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Energy and emissions

Home                   Work/ University  

Commuting by motorized or soft modes

on a regular basis

Emissions

Energy



1ºSemestre 2018-2019|  Mobilidade Sustentável

Carla Silva camsilva@fc.ul.pt 5

Emissions

Why do we have emissions???

MOBILE COMBUSTION
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Emissions

Why do we have emissions???

MOBILE COMBUSTION

 

<0.1% 
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Emissions

1 toe = 41.868 GJ or 11.63 MWh

1 toe ~ 2.5 tCO2

Carbon - 83 to 87%
Hydrogen - 10 to 14%
Nitrogen - 0.1 to 2%
Oxygen - 0.05 to 1.5%
Sulfur - 0.05 to 6.0%
Metals - < 0.1%
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Emissions
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Emissions
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Final energy factors

Average values!!!!!
Should have standard 
deviation…. 

Eletric??

Eletric??
Hydrogen??
Autonomous??
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Vehicle technologies

Pure electric (efic. 60-70%)

Fuel cell (efic. 30-40%)

Hybrids  (efic. 20-30%)

Battery

Electrical motor

Battery    Generator          

Electrical motor

ICE

Plug-In 

Final to useful energy….
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Vehicle technologies

Most sold vehicle Portugal

0-100 km/h 14.5 s
European test cycle l/100km 5.6

1059 kg

Gasoline Internal combustion engine

https://www.youtube.com/watch?v=DKF5dKo_r_Y

https://www.youtube.com/watch?v=DKF5dKo_r_Y
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Evolution….. energy

Leaf

• 192 cells (nickel manganese cobalt NMC
instead lithium manganese oxide cells LMO)

• 24 modules (8 cells per module)
• 40 kWh capacity (32 kWh is available)

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

No tailpipe emissions

Curb weight (kg) 1570
(kWh/100km)      19.4
0-100km/h in 7.9 seconds
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Vehicle technologies

Mirai

114 kW
2x 5 kg
700 bar

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

https://www.youtube.com/watch?v=eybTbwOwkec

1.6 kWh Nickel-metal hydride

114 kW

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

Prius

1475 kg
3 L/100 km
0-100 km/h      10.6 s

5 kWh Ni-MH

73 kWh ICE-internal 
combustion 
engine

60 kW EM-eletrical
motor
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Vehicle technologies

Prius plug-in

1526 kg

1 L/100km

11 kWh/100km

0-100 km/h      11.1 s

8.8 kWh Li-ion

100 kW EM-eletrical motor
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Vehicle technologies

Car magazine info…… L/100km and gCO2/km and Euro 
standard (CO, NMVOC, NOx)
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REGULATIONS

www.dieselnet.com

http://www.dieselnet.com/
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REGULATIONS

Driving cycle
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Regulations
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Regulations

• Europe – Light-duty

Worldwide Harmonized Light Vehicles Test Procedure (WLTP)-Class 3 
P/Weight>34
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Regulations
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Regulations

23

Heavy-duty
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Regulations

European Stationary Cycle (ESC) European Load Response (ELR) engine test

World Harmonized Stationary Cycle (WHSC)
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Regulations

World Harmonized Stationary Cycle (WHSC)
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Regulations

• Europe Heavy-duty

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



1st Semester 2017-2018|  Sustainable Mobility

Carla Silva camsilva@fc.ul.pt

27

Regulations

• Europe Heavy-duty
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Regulations
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Regulations

• Japan light-duty

JC08
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Regulations
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Regulations

• US-Brasil

• Urban 
(55%)

• Extra Urban 
(45%)
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Regulations

• US - California
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Regulations

• Brasil - PROCONVE

2.11 g/km
1.06 g/km
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World scenario/Legislation

US EU    Japan
FTP75

0

25

50

75

100

125

0 500 1000 1500 2000 2500
t (s)

v
 (

k
m

/h
)

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/s2) 1.48 1.06 0.79

idle (s) 361 298 215
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World scenario/Legislation

EU

Índia
China

Turkey

Russia Switzerland

Thailand
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World scenario/Legislation

EU

Índia
China

Turkey

Russia Switzerland

Thailand

Worldwide Harmonized Light Vehicles Test Cycle (WLTC)
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World scenario/Legislation

Worldwide Harmonized Light Vehicles Test Cycle (WLTC)
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World scenario/Legislation

