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Home Work/ University

on a regular basis

Commuting by motorized or soft modes

Emissions
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u

Impact of people travel?

2.(Number trip, X km per trip, X EC))

. mode of transport

EC. final energy consumption by mode (MJ/pkm)
Or
Ef. emission factor g/km

Carla Silva camsilva@fc.ul.pt
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Transport Energy Efficiency

Eletric??
Hydrogen??
Autonomous??

(More efficiant) jajc Jer P i ometre travellec (Loss effidient)

Carla Silva camsilva@fc.ul.pt
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’ Ciéncias .
C ULisboa BI ke

¢ siEMENS QORBITA

fh&%ui{y-forh'{-‘g EST. 1971

Battery 1,12 kWh Final energy

?7?
Eletric motor 3 kW MJ/pkm??

Top speed 24 km/h

Carla Silva camsilva@fc.ul.pt



Ciéncias 1°Semestre 2018-2019 | Mobilidade Sustentavel

uites E-Bike Example

Real use Final energy MJ/pkm???biogenic vs eletric
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E-bike swap
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! Ciéncias N
uibes E-Bike Example

Representation first 5 km

——convencional-bpm  —#—convencional bioenergy = ———e-bike speed

30
l 25
o A LA AL .4 ! il 'r*;‘i R I/ a4 2
l : : { ') l ‘ ' | " r ' rl 10
5
1 T T T T T T -0
0 200 400 600 800 1000 1200 1400
Time (s)
~ 0.14 MJ/pkm Overall 500 m elevation gain......
ELECTRICITY
>)| Real range: 30 km spent 1.12 kWh ——> 1.12/30 * 3.6 = 0.13 MJ/pkm
— final energy electricity
9

Carla Silva camsilva@fc.ul.pt
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Final to useful energy
e.g. Conventional Internal Combustion Engine Car

Aerodynamic
= Drag 4=
Standby/ldie 2.6 %
e

AcCessories Ralling
Resistance

4.2 %

=% Inertia <=

3

Braking

Engine Losses 5.8 %

(efic. 10-20%)

Carla Silva camsilva@fc.ul.pt 10
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[C]# vehicle technologies

4 Final to useful energy....

Electrical motor

Pure electric (efic. 60-70%)

Plug-In

Hybrids (efic. 20-30%)

Carla Silva camsilva@fc.ul.pt
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=" \ehicle technologies

Most sold vehicle Portugal

0-100 km/h  14.5s
European test cycle |/100km 5.6
1059 kg

Gasoline Internal combustion engine

https://www.youtube.com/watch?v=DKF5dKo r Y

Carla Silva camsilva@fc.ul.pt
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g No tailpipe emissions

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

Leaf

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

e 40 kWh capacity (32 kWh is available)

Carla Silva camsilva@fc.ul.pt 13
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i 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=eybTbhwOwkec

Carla Silva camsilva@fc.ul.pt
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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

CARAECNE & oomay

10.6 s

Carla Silva camsilva@fc.ul.pt
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Cl5% Vehicle technologies

Prius plug-in

Power control unit

8.8 kWh Li-ion

///J‘—’ﬂ’”' _7& /
— /s 1526 kg

é ' 1 L/100km

Power split device Charging unit 11 kWh/lOOkm

Generator

0-100 km/h  11.1s

100 kW EM-eletrical motor

Carla Silva camsilva@fc.ul.pt



[C]s5 vehicle technologies

1st Semester 2017-2018 | Sustainable Mobility

Flex fuel Sweden 1952 bioethanol filling pumps

E 85

@ Blyfri 7

|
@ Blyfri

Q Diesel

0-100 km/h:12,0 s

city consumption: 13,6 |/100km
82 kW

1282 kg

85%ethanol
15%gasoline by volume

Carla Silva camsilva@fc.ul.pt



1st Semester 2017-2018 | Sustainable Mobility

[C]s5 vehicle technologies

L/100km x MJ/L =MJ/pkm
1 person (the driver)

Fuel MJ/L ‘1, Research
octane
number

Methanol 17.9 108.7
Ethanol 21.2 108.6
E85 (85% ethanol+ 15% 25.2 105
gasoline)

Gasohol (90% gasoline + 33.7 93/94
10% ethanol)

Regular gasoline/petrol 34.8 min. 91
Premium gasoline/petrol max. 104
Diesel 38.6 25

Hydrogen = 120 MJ/kg

Carla Silva camsilva@fc.ul.pt
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Car magazine info.......

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

WHATCAR?

SUV SPECIAL - OPTIONS FOR EVERY BUDGET

ALL-NEW RANGE
noun v: cumwmnn $50K LUXO-SPORT SEDAN ICONS

Plas New Audi 05 an
Countryman vs riy n..
= e

G' EWCARS ISSIJE

I =]
\

KLE0 FEATURMNG: ACURA TSX -6  BENTLEY GTC SPEED e
CADILLAC SRX CHEVY CRINE FORDFESTA  LEXUS HS250h 1
REVEALED: THE TRUTH ABOUT YOUR CAR'S MILEAGE KUMBERS El l“

Carla Silva camsilva@fc.ul.pt
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www.dieselnet.com

Gases de escape

Tempesatura
Bareo de ralaa Gom Massas de ingrcia do gars Precsdn

Carla Silva camsilva@fc.ul.pt
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REGULATIONS

N ' /\

Tailpipe Emissions

N

» Gasoline Engines Diesel Engines

bp[d, km
--..‘\\I
A
.

o

1] Lul] 200 300 400
Time, s
Artemis
UDC EUDC WLTIC low™  WLTC

Urban
Duration [s] 780 993 589 1800
Length [km] 4.00 4.87 3.09 23.27
Average speed : K
kmy/h] 18.4 17.7 18.9 46.°
Max speed [knmv/h] 50 57.3 56.3 131.3
Idle time [%0] 231 20.7 24.8 12.6
Cruising time [%] 25:1 9.7 15.8 253
Acceleration time 271 359 284 319

[%0]

Carla Silva camsilva@fc.ul.pt
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-----------------------------------

LABORATORY
TESTS FOR
PASSENGER
CARS MEASURE ________ FUEL co2 POLLUTANT ENERGY CONSUMPTION VALUES OF
CONSUMPTION EMISSIONS EMISSIONS ALTERNATIVE POWERTRAINS
which are directly as well as the range of
related to fuel consumption electric vehicles

NEDC (. — — WLTP

New European Driving Cycle - OLDTEST NEWTEST Worldwide Harmonised Light
e 4 Vehicle Test Procedure

* Designed in the 1980s » Coming into force in 2017
- Based on thearetical driving - Based on real-driving data

* Has become outdated * Better matches on-road performance

Carla Silva camsilva@fc.ul.pt
22
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* Europe — Light-duty

