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Energy and emissions

Home                   Work/ University  

Commuting by motorized or soft modes

on a regular basis

Emissions

Energy
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Energy and emissions

Lisbon versus Porto (metropolitan areas)

sustainable mobility????
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Indicators

Minimum and maximum values of indicator scale
PM10 150 -10 (μg/m3)

CO2 7.5- 0 (ton/capita/year)

NOx 200- 0 (μg/m3)

O3 240-0 (μg/m3)

Energy 100-0 (%)

Indicator Weight Definition

CO2 5 emissions from commuting in kg/capita/year (non-biogenic)

PM2.5 10 Annual hourly arithmetic average

NOx 10 Annual hourly arithmetic average

O3 10 Annual hourly arithmetic average

Energy 5 % fossil final energy consumption
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Fleet impacts

AQS – QUALAR data (downloads section)

Maia D.Manuel II-Vermoim Urban Traffic

Matosinhos João Gomes Laranjo-S.Hora Urban Traffic

Porto Francisco Sá Carneiro-Campanha Urban Traffic

Lisboa Entrecampos Urban Traffic

Lisboa Avenida da Liberdade Urban Traffic

Lisboa Santa Cruz de Benfica Urban Traffic

Odivelas Odivelas-Ramada Urban Traffic
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Fleet impacts

AQS – QUALAR data (downloads section)

Lisboa Entrecampos Urban Traffic
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Fleet impacts

AQS – QUALAR data (downloads section)

2017 PM10 O3 NOx

Lisboa Entrecampos 32.7 44 40.9

Lisboa Avenida da Liberdade 33.5 NA 60.4

Lisboa Santa Cruz de Benfica 36.4 NA 38.2

Odivelas Odivelas-Ramada 24.2 NA 26.8

Average 31.7 44 41.6

μg/m3
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Fleet impacts

AQS – QUALAR data (downloads section)

2017 PM10 O3 NOx

Maia D.Manuel II-Vermoim 14.7 48.1* 17.9

Matosinhos João Gomes 

Laranjo-S.Hora

20.7 42.8* 30.8

Porto Francisco Sá Carneiro-

Campanha

19 39.6* 54

Average 18.1 43.5* 34.2

*nearest air quality monitoring station

μg/m3
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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+ IO3+ IEnergy

ICO2

INOx

IO3

IEnergy

Lisboa CO2 4.597679

PM10 8.45

NOx 7.92

O3 8.166667

Energy 1.205949

Total 30.34029

Porto CO2 4.597978

PM10 9.419048

NOx 8.288333

O3 8.1875

Energy 0.8997

Total 31.39256
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What is sustainable mobility?

Comparing transport systems??

30.34

31.39

And adding:

• embodied energy and emissions of 

vehicle’s materials????

• energy production for transport 

upstream impacts????
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Global impacts

Carbon footprint

Global Warming potential

Impact category of LCA

I	
sust

	
mob

	
	
	
ICO2+ INOx+ IO3+ IEnergy

CO2 equivalent or GHG

Global
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Life cycle thinking

Fuel origin

Food life cycle- Well-to-person
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Energy use: person-to-wheels / person-to-legs

Life cycle thinking
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LIFE CYCLE
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http://www.designlife-cycle.com/bicycle/

materials life cycle- Manufacturing

Life cycle thinking

Manufacturing….materials embodied energy & emissions….
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CO2 emissions g/pkm

0 5 10 15 20 25 30

Average diet including imported food

UK grown low-processed food

Local organically produced food only

Average diet including imported food

UK grown low-processed food

Local organically produced food only
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g/pkm

agricultural activities

Walking and cycling carbon footprint
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CO2 emissions g/pkm

Shreya Dave. Life Cycle Assessment of Transportation Options for Commuters. Master 

thesis.  Massachusetts Institute of Technology (MIT) February 2010
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CO2 emissions g/pkm

Shreya Dave. Life Cycle Assessment of Transportation Options for Commuters. Master 

thesis.  Massachusetts Institute of Technology (MIT) February 2010
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LIFE CYCLE

∼ 40%
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Total energy consumption

Life cycle notion
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Life cycle

Average values!!!!! 

Measuring passenger transport efficiencyMJ/pkm
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Typical energy consumption by mode

US, 2005, http://shrinkthatfootprint.com/shrink-your-travel-footprint

0 2 4 6 8

Bicycle

Urban light rail

Urban heavy rail

Interurban bus

Interurban rail

Urban Bus

International air

Gasoline car

Domestic air

Diesel car

Ferry

Regional air

Private aviation

Charter aviation

MJ/(p*km)

Australia, Lenz (1999) 

Life cycle
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Typical energy consumption by mode in book
2010

0 5 10 15 20 25

Bicycle

Urban light rail

Urban heavy rail

Interurban bus

Interurban rail

Urban Bus

International air

Gasoline car

Domestic air

Diesel car

Ferry

Regional air

Private aviation

Charter aviation

MJ/p.km

Fuel use

Fuel upstream

Embodied

Life cycle
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Chester http://www.transportationlca.org/tlcadb.html

Life cycle
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Life cycle

Average fleet CAR 1.6 passenger UK 2015

0 20 40 60 80 100 120 140

Average SUV / 4x4 electric (green)

