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Cl5 BASIC CONCEPTS

TOPIC #1V
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Energy Efficiency

Waste

Boarder of
the system

office

Gasoline _

Diesel Kinetic
Electricity

Carla Silva camsilva@fc.ul.pt TOPIC#4 Basic concepts and Definitions in “Sustainable Mobility” 7


mailto:camsilva@fc.ul.pt

" Energy Efficiency

Kinetic

"

Gasoline
Diesel
Electricity
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" Energy Efficiency

Gasoline - Waste

Diesel
Electricity

Gasoline
Diesel
Electricity
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Wi Energy efficiency

Rolhng resistance
Air resistance (Rg)

Propulsive force delivered
from engine (Fp)

Vehicle
weight (mg)

x (R¢;)
Yy Grade resistance

Useful Energy (traction, rolling resistance, aerodynamic drag, grade force)
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" Energy Efficiency

—

Mechanical at
wheels

Gasoline
Diesel
Electricity
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" Energy efficiency

Energy conversions?

CHEMICAL ENERGY

ALTERNATOR:
ELECTRICAL

MOTOR:
CALORIFIC EMERGY

& MECHANICAL
ENERCY

Useful Energy o

\,p N ey

>
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5 Energy efficiency

Engine Thermal Losses
62 Engine Mechanical and

Pumpmg Losses Dnveline Losses

Engin A Kmet:c Energy
Transmnssa
Braking Losses
~ 8

USEFUL

Fuel - 100 R \ ransmlssion Losses ¥ Rolling Resistance
Start with 100 "uni : 9 ., 3
of gasoline fuel Acce:sones erodynamic Losses
2

Source; T. Kinney, Ford Motor Company
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C] e Energy efficiency

Useful

Tl:

n = (8+3+2)/100 = 13%
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C] e Energy efficiency

Kinetic

"

Gasoline
Diesel
Electricity

n = 8/100 = 8%
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Carla Silva cams

Losses Lrmos

100,0 %

Battery
Discharge

Recuperation

Aux.
Consumers

Charging Losses
(Recuperation) = / 40%

05%

Electric Electric
Energy Energy

S Losses

Power Train
140 %

Aux.
Consumers

60%
Power Train

Braking Losses

Losses o

Power Train

179 %

Rolling Friction
230%

Air Drag
280%

Rolling Friction Air Drag
9.0 % 90%
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C] e Energy efficiency

Useful

=0.99%0.98*%0.94*%0.821 = 75%

Tl:

n discharging
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C] e Energy efficiency

Kinetic

—

Diesel

Electricity

Tl:

n discharging =
0.99*%0.98*0.94%0.821*%0.49 = 37%
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C] e Energy efficiency

recovered

—

=0.82*%0.95*%0.86*0.96*0.95

Tl:

n charging
=61%
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Cl5 yvehicle technologies — TTW energy efficiency

nnnnnnn
cccccccccccccc

Hybrid Cars Now, Fuel Cell Cars Later
Nurettin Demirdovenl, John Deutch2,*
Science 13 Aug 2004:

Vol. 305, Issue 5686, pp. 974-976

DOI: 10.1126/science.1093965

https://www.fueleconomy.gov/feg/atv.shtml

Final to useful energy....

ICEV - Internal
combustion engine
vehicle

(efic. 10-25 %)
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[C]s vehicle technologies

Electrical motor

Pure electric (efic. 65-75%)

Battery

Electrical motor
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[€]== standard Fuel figures

HORIBA

Automotive Test Systems

1. 4WD chassis dyno

2. Biiners eicl upamiton Roller bench/ chassis dynamometer
3. Air speed fan

4. Remote mix-T, RMT

5. Control room with VETS

6. Emission analysis equipment
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st Standard Fuel figures

www.dieselnet.com

Fitro de ar Saco 06 amosiras

Ar de diugdo

Asrelecedor
pr—

Gases de escape

p Respiradores
Temperatura

Banco dé rolos com massas de inércia do gas Pressao
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Cls Standard Fuel figures

OLD European Driving cycle

Spead (kmfh)

