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Home Work/ University

on a regular basis

Commuting by motorized or soft modes

Emissions
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Lisbon versus Porto (metropolitan areas)

Entradas nos municpios da AM Porto Entradas nos munidpios da AM Lisboa

sustainable mobility????

Carla Silva camsilva@fc.ul.pt



ULisboa

T

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

Ciéncias I nd |cato rs 1st Semester 2017-2018 | Sustainable Mobility

PM2.5 10 Annual hourly arithmetic average
NOXx 10 Annual hourly arithmetic average
O, 10 Annual hourly arithmetic average
Energy 5 % fossil final energy consumption

Minimum and maximum values of indicator scale

PM10 150 -10 (pg/m?3)

co, 7.5- 0 (ton/capita/year)
NO, 200- 0 (ug/m?)

O; 240-0 (pg/m3)

Energy 100-0 (%)

Carla Silva camsilva@fc.ul.pt
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Cl5%S Fleet impacts

AQS — QUALAR data (downloads section)

Maia D.Manuel lI-Vermoim Urban  Traffic
Matosinhos Jodao Gomes Laranjo-S.Hora Urban  Traffic
Porto Francisco Sa 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

Carla Silva camsilva@fc.ul.pt
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Cl5%S Fleet impacts

AQS — QUALAR data (downloads section)

Lisboa  Entrecampos Urban  Traffic

Data Dioxido de Enxofre Particulas < 10 pm Ozono Didxido de Azoto Oxidos de Azoto Monéxido de Carbono Benzeno Monéxido de Azoto Particulas < 2.5 pm
(Hora UTC) pg/m3 ug/m3 pg/m3  pg/m3 ug/m3 mg/m3 pg/m3  pg/m3 ug/m3
01/10/2017 00:00 0,000 69,060 6,640 7,500 0,154 0,2 0,570

01/10/2017 01:00 0,070 66,450 6,910 8,540 0,160 0,2 1,060
01/10/2017 02:00 0,180 64,950 5,540 6,750 0,160 0,2 0,790

01/10/2017 03:00 0,730 61,160 7,540 10,680 0,148 0,1 2,040
01/10/2017 04:00 0,990 60,570 4,790 5,920 0,142 0,1 0,740

01/10/2017 05:00 1,330 55,530 8,690 13,250 0,151 0,1 2,970
01/10/2017 06:00 2,270 52,110 10,800 12,660 0,154 0,1 1,210
01/10/2017 07:00 2,160 48,110 13,360 16,650 0,168 0,1 2,140
01/10/2017 08:00 2,310 45,740 15,830 23,370 0,183 0,2 4,920
01/10/2017 09:00 2,720 52,910 13,050 20,060 0,189 0,2 4,570
01/10/2017 10:00 3,550 56,550 16,280 24,880 0,206 0,2 5,610
01/10/2017 11:00 3,260 67,230 14,320 20,890 0,203 0,4 4,280
01/10/2017 12:00 0,390 68,670 30,410 54,460 0,270 0,5 15,690
01/10/2017 13:00 1,190 82,660 22,580 31,730 0,229 0,4 5,970
01/10/2017 14:00 0,930 87,450 17,720 23,080 0,209 0,3 3,500
01/10/2017 15:00 0,000 77,960 19,800 25,220 0,206 0,4 3,530
01/10/2017 16:00 0,000 64,340 24,610 31,890 0,215 0,4 4,750
01/10/2017 17:00 0,000 49,360 31,950 41,360 0,218 0,4 6,130
01/10/2017 18:00 0,000 48,560 25,920 32,250 0,197 0,4 4,130
01/10/2017 19:00 0,000 52,330 16,800 21,980 0,183 0,3 3,380
01/10/2017 20:00 0,000 35,770 40,130 54,200 0,331 0,4 9,180

01/10/2017 21:00 0,000 38,530 38,140 46,670 0,252 0,9 5,560

Carla Silva camsilva@fc.ul.pt
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AQS — QUALAR data (downloads section)

Lisboa  Entrecampos 32.7 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

Carla Silva camsilva@fc.ul.pt
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AQS — QUALAR data (downloads section)

Maia D.Manuel II-Vermoim 14.7 48.1%* 17.9
Matosinhos Jo3ao Gomes 20.7 42.8%* 30.8
Laranjo-S.Hora

Porto Francisco Sa Carneiro- 19 39.6* 54
Campanha

Average 18.1 43.5* 34.2

*nearest air quality monitoring station

Carla Silva camsilva@fc.ul.pt 10
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Comparing transport systems??

Sustainable mobility indicators

Carla Silva camsilva@fc.ul.pt 11



C | What is sustainable mobility?

1st Semester 2017-2018 | Sustainable Mobility

I sust mob = IC02+ INOx+ IO3+ IEnergy

Lisboa

Porto

Cco2
PM10
NOx
03
Energy
Total

CO2
PM10
NOx
03
Energy
Total

4.597679
8.45
7.92
8.166667
1.205949
30.34029

4.597978
9.419048
8.288333
8.1875
0.8997
31.39256

Carla Silva camsilva@fc.ul.pt
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Comparing transport systems??

aaaaaaa

And adding:

3034  « embodied energy and emissions of
vehicle’s materials????

