h)

\ehicle speed (km/h)

iea
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Transport Data: Focus on Data Collection en

What if data shows gaps?
M 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 complex and diverse?
B Modelling/simulation (e.g. heavy duty vehicle fuel economy)
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Transport Data: Focus on Data Collection

The IEA Mobility Model comprises an historical database:

N

Stock data

Travel data (pkm)

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 examples of France and Indonesia?)

Fitted adjusting the least reliable data (mileage)

iea
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Transport Data: Focus on Data Collection

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

[f‘ ion of objects of

)
THV & HV model (A.8.3.)
[ Confirmation of HEV model data ]

ol

Investigation

of causes
Cheek HILS by means

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

0K

e

==

)
~ Defect check!

HV model Verification (A.8.6.)|

|
===

Check HILS
parameters

[ HILS simulated running test ]

éharacteristic test of each

HEV component

- Engine (torque characteristics,
friction torque, fuel economy map)

- Electric motor (torque

characteristics, efficiency map)

- Electric storage device (internal

resistance, open voltage)

omponent Test

ability to achieve
reference vehicle

¥
[ Input parameters for approval ]

HV model (A.8.3.)

cycle
speedand load
based on HILS

simulated running

accelerator PID
constant

Initial SOC
adjustment

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

Create test cycle
for actual test cell run
el

Continue
exhaust
mission tes'

)

HV model (example)

e

Input parameters, e.g.

- Engine (Torque map)

- EM (Torque map, Electric-power consumption map)
- REESS (Internal resistance, Open-circuit voltage)

- Vehicle mass

- Tire radius

- Inertia

- Transmission efficiency

- Gear ratio

Digital signal IaTIaCe

Driver model ‘ ot |
i | |
aBraking |
Clutch, [ ]
Gear shift ‘

pr -

Power
Supply

Simulation results

i
H

Reference v;hi::le 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)

1ea
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Conclusions

Substantial data requirements

Vehicle stock, fuel economy, and energy use are key parameters
Reality checking is possible

Bottom-up estimates can be done with limited investment
Need to compromise between detail and available resources
The better the historical data set, the more reliable are models

A good model is an important basis for the definition of effective policy
instruments!



Feedback and Discussion en

The goal of this session was to introduce key concepts that will be explored in
greater detail in the coming days.

How new or familiar was the material we covered?
How was the level of detail?
What important issues have we not addressed?

What other examples from your countries are relevant?
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Supplemental slides i)
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Fuel economy policies i)

Specific fuel consumption of light passenger vehicles, 2005-2010
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Light passenger vehicles experienced some improvement in recent years.
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Exercise jea
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iea

What data do you need?

Transport energy efficiency indicators to support policy
making and evaluation



iea

Aggregate indictors provide limited insight for policy making

Distance x Vehicle stock x Energy = Energy
travelled intensity

consumption
®  Vehicle Activity

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

m  theenergy Intensity of each of the vehicles in this structure

... allow to calculate Fuel consumption

Aggregate indicators provide no information on specific energy efficiency of transport modes and are of limited use
for policy making
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Fundamentals of fransport activity parameters: vehicle-km (vkm) iea

Number of vehicles X kilometres per vehicle

(Stock) (Mileage)

NS

Vehicle kilometres (vkm)
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Fundamentals of transport activity parameters: passenger-km (pkm) jea

Vehicle kilometres x passengers per vehicle

(vkm) (Occupancy rate)

\ /

Passenger kilometres (pkm)
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Fundamentals of transport activity parameters: ton-km (tkm) jea

Vehicle kilometres x tonnes per vehicle

(vkm) (Load factor)

AN

Tonne kilometres (tkm)
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Specific energy efficiency of transport: Modal Choice matters iea

Energy intensity of different modes of transport, 2015

Passenger Freight
3.5 7
3 6 .......
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=
1.5 e S I s sssnssssnsssssssesnesecss U oo e 3 e
1 2 S
0.5 H 1
0 : : R ..
2-and3-  Smalland Large Buses and Rail Air MFETs HFTs Rail Shipping
wheelers medium cars cars minibuses
W World (range) Averages: & Urban ® Non-urban e World ® OECD ® Non-OECD

Air and light road passenger modes are more energy intensive than public (‘mass’) transport.
Air and light road freight are more energy intensive than large road vehicles, rail and shipping.
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Transport Activity: Modal Choice

National passenger activity (pkm) by mode, 2015
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Transport Activity: Modal Choice

Transport energy use by country, 2013
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