Average city-car electric (standard)

Average city-car natural gas

Average city-car petrol hybrid

Average city-car LP gas

Average city-car diesel

Average city-car petrol

g/pkm

Tailpipe

Life cycle
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Life cycle

CAR
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Life cycle

BUS
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Life cycle

BIOFUELS
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Life cycle

BIOFUELS
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Life cycle

BIOFUELS feedstocks

Rapeseed (Colza)Sunflower

Palm 
Soya 
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Life cycle

BIOFUELS feedstocks 1st food

Leftovers energy
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Life cycle

BIOFUELS feedstocks

Problem with palm oil

• LAND-USE CHANGE

Deforestation (ENDOGENOUS CULTIVATION OFF 

TO PLANT OTHER NON-ENDOGENOUS SPECIES)

• SOCIAL DIMENSION OF SUSTAINABILITY

e.g. Colombia move 

poor people to other lands, NO MONEY 

COMPENSATION, and they are sometimes the 

workers to cultivate palm oil
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Life cycle

Well-to-Wheels

Diesel

Gasoline
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LCA
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LCA

Goal, scope and definition

Cradle-to-Grave (CTG)
Cradle-to-Gate (CTG)

Cradle-to-Cradle (CTC)
Gate-to-Gate (GTG)
Well-to-Wheel (WTW)
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LCA

Goal, scope and definition

Function of the system in analysis:

Transport passengers  pxkm

Transport goods tonxkm

Printer 1000 prints

Clothes 100 t-shirts



1st Semester 2017-2018 |  Sustainable Mobility

Carla Silva camsilva@fc.ul.pt 40

Software
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LCA

Inventory

For refinery producing diesel fuel…..e.g. identification 

of inflows and outflows…..and quantification
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LCA
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LCA
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LCA

Inventory

Energy

Mass

Economic value

System expansion
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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

GREET

300 000 km
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LCA

Impact assessment

Calculate impact category, per FU:

• Global warming gCO2 eq; 

• Ozone depletion gCFC11 eq;

• Acidification gSO2 eq;

• Carcinogenic gPAH eq;

• Eutrophication gPO4 eq;

• Heavy metal g Pbeq;

• Summer smog gC2H4 eq;

• Winter smog gdust eq;

• Resource depletion %.

Carbon footprint or Global Warming potential
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LCA

CO2 equivalent or GHG

Intergovernmental Panel on Climate Change (IPCC)
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LCA

CO2 equivalent or GHG
Intergovernmental Panel on Climate Change (IPCC)
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GEMIS-Free inventory
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GEMIS
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GEMIS

54 ton of Aluminium

6 ton High Density Polyethylene 
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GEMIS



1st Semester 2017-2018 |  Sustainable Mobility

Carla Silva camsilva@fc.ul.pt 53

GEMIS

Pkm/year/aircraft = 162 pas/trip*2 trip/day*365 day/year*352 km/trip = 41627520

30 year lifetime materials  

4262 Ton/year/aircraft

4205 w/out construction           Ton/year/aircraft
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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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LCA

Why 100 years???
Intergovernmental Panel on Climate Change (IPCC)

• how well the gas absorbs energy (preventing it from immediately escaping to space)

• how long the gas stays in the atmosphere (CO2 > 800 years; CH4 <20 years; N2O <130 years)

Uncertainty GWP ±35%
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LCA

GWP ratio

TH is the chosen time horizon, 

a is the instantaneous radiative forcing per unit mass increase in the atmosphere,

C(t) is the time-dependent atmospheric load of the released gas,

i is the released gas

Absolute global warming of CO2 

[W.m-2.kg-1] 

Where a0 = 0.217, a1 = 0.259, a2 = 0.338, a3 = 0.186, τ1 = 172.9 years, τ2 = 18.51 years, and 

τ3 = 1.186 years.

The impulse response function for CO2

389 ppm background
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LCA

climate metrics in life-cycle assessment (LCA) aggregate the emission of 

greenhouse gases in one impact-triggering instant, rather than accommodating 

its distribution along a timeline
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LCA static vs dynamic

vsStatic Dynamic (time in years)

Time 0

Construction
Time 1

use
Time 30

recycling

Time 0

Construction

Use

Recycling
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LCA static vs dynamic

vs

static

dynamic
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LCA static vs dynamic

Dynamic (time in years)

CO2 pulses at different times ⇒ different impacts

Dynamic LCI ⇒ additional emission pulses
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To keep…..LCA static

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 CO2eq for 150 000 km lifetime (32 g/km)

Static
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LCA static

e.g. Steel vs aluminium

Fuel WTT

Production

Assembly

Dismantling 

Recycling

Fuel TTW Lightweight ⇒ less final energy 

consumption
The same

Different resource ⇒⇒⇒⇒ different 

values
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LCA static

e.g. More aluminium vs conventional 

more steel; ref conventional gasoline 

GV

Cradle-to-Grave (includes materials 

and fuels)
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You learned….

• General methodology Life cycle assessment - LCA;

• Functional unit (FU) for transport: pkm

• WTW: Well-to-Wheels for transport fuels; Materials cradle-to-grave;

• Static and dynamic differences;

• IPCC updated values.



Obrigado