* energy production for transport
upstream impacts????

Carla Silva camsilva@fc.ul.pt 13
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U:.?:bcc:gs Global |mpaCtS st Semester | Sustainable Mobility

sust mob = ICOZ NO Energy

/ / Global
Carbon footprint

Q CO, equivalent or GHG

Global Warming potential
Impact category of LCA Q
o

Carla Silva camsilva@fc.ul.pt
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ULisboa

Fuel origin
I

Food life cycle- Well-to-person

Carla Silva camsilva@fc.ul.pt 15
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ULisboa

Energy use: person-to-wheels / person-to-legs

Carla Silva camsilva@fc.ul.pt 16
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Ciéncias LI F E CYCLE 1st Semester 2017-2018 | Sustainable Mobility

emission to air via lungs

Oxygen intake

=

:

a

L~ o

8 g

1 % MO
H
.-': L,

———

_‘-“""“———n Inerganics (5, P.)

faecdl solids

=olids from non-degradable organic matter (fibre)

Carla Silva camsilva@fc.ul.pt 17
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Manufacturing....materials embodied energy & emissions....

http://www.designlife-cycle.com/bicycle/

2,380 kWh

B 525 kwh
| 7.5 kwh
J 50 kwh

materials life cycle- Manufacturing

Carla Silva camsilva@fc.ul.pt 18
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Walking and cycling carbon footprint

w

§ Local organically produced food only H

O

-

% UK grown low-processed food -

-

Q  Average diet including imported food _

O

X

<§( Local organically produced food only - M agricultural activities
X

<§t UK grown low-processed food -

X

<§t Average diet including imported food m

0 5 10 15 20 25 30
g/pkm

Carla Silva camsilva@fc.ul.pt 19
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Energy Usage KJ/PMT
10000
9000
2000
7000 |
6000 |
5000
4000
3000 |
2000
1000
1]
. . ~ Bus on | Busoff Green | Boeing
Walking |Bicycling Ebike Sedan v Pickup pesk ek BusAvg BART MM Line 737
Total 102 319 356 4694 6474 7914 1108 BE3T | 4260 2187 2970 2270 2996
N Fuel Production o 0 2 430 &40 810 110 240 400 274 418 487 250
N infrastructure 102 204 204 667 607 T28 51 406 189 T00 1233 329 119
i ¥ Maintenance 4] g 9 184 180 208 18 144 4] 41 51 1] 56
= B Manufacturing 1] 106 141 413 547 468 10m 827 ELE 37 3B 1 49
B Operation [i] 1] o 3000 4500 5700 828 6620 3210 1136 1230 ] 2522

N I:‘-lgurei:Er!rgyinput-perPM';' for commuter transport options
Shreya Dave. Life Cycle Assessment of Transportation Options for Commuters. Master
thesis. Massachusetts Institute of Technology (MIT) February 2010

Carla Silva camsilva@fc.ul.pt 20
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Greenhouse gas emissionsin kg GGE/PMT

200
700
B00
500
400
300 ¢
200
100
0 i
. . . _ _ Buson | Busof Bus Green | Boeing
Walking Bicycling Ebike @ Sedan SUV Pickup Peak Peak |Average BART MUMNI Line 737
Total 33 i3 33 382 446 619 8BS 674 326 136 173 224 210
M Fuel Production 0 0 0.33 39 58 74 10 77 36 3 4 8 23
Minfrastructure 9 17 17 65 59 71 4 34 16 64 94 87 11
y M Maintenance 0 1 1 15 14 17 1 12 & 2 4 4 4
W Manufacturing 0 8 11 34 45 38 ] 66 31 2 2 1 4
M Operation 24 7 4 230 270 420 61 4B6 237 64 69 123 168

)
Shreya Dave. Life Cycle Assessment of Transportation Options for Commuters. Master
thesis. Massachusetts Institute of Technology (MIT) February 2010

Carla Silva camsilva@fc.ul.pt 21
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Sources of the UK'’s carbon footprint

All figures based on the total share of consumption based emissions 2012

[140%

Services

23% Clothes

2%

Construction Transport

5% 21%

Products
12%

Energy
24%

Source: Exploring the UK's carbon footprint, http://www.emissions.leeds.ac.uk/chart2.html

Carla Silva camsilva@fc.ul.pt 22
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Cl%=" Total energy consumption

Power Drive Unit (PDU) Lithium ion battery

Life cycle notion Bl

Hydrogen supply chain

Natural gas supply

Electric drive motar Fuel cell stack High-pressure hydrogen tank
Propels vehicle Generates electricity Stores hydrogen Reforming
. X Distribution & fuel station
Vehicle component production
_E Body & Structural parts U’
-
] .
= o %‘) Wheels & Tires Vehicle use
% £ 5
= £ ° Electronics .
= S 2 Vehicle assembly Driving cycle
8 £ = ' Fuel cell l I ;
g = % Maintenance
2 Battery
a 4
Electrical motor
. End-of-Life
Fuel tank & Delivery system
Dismantling
Recycling
Waste disposal

Carla Silva camsilva@fc.ul.pt 23
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it Life cycle