A Part One Part Two

120 - 1 i

Extra-

100

. Somanary Urban Urban

70 <+

- -

11

40

30

SR

SRR IVATR VAR

a < 185 »a 185 e 185 “Ia‘. 185 > 400 Time =) >
- 'I.:IHL'I >

Urban L/100 km or kWh/km

Extra-Urban

Combined
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Cls Standard Fuel figures

Worldwide Harmonized Light Vehicles Test Cycle (WLTC)

140

Low Medium High Extra High

120

100

80

60

Speed, km/h

40

20

T I | ] 1 I I ]
0 200 400 600 800 1000 1200 1400 1800 1800
Time, s

Figure 1. WLTC cycle for Class 3b vehicles

Class 3 is representative of vehicles driven in Europe and Japan
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st Standard Fuel figures

140

Low Medium High

120

1.° Renault Clio

100

(03]
o

Speed, km/h
(o2}
o

B
o

N
o

Extra High

I I 1 I I
0 200 400 600 800 1000 1200 1400
Time, s

Figure 1. WLTC cycle for Class 3b vehicles

Combined 5.4 L/100km

|
1600 1800
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Cls Standard Fuel figures

Worldwide Harmonized Light Vehicles Test Cycle (WLTC)

140

Low Medium High Extra High

120

100

[as]
o

Speed, km/h
D
o

=
o

M
o

I | 1 | I | | |
0 200 400 600 800 1000 1200 1400 1600 1800
Time, s

Figure 2. WLTC cycle for Class 2 vehicles

Class 2 is representative of vehicles driven in India and of low power vehicles driven
in Japan and Europe
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Regulations - standards

LABORATORY

TESTS FOR

PASSENGER

CARS MEASURE: FUEL co2

................................... oSt RBTION EREONG
which are directly

related to fuel consumption

NEDC

New European Driving Cycle

- Designed in the 1980s

- Based on theoretical driving
* Has become outdated

POLLUTANT
EMISSIONS

ENERGY CONSUMPTION VALUES OF
ALTERNATIVE POWERTRAINS
as well as the range of
electric vehicles

WLTP

Worldwide Harmonised Light
Vehicle Test Procedure

+ Coming into force in 2017
* Based on real-driving data
* Better matches on-road performance
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Cls Standard Fuel figures

A v

Artemis
uDC EUDC WLTC low™ WLTC
Urban

Duration [s] 993 589 1800
Length [km] 4.87 3.09 23.27
Average speed

. . 5
. 17.7 18.9 46
Max speed [km/h 57.3 56.5 131.3
Idle time [%] 20.7 24.8 12.6
Cruising time [%] 9.7 15.8 25.3
Acceleration time 359 254 319

[%]

Carla Silva camsilva@fc.ul.pt TOPIC#4 Basic concepts and Definitions in “Sustainable Mobility”
29


mailto:camsilva@fc.ul.pt

]z World scenario/Legislation

Fitro ge ar Saco 0k amosyras

Asreleced: NOx
— Analzadores
ape
Respirad
Temq«
Banco dé rolog com Massas de inércia do gas Pressa

140

US EU Japan
125 4 FTP75 e £ M
_ 100 - 2 & " ,
=% A . N [
S | rNLIANLTART] |
= 50 - X 40 E 0 Ay A ﬂ
il T (AHSITER R
0 k ! ! ! ! ' DD 260 460 GEI)O 860 ].0‘00 12‘00 14IDO ].6‘00 1800 D ” ” Tiﬁ:.lue’s SDD ” -
0 500 1000 1500 2000 2500 Time, s )
t (S) Figure 1. WLTC cycie for Class 3b vercles Figure 2. New Transient Mode for Viehicles < 3,500 kq GVW (proposed)
Driving cycle FTP75 NEDC 10*15 mode
Maximum speed (km/h) 91.2 120 70
Average speed (km/h) 34.1 33.6 22.7
Distance (km) 17.8 11.05 4.16
Time (s/min.) 2479/ 41.3 1180/19.7 660/11
Maximum acceleration (m/s?) 1.48 1.06 0.79
idle (s) 361 298 215
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World scenario/Legislation

FTP75

il

500 1000

US

t(s)

Combined City Highway

Energy Requirements for City (Stop and Go) Driving

Click on blue text for more information.

