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Energy and emissions

Home                   Work/ University  

Commuting by motorized or soft modes

on a regular basis
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Energy
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What is sustainable mobility?

Sustainable mobility indicators

Comparing transport systems??
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What is sustainable mobility?

I sust mob = ICO2+ INOx+ IPM+ IEnergy
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Global impacts

Carbon footprint

Global Warming potential
Impact category of LCA

I sust mob = ICO2+ INOx+ IPM+ IEnergy

CO2 equivalent or GHG

Global

WTW+CTG

Per capita…..
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Typical energy consumption by mode

US, 2005, http://shrinkthatfootprint.com/shrink-your-travel-footprint
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Typical energy consumption by mode in book
2010
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To keep…..

Fuel WTT

Production
Assembly
Dismantling 
Recycling

Diesel       1.2 MJ/MJ
15.4 g/MJ

ICE car      75 GJ (0.5 MJ/km)
4.8 ton for 150000 km lifetime (32 g/km)
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To keep…..LCA static

energy/CO2eq

kgCO2eq/kg

metal/steel 4.778825+28*0.005204+265*3.11518E-05=4.93

plastic (HDPE) 3.538649+28*0.005872+265*4.28658E-05=3.71

aluminium 8.815898+28*0.012619+265*9.96822E-05=9.20

Main Materials extraction & production
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To keep…..LCA static

Materials

metal/steel 7.5 kg     
plastic (HDPE) 1 kg
aluminium 1.5 kg 
Total 10 kg

Lifetime 15 000 km (20 years)

metal/steel 6600 kg     
plastic (HDPE) 1 kg
aluminium 2000 kg 
Total 9 000 kg

Lifetime 720 000 km (12 years)

Lifetime 5 400 000 km (30 years)

metal/steel 44647 kg     
plastic (HDPE) 9550 kg
aluminium 30805 kg 
Total 85 000 kg
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To keep…..LCA static

metal/steel 91.92 kg     
aluminium 15 kg 
plastic (HDPE) 15.3 kg
Total 130  kg

Lifetime 50 000 km (14 years)

Lifetime 150 000 km (14 years)

metal/steel 635 kg     
aluminium 10 kg 
plastic (HDPE) 116 kg
Total 1059 kg
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Lisbon fleet 30 boats
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To keep…..LCA static

Transtejo SofLusa 30 catamarã fleet
https://web3.cmvm.pt/sdi/emitentes/docs/fsd440754.pdf
49 m long/600 passenger

Pkm/year = 106 702 107

Average Hull  300 ton aluminum (300 000 kg*9.2 kg CO2eq/kg *30 catamarã/60 years)= 46 
tonCO2eq/year

OR 0.43 gCO2eq/PKM

DAMEN FAST FERRY 4212 
https://products.damen.com/en/ranges/fast-ferry/damen-fast-ferry-4212
https://e-lass.eu/media/2016/08/Cost-and-energy-assessment-of-a-high-speed-ship.pdf

https://www.archives-ouvertes.fr/hal-01302624/document
Aluminum Hull weight (kg) 10 855 Lifetime 60 years
140 ton CO2eq
18 m long/60 passenger

https://web3.cmvm.pt/sdi/emitentes/docs/fsd440754.pdf
https://products.damen.com/en/ranges/fast-ferry/damen-fast-ferry-4212
https://e-lass.eu/media/2016/08/Cost-and-energy-assessment-of-a-high-speed-ship.pdf
https://www.archives-ouvertes.fr/hal-01302624/document
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To keep…..LCA static

4 032 713 pkm in 2017

https://www.cp.pt/StaticFiles/Institucional/2_gestao_sustentavel/1_
RelatoriosSustentabilidade/relatorio-de-sustentabilidade-2017.pdf

https://www.cp.pt/institucional/pt/cultura-
ferroviaria/frota-material-circulante

152 317 kg (4 carriage); fleet 374 trains (42 in Lisbon)

https://www.alstom.com/sites/alstom.com/files/2018/07/14/m-csr-18-
Environmental%20Product%20Declaration%20-%20Coradia%20Polyvalent.pdf?epslanguage=en-
GB

Lifetime 40 years

https://www.cp.pt/StaticFiles/Institucional/2_gestao_sustentavel/1_RelatoriosSustentabilidade/relatorio-de-sustentabilidade-2017.pdf
https://www.cp.pt/institucional/pt/cultura-ferroviaria/frota-material-circulante
https://www.alstom.com/sites/alstom.com/files/2018/07/14/m-csr-18-Environmental Product Declaration - Coradia Polyvalent.pdf?epslanguage=en-GB
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To keep…..LCA static

4 032 713 000 pkm in 2017

152 317 kg *42 trains*(0.53steel*4.93 kgCO2eq/kgsteel + 
+0.11HDPE*3.71 kgcO2eq/kgHDPE+ 0.36aluminum*9.2 kgCO2eq/kgaluminum)/40/1270474 
= 0.79 g CO2eq/pkm

Lifetime 40 years

1 270 474 000pkm in 2017 Lisbon
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To keep…..LCA static