MJ/pkm | Measuring passenger transport efficiency

{Mpm afficinnt) efelle BT [ i omietr vallad (Loss affigient)

Carla Silva camsilva@fc.ul.pt 24
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Typical energy consumption by mode

Charter aviation
Private aviation
Regional air
Ferry

Diesel car
Domestic air
Gasoline car
International air
Urban Bus
Interurban rail
Interurban bus
Urban heavy rail
Urban light rail
Bicycle

MJ/(p*km)

Carbon Intensity of Travel: g COZe/pkm

I 312
I 296

Large Car (15 MPG)
Long Flight (business)
Medium Car (25 MPG)

Average Local Bus (US)
Motorbike (50 MPG)
Long Flight (economy)
Small Car (35 MPG)
Electric Car (US grid)
Short Flight (economy)
Heavy Rail (US)

Hybrid Car (45 MPG)

Australia, Lenz (1999)

Scooter (80 MPG)
Coach (US)

Metro (NYC)

Electric Car (Solar)
School Bus (US)
Eurostar Rail (France)

-50

I 191
I 185
[ 153
[ 139
[ 138

123

120

119

118
101

50 150 250

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

350

Carla Silva camsilva@fc.ul.pt
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Typical energy consumption by mode in book

Charter aviation
Private aviation
Regional air
Ferry

Diesel car
Domestic air
Gasoline car
International air
Urban Bus
Interurban rail
Interurban bus
Urban heavy rail
Urban light rail

Bicycle

25

L. D. Danny Harvey |@

2010

Energy Efficiency
and the Demand
for Energy Services

M Fuel use
B Fuel upstream

= Embodied

Carla Silva camsilva@fc.ul.pt
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Chester http://www.transportationlca.org/tlcadb.html

Nitrogen Oxide Emissions v || Passenger Mile Traveled v || Update Chart

5an Francisco Bay Area BART (5an Francisco Mix)

5an Francisco Bay Area BART (Wholesale Mix in 2010)
5an Francisco Bay Area BART (20% Renewables in 2016)
Commuter Rail (5an Francisco Bay Area Caltrain)

Light Rail {(5an Francisco Muni, 5an Francisco Mix)

Light Rail (San Francisco Muni, Hydro Mix)

Passenger Transportation Life-cycle Nitrogen Oxide Emissions

Milligrams {mg) per Passenger Mile Traveled

(=]

500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,00
Chester and Horvath (2009}
Conventional Gasoline Sedan
Conventional Gasoline 5UV
Conventional Casoline Pickup
Urban Diesel Bus (Off Peak)
Urban Diesel Bus (Peak)

Light Rail (Boston Green Line)
Small Aircraft
Midsize Aircraft
Large Aircraft T RN
Chester and Horvath (2012)
35mpg Sedan (5) W
35mpg Sedan (1) TN
PHEVEO (5) W
PHEVG0 (1) DRI
55mpg Sedan (5) ]
33mpg Sedan (1) TN

UMHDU DDDU i;

HSR Future WECC-2010 w
HSR Future WECC-2010 w

670 Seats (670) 1
670 Seats (150) T

H5R Future WECC-RPS w/1200 Seats (1200) |
HSR Future WECC-RPS w1200 Seats (300) TN

H5R Future WECC-RPS w/
H5R Future WECC-RPS w/
HSR Future WECC-RPS w/
HSR Future WECC-RPS w/

HSR Future WECC-2040 w
HSR Future WECC-2040 w

HSR 80/20 Wind /Solar w/
HSR 80/20 Wind/Solar w/

670 Seats (670) I

670 Seats (150) ]
400 Seats (4000

400 Seats (100) T
670 Seats (670) [

670 Seats (150) T
670 Seats (670) 0

670 Seats (150) [

Carla Silva can

Boeing 737 Legacy (124)
Boeing 737 Legacy (32)
Boeing 737-800 (160)
Boeing 737-800 (100)
Bombardier CS300-ER {(130) T
Bombardier C5300-ER (82) TN
Chester et al. {(2012)
LA Sedan (Near-term) [JIRIN
o
—_1
i

UUMU

LA Orange Line Bus Rapid Transit (Near-term)
LA Cold Line Light Rail (Near-term)

LA Sedan (Long-term)

LA Orange Line Bus Rapid Transit (Long-term) [
LA GCold Line Light Rail (Long-term) []

Vehicle Operation Propulsion Electricity [l Vehicle Manufacturing & Maintenance Infrastructure Construction & Operation Energy Production 27
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Average city-car petrol

Average city-car diesel

Average city-car LP gas

Average city-car petrol hybrid
M Tailpipe

| Life cycle
Average city-car natural gas

Average city-car electric (standard)

Average SUV / 4x4 electric (green)

Ul

o

20 40 60 80 100 120 140
g/pkm

Average fleet CAR 1.6 passenger UK 2015

Carla Silva camsilva@fc.ul.pt 28
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i Life cycle

T Driver plus 4 passengers

< Driver plus 3 passengers

< Driver plus 2 passengers

Driver plus 1 passenger

erage occupancy (1.6
passengers)

d)

"L
1B

Driver only

AverageAverage AverageAverageAverage Average
d)