PHEV or off vehicle charging hybrid electric vehicle

SOC - STATE OF CHARGE
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World scenario/Legislation

Worldwide Harmonized Light Vehicles Test Cycle (WLTC)

CD CS
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World scenario/Legislation

Worldwide Harmonized Light Vehicles Test Cycle (WLTC)

CD
CS

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

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

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

Worldwide Harmonized Light Vehicles Test Cycle (WLTC)

CD
CS

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 48
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World scenario/Legislation

Worldwide Harmonized Light Vehicles Test Cycle (WLTC)

CD
CS

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
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World scenario/Legislation

CD

https://carfueldata.vehicle-certification-
agency.gov.uk/additional/labels/2018-Electric-
Hybrid-Label-Blank.pdf

https://carfueldata.vehicle-certification-agency.gov.uk/additional/labels/2018-Electric-Hybrid-Label-Blank.pdf
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World scenario/Legislation

CD
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World scenario/Legislation
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Driver behaviour
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Driver behaviour
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Fleet impacts

Energy and Emission factors

MJ/pkm and g/pkm

Vehicle activity x Ner Trips x Factor x days/year  

Km/week/ 
mode/trip

trips/mode e.g. 48 
weeks/year

MJ/year and g/year
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Fleet impacts

Control point ….. Fuel sales
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Energy & emission models
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Roling Rr = kr(m+mp)g•cosγ

Road gradient Fw =(m+mp)g•sinγ

Aerodynamics Ra=1/2•ρCd A f v2

Propultion Fp =(km•m+mp)•dv/dt

Microscopic

vehicle dynamics
Useful energy consumption
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Roling kr

Aerodynamics Cd A f

Propultion km

Motor vehicle dynamics
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Roling kr

Aerodynamics Cd A f

Propulsion km

0.35x1.91m2 0.6x7m2

0.01 0.013 

1.1 1.13 

Motor vehicle dynamics

@Bosch Automotive Handbook: 8th Edition
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Motor vehicle dynamics
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Emissions g/km

EMEP/EEA air pollutant emission inventory guidebook
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EMEP/EEA air pollutant emission inventory guidebook

Not electric rail!

Emissions g/km
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Emissions g/km
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Road transport/Tier 1 

First estimation (high uncertainty) emissions proportional to fuel consumption

Ex= y (m (FCy,m  EFx,y,m))                                                                                             (Eq. 1) 

 

Where: 

Ex = emission of pollutant x [g],  

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

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

and fuel m [g/kg] 
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Road transport/Tier 1 

First estimation (high uncertainty) emissions proportional to fuel consumption
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Road transport/Tier 1 

First estimation (high uncertainty) emissions proportional to fuel consumption
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Road transport/Tier 1 

First estimation (high uncertainty) emissions proportional to fuel consumption
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Surveys, energy & emissions

Exercise3: Take the exercise 2 community of 10 people (they get richer…). They now 
prefer car. What would be the yearly impact in biogenic and non-biogenic final 
energy consumption and CO2, NOx and PM if:

One-way trip

Weekday:  20% walk 2 km; 20% bus 2 km; 60% car 2 km

i) Conventional ICE technology
ii) Electric based technology
iii) Hydrogen based technology
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Surveys, energy & emissions

BUS

CAR

Data MJ/pkm from sustainability 
report or Tier 1 EEA?

Most sold vehicle, VCA info
Or Tier 1 EEA?

Try euro limits…….to get to a conclusion…..



1st Semester 2017-2018|  Sustainable Mobility

Carla Silva camsilva@fc.ul.pt

64

Surveys, energy & emissions

Manufa
cturer Model Description 

Trans
missio
n 

Engine 
Capacit
y 

Fuel 
Type 

Metric 
Urban 
(Cold) 

Metric 
Extra-
Urban 

Metric 
Combin
ed 

CO2 
g/k
m 

Emissions 
CO 
[mg/km] 

Emissions 
NOx 
[mg/km] 

THC + NOx 
Emissions 
[mg/km] 

Particulates 
[No.] 
[mg/km] 