New European Driving Cycle

— -

upc | EUDC fk

Worldwide Harmonized Light Vehicles Test Procedure (WLTP)-Class 3

g P/Weight>34

; 140 2.00
8 Low Middle High Extra-High

g

120

—Speed . — Acceleration

i
W

100

: | f 1.00
odl e - I‘ ot
0 200 400 800 800 1000 1200 = '-é-.
time [s) 5wl B il o050
- Iy 0§
= | 1l i i \ 9
© ! W ' ®
s Al N :
o 60 B’ *‘""*’r‘f *fj""'*,'i"*' T 0.00 %
v Vi 1 Z 3
o | o
| ! l <
40 1 "1+ -0s0
¥
|
20 4 i -1.00
0 T T T -1.50
0 200 400 600 800 1000 1200 1400 1600 1800

Time, s

Carla Silva camsilva@fc.ul.pt
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Stage

Euro 1t
Euro 2, IDI
Euro 2, DI
Euro 3
Euro 4
Euro 5a
Euro 5b

Euro 6

o ==

Compression Ignition (Diesel)

1992.07
1996.01
1996.012
2000.01
2005.01
2009.09P
2011.09¢
2014.09

Positive Ignition (Gasoline)

Euro 1t
Euro 2
Euro 3
Euro 4
Euro 5

Euro 6

1992.07
1996.01
2000.01
2005.01
2009.09P
2014.09

EU Emission Standards for Passenger Cars (Category M,™*)

2.72(3.16)
1.0
1.0
0.64
0.50
0.50
0.50
0.50

2.72(3.16)
2.2
2.30
1.0
1.0
1.0

0.20
0.10
0.10d
0.10d

g/km

0.97 (1.13)
0.7
0.9
0.56
0.30
0.23
0.23
0.17

0.97 (1.13)
0.5

* At the Euro 1..4 stages, passenger vehicles > 2,500 kg were type approved as Category N, vehicles
1 Values in brackets are conformity of production (COP) limits

a. until 1999.09.30 (after that date DI engines must meet the IDI limits)
b. 2011.01 for all models
€. 2013.01 for all models
d. and NMHC = 0.068 g/km
e. applicable only to vehicles using DI engines

f. 0.0045 g/km using the PMP measurement procedure

g. 6.0x10'2 1/km within first three years from Euro 6 effective dates

0.50
0.25
0.18
0.18
0.08

015
0.08
0.06
0.06

0.14(0.18)
0.08
0.10
0.05
0.025
0.005°
0.005°
0.005°

0.0058f
0.0058f

6.0x1011
6.0x1011

6.0x1011 28

Carla Silva camsilva@fc.ul.pt
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Heavy-duty

Carla Silva camsilva@fc.ul.pt
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Load, %
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100 = Cycle 1 Cycle 2 Cycle 3 Cycle 4
L € e p— oo b oo
&
o B Y —— -
75 E-.. A
Additional modes [ y— T e S T TN
detenmined by f' Sele_cted
ceification 0 Paint
persannel
f0
10s 20s
Tt et
100
25 =
=
15% =
/’“\ -
0 L ' 10
l\_/ 50 5 100 i
. Z0s .
Idle Engine speed, % oLy Time, ¢
European Stationary Cycle (ESC) European Load Response (ELR) engine tes

World Harmonized Stationary Cycle (WHSC)

Carla Silva camsilva@fc.ul.pt
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100 -

75 1

50 4

25

ESC WHSC

¢ o6 - ¢ o

oo - e

YT ¢ o

* 00

0 |25

% Engine speed

! 25 50

% Engine speed

50 75 100

75

100

World Harmonized Stationary Cycle (WHSC)

Carla Silva camsilva@fc.ul.pt
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Europe Heavy-duty

[=2]
=
' —

|
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200 400 600 200 1000 1200 1400 1600 1800
Time, s

Figure 2. ETC Transient Cycle—Engine Speed

&0
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40

20 4

i » I

200 400 GO0 800 1000 1200 1400 1600 1800
Time, s

Carla Silva camsilva@fc.ul.pt

Vehicle Speed, kmfh

Worldwide Harmonized Heavy-duty Test Procedure (WLTP)-Class 3
P/Weight>34

20 4 Urban: 5.3 km | Rural: 5.8 km /’\j \

40 4

30 +

20 4 Motorway:
Jl r 8.9 km

10 4

] 300 600 900 1200 1500 1800
Time, s
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 Europe Heavy-duty

100

305 1l | |

=

LI |

20

I
=1

NMirated), %

0 200 400 g00 800 1000 1200 1400 1800 1800
Time, s

Figure 2. ETC Transient Cycle—Engine Speed

TT{max), %

Il

0 200 400 600 300 1000 1200 1400 1800 1800
Time, s

100

80
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40

20

Torgue, % |

Speed, %
+ 80

800 1000 1200 1400 1600 1800

+ 100

I —+ 60

- 40

+ 20

T T T 0
400 600

Figure 1. World Harmaonized Transient Cycle (WHTC)

200

Time, 5

Carla Silva camsilva@fc.ul.pt
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Table 1
EU Emission Standards for Heavy-Duty Diesel Engines: Steady-State Testing

o | mc | wox [ em | en | smoke
e 7

Euro | 1992, < 85 kW ECE R-49 4.5 11 8.0 0.612
1992, > 85 kW 4.5 1.1 8.0 0.36
Euro Il 1996.10 4.0 1.1 7.0 0.25
1998.10 4.0 1.1 7.0 0.15
Euro Il 1999.10 EEV only ESC & ELR 1.5 0.25 2.0 0.02 0.15
2000.10 2.1 0.66 5.0 0.102 0.8
Euro IV 2005.10 155 0.46 EhD) 0.02 0.5
Euro Vv 2008.10 155 0.46 2.0 0.02 0.5
Euro Vi 2013.01 WHSC 1.5 0.13 0.40 0.01 8.0x10"

a- PM = 0.13 g/kWh for engines < 0.75 dm? swept volume per cylinder and a rated power speed > 3000 min”

Table 2
EU Emission Standards for Heavy-Duty Diesel and Gas Engines: Transient Testing

I N I N B
Stage Test

Euro 1l 1999.10 EEV only ETC 3.0 0.40 0.65 2.0 0.02
2000.10 5.45 0.78 1.6 5.0 0.16°
Euro vV 2005.10 4.0 0.55 1.1 EhD) 0.03
Euro Vv 2008.10 4.0 0.55 1.1 2.0 0.03
Euro Vi 2013.01 WHTC 4.0 0.164 0.5 0.46 0.01 6.0x10"

a - for gas engines only (Euro 11I-V: NG only; Euro VI: NG + LPG)

b - not applicable for gas fueled engines at the Euro lII-1V stages

c-PM = 0.21 g/kwh for engines < 0.75 dm?3 swept volume per cylinder and a rated power speed > 3000 min-!
d - THC for diesel engines

e - for diesel engines; PN limit for positive ignition engines TBD

Carla Silva camsilva@fc.ul.pt
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e Japan light-duty