AverageAverage Average AverageAverageAverage city-car|city-car|city-car city-car| city-car| city-car

m Tailpipe

petrol (standar(standar(standar(standar(standar(standar
d

Driver plus 4 passengers
M Life cycle

Driver plus 3 passengers

petrol

Driver plus 2 passengers

petrol

Driver plus 1 passenger

petrol

erage occupancy (1.6
passengers)

D

\I/

petrol

CAR

Driver only

city-car|city-car city-car | city-car city-car |city-car| electric electric|electric electric electric|electric
hybrid | hybrid | hybrid | hybrid | hybrid | hybrid

petrol

T T T

0 50 100 150 200
g/pkm

Carla Silva camsilva@fc.ul.pt 29
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T >
3 g § 25% occupancy
a
Y >
'§ g § 50% occupancy
2 F e
g g a 75% occupancy
o >
3 g § 100% occupancy (all seats full)
[=)
§ 25% occupancy
§ 50% occupancy

use

75% occupancy

100% occupancy (all seats full)

use

25% occupancy

use

50% occupancy

use

75% occupancy

use

100% occupancy (all seats full)

Diesel|Diesel Diesel| Diesel| Diesel Diesel| Diesel|Diesel|(from| (from | (from|{from
(from|(from|(from | (from|(from (from|(from (from|2006):2006):2006):2006):

2006):2006):2006): 2006):2006):2006):(2006):2006):Motor Motor Motor Motor

Urban/Urban Urban Urban Rural | Rural| Rural | Rural
use

g/pkm

BUS

Carla Silva camsilva@fc.ul.pt 30
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iiade Life cycle

BIOFUELS

Carla Silva camsilva@fc.ul.pt 31
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iiade Life cycle

Well-to-Wheels

Transportation

Distribution

d

- “‘.‘:‘ S 'an Conversion

Transportation
*Adapted from a drawing by US DOE EERE

BIOFUELS

Carla Silva camsilva@fc.ul.pt 32
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it Life cycle

BIOFUELS feedstocks
B s R

R s,

Palm

Carla Silva camsilva@fc.ul.pt 33



F on . [ ] . e
Ciéncias 1st Semester 2017-2018 | Sustainable Mobility
iiade Life cycle

BIOFUELS feedstocks 1<t £ Olive oil Rapeseed oil

Leftovers energy
ENERGY kcal

I |

@® o (11

|
@ saturaTES B

| |
© sonounsaturates ()
I I

@ PoLYUNSATURATES (- €)
I

A I

Palm Soybean Rapeseed @ VITAMIN E (mg) @

SMOKE POINT ¢ @

(extra-virgin olive oil)

. K. | @ poLYPHENOLS ) ()

3.62 47 2 0.5 0.3 315 29 2.9 0.79 99 11 0.7
® vield Fertiliser @ Pesticides @ Energyinput

Tonnes of oll produced per hectare Kg to produce one tonne of ol Kg to produce one tonne of oil Gigajoules to preduce one tonne of cil

Carla Silva camsilva@fc.ul.pt 34
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BIOFUELS feedstocks

* LAND-USE CHANGE
Deforestation (ENDOGENOUS CULTIVATION OFF
TO PLANT OTHER NON-ENDOGENOUS SPECIES)

e 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

Carla Silva camsilva@fc.ul.pt 35
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Well-to-Wheels

Standard GHG emissions for biofuels

2 requ‘lrementSIGHG Savings (%) | —

100 % 90 % 80 % 70% 60% 50% 40% 30% 20% 10% 0

2 60 % from 2018 = 250%from 2017 <= >35%fom2011/13

Rapeseed oil

Hydrated rapeseed oil |3

Bindiesel from rapeseed oil

Biodiesel from sunflowers

Biodiesel from waste d

) Bindiesel fmm soya
Biodiesel from palm oil

Biodiesel from palm oil"

Ethanol ﬁﬂm wheat
Ethanol from wheat”
Ethanol from sugar beet
Ethanol from sugar cane
Ethanol from wheat straw”’
BtL (FT diesel) from farmed wood?
Biomethane from slurry

Fossil fuel 83.8
0 10 15 25 30 75 80

0 Cultivation I Transport "9 Processing, in g CO,equiv./MJ <33.5 gfrom 2018 GHG emission in g CO,equiv. /M)

1 With methane capture; > Natural gas CHP: ? Future biofuel aptions — basis: estimated standard figures from 2009/28/£C
Source: FNR, according to UFOP (2011 - EU Directive 2009/28/EC) © FNR 2011

Carla Silva camsilva@fc.ul.pt 36
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ULisboa

Methodology to assess environmental impacts associated with all the
stages of a product's life from cradle-to-grave

« Raw material extraction

« Materials processing / Life cycle assessment framework \
« Manufacture r N )
. . . Goal and scope |—»
« Distribution definition |
« Use - ’
« Maintenance - j \
. : : Inventory S .
Disposal or recycling analysis  [° Interpretation
Impact |
assessment -

- - /

Steps as in ISO 14040:2006 and 14044:2006

Carla Silva camsilva@fc.ul.pt 37
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ULisboa

Goal, scope and definition

_'EL Energiztotal do ciclo dewida '." Emizssdestotais dociclo de vida Cra_d_lg:tg:G_Iate (CTG)