Example motorbikes

Materials (extraction & production)

metal/steel 91.92 kg*[39.4*0.95 MJFossil/kg + 39.4*0.05 MJren/kg] 
aluminium 15 kg *[175.7*0.78 MJFossil/kg + 175.7*0.22 MJren/kg] 
plastic (HDPE) 15.3 kg *[44.25*0.89 MJFossil/kg + 44.25* 0.11 MJren/kg]

0.14 MJ/pkm (1 driver, 50 000 km) 0.12 MJfossil/pkm
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To keep…..LCA static

Example motorbikes

Materials (extraction & production)

metal/steel 91.92 kg*[4.93 kgCO2eq/kg] 
aluminium 15 kg *[9.2 kgCO2eq/kg] 
plastic (HDPE) 15.3 kg *[3.71 kgCO2eq/kg]

13 gCO2eq/pkm (1 driver, 50 000 km)
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To keep…..LCA static
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To keep…..LCA static

Nissan Leaf 40 kWh…..150 000 km

……. 40 kWh * (max table) = 8 g/km

……. 40 kwh * (min table) = 132 g/km
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To keep…..LCA static

https://theicct.org/sites/default/files/publications/EV-life-cycle-GHG_ICCT-Briefing_09022018_vF.pdf
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To keep…..LCA static

https://theicct.org/sites/default/files/publications/EV-life-cycle-GHG_ICCT-Briefing_09022018_vF.pdf

40 g/km

70 g/km

Extra CO2 emissions
due to manufacturing
30 g/km for 
passenger car

Or extra in 75% in 
materials e-bus
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LCA

Inventory

For car materials…..e.g.

gCO2eq per 1 diesel car 4.8 ton (32 g/km)  150 000 km

gCO2eq per 1 eletric car 7.2 ton (47.8 g/km) 150 000 km

Using GREET

300 000 km

Extra 50%
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Example

Exercise 5: Take the exercise 2 community of 10 people (they get richer…). They now 
prefer car. What would be the yearly impact of materials CO2eq if:

Weekday One-way trip:  20% walk 2 km; 20% bus 2 km; 60% car 2 km

i) Conventional ICE technology

ii) Electric based technology
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Example

https://www.sciencedirect.com/science/article/pii/S1361920919302792

https://www.sciencedirect.com/science/article/pii/S1361920919302792
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Example

32 passenger in capacity 105 passenger (16 p/km)

Route 7.6 km each way

average speed of 18 km/h, for 65 000 km per year

12 years means (65000*12= 780 000  km lifetime and 780 000*16 =12.5 million person-km)

110 kWh/100 km 

https://www.sciencedirect.com/science/article/pii/S1361920919302792

https://www.sciencedirect.com/science/article/pii/S1361920919302792
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Example

Materials Conventional ICE technology

8 gCO2eq/pkm

35 gCO2eq/pkm
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Example

8 gCO2eq/pkm*2p*2km*2*5day/week*48week/year = 15 360 g 
CO2eq/year ( 15.4  kg CO2eq in a year due to embodied materials)

40 gCO2eq/pkm 6p*2km*2*5day/week*48week/year = 230 400 g 
CO2eq/year (230.4  kg due to embodied materials)  
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Example

• TTW direct fuel combustion (fuel consumption from reports)

1.4 MJ/pkm*74 gCO2/MJ*2*2*2*5*48 = 198 912 gCO2/year

1.6 MJ/pkm*73 gCO2/MJ *6*2*2*5*48 = 672 768 gCO2/year

• WTT emissions of producing and transporting fuel

15.2 gCO2eq/MJ*1.4* 2*2*2*5*48 = 40 857

14 gCO2eq/MJ*1.6* 6*2*2*5*48 = 129 024
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Example

10.5 gCO2eq/pkm*2p*2km*2*5day/week*48week/year = 20 160 g 
CO2eq/year ( 20.2  kg CO2eq in a year due to embodied materials)

60 gCO2eq/pkm 6p*2km*2*5day/week*48week/year = 345 600 g 
CO2eq/year (345.6  kg due to embodied materials)  

E-bus

E-car

Materials e- technology
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Example

e- technology

• TTW direct fuel combustion

Zero emission vehicle

• WTT emissions of producing and transporting fuel

205 gCO2eq/kWh* 0.04 kWh/pkm * 2*2*2*5*48 = 157 44

205 gCO2eq/kWh*  0.14kWh/pkm * 6*2*2*5*48 = 165 312
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Example

E-bus E-car

kg CO2eq

TTW 872 0

WTT 169 181

Embodied materials 245 366

1 bus 6 car

Non-biogenic
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Example

E-bus E-car

Overall kg CO2eq

1 bus 6 car

Non-biogenic

Only looking to GWP or CO2eq we can say that e-vehicles have positive impact
And, also, air quality ZEV-Zero emission vehicle

1286 547

……739 kg CO2eq less
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Example

Alternative…….Car pooling

1 bus 6 car 1 bus 2 car

Difference: 50% materials in car or 130 kg CO2eq/year less
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Example

Not accounting infrastructure of chargins versus gas stations….
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You learned….

• Embodied materials impact on CO2eq

• Example 



Obrigado