Japanese 10-15 Mode Driving Schedule
Length - 660 seconds - Distance - 4.2 ki - Average Speed - 22.7 kmh

80

= 15-Mode
E WAW
Eig 10-Mode 10-Mode 10-Mode I“Uf V 1\
7 a AV AV, WA V. W 1
X FUL TNy . T 1
BagLdry YO % FLE 1 [ | JCO8
o3 i O L f i
"HBINERZRBFIRIGEEERES
Test Time, secs 700 4
£ 600 4
JEﬁ 50.0 4
g 40.0 -
» 30.0
20.0 A
10.0 -
0.0 - : : ; - !
0 200 400 600 800 1000 1200
Carla Silva camsilva@fc.ul.pt Timer s
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Vehicle Weight

<1250 kg*

> 1250 kg*

* - equivalent inertia weight (EIW); vehicle weight of 1265 kg

Japanese Emission Standards for Diesel Passenger Cars, g/km

Test

1986  10-15 mode
1990

1994

1997

20023

2005P cosc

2009

1986 10-15 mode
1992

1994

1998

20023

2005P jcosc
2009°

T co | omc | owox | em |

2.1(2.7) 0.40(0.62)  0.70(0.98)

2.1(2.7) 0.40(0.62)  0.50(0.72)

2.1(2.7) 0.40(0.62) 0.50(0.72)  0.20(0.34)

2.1(2.7) 0.40(0.62)  0.40(0.55) 0.08(0.14)
0.63 0.12 0.28 0.052
0.63 0.0249 0.14 0.013
0.63 0.0249 0.08 0.005

2.1(2.7) 0.40(0.62)  0.90(1.26)

2.1(2.7) 0.40(0.62)  0.60(0.84)

2.1(2.7) 0.40(0.62)  0.60(0.84)  0.20(0.34)

2.1(2.7) 0.40(0.62)  0.40(0.55)  0.08(0.14)
0.63 0.12 0.30 0.056
0.63 0.0244 0.15 0.014
0.63 0.0244 0.08 0.005

a - 2002.10 for domestic cars, 2004.09 for imports

b - full implementation by the end of 2005

c - full phase-in by 2011
d - non-methane hydrocarbons

e - 2009.10 for new domestic models; 2010.09 for existing models & imports

Carla Silva camsilva@fc.ul.pt
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US-Brasil

e Urban
(55%)

e Extra Urban
(45%)

EPA Federal Test Procedure

Length 1274 seconds - Distance - 47.8 km - Sverage Spead - 341 kmb

Cold start phase Transient phase

Hot start phase

ca 100 - 0-505 5 505-1369 s 0-505 5
E o ™ ™
= l
3 [ [
3IEE:I r‘
oy
o 40 ‘H
| | AL
& 20
s g vy U
|:|-
— i = 0 = NP 100 — O P00 — O 00— 0O 00— O
W ) O P = O~ < ~— 00 < — 00 W 4 0wy Oy O 0 O 0 0y O 0
= M S NW O~ OO O =N S S0 WM~M~
N et | T e e o g e AR e
Test Time, secs
EPA Highway Fuel Economy Test Driving Schedule
Lzrgth 7ES second: - Distzmes - 16 5 kirn - Auerzge Spead- 777 kmb
100 1 M
z /JM/
540
=]
g
5 20
= t
]
T O~ W00 e e LD e Op e L0 00 = O3 LD 0) e Ok W) M o= O
LN 0O o = O WO @ = e OO0 00— = P O LD
Rl e e e A Y St N s N v O o O s IO = L~ e~ O Y Y o O Yo O i Y o Y i Y L L
Test Time, secs

Carla Silva camsilva@fc.ul.pt
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US - California

LEV Emission Standards for Light-Duty Vehicles, FTP-75, g/mi

100,000 miles/10 years

50,000 miles/S years

Category

Passenger cars

Tier1 0.25 3.4 0.4 0.08
TLEV 0.125 3.4 0.4 5
LEV 0.075 3.4 0.2 =
ULEV 0.040 ¢ 1 0.2 =
LDT1, LVW <3,750 Ibs

Tier1 0.25 3.4 0.4 0.08
TLEV 0.125 3.4 0.4 2
LEV 0.075 3.4 0.2 =
ULEV 0.040 17 0.2 =
LDT2, LVW =3,750 Ibs

Tier1 0.32 4.4 0.7 0.08
TLEV 0.180 4.4 0.7 2
LEV 0,100 4.4 0.4 -
ULEV 0.050 2.2 0.4 5

a- NMHC for all Tier 1 standards

Abbreviations:
LVW - loaded vehicle weight {curb weight + 300 Ibs)
LDT - light-duty truck
NMOG - non-methane organic gases
HCHO - formaldehyde

Carla Silva camsilva@fc.ul.pt

HCHO

0.015
0.015
0.008

D.015
0.015
D.008

D018
0.018
0.009

NMOG?

0.31
0.156
0.080
0.055

0.31
0.156
0.080
0.055

0.40
0.200
0.130
0.070

co

4.2
4.2
4.2
2.1

4.2
4.2
4.2
2.1

Hib
5.5
ey
2.8

NOx

0.6
0.6
0.3
0.3

0.6
0.6
0.3
0.3

0.97
0.9
0.5
B

PM

0.08
0.08
0.04

0.08
0.08
0.04

0.10
0.10
0.05

0.018
0.018
0.011

D.018
D.018
0.011

0.023
0.023
D.013

34
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Table 1
H PROCONVE Emission Standards For Passenger Vehicles
BraSII - PROCONVE (FTP-75; Durability: 80,000 km/5 years)
, C@eco | co | mc | wec | nox | no | ew |
Tier

L-4 1.1.20071.2 0.50 2.0 0.30 0.16 0.253/0.60% 0.03 0.05
L5 1.1.2009° 0.50 2.0 0.30 0.05 0.123/0.25%4 0.02 0.05
L-6 1.1.20136 0.20 1.3 0.30 0.05 0.08 0.02 0.025

Idle CO limits apply to Otto cycle engines only

THC limits apply to natural gas vehicles only

Aldehydes (HCO) limits apply to Otto cycle engines only; Natural gas vehicles exempted

PM limits apply to Diesel cycle engines only

(1) 1.1.2005: at least 40% of annual production (passenger vehicles + light commercial vehicles)
(2) 1.1.2006: at least 70% of annual production (passenger vehicles + light commercial vehicles)