- e e e e R e e B R o R B R R e R R e e B R e e B e e R B e e R B e R e e e m e B e e B e e

Ciclo de vida do combustivel [2x.gesalira] CradIE'tO'C"adle (CTC)
11 41 1 ! Gate-to-Gatk (GTG)

. ‘_‘ .
i3 { i &
E # e

-

Usa Firn dewid=s

Refinzgdos Distribuigdo Estacdo
Armazenamento abastecimento

Extracgdo Transporte

Extracsdo Producdo Distribuigia Stand yandes

_ . .1-. | '.: ..-_ . E .-;_I - -| I"«'- if ol
= I . T 4
W ; Recidagerm
Legenda ﬁ
== lnputenserga ﬂ l

= i Ciclo dewvidados materisi=
I Ouitput emissoes

Carla Silva camsilva@fc.ul.pt 38
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ULisboa

Goal, scope and definition

Function of the system in analysis:

.r’————____f‘-_‘

I

7 e —
18
[}
; V'

Transport passengers pxkm

Transport goods tonkkm ERRRER

Printer 1000 prints

Clothes 100 t-shirts

Carla Silva camsilva@fc.ul.pt 39
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1st Semester 2017-2018 | Sustainable Mobility

Ica.

htt

jrc.ec.europa.eu/lcainfohub/toolList.vimm

Generic

Boustead www.boustead-consulting.co.uk
Eco-it www.pre.nl

Ecopro www.sinum.com

Ecoscan www.ind.tno.nl

Euklid www.ivw.fhg.de

KCL Eco www.kcl.fi/eco

Gabi www.gabi-software.com

LCAit www.ekologik.cit.chalmers.se

Miet www.leidenuniv.nl/cml/ssp/software
Pems www.piranet.com/pack/lca_software.htm
SimaPro www.pre.nl

Team www.ecobilan.com

Wisard www.pwcglobal.com

Umberto www.umberto.de

Car specific N

GEMIS

http://www.oeko.de/service/gemis/en/material.htm

GREET

http://greet.es.anl.gov/

http://www.its.ucdavis.edu/

Optiresource

http://www.optiresource.org

Carla Silva camsilva@fc.ul.pt
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ULisboa

| nvento ry INPUTS OUTPUTS
— P Waste heat
Fuels/energy — ¥ Air emissions
SYSTEM
Raw materials ——# — P Water emissions

I—P Salid Waste

For refinery producing diesel fuel.....e.g. identification
of inflows and outflows.....and quantification

Carla Silva camsilva@fc.ul.pt 41
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ULisboa

Refinery Configurations in PRELIM

REFINERY TYPE 80°C GASOLINE
Hydroskimming LoR Isomerization
Medium Conversion . ®0
sy Deep Conversion Naphtha Naphtha
Hydrotreating RF? alytic
1B80°C { = olrmmg
e JET FUEL
Kerosene :
Hydrotreating Merox Unit _‘
CRUDE T
‘ e DIESEL
340°C Diesel
el |1 RN (O ——————— Hydrotreating
esalting 309*C :
AGO L R % I_
- — GasOil |-
392}; < : Hydrocracking | :;'&é‘l-_r gfLG
: ®r 000
2 Gas Oil
A54°C = . | —] Hydrotreating
VGO -1 C-B
D . : Fluid Catalytic
525°C
A" H ,
veo e_: Cracking
: ' , HEAVY
) : [ Alkylation |} FUEL OIL
525+°C aa? H
wR £ H
L _E |5
VR Upgrading : Heavy Naphtha
Delayed Coking| Hydrotreating
Intermediate Products or Coker or HC COKE
GAS Hydrocracking GO or
CP : | HYDROCRACKING RESIDUALS
Refinery fuel gas
[T]=p 2
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Table 5.58. Main invenfory data for the coprocessing refinery.