RENAU
LT Clio Euro6, 2015 dCi 110 S/S M6 1461 

Dies
el 3.8 3.3 3.5 90 354 18 60 0.08 

RENAU
LT Clio Euro6, 2015 

Energy dCi 90 
S/S M5 1461 

Dies
el 3.5 3.1 3.3 85 158 33 60 0.08 

RENAU
LT Clio Euro6, 2015 

Energy dCi 90 
S/S ECO M5 1461 

Dies
el 3.3 3.1 3.2 82 158 33 60 0.08 

RENAU
LT 

Clio Sport Tourer 
Euro6, 2015 dCi 90 S/S M5 1461 

Dies
el 3.5 3.1 3.3 85 158 33 60 0.08 

RENAU
LT 

Clio Sport Tourer 
Euro6, 2015 

Energy dCi 90 
S/S ECO M5 1461 

Dies
el 3.4 3.1 3.2 84 158 33 60 0.08 

RENAUL
T Clio Euro6, 2015 

Energy TCe 90 
S/S M5 898 Petrol 5.7 4.1 4.7 105 327 28 

RENAUL
T 

Clio Sport Tourer 
Euro6, 2015 

Energy TCe 90 
S/S M5 898 Petrol 5.7 4 4.6 104 327 28 

RENAUL
T Twingo 2017 TCe 90 Auto A6 898 Petrol 6 4.1 4.8 108 538 23 

SEAT Ibiza 5 door 

1.0 TSI 110PS 
7speed DSG 
Stop-Start D7 999 Petrol 5.3 3.9 4.4 102 182 22 

 

August 2017
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Surveys, energy & emissions

FC linear with weight
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Surveys, energy & emissions

EEA Tier 1

Bus 1.6  (MJ/pkm) carris sust.report 240 g/km 10.368 MJ/km 80 Lugares 0.2592 MJ/pkm

Car 4.5 (L/100km) most sold vehicle 1.55898 MJ/pkm 65 g/km 2.834 MJ/km 5 Lugares 2.834 MJ/pkm

gCO2/gfuel gNOx/kgfuel gPM/kgfuel

bus 3.2 33.37 0.94

car 3.2 10.845 0.565

g/MJ

Final energy MJ/year Ton CO2 NOx PM MJ/year bus 74.07407407 0.772453704 0.022381

bus 3072 0.227555556 g/kWh 0.4 0.01 497.664 car 73.4006734 0.248738532 0.013452

Ton/year 0.0003413 2.494E-05 16323.84 ton/year

car 8979.7248 0.391516001 g/km 0.0305 0.00008 16821.5 bus 0.227555556 0.002372978 6.88E-05

Total (MJ/year) 12051.7248 0.619071557 Ton/year 0.0001757 4.608E-07 car 0.659117847 0.002233604 0.000121

Total (Ton/year) 0.000517 2.54E-05

Total (Ton/year) 0.886673403 0.004606581 0.00019

See excel resolution
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Surveys, energ. & emissions 

Travel to work by transport mode (km basis)

100% = 60 km/week

9600 pkm year
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25%

75%

68

Surveys, energ. & emissions 

MJ/year, mostly from combustion

12051 MJ/year

Renault clio
Sust.report Carris

EEA Tier 1
16822 MJ/year
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Surveys, energ. & emissions 

12051*0.2/0.7 = 3443 MJ/year

12051*0.2/0.4 = 6026 MJ/year

Using final to useful efficiencies…… 
or choose
Nissan Leaf and Mirai data but for 
bus…..
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CO2, NOx and PM2.5 (ton/year)

Surveys, energ. & emissions 

0.88 ton CO2/year

0.005 ton NOx/year

0.00019 ton PM/year 
(including PM2.5)

26%

74%
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CO2, NOx and PM2.5 (ton/year)

Surveys, energ. & emissions 

0 ton CO2/year

0 ton NOx/year

0 ton PM/year 
(including PM2.5)
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Air quality related NOx and PM2.5 = 0 ton/year

Surveys, energ. & emissions 

0.005 ton NOx/year

0.00019 ton PM/year 
(including PM2.5)
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Air quality related NOx and PM2.5 = 0 ton/year

Surveys, energ. & emissions 
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Global emission CO2 Well-to-wheels??

Surveys, energ. & emissions 

?
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You learned….

• Final energy consumption factors, first approach;

• Emission modelling, macro to micro scale;

• European Environmental Agency Tier 1 approach;

• Fuel sales as a control point.



Obrigado