LEV Emission Standards for Light-Duty Vehicles, FTP-75, g/mi EU Emission Standards for Passenger Cars (Category M;*)
| @ [ we | wonox [ wex | e | ew |
Category #/km
_nmog® | co | Nox | PM__| HCHO | NMOG*
Passenger cars 2.72(3.16) - 0,97 (1.13) - 0.14(0.18)
1.0 - 0.7 - 0.08
Tier 1 0.25 3.4 0.4 0.08 = 0.31 4.2 13 } 59 } @D
TLEV 0.125 3.4 0.4 = 0.015 0.156 4.2 0.64 - 0.56 0.50 0.05
LEV 0.075 0.2 - 0.015 0.090 42 020 : o3 o2 0023
0.50 - 0.23 0.8 0.005° -
ULEV 0.040 0.2 = 0.008 0.055 2.1 050 . 0.23 018 0.0057 6.0x1011
Eurc 6 2014.09 0.50 - 0.17 0.08 0.005° 6.0x10""
211 g/km Positive Ignition (Gasoline)
1.06 g/km Euro 11 1992.07 2.72(3.16) - 0.97 (1.13) - -
Euro 2 1996.01 22 - 0.5 - -
Euro 3 2000.01 2.30 0.20 - 0.5 -
Euro 4 2005.01 1.0 0.10 - 0.08 -
—p  EUOS 2009.09° 1.0 0.104 - 0.06 0.0058f
Euro 6 2014.09 1.0 0.10d - 0.06 0.0058f 6.0x101 &8

* At the Euro 1..4 stages, passenger vehicles > 2,500 kg were type approved as Category N, vehicles
1 Values in brackets are conformity of production (COP) limits.

a. until 1999.09.30 (after that date DI engines must meet the DI limits)

b. 2011.01 for all models

€. 2013.01 for all models

d. and NMHC = 0.068 g/km

e. applicable only to vehicles using DI engines

f. 0.0045 g/km using the PMP measurement procedure

g. 6.0x10'2 1/km within first three years from Euro 6 effective dates

Carla Silva camsilva@fc.ul.pt
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Fire o ar g
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= Anaizadores:
Gases de escay pe
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Teiripsratura

140

US EU Japan
125 A FTP75 o Sw
100 - & e \ M
ey . | LA [
< 50 o | LA MUTER /‘\ f\, W
7 25| » | LY AV AL lln FH |
O i o : ‘ | : i : : : 1] 200 400 T?:-?e . 1000 1200
1000 1500 2000 2500 o 200 400 G600 Si?l-[)ime,l:ou 1200 1400 1800 1800
t (S) Figure 1. WLTC cycle for Class 3b vehicles Figure 2, Mew Transient Mode for Vehicles < 3,500 kg GVIW (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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Worldwide Harmonized Light Vehicles Test Cycle (WLT C)

Table 1
WLTC test cycles
Category | PMR, W/kg Speed Phase Sequence
Class3b PMR >34 v_max = 120 Low 3 + Medium 3-2 + High 3-2 + Extra High
3
Class 3a v_max <120 Low 3 + Medium 3-1 + High 3-1 + Extra High
3
Class 2 34 = PMR > = Low 2 + Medium 2 + High 2 + Extra High 2
22
Class 1 PMR = 22 = Low 1 + Medium 1 + Low 1
India :
China
Turkey Thailand
Russia Switzerland

Carla Silva camsilva@fc.ul.pt
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Worldwide Harmonized Light Vehicles Test Cycle (WLT

C)

140 140 I : : :
Low Medium High Extra High Low Medium High Extra High
120 120
100 100
=
80 _E 80
o
L ¢]
60 g 60
)
40 40
20 20
] - - - - - - - - 0 T T 1 T T T T T
0 200 400 600 800 1000 1200 1400 1600 1800 0 200 400 600 800 1000 1200 1400 1600 1800
Time, s Time, s
Figure 1. WLTC cycle for Class 3b vehicles Figure 2. WLTC cycle for Class 2 vehicles
140
Low Medium Low
120
100
£
E =0
-3
[ F]
8 60
w
40
20
]
] 200 400 600 800 1000 1200 1400 1600 1800
Time, s

Figure 3. WLTC cycle for Class 1 vehicles
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PHEYV or off vehicle charging hybrid electric vehicl e

SOC -

50C (%)

100% T

High fimit

Charge Depleting

Charge Sustaining |

Low lmit |-

%

STATE OF CHARGE

[immas v s TR T

Driving oycle duration

— ey PREV=ROCD  —— PHEY=Dloded  — BEV
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mpg ., = D
&CD ~
78 Erk age
Suel +
gazoline
100% Engime Taus On Measure
Recharge
SOC At End
(%) J-------rmmmmmmmmm b
Continued CD Operation Charge
Sustaiming
Distance SOC Level
S — A

D =Four UDDS or Three HWFET Cycles (~30 miles)
(if no engine on in first 30 miles continue to run cycles until it does turn on)

Figure 3: FCT to measure Charge-Depleting (CD) fuel economy. illustrated with application to the

UDDS or HWFET test cycles

mpg s =
JSuel
100% ¢
SOC
(%) -
Charge Sustaining
: SOC Level
Distance
N ~- .-

D = Two UDDS or Two HWFET Cycles

Figure 2: PCT to measure Charge-Sustaining (CS) vehicle fuel economy: illustrated with application

to the UDDS or HWFET test cycles
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FC Ciéncias
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Worldwide Harmonized Light Vehicles Test Cycle (WLT
CD Table 5 CS

WLTC test matrix for hybrid and electric vehicles

C)

Criteria Emissions, FC, CO5, AER,

Criteria Emissions, FC, CO, AERCcily, E 4 ity

EAER, Repe Repw Eac

OVC-HEV Class 3a Low 3 + Medium 3-1 + High 3-1  Low 3 + Medium 3-1 + High 3-1  Low 3 + Medium 3-1
+ Extra High 3 + Extra High 3
Class 3b Low 3 + Medium 3-2 + High 3-2  Low 3 + Medium 3-2 + High 3-2  Low 3 + Medium 3-2
+ Extra High 3 + ExtraHigh 3
NOVC-HEV Class 3a = Low 3 + Medium 3-1 + High 3-1 =
+ ExtraHigh 3
Class 3b = Low 3 + Medium 3-2 + High 3-2 =
+ Extra High 3
PEV Class 3a Low 3 + Medium 3-1 + High 3-1 = Low 3 + Medium 3-1
+ Extra High 3
Class 3b Low 3 + Medium 3-2 + High 3-2 = Low 3 + Medium 3-2
+ Extra High 3
Abbreviations:

AER - All-electric range

EAER - Equivalent all-electric range

Eac - Recharged energy
FC - Fuel consumption

MOVC-HEV - not off-vehicle charging hybrid electric vehicle
OWC-HEV - off-vehicle charging hybrid electric vehicle