S OUTPUTS

All the values are expressed per FU (kg / MJsogll kJ / Mierng for electnc

P L g u Products
INPLUTS Casze 1 Case 2 Case 3 Case 4 Propane 1.71-10* 1.99-10 2.14-10¢ 24710
From the technosphere Butane 33210 2.95-10* 3.39-10 37510
Crude il 247 “]-2 ot i o 11]-2 235.1 D-E 337, .”:I-E Gasoline 4.89'102 4.94-10‘: 6.53'1[]': 6.23- 102
Kerosene £.83-10 1.01-10° 47810 8.89-10
i - 2 -3 ] 3 ! =3
HOO-of Ll ﬂ]d =3 1[:r4 552 “}4 Diesel 1.07-102 7.32-103 1.11-102 7.26-10°%
Char - 4 69-10 33240 7.63-10 Hydrogen 489105 §.77-10° ) ~
Hydrogen - - 3320t 2.44-10% Wastes fo freatment
Matural gas 1.75-10% 1.65-104 2.74-10° 5. 76-104 Waste water 253103 2.97-103 3.13-10% 2 89-10°%
Water B.74-10* 6571-10% 5 02-1072 4.71-103 Sulphur 3.51-10% 3.33-10°% 2.85-10°F 2.87-10°%
MEA {aq) 5.86-10°% 5.07-10°3 9.62-10°¢ 1.29-10°% Emissions to the air
Gikiiien 7 13104 119.10% 1.04-10% 1 50.10% COz g.72.10° 1.02-10% 8.80-102 9.97-10%
Zeolite (Y 3.29-10% 8.45-10% 3.13-10°% 1.29-10°° a0 233107 218107 285107 42107
2 e (Y) e ; ol ; e s o " c1 - 2 931071 127102 509105
MiMo/Alz0z 15210 1.43-107 2.51-10° 2. 37107 co 2 631075 2.49-105 2 17-10°%5 2 05-105
Ciolomits 7.09-10°%0 1.02-107° g.23-10710 1.21-107% O 1.00-10°% 1.03-107 95510+ 985104
Clivine 2344107 272107 248907 321907 Mz 252.102 2.67-102 2.48-10% 2.54-102
Fe-Cr{HTS) 2 49.10° 2 79.10%9 2 71-10°° 2 52.10% MNz20 3.70-10% 5.19-10° 5.26-10°% 4.93-10°
AnE _An-a 4B Elisl
Cu-Zn (LTS) 1.23-10° 1.38-10°2 1.34-10°2 145102 NGz 42310 54810 54810 5.21-10
= gl = = NO 4.63-10° 4.89-10°% 4.96-10° 4.66-10°
Co-MolAl203 323410 3.25-10 323040 329107 i .

il 5 297-10°% 15310 1.49-102 B.41-10%®
Electricity (kJ f MJprog) B.25 622 B6.53 6.78 Has 8.45-103 3501071 4551020 904105
From nature MHz 9.45-10°7° 7.80-10" 3.46-10°12 483107
Air 324-10% 34410 3.19-10% 32710 S0z 2.91-10°F 3.38-10°F 2.80-10°% 3.26-10°F
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Inventory
JEC WTW study Version 4a
WTT pathway Back to menu
Code COD1 Description
Final fuel Diesel fuel Crude oil from typical EU supply, transpert by sea, refining in EU (marginal
production), typical EU distribution and retail.
Results
Energy GHG emissions
EXDQI’IdEd g COZeql{MJdiesel
MI/MJ giesel Total as CO, as CH, as N,O
Standard steps Actual steps
Production & conditioning at source |Crude oil production 0.07 47 4.00 067 0.00
Transformation at source NA
Transportation to market Crude oil transport 0.01 1.0 0.97 0.00 0.00
Transformation near market Crude refining, marginal diesel 0.10 8.6 8.60 0.00 0.00
Conditioning & distribution Distribution 0.01 06 0.58 0.02 0.01
Dispensing at retail site 0.01 0.5 0.48 0.03 0.00
Total WTT 0.20 15.4
Min 0.18 13.8
Max 023 17.0
of which Fossil 0.20 Energy
of which Nuclear 001
Combustion CO, emissions 732 M ass
of which Renewable” 0.0 .
Total non-renewable emissions including combustion 88.6 ECO n O m |C Va I U e
) Shown as negative .
Input data System expansion
Physical properties of products and intermediates relevant to this pathway
Crude ail Diesel
Density ka/m® 820 832
LHV MJ/kg 42.0 431
Carbon content % m 86.5% §6.1%
CO- emission factor q CO/MJ 785 732
(assuming total combustion) kg COs/kg 3T 3.16
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Invento ry INPUTS OUTPUTS
— P Waste heat
Fuels/energy ————# - ;s
. —P A
For car materials.....e.g. SYSTEM e
Raw materials ——# — P Water emissions

— P Solid Waste

GREET ———

1) Summary of Energy Consumption and Emissions: GJ or grams per-vehicle lifetime 300 OOO km
1.1) ICEV: Conventional Material
GJ or grams per vehicle lifetime Percentage of each stage

Components ADR Batteries Fluids Total Components ADR Batteries Fluids
Total energy 69.278 11.015 3.691 12.211 96.196 72.0% 11.6% 3.8% 12.7%
Fossil fuels 62.345 8.367 2590 12.064 85.366 73.0% 9.8% 3.0% 14.1%
Coal 17.908 2.669 1.302 0.308 22.188 80.7% 12.0% 5.9% 1.4%
Matural gas 32.907 5.118 1.005 2.163 41.192 79.9% 12.4% 24% 5.3%
Petroleum 11.630 0.580 0.283 9.593 21.987] 52.4% 2.6% 1.3% 43.6%
coz2 4,507,794 752,357 195,092 701,563 6,156,806 73.2% 12.2% 3.2% 11.4%
CH4 8803.870 1210.898 367.990 1143.375 11526.133 76.4% 10.5% 3.2% 9.9%
N20 59.009 12.609 4118 5.466 81.201 72.7% 15.6% 5.1% 6.7%
GHGs 4,727,740 783.940 204,774 729479 6445943 73.3% 12.2% 3.2% 11.3%

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

gC02eq per 1 eletric car 7.2 ton (47.8 g/km) 150 000 km
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Impact assessment

Calculate impact category, per FU:

e Global warming gCO, eq;

* Ozone depletion gCFC11 eq;
e Acidification gS02 eq;

e Carcinogenic gPAH eq;

e Eutrophication gP0O4 eq;
 Heavy metal g Pbeq;

e Summer smog gC2H4 eq;

*  Winter smog gdust eq;

* Resource depletion %.