Engine Losses: 71% - 75%
thermal, such as radiator,
exhaust heat, etc. (60% - 64%)
combustion (3%)

pumping (5%)

friction (3%)

Auxiliary Electrical Losses:
0% - 2%

(e.g., climate control fans,

seat and steering wheel

b ! <& ‘ / warmers, headlights, etc.)
Fi Parasitic Losses: 5% - 7%
/ . . ; / (e.g., water, fuel and oll

pumps, ignition system,
engine control system, etc.)

Power to Wheels: 12% - 20%
Drivetrain Losses: 4% - 5% Dissipated as
wind resistance: (3% - 5%)
rolling resistance (3% - 5%)
Idle Losses: 6% braking (6% - 10%)
In this figure, they are accounted for as part of the engine and parasitic losses.

Some percentages may not add to 100% due to rounding.
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[C]sz World scenario/Legislation

Vehcile Speed (km/h)

140
130

100

= B8 5 8 B

" |US06 Cycle

Combined City Highway

100 200 00 A0 500 600
Tirne {5}

US

Drivetrain Losses: 4% - 7%

Idle Losses: 0%

Energy Requirements for Highway Driving
Click on blue text for more information.

Engine Losses: 64% - 69%
thermal, such as radiator,
exhaust heat, etc. (56% - 60%)
combustion (3%)

pumping (3%)

friction (3%)

Auxiliary Electrical Losses:
0% - 2%

(e.g., climate control fans,

seat and steering wheel
warmers, headlights, etc.)

Parasitic Losses: 3% - 4%
(e.g., water, fuel and oll

pumps, ignition system,
engine control system, etc.)

Power to Wheels: 20% - 30%
Dissipated as

wind resistance: (12% - 19%)
rolling resistance (5% - 9%)
braking (2% - 3%)

In this figure, they are accounted for as part of the engine and parasitic losses.

Some percentages may not add to 100% due to rounding.
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]z World scenario/Legislation

Anaizadores

" Respiradores
Temperatura
do gas Pressiao

US Japan

120 100
125 FTP75 100 S
— 100 E = ' i"m o A M
' | M e B
f‘.z 50 3 40 Em Mr \ll”'v \ \ A r\’ ‘"‘
I ”m ’ | T A
0 200 400 600 &00 1000 1200
0 ' ' ' ? ] ZiI)D 4(‘.‘|D G[I)Cl S*IJD ].0‘00 lZICIO 14IDC| lGIOD 1800 Time, s
0 500 1000t (3)1500 2000 2500 Time, s Figure 2. New Transient Mode for Vehicies < 3,500 kg GV {proposed)

Figure 1. WLTC cycle for Class 3b vehicles

mpg — miles your car cando  L/100km —how many liters km/L —how ma.ny km you
burning 1 gallon of fuel you have to burn to make can do by burning 1 L of fuel
100 km
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[C]sz World scenario/Legislation

i -.r'G"
> o
Saco 0 amps¥ras HC
S ] de diuicso co
€O,
s Agralacedor NOx
s S Anaizadores
» ’ | Gases de escape 3
" Respiradores
Temperatura
cia do gas Pressao

EU
India China “::::::::::::::j\\\\\\\\\\\\

Turkey

Activity Data  Calculation Factors  Emissions  Advanced Help

About COPERT 4

***'emIsIA

ISSION FOR ENVIRONMENT

Thailand

Russia Switzerland
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IIIIIII

Cli Vehicle technologies

Car makers technical specifications...