PEV - pure electric vehicle

Repa - Charge-depleting actual range
Repe - Charge-depleting cycle range

Carla Silva camsilva@fc.ul.pt
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Worldwide Harmonized Light Vehicles Test Cycle (WLT C)

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

‘ ?@* Vehicle Certification Agency

Carla Silva camsilva@fc.ul.pt
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Wormwilie' trarrrroifzd Light Vehicles Test Cycle (WLT ~— C)
P 7 /10 .
‘ k% 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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Worldwide Harmonized Light Vehicles Test Cycle (WLT C)

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

Carla Silva camsilva@fc.ul.pt



n Ciéncias WO rI d scena ri o) / Le g i S I ati on 1st Semester 2017-2018 | Sustainable Mobility

Fuel Economy CO, emissions

CO, emissions figure (g/km)

Fuel and Electricity cost (estimated) for 12,000 miles Fued Elecincity Total

A guide price for companson purposes s calculated using the combimed dnve cycle (iown centre and £l
motoréay) snd average fusl and electricity price. Fuel consumption for plug-in hybnd vehscles is messured in

two condiions, one with the batiery freshly charged and another where i is significantly depleted A welghied £ £ £

average of e two figures obtained is caiculsted based on B0 Bssumption that 8 vehicle (s driven 16 miles
§25Kkm) beyond its maximum electric range, useng the engine s required wiihout secharging. Cost i
recaiculaled annualy. Unlt Cost as at March 2018: petrol £1. 188ire, desel £1. 23itre, electnicily 15.9p&Wh

VED for 12 the 1st year rate ™ Standard rate =
Wehicle excise duty (VED) or rad tax varies sccarding bo the €0, and fuei type of the vehica £ £
Air Quality Information ISENT e Pl V5
Eurp B TEMP] includies an ROE (Feal Driving Emésaions] requirement i deliver greater on-road emissons o 2 rcrpicenl
reductions. \ehicles 1hat sieady comgly with the future requirements for RDE. Euro 6d, will be exempt from the
diessl suppiement. All new cars are Euro 6, Euro § cars meet current minimum standards for ciean &r Zones.

A m =
Energy consumption: Mpg and MileskWh Electric range: Miles

Environmental Information: A guide on fuel economy and CO, emissions which contains data for all new
P ger car models is available at any point of sale free of charge. In addition to the fuel efficiency of
a car, driving behaviour as well as other non-technical factors play a rele in determining a car’s fuel
consumption and CO, emissions. CO, is the main greenhouse gas responsible for global warming.

Make/Model: Engine Capacity (cc):
Fuel Type:~ Transmission: N/A
Fuel Consumption: Litres/100km Mpg

Drive eycle

Urban N/A N/A
Extra-urban NIA MNIA
Weighted Combined . !

Carbon dioxide emissions (g/km) (weighted):
Important note: Some specifications of this make/model may have lower CO, emissions than this. Check with your dealer.

{1} A new 15 year VED mite wil be spoled i cars mgistaned for the firs? fime {scheme: efiective from Apei 2010 and revissd Aol 2017}

(2} The standord 12 mantt VED rade for ail regisiensd cars in M hand & shown for ihe puposies of companisca. Mote, fgores quaied mefisct ife cument rate anly, and may be subject o
change in fire future. Cars with a kst pnce of over £40,500 when new pay an addiicnal rate of £370 per year on fop of indard rate for fve pears

G U TV OO G AT MRS T Cree 18T O r === == = mmess s

https://carfueldata.vehicle-certification-

agency.gov.uk/additional/labels/2018-Electric-
Hybrid-Label-Blank.pdf
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Fuel Economy CO, emissions

CO, emissions figure (g/km)

Fuel and Electricity cost (estimated) for 12,000 miles Fued Elecincity Toeal
A guide price for companson purposes s calculated using the combimed dnve cycle (iown centre and

motoréay) snd average fusl and electricity price. Fuel consumption for plug-in hybnd vehscles is messured in

two condiions, one with the batiery freshly charged and another where i is significantly depleted A welghied £ £ £

average of e two figures obtained is caiculsted based on B0 Bssumption that 8 vehicle (s driven 16 miles
§25Kkm) beyond its maximum electric range, useng the engine s required wiihout secharging. Cost i
recaiculaled annualy. Unlt Cost as at March 2018: petrol £1. 188ire, desel £1. 23itre, electnicily 15.9p&Wh

VED for 12 the 1st year rate ™ Standard rate =
Wehicle excise duty (VED) of road tax vare: ding to the £0, and fusi lype of the vehicis £ £
Air Quality Information S Plenel UER
Eurp B TEMP] includies an ROE (Feal Driving Emésaions] requirement i deliver greater on-road emissons o 2 rcrpicenl
reductions. \ehicles 1hat sieady comgly with the future requirements for RDE. Euro 6d, will be exempt from the
diessl suppiement. All new cars are Euro 6, Euro § cars meet current minimum standards for ciean &r Zones.

A m =
Energy consumption: Mpg and MileskWh Electric range: Miles

Environmental Information: A guide on fuel economy and CO, emissions which contains data for all new
passenger car models is available at any point of sale free of charge. In addition to the fuel efficiency of
a car, driving behaviour as well as other non-technical factors play a rele in determining a car’s fuel
consumption and CO, emissions. CO, is the main greenhouse gas responsible for global warming.

Make/Model: Engine Capacity (cc):
Fuel Type:~ Transmission: N/A
Fuel Consumption: Litres/100km Mpg

Drive cycle

Urban N/A N/A
Extra-urban NIA MNIA
Weighted Combined . !

Carbon dioxide emissions (g/km) (weighted):
Important note: Some specifications of this make/model may have lower CO, emissions than this. Check with your dealer.

{1} A new 15 year VED mite wil be spoled i cars mgistaned for the firs? fime {scheme: efiective from Apei 2010 and revissd Aol 2017}

{2} The sandurd 12 mantf VED raie for al regisieied cars in v hand & shown for ihe purposes of comperiscn. Note, fipares qualed reflect the cument rate anly. and may be subject o
charge in e futere. Cars wiffy & kst ance of over £20, 500 when new pay an addition;
IS TV GO ST ST i TS O Tt <
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Fuel Economy CO, emissions

€O, emissions figure (gfkm)

Annual ensrgy cost

5t ywar ratn Smndard rat

£0 £0

Electric emergy consumption: Miles/kKWh = Eleclric range: M‘Ues-l

Environmental Information: A guide on fuel economy and CO, emissions which contains data for all new

[« ger car dels is available at any point of sale free of charge. In addition to the fuel efficiency of
a car, driving behaviour as well as other non-technical factors play a role in determining a car’s fuel
consumption and CO, emissions. CO, is the main g gas responsible for global warming.
Make/Maodel: Engine Capacity (cc): N/A

Fuel Type:  Electricity” Transmission: NiA

Fuel Consumption: Litres/100km™ Mpg™

Drive cycle

Urban MNIA N/A

Extra-urban N/A NIA,

Combined N/A N/A

Carbon dioxide emissions (g'km): 0
Important note: Some specifications of this make/moded may have lower CO. emissions than this. Check with your dealer.