Carbon footprint or Global Warming potential

Carla Silva camsilva@fc.ul.pt
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CO, equivalent or GHG

Intergovernmental Panel on Climate Change (IPCC)

Global Warming Pote) for Given
Time Horizon.

Indu=ztrial Dezignation or Common Chemical Lifetime Radiaﬁv‘gEfﬁciency w saRt {100- 100-yr

Name (years) Formula (years) m - ppl:t"":I yr) 20-yr

Carbon dioxide Co; See belon® e lvad 1 1 1 1
Methane® CHy 125 37t 21 72 25 78
Nitrouz oxide Hz0 114 3.03x107% 310 289 238 153
Substances controlled by the Montreal Protocol

CFC-11 CClaF 45 0.25 3800 B 730 4750 1,620
CFC-12 CCLF2 100 032 8100 {1,000 10500 5200
CFC-13 CCIFg 640 0.25 10,800 14,400 16,400
CFC-112 CCRLFCCIF, &85 0.3 4800 8540 E130 2,700
CFC-114 CCIFZCCIF; 300 0.3 5040 10000 8730
CFC-115 CCIFZCFy 1,700 018 530 7370 9,990
Halon-1301 CBrFy L] 032 5400 5480 7,140 2,780
Halon-1211 CBrCIF; 16 0.3 4750 1,850 575
Halon-2402 CBrF;CBrFz 20 0.33 3,680 1,640 503
Carbon tetrachloride CCly 26 013 1,400 2700 1,400 435
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CO, equivalent or GHG

Intergovernmental Panel on Climate Change (IPCC)

GWP values for 100-year time horizon
Industrial

g X 2 Second Fourth Fifth Assessment
designation Chemical formula Assessment Assessment Report (ARS)
St TR Report (SAR) | Report (AR4)
name
Carbon dioxide
Methane
Nitrous oxide
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EREN ®=DE

B
mm [INAS

International Institute
for Sustainability Analysis
and Strategy

News About Team Work Board Downloads Contact

Themes Projects GEMIS

B GEMIS - Global Emissions Model for integrated Systems

IINAS is the host of GEMIS (Global Emissions Model for integrated Systems), a public G EM IS
daomain life-cycle and material flow analysis model and database that IINAS
provides freely.

GEMIS was first released in 1989, and is continuously updated and extended since then. It

—
is used by many parties in more than 30 countries for environmental, cost and employment
analyses of energy, materials and transport systems.

* e

#nues networking with GEMIS users on the international level, and extending and

\ 1S i nnw arknnwledned as a tnnl in the Wnrld Bank's Platfarm far Climate-Smart Plannina
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- data\standard - GEMIIS - [Transport process ‘airplane-passenger-domestic=lisbon-Porto trip’] .

et

i File Edit Data Scenarios Extras Windows Help
cERSBY i &8 ‘ faProducts ol Processes st Scenarios @:References Standards
® Meta data | B comment| * Data | Ef Auxiaries | § Emissions | % Residues | € Costs|

E I filing-station\kerosine-DE-2010 ]

kerosene-DE-2010

’ no transport l

erage
0.00000 M/kn

specific consumption kerosene-DE-2010

471.92072 1/100 km Design data ‘airplane-passenger-domestic-Lisbon-Porto trip’ ﬂ
Mileage kerosene-DE-2010 2.23500%106 km/a Average | Unit
Life time 30.00a
Flacheninanspruchnahme 0.0000000 m?2 Share % |
Beschiftigte 0.0000000 Persons Milzage 235000 kmia y
Occupancy 162 Persons spez. Verbrauch L
B 40113 I ;
g e ok
tonnage; 162 Persons No of dirving modes
Life time: ,30— a I’?ﬂ Rl eysiade
(13 -urban, extra, highway
Araa: 0 m® (708 - urban, extra, highway - 0%, 5022, 100%
Emplayment: |0 Persons
E o 0K i ’ X Cancsl
Jutputl ist Product i.ﬂmount !Umt :repd.aced process

Jirect output 1 Pkm =

Carla Silva camsilva@fc.ul.pt S0
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|process delivering materials for construction | construction material ‘Amount Transport system Transport ‘
Irlmm'phir'h] | Id'r:r;inrp I |
metal\Aluminium-mix-DE-2010 aluminium '5.3802E+4 | 0 |
r£hem-org\HDPE-DE-2010 HDPE-granulate '5.978E+3 0 5
pum 978E+4 5 ;
54 ton of Aluminium
6 ton High Density Polyethylene
51
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o

Te* data\standard - GEMIS

File Edit Data Scenarios Extras Windows Help

o [&=]

cRShY i R | faProducts ol Processes B Scenarios @ References Standards ‘
T%: Scenarios
Scenarios (110/110) |Info |C0mment|FiIter | Results |Graph |C0mparison|Contributioanrade—Oﬁ|
AMBGEF: fossil reference » | Location . |
AJBGEF: cassava Extras @W\