LABORATORY measurements

€

S NEENE:)
e R ;_c_

Ly

))

(O wEle

I///I' rx{é @ Qdi ]

s
V
0 3 | W

&S 02 @'

... Based on
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Cli Vehicle technologies

Most sold vehicle Portugal

0-100 km/h 14.5s
European test cycle |/100km
1059 kg

Internal combustion engine

5.6
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El cencies - Evolution..... energy

ULisboa
m No tailpipe emissions

output power increased to
over 110 kW (110 kW is peak
power of electric motor —
previously it was 80 kW)

Leaf

* 192 cells (nickel manganese cobalt NMC Curb weight (kg) 1570
instead lithium manganese oxide cells LMO) (kWh/100km) 19.4
* 24 modules (8 cells per module) 0-100km/h in 7.9 seconds

* 40 kWh capacity (32 kWh is available)
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" \/ehicle technologies

Mirai

Power Control Unit

1850 kg
0.76 kg H2/100 km
0-100 km/h 8.6

Battery

1.6 kWh Nickel-metal hydride

Fuel CellStack  Hydrogen Storage Tanks

2x 5 kg
700 bar

Traction Motor

114 kW 114 kW

https://www.youtube.com/watch?v=eybThwOwkec
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Cli Vehicle technologies

Prius

5 kWh Ni-MH

1475 kg
3 L/100 km
0-100 km/h

73 kWh ICE-internal
combustion
engine

60 kW EM-eletrical

motor

10.6 s
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Cl5= Vehicle technologies

Prius plug-in

Power control unit

Battery

Power split device Charging unit

Generator

100 kW EM-eletrical motor

8.8 kWh Li-ion

1526 kg
11/100km
11 kWh/100km

0-100 km/h  11.1s
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Clise  Vehicle final energy consumption database

\ 7@? Vehicle Certification Agency

Car fuel data, CO2 and vehicle tax tools

Select a search

Use these tools to find out information on the following:

Find fuel consumption and emissions information on a new or used car
Search for car details including fuel consumption, CO2 and other emissions, by make and model.

» Find fuel consumption and emissions information on a new or used car

Find vehicle tax information on a new or used car
Search for car details by make, model and registration date, or view the current tax tables.

¥ Find vehicle tax information on a new or used car

Find the cost of tax for all vehicle types
Search for the amount of tax payable on cars, motorcycles, lorries, coaches and all other vehicle types.

» Find the cost of vehicle tax

Find new cars by fuel economy
Search for new cars by fuel consumption figures.

e PO O

b Find new cars by fuel economy

https://carfueldata.vehicle-certification-
Search for new cars by the annual cost of fuel. age n Cy' gov. u k/

*» Find new cars and show their fuel running costs

Find new cars using alternative fuel types
Search for new cars using Liquefied Petroleum Gas (LPG)/Compressed Natural Gas (CNG) and petrol electric.

e » Find new cars using alternative fuel types
Download car fuel and emissions information
Find data on fuel consumption and emissions on individual cars. A sample of the environmental label can also be downloaded here.

» Download car fuel and emissions information

Return to home page
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c|e World scenario/Legislation

Worldwide Harmonized Light Vehicles Test Cycle (WLTC)

https://carfueldata.vehicle-certificationagency.gov.uk/downloads/default.aspx

TOYOTA  Prius Plug-in, MY2017, 1.8 VVT-i Auto AT, 1798 cm3, Electricity / Petrol

Euro Standard Noise Level dB(A) CO [mg/km]  THC [mg/km] NOx [mg/km]
6 67 67 17 1

Electric energy consumption Wh/km Maximum range (km) Metric Combined (L/100km) CO2 g/km

72 63 1 22

K32 Vehicle Certification Agency
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c|e World scenario/Legislation

Worldwide Harmonized Light Vehicles Test Cycle (WLTC)
s (7 /10N

i : &5 B% Vehicle Certification Agency

AUDI Q7 e-tron 3.0 TDI quattro (258PS) V6 8speed Tiptronic with 19" wheels QA8 2967 cm3
Electricity / Diesel

Euro Standard Noise Level dB(A) CO [mg/km]  THC [mg/km] NOx[mg/km] PM [mg/km]
6 70 53 6 22 0.34
Electric energy consumption Wh/km Maximum range (km) Metric Combined (L/100km) CO2 g/km

181 56 1.8 438
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c|e World scenario/Legislation