1) P 701 pmar VD) rate wilf 0 agpdd i £as mgitened for M frst 1
{23 The sfmcce 1.2 month VED rade for af ragisisced cars i s i i show
AN i e Adune: Cark Wil & VT ooe of cvey £40,000 wites Dew oy 0 acciionad ro of £313 per

13 Frease cone mat uCled are OOCAN Under 38T IST COACANNL They My AT i ACTVEVRS e TOE #OrT Seves [AOTAE Howers (e Spuned SErve 313 means of
compiaring models of 8
) A fat af sscive dtie o
(57 Mot sviale for glecnic

2 DTS L BRI PrE NS Fiwi TOD-MAE SOMAE

@. @ Important note: The test used to establish the fuel
Department Vehicle consumption a_m-rl co, ﬁgyrm? above is changing. To !_ind out
for Transport Certification more about this and how it might affact your purchasing

decision, please read the accompanying fact sheet.

Aaencv
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iies Driver behaviour

Effect of acceleration rate on fuel consumption of a Pontiac G5

90
80 =

Rapid acceleration

Gradual acceleration

Fuel consumption (mL)

0 I |
0 100 200 300
Distance (m)
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Battery Range

Sporty drive style, with HVAC

Sporty drive style, with HVAC
at extreme ambient temperatures

Carla Silva camsilva@fc.ul.pt 49
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Regional
Vs transpor-
/ tation models

Facility-based
transportation
models; modal
activity distribution

Microscopic traffic models;
driving cycles

Transportation modelsi/data sets

Macroscopic
parameters

e.g. avg Sﬂeed

Mesoscopic
parameters
e.g. speed, acc

by facility Epe

Microscopic
parameters
e.g. sec-by-sec

driving prﬁﬁle

:uperl',@

Regional |

emissions %

- ‘ Emissions
i Invento

Total link Y

emissions for
facility types

Second-by-second
emissions for vehicles

Emission estimates

Carla Silva camsilva@fc.ul.pt

50



1st Semester 2017-2018 | Sustainable Mobility

€[5 Microscopic

Rolling resistance
Adr resislance (Rl

Propulsive force delivened
[rom unguM
Vehicle

wazkabl {nrg)

vehicle dynamics
Useful energy consumption

> lHr_ ]
¥ Cirsde resistance

Roling Rr =k (m+m,)gecosy
Road gradient Fw =(m+m)gesiny
Aerodynamics Ra=1/29C A V?
Propultion Fp :(km-m+mp)-dv/dt

Carla Silva camsilva@fc.ul.pt 51
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New York City Cycle

Length 598 seconds - Distance - 1.9 km - Average Speed - 11.4 kmh

Resistances (Golf]

= 4000 ﬁ ‘. ;
=
E o Acceleration
3 30,00 |J ) " J 50 AR resistance
& 20,0 ﬁ t rd--l { d S 74.5% [=) Rolling resistance
= 1y TR Air resistance
£ 1000 d m J l , w a0 62.5% =
=
0,00 T T T 2 T T
1] 100 200 300 400 s00 £00
, 40 .
Test Time, secs
20
12.6%
LT 80km  120km" |
. traffic constant constant &
R I Fig. 2.32 In town and when the vehicle is travelling at low speeds on rural roads,
O |ng fusl consumption is determined up to 40% by the rolling resistanca, whereas at

higher speeds the air drag is the determining factor see Section 2.1 and Section 2.2
in Ref. [3]). The figure shows a study carried out by VW on the Golf.

Ae rOdyn amicCs Cd A f Contribution of Tire Rolling Resistance to Vehicle Fuel Economy Versus Speed

{Reprinted with permission from the Antomotive Chassis: Engineering Principles,
I : 2nd Edition, Reed Educational and Professional Publishing Ltd., 2001)

Propultion

Carla Silva camsilva@fc.ul.pt 52
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600%16

siN/
. T50%28

—h
=

o)
CONCRETE -
T, Afliei 13
o 10 20 a0 40 DS
| |
0 100 200 kPa 1.2

INFLATION PRESSURE

—
p
T

V', Engine swept
\rﬂlurrle in i

Hotational inertia coefficient &y,

—

RATED CONDITIONS 6 5 10 15 m
0.3 ilr =
002 1 BIAS

0.015 | m'“@; ;

i P WPV @Bosch Automotive Handbook: 8th Edition

25 50 75 miph
SPEED

o o

Roling kr 0.013 0.01
AerOdynamiCS Cd A ¢ 0.35x1.91m? 0.6X7m?
Propulsion km 1.1 1.13

Carla Silva camsilva@fc.ul.pt

53



1st Semester 2017-2018 | Sustainable Mobility

i& Motor vehicle dynamics

Vehicle Input ""‘ N R E L

NATIONAL RENEWABLE ENERGY LABORATORY
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ULisboa

EMEP/EEA air pollutant emission inventory guidebook

EEA Report | No 21/2016

EMEP/EEA air pollutant emission inventory
guidebook 2016

Technical guidance to prepare national emission inventories

ISSN 1977-8449

Carla Silva camsilva@fc.ul.pt 55
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ULisboa

EMEP/EEA air pollutant emission inventory guidebook

» Part B: sectoral guidance chapters
m 1. EHIET'E,"_'I"
4 1A Combustion
= 1.A.1 Energy industries [2.4 MB]

s 1.A.2 Manufacturing industries and construction [893.2 KB]

|

—

i

1.A.3.a Aviation 2016 [1.5 MBJ€

1.A.3.b.vi-vii Road tyre and brake wear 2016 [542.7 KB]
1.A.3.c Railways 2016 [476.0 KB] <€
1.A.3.d Navigation (shipping) 2016 [B04.2 KB

1.A.3.e.i Pipeline transport 2016 [93.3 KB]
1.A.4 small combustion 2016 [3.5 ME]

A.3.b.i-iv Road transport 201

A3.b.i-iv Road transport Ann [3.0 ME]

A.3.b.v Gasoline evaporation 2016 [861.2 KB]

Not electric rail!

= 1.A.4 Non road mobile machinery 2016 [1.7 MB]
= 1.A.4 Non road mobile machinery Annex [99.6 KB]

Carla Silva camsilva@fc.ul.pt
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1.A.3.b.i, 1.A.3.b.ii, 1.A.3.b.iii, 1.A.3.b.iv

Passenger cars, light commercial trucks, heavy-duty vehicles including
buses and motor cycles

Figure 3-1 Decision tree for exhaust emissions from road transport

Ackivity Data  Calculation Factars  Emissions  Adwanced  Help

About COPERT 4

Are vehicle
km and mean
travelling speed available
per mode and vehicle
technology?

