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Emission factors….g/pkm
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World scenario/Legislation

EU

Worldwide Harmonized Light Vehicles Test Cycle (WLTC)

WLTP-CO2 values only

September 
2017

September
2018

January 
2019

WLTP all new vehiclesWLTP/NEDC
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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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Exercise

Conclusions P#4 and P#5: Total emissions per year

Emissions/Fleet

Lisbon-Porto TAP SofLusa Lisboa-Barreiro

CO2 (ton/year) 19 000 16 580

NOx (ton/year) 32
415

PM2.5 (ton/year) 6.5 7.4
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Road vehicles
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P#6 Exercice

Estimate the energy consumption in MJ/pkm of a fleet of 5 

motorized cars that travels roundtrip Lisbon –Porto (∼300 

km). Temp. 20οC. 

CO2, NOx and PM2.5 in g/pkm.

a) Use refuelling info;

b) Use EEA Tier1/2/3;

c) Discuss results.
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Exercise

Gasoline (2x) 

Euro4

Diesel (2x)

Euro3

HEV (1x)

Euro4

Tank begin (l) 50 60 45

Tank end round-trip (l) 14 33 15

Speed See driving cycle

Curb weight 1200 1500 1400

Passengers 1 1 1

CD*AF (m2) 0.6 0.6 0.4

t (s)

0-100km/h

10.2 10.3 10

Engine efficiency 25 30 35

Transmission efficiency 95 95 95

A/C off off off

A/C (kW) 2 2 2
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Exercise

Driving cycle

120 km/h

v (km/h)

t (s)

0 km/h

urban urban
Highway
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Exercise

Gasoline 

(2x)

Diesel 

(2x)

HEV 

(1x) Roundtrip distance (km) 600

Tank begin (l) 50 60 45 Gasoline (LHV) 30 MJ/l

Tank end roundtrip (l) 14 33 15

Number of vehicle*(Tank begin (L)-Tank end roundtrip (L))*30 MJ/L

Overall MJ 2160 1620 900 SUM 4680

pkm 3000

MJ/pkm 1.56

each car Gasoline Diesel HEV

Macrosimulation approach
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Gasoline 

(2x)

Diesel 

(2x)

HEV 

(1x) Distance (km) 600 roudtrip

Tank begin (l) 50 60 45 Gasoline 30 MJ/l

Tank end round-

trip (l)
14 33 15

l/pkm 0.06 0.045 0.05

MJ/pkm 1.8 1.35 1.5

Fleet average 1.56

14

Exercise
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Exercise

CO2, NOx and PM2.5????

Diesel (2x) HEV (1x)

Euro3 Euro4

NOx PM

Euro3 diesel 0.5 g/km 0.05 g/km

Euro 4 gasoline 0.08 g/km 0 g/km

CO2 3.14kgCO2/kgfuel/40MJ/kg 78.5 gCO2/MJ

CO2 1.56MJ/pkm*78.5gCO2/MJ 122.46 gCO2/pkm

NOx (3*0.08+2*0.5)/5 0.248 gNOx/pkm

PM10 2*0.05/5 0.02 gPM/pkm

Gasoline (2x) Euro4
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Exercise

TIER 1 ?

TIER 2 ?

TIER 3 ?

ETOTAL = EHOT + ECOLD

ETOTAL = EURBAN + ERURAL + EHIGHWAY
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Exercise

TIER 1 ?
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Exercise

TIER 1 ?
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Exercise

TIER 1 ?



1st Semester 2017-2018|  Sustainable Mobility

Carla Silva camsilva@fc.ul.pt 20

Exercise

TIER 1 ?
gasoline (kg) 75.99

mean min max

Nox (g) 663.3927 340.4352 2271.341

PM2.5 (g) 2.2797 1.5198 3.0396

CO2 (g) 241648.2

CO2 (g) lube 671.7516 595.0017 751.5411

diesel (kg) 45.63

mean min max

Nox (g) 591.3648 511.056 633.3444

PM2.5 (g) 50.193 36.504 120.4632

CO2 (g) 143278.2

CO2 (g) lube 398.8062 365.4963 515.619

Total g/pkm

NOx 0.4182525 0.2838304 0.968229

PM2.5 0.0174909 0.0126746 0.041168

CO2 128.3088

CO2 lube 0.3568526 0.320166 0.422387

Gasoline 0.745 kg/L

Diesel 0.845 kg/L

pkm=5*600



1st Semester 2017-2018|  Sustainable Mobility

Carla Silva camsilva@fc.ul.pt 21

Exercise

TIER 2 ?
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Exercise

TIER 2 ?
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Exercise

TIER 2 ?

Petro SMALL EURO4 NOx (g/km) 0.056

PM2.5 (g/km) 0.0011

CO2 lube (g/km) 0.398

Diesel Euro3 NOx (g/km) 0.58

PM2.5 (g/km) 0.0314

CO2 lube (g/km) 0.398

Total g/pkm

NOx 0.2656

PM2.5 0.01322

CO2 128.3088

CO2 lube 0.398
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Exercise

Euro/TIER 1/TIER 2 ?

g/pkm
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Exercise

Euro/TIER 1/TIER 2 ?

g/pkm
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Exercise

Without refueling info? With GPS info….

Driving cycle

120 km/h

v (km/h)

t (s)

0 km/h

urban urban
Highway
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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

Motor vehicle dynamics

Microsimulation approach
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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

Propultion 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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Exercise

Without refueling info? With GPS info….EEA Tier 3

Driving cycle

120 km/h

v (km/h)

t (s)

0 km/h

urban urban
Highway
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Exercise

ltrip average trip length [km] Europe 12.4 km

Ta οC
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Exercise

FChot (g/km)= ( a + c × V + e × V²)/(1 + b × V + d × V²)
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Exercise

FChot (g/km)= (a + c × V + e × V²)/(1 + b × V + d × V²) + f/V
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Exercise
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Exercise

NOx and PM2.5?

Gasoline hot emissions g/km
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Exercise

i) Could you estimate NOx and PM2.5?

Tier 3 emissions factors

Gasoline cold emissions
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Exercise

Tier 3 emissions factors

Diesel hot emissions
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Exercise

Tier 3 emissions factors

Diesel cold emissions
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Exercise



1st Semester 2017-2018|  Sustainable Mobility

Carla Silva camsilva@fc.ul.pt 41

Exercise

Homework  estimate Tier 3 results with 

copert and with excel………with no 

A/C….Then…try with A/C……

Diesel cold emissions



Thanks