Worldwide Harmonized Light Vehicles Test Cycle (WLTC)

NISSAN  Leaf, MY2016, 30 kWh Electricity

Euro Standard Noise Level dB(A) CO [mg/km]  THC [mg/km] NOx [mg/km]
6 68 0 0 0

Electric energy consumption Wh/km Maximum range (km) Metric Combined (L/100km) CO2 g/km

150 250 0 0

3% Vehicle Certification Agency
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[C]sz Standard driving cycles
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[C]s= Reality - Driver behaviour

Effect of acceleration rate on fuel consumption of a Pontiac G5
90

80 =
70 =
60 = Rapid acceleration
50 =
Gradual acceleration

40
30 -

Fuel consumption (mL)

20 =
10

T
0 100 200 300
Distance (m)
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[C]sz Reality - Driver behaviour

Battery Range

Sporty drive style, with HVAC

Sporty drive style, with HVAC
at extreme ambient temperatures

Carla Silva camsilva@fc.ul.pt TOPIC#4 Basic concepts and Definitions in “Sustainable Mobility”
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S Variation in real world-fuel consumption

Ricardo
Energy & Environment

Preparation for collection and monitoring of
real-world fuel cons_umptlon data for light ED 11840 | Issue Number 5 | Date 29/08/2019
and heavy duty vehicles

Final report

Report for European Commission — DG Climate Action
340201/2018/7878749/SER/CLIMA.C .4
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S Variation in real world-fuel consumption

Figure 5-1: Variation in real world fuel consumption data for nominally identical vehicles, driven by 25
different drivers each carrying out multiple trips (source: FCA, 2018)

Real World Fuel Consumption Fiat Chrysler Automobiles —CA
A test has been carried out on large set of drivers confirming on average the literature
average values Data base

All vehicles are the very same model/version
Fuel cons "
(% ref. WLTP] Vehicles Status:  30°000 km
300% - ® 294% Other info: winter tires (Oct— Dec)
o nr of owners: 25
oo mileage: 65000 km
S S v 2 km/day: 82 km
232% o Period: June - Dec 2017
200% - N 2 Travelling ime 1200 hrs (cumulated)
[ B
e A‘eal Woﬂg ‘ Real World average
150% ® . ® O Driver average
P o % % © Day average
o® ® o@ o &
o o
100% - oS . ® 93%
83% 1
50% v v v r T y
0 20 40 60 80 100 120

Speed (km/h)
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C|Sie  Variation in real world-fuel consumption

Real trip daily variations....
93% to 294% of the WLTP reference value (100%)

* The use of auxiliary systems fitted to the vehicle
e Vehicle maintenance and ageing

e External factors (e.g. climate, weather, altitude, road
conditions and traffic conditions)

e Driver factors (e.g. driving style)

e Trip characteristics (e.g. vehicle speed, trip length and grade )
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C|sie  Variation in real world-fuel consumption

O WHITE PAPER NOVEMBER 2017

FROM LABORATORY TO ROAD
INTERNATIONAL

A COMPARISON OF OFFICIAL AND REAL-WORLD FUEL
CONSUMPTION AND CO, VALUES FOR PASSENGER CARS
IN EUROPE, THE UNITED STATES, CHINA, AND JAPAN

Uwe Tietge, Sonsoles Diaz, Zifei Yang, Peter Mock

o
I c C t www.theicct.org

THE INTERNATIONAL COUNCIL o 2 o
ON CLEAN TRANSPORTATION communications@theicct.org
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C|sie  Variation in real world-fuel consumption

U.S. DEPARTMENT OF Energy Efficiency &

EN ERGY Renewable Energy

www.fueleconomy.gov

the official U.S. government source for fuel economy information

Tracking Your MPG Just Got Easier

Now you can enter "My MPG" data at the pump from your
mobile device at fueleconomy.gov/m!
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S Variation in real world-fuel consumption
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Figure 32. Divergence of MyMPG from official fuel economy values by powertrain. Official fuel
economy values include CAFE figures and EPA label values.