Yes Use Tier 3 approach,
using vehicle activity
based model, e.g.
COPERT

Use Tier 2 Emissions

Yes Factors, based on vehicle

| km for different vehicle
technologies

available?”

[y

Collect data to apportion
Yes fuel among different vehicle
technologies for each
NFR code, deriving
vehicle km for
vehicle sub-categories

Is thisa
key category?

Apply Tier 1 *Note: Road Transport is very probably a Key
default EFs Category in all countries. Therefore, efforts

based on fuel should always be made to use a tier 2 or 3
consumption method for road transport emission estimation

Carla Silva camsilva@fc 57
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Cl#= Road transport/Tier 1

First estimation (high uncertainty) emissions proportional to fuel consumption

Ex= Zy (Zm (FCy,m XEFx,y,m)) (EC]. 1)

Where:

Ex = emission of pollutant x [g],

FC,,m = fuel consumption of vehicle category y using fuel m [kg],

EFy,m = fuel consumption-specific emission factor of pollutant x for vehicle category y

and fuel m [g/kg]

Carla Silva camsilva@fc.ul.pt 58
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Road transport/Tier 1
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First estimation (high uncertainty) emissions proportional to fuel consumption

Table 3.15: Tier 1 — Typical fuel consumption figures, per km, by category of vehicle

Vehicle category (j) Fuel cons?:‘l:::t?:);u(el il
Petrol 70
Diesel 60
Passenger cars LPG TR
E85 86.5
CNG 62.6
Petrol 100
sl Diesel 80
Diesel 240
HDY CNG (buses) 500
Two-wheel vehicles Petrol 35

Carla Silva camsilva@fc.ul.pt
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First estimation (high uncertainty) emissions proportional to fuel consumption

Table 3.5: Tier 1 emission factors for CO and NMVOCs

co NMVOC
Category Fuel (g/kg fuel) (g/kg fuel)

Mean Min Max Mean Min Max
Petrol 84.7 49.0 269.5 10.05 5.55 34.42

PC Diesel 3.33 2.05 8.19 0.70 0.41 1.88
LPG 84.7 38.7 117.0 13.64 6.10 25.66
LCV Petrol 152.3 68.7 238.3 14.59 3.91 26.08
Diesel 7.40 6.37 11.71 1.54 1.29 1.96

HDV Diesel 7.58 5.3 10.57 1.92 1.33 3.77
CNG (Buses) 5.70 2.20 15.00 0.26 0.10 0.67

Two-wheel Petrol 497.7 3512 664.5 131.4 30.0 364.8

Carla Silva camsilva@fc.ul.pt 60




Sli_?:bcggs Roa d t rans po r t /Ti er 1 1st Semester 2017-2018 | Sustainable Mobility

First estimation (high uncertainty) emissions proportional to fuel consumption

Table 3.6: Tier 1 emission factors for NOx and PM

NO PM
Category Fuel (g/kg fuel) (g/kg fuel)

Mean Min Max Mean Min Max

Petrol 8.73 4.48 29.89 0.03 0.02 0.04

PC Diesel 12.96 11.20 13.88 1.10 0.80 2.64
LPG 15.20 418 34.30 0.00 0.00 0.00

Petrol 13.22 3.24 25.46 0.02 0.02 0.03

s Diesel 14.91 13.36 18.43 152 1.10 2.99
HDV Diesel 33.37 28.34 38.29 0.94 0.61 157
CNG (Buses) 13.00 5.50 30.00 0.02 0.01 0.04

Two-wheel Petrol 6.64 1.99 10.73 2.20 0.55 6.02

Carla Silva camsilva@fc.ul.pt 61
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e Surveys, energy & emissions

Exercise: What would be the yearly impact in biogenic and non-biogenic final energy
consumption and CO,, NO, and PM of a community of 100 commuting people
where?:

One-way trip
Weekday: 50% walk 1 km; 25% bus 5 km; 25% car 30 km
i) Conventional technology

i) Electric based technology
iii) Hydrogen based technology

Carla Silva camsilva@fc.ul.pt
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e Surveys, energy & emissions

BUS
Data MJ/pkm from sustainability

report

CAR
——> Most sold vehicle, VCA info

0-100 km/h  14.5s
European test cycle I/100km 5.6
1059 kg

Carla Silva camsilva@fc.ul.pt
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Surveys, energy & emissions
| @gﬁs Vehicle Certification Agency
August 2017

Trans Engine Metric  Metric  Metric CO2 Emissions Emissions THC + NOx Particulates
Manufa missio Capacit Fuel Urban Extra- Combin g/k CO NOx Emissions [No.]
cturer Model Description n y Type (Cold) Urban ed m  [mg/km] [mg/km] [mg/km] [mg/km]
RENAU Dies
LT Clio Euro6, 2015 dCi110S/S M6 1461 el 3.8 33 35 90 354 18 60 0.08
RENAU Energy dCi 90 Dies
LT Clio Euro6, 2015 S/S M5 1461 el 3.5 3.1 33 &5 158 33 60 0.08
RENAU Energy dCi 90 Dies
LT Clio Euro6, 2015 S/SECO M5 1461 el 33 3.1 32 82 158 33 60 0.08
RENAU Clio Sport Tourer Dies
LT Euro6, 2015 dCi 90 S/s M5 1461 el 3.5 3.1 33 &5 158 33 60 0.08
RENAU Clio Sport Tourer Energy dCi 90 Dies
LT Euro6, 2015 S/SECO M5 1461 el 3.4 3.1 32 84 158 33 60 0.08
RENAUL Energy TCe 90
T Clio Euro6, 2015  S/S M5 898 Petrol 5.7 4.1 4.7 105 327 28
RENAUL Clio Sport Tourer Energy TCe 90 T
T Euro6, 2015 S/S M5 898 Petrol 5.7 4 46 104 28

T

Worldwide Harmonized Light Vehicles Test Cycle (WLTC)

Carla Silva camsilva@fc.ul.pt
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e Surveys, energy & emissions

Fuel energy density MJ/L and Lower heating value

Using data from MJ/kg.....average gasoline-diesel
EEA Tier 1
Bus (MJ/pkm) 1.6 carris sust.report 240 g/km 9.6 MJ/km 80 Lugares 0.24 MJ/pkm  50% occupancy
Car (L/100km) 4.45 most sold vehicle 1.6465 MJ/pkm 65 g/km 2.6 MJ/km 5 Lugares 2.6 MJ/pkm only the driver
u EEATier 1
CO2 (g/g) NOx (mg/kg) PM2.5 (mg/kg)
4.5 L/100km*37 MJ/L bus 3.2 33.37 0.94
*42 MJ/kg car 3.2 10.845 0.565
g/MJ
bus 76.19048 0.79452381 0.022381
car 76.19048 0.25821429 0.013452
ton/year
> bus 7.314286 0.07627429 0.002149
Data from CIaSS #4 car 45.16114 0.15305394 0.007974

And Tier 1 emission factors

g/MJ*MlJ/year

Carla Silva camsilva@fc.ul.pt
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5 Surveys, energ. & emissions

Travel to work by transport mode (km basis)

A

3%

Tl

100% = 360 km/week

48 week/year =17 280 km

Eiaivy.