Carla Silva camsilva@fc.ul.pt TOPIC#4 Basic concepts and Definitions in “Sustainable Mobility”


mailto:camsilva@fc.ul.pt

C|sie  Variation in real world-fuel consumption

Test Driving Ambient temperature  Engine condition at start  Accessories
FTP Low speed 24°C (75°F) Cold and hot MNone
HWFET Mid-speed 24°C (75°F) Hot None
US06 Aggressive: low  24°C (75°F) Hot None

and high speed
SCO03 Low speed 35°C (95°F) Hot A/C on
Cold FTP Low speed -6.7°C (20°F) Cold and hot None

Source: US EPA (2006, p.34)

06 cycle
125 FTP75 .
__ 100 g
-C —
£ T5 £
< 50 &o =
= T E
25 E : =
0 ' 2
0 500 1000 1500 2001 =
t(s)
o Tlml:.‘-::;sc:] " N h a ||;:| 200 .'ISI'.I 1;"] E;I:I S;II]
Tirne, &
High Air Cold Test

City Highway Speed Conditioning Temperature Details
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Cli Vehicle technologies

Car magazine info...... LAB and “REAL"....

Deals: Save an average of £2408 on your next car

WHATCAR?

SUV SPECIAL - OPTIONS FOR EVERY BUDGET

ALL-NEW RANGE
OVER VE

COMPARED: $50K LUX0-SPORT SEDAN ICONS

=420 NEW CARS ISSUE

Plus New Audi Q5 an
. Countryman vs rit

T W TE T R

ALSO FEATURING: ACURA TSX V-6 BENTLEY GTC SPEED
CADILLAC SRX  CHEVY CRUZE FORD FIESTA  LEXUS HS250h

REVEALED: THE TRUTH ABOUT YOUR CAR'S MILEAGE NUMBERS
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C|sie  Variation in real world-fuel consumption

real
(61 Consumo standard (0‘0 Consumo de Teste Estimado

7,2 It/100km Combinado 9,5 It/100km

+69%

Cidade/Urbano

12,46 €/100km
(12,46 €/100km)

@ Portugal v

Custo
Estrada/Rodovia 4,7 It/100km

Preco

Combinado 5,6 It/100km
Consumo real diario

Como é calculado?

motor Average statistics provide by users and
professional tests
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C|Sie  Variation in real world-fuel consumption

Measuring real-world fuel consumption is a key:

* To MONITOR efficacy of CO, and fuel
consumption targets ( policy makers)

* To access realistic fuel consumption values and
make informed vehicle purchasing decisions
(consumers)
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C|Sie  Variation in real world-fuel consumption

But LAB tests are also important to
COMPARE

Cars in the exact same conditions!!!!
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Variation in real world-fuel consumption

NOT comparable between different
countries.....

Fivo oe ar PO
Ar de diug
i Al
Gases
espiradores
Tempeestura
Banco de rolos com massas de nercia do gas Pressdo

US EU Japan
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g 80 [ | i 60
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? 40 | E: n M ,' ll ‘ N A ﬂ[
M | | SR AT Fimil
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1000 15 0 0 20 0 0 2500 ’ 0 200 400 6130 800 1000 1200 1400 1600 1800 Time, s
t (5 Tass, & Figure 2. New Transient Mode for \Vehicles < 3,500 kg GVW (proposed)

Figure 1. WLTC cycle for Class 3b vehicles
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]z World scenario/Legislation

US EU Japan
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0 500 1000t (3)1500 2000 2500 Time. s Figure 2. Hew Transient Mode for Vehicies < 3,500 kg GUW (proposed)

Figure 1. WLTC cycle for Class 3b vehicles

mpg — miles your car cando  L/100km —how many liters km/L —how meTny km you
burning 1 gallon of fuel you have to burn to make can do by burning 1 L of fuel
100 km
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Seie Open question

Imagine you buy a Toyota Prius car (HEV) in US, Europe or Japan.
The technical specifications of the car related to fuel consumption
are:

4.5 L/100km

I”

fuel consumption will be different if you drive in New

You “rea
York, Lisbon or Tokyo??? Why?
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