Carla Silva camsilva@fc.ul.pt
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(MJ/year) and CO2, NOx and PM2.5 (g/year)

M Biogenic

H Non-biogenic

N

841 920 MJ/year

Renault clio
89% Sust.report Carris

100% = 360 MJ/week

48 week/year = 845 760 MJ/year

EEA Tier 1
950 400 MJ/year

98%
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[C]+5urveys, energ. & emissions

ELECTRICITY

841 920*0.2/0.7 = 240 548 MJ/year

Using final to useful
efficiencies...... or choose
Nissan Leaf and Mirai
data but for bus.....

Renault Clio
S Sust.report Carris

841 920*0.2/0.4 = 420 960 MJ/year

Carla Silva camsilva@fc.ul.pt
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[C]#5urveys, energ. & emissions

CO,, NOx and PM2.5 (ton/year)

il

Euiairy.

64 ton CO,/year

0.27 ton NOx/year

0.01 ton PM/year
(including PM2.5)

Carla Silva camsilva@fc.ul.pt
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[C]=5urveys, energ. & emissions

CO2, NOx and PM2.5 (ton/year)

ELECTRICITY

0 ton CO,/year

0 ton NOx/year

0 ton PM/year
(including PM2.5)

Carla Silva camsilva@fc.ul.pt
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> Lisbon AML case study

P#2 AML — Metropolitan area of Lisbon. From the AML 2017 survey results
(shown below) estimate the final energy consumption (MJ/year) and CO,, NO,
and PM2.5 (ton/year) and do a pie chart by transportation mode, and bar graphs
for the scenarious. Assume a year with 48 weeks (except holidays).

Reference ; Scenario eletric e-bike e-cars e-bus; Scenario Hydrogen all H,

what would be the overall mobility related final energy consumption (biogenic
and non biogenic)? What scenario would you advise? A more electrified one or a

more hydrogen based one?

Deadline 5 November

Carla Silva camsilva@fc.ul.pt 1
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ULisboa Su rveys

Recent mobility survey 2017 Porto and Lisbon

Impact of people travel?

Quadro 9

km per trip

Tempo e distancia por deslocagao, segundo o principal meio de transporte das desloca¢ées

AM Lisboa
Duragdo média (minutos) Distancia média (km)
AM Lisboa 24.3 103
car Automovel - condutor 21.7 12.7
Automovel - passageiro 20.8 13.3
motorbike Motociclo/ciclomotor 18.0 11.7
bus Autocarro (transporte publico) 45.7 12.1
train  Comboio 53.4 19.1
subway Metropolitano 39.7 8.5
boat Barco 58.1 19.5
Taxi 19.6 6.4
van Transporte escolar / empresa 32.6 17.2
walk A pé 17.0 1.5
bike Bicicleta 36.2 8.8
Outro/desconhecido 31.7 24.2

Nota: Exclui as deslocagbes internacionais

Carla Silva camsilva@fc.ul.pt 2



" Ciéncias
C ULisboa Su rveys

1st Semester 2017-2018 | Sustainable Mobility

Recent mobility survey 2017 Porto and Lisbon

Impact of people travel?
 oltoroo indice

Quadro 6

Deslocag6es por tipo de dia e meio de transporte principal da deslocagao

AM Lisboa

AM Lisboa
Transporte individual
Automovel - condutor
AutomOdvel - passageiro
motorbike Motociclo/ciclomotor
Transporte publico ou coletivo
Dos quais:
bus  Autocarro
train  Comboio
subway Metropolitano
Walk and bikeModos suaves (a pé e bicicleta)
Outro/desconhecido

car

Total semanal

37,697.1
22,542.4
17,326.3
4,884.7
331.3
5,939.5

2,945.9
1,215.7
1,167.8
8,857.7

357.4

a) SDF - Sdbados, domingos e Feriados

Deslocagées
Dias uteis
27,439.7
15,715.5
12,334.4
3,110.2

270.9
5,056.6

2,476.0
1,032.0
1,014.6
6,404.3

263.4

Unidade:10°

SDF a)

10,257.4
6,826.9
4,992.0
1,774.5

60.4
882.9

469.9
183.7
153.2
2,453.4
924.1

Number trips
Per mode

Carla Silva camsilva@fc.ul.pt
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Vehicle activity Xx N €™ Trips x Factor x days/year

/ / /

Km/week/ trips/mode e.g. 48
mode/trip weeks/year

Energy and Emission factors

MJ/pkm and g/pkm

MJ/year and g/year

Carla Silva camsilva@fc.ul.pt “
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Fleet impacts
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Control point ..... Fuel sales

Este site utiliza Cookies. Ao navegar no site esta a consentir a sua utilizagao, Saiha mais.

Pordata > Municipios > Ambiente, Energla e Territorio > Energla > Venda de combustivels para consume» Gonsulta mvangasa

Infciec Glossario Retratos Destagues Academia

Tabela =

=3 Tabela . Mapa
= ¥

Indicadores (4/15) -

| Filtro: | Inserir Patavra v

! wEs AU e

| Gasofina nomal
Gasoiina supar
Gasoina aditivada
o Gaszoina sam chumbo 85

I, Territorios

o Gasolina sam chumbo 98

¢ Gastian rodavisria Anos
Gasdao colorido Area Metropolitana de Lishoa

Gasdlao para aguecimanta

Biodiesal

- »
Territorios (1/353) v
Anos (1/13) A

Grifico

Venda de combustiveis para consumo

Onde é vendido mais e menos gas, gasolina, gasdleo, biodiesel, fuel, coque ou outros produtos petroliferos?

t (tonelada)
Venda de combustiveis para consumo

Gas auto (GPL) Gasolina sem chumbo 95

2015 2015 2015

7035 253.331 11.233

Venda de combustivels para consumo
Fontes de Dados: DGEG/MEC

Fonta: PORDATA

Uitima actualizagio: 2018-03-02

Gasolina sem chumbo 98

Gasdleo rodovidrio

2015

888 838

Carla Silva camsilva@fc.ul.pt
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e Final energy consumption factors, first approach;
* Emission modelling, macro to micro scale;
e European Environmental Agency Tier 1 approach;

e Fuel sales as a control point.

Carla Silva camsilva@fc.ul.pt 76
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