ABGEF: jatropha

ABGEFR: palm

AJBGEF: SRC eucalyptus & poplar
ASBGEF: straw

ASBGEF; sugarcane

ASBGEF: switchgrass

W icoon poropsz0
AfBmaterials: chemicals, inorganic + organic
A/Bmaterials; metals

AfBmaterials: minerals

AfBmaterials: plastics

AfBmaterials: textiles

Global Switches | Info disM[ Userinterface | Precision | allocation

meiIe transport

Compact display of Green House Gases

Compact display of emissions into air

|z| Efficiency of resource extractic

[V]treated/disposed solid wastes are notincluded in results

Base for heating value related data.
(@) Data based an lower heating value (LHY)

() Data based an higher heating value (HHY)

AfBrenewbility: biofuels diesel 2010-2030 [MJ]
AfBrenewbility: biofuels otto 2010-2030 [MJ]

| vox | [ %ocancel |

AfBrenewbility: fuel upstream + electricity 2010-2030 [A
AfBrenewbility: upstream biofuels - biodiesel 2010 [TJ]
AfBrenewbility: upstream biofuels - biodiesel 2010-203(
AfBrenewbility: upstream biofuels - biodiesel 2020 [TJ]
AfBrenewbility: upstream biofuels - biodiesel 2030 [TJ]
AfBrenewbility_ upstream gasoline - EtOH (2010 [TJ]

I

Hi

111

4.9.3. LHV based Input allocation by crediting

Carla Silva camsilva@fc.ul.pt
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Pkm/year/aircraft = 162 pas/trip*2 trip/day*365 day/year*352 km/trip = 41627520

30 year lifetime materials

] U J

Y mg .
T‘% Results: greenhouse gas emissions

o | &&=

Scope

lacal

all other

total

in

Option C02 co2 CH4 N20
Tkal eouivalent
Lisbon-Forta 426247E+6 417312E+6 11452E+3 | ]

1i

4262 Ton/year/aircraft
4205 w/out construction Ton/year/aircraft

~ e e~ e 0

I
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Fuel WTT Diesel 1.2 MJ/MJ
15.4 g/MJ
JRC TECHNICAL REPORTS
Zroduc;:on ICE car 75 GJ (0.5 MJ/km) w8, % *J’_':"f;
ssembly 4.8 ton for 150000 km lifetime (32 g/km) s (5 R EFET
. . Argonne's
Dlsmaptllng G LIFE-GYGLE MODEL
Recycling ~ Vehicle Cycle
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Why 100 years???

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

* how long the gas stays in the atmosphere (CO, > 800 years; CH, <20 years; N,0 <130 years)

Uncertainty GWP +35%
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GWP ratio

a,|C,(]at

T Absolute global warming of CO,
[ ac, [Cm (r)D/ [W.m2.kg 1]
0 .

TH is the chosen time horizon,

oK

pTH _ AGWETH
" AGWPH

co,

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

3
. —1
The impulse response function for CO, IRF(r) = ap + E a; - exp (r_)
j=] J

389 ppm background

Where a0 =0.217, a1l =0.259, a2 =0.338,a3 =0.186, t1 = 172.9 years, 12 = 18.51 years, and
13 = 1.186 years.
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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

=
(=]
J

—Carbon dioxide
----- Methane

TH =20 years

// TH =100 years

] / TH = 500 years

-

L Y T LI = T I = R ]
1 L L

Radiative forcing per unit mass
(x10-35 W/(m?2*kg))

U L L L] T T T T
1] 50 100 150 200 250 300 350 400 450 50C

Years following the emission
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Static Vs

e 2

Construction
Use

Recycling

Construction

Dynamic (time in years)

)

recycling |

Carla Silva camsilva@fc.ul.pt
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dynamic
static e
Dynamic life cycle assessment framework
| finiti [ ]
/— Life cycle assessment framework _\ troa] and:scape-delinttion T:
o T i T T l
Goal Enc.i.smi:ﬂ - /_ Inventory analysis \
definition .
b 4 a Y4 Y4 N
Dynamic Temporal Temporal
VS muodeling of || variations in || variations in
- ¥ unit industrial emissions/ g
||'|'|,.rer|1;|:|lrv:,|I _.—h- Interpretation processes systems resources |[™= %
analysis * f A, B B
N i i ] 2
l ] 't J\ J\ - =
Impact e 1 l
asﬁeﬂﬁment o} Impﬂl::'t assessment
\h’ - - _"/ Temporal variations in C
cnvironmental systems 1
et
59

Carla Silva camsilva@fc.ul.pt



Si-(iésnbcggs LCA StatiC VS dyna m ic 1st Semester 2017-2018 | Sustainable Mobility

|
|

.

Construction

Dynamic (time in years)

recycling

CO, pulses at different times = different impacts

Dynamic LCI = additional emission pulses
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Fuel WTT Diesel 1.2 MJ/MJ
15.4 g/M|

JRC TECHNICAL REPORTS

Production |- 3k 75 GJ (0.5 MJ/km)

Assembly 4.8 ton CO2eq for 150 000 km lifetime (32 g/km)
Dismantling
Recycling TRra e

8, b %) APEF

et GREET

LIFE-CYGLE MODEL

Static

. Well to Pump
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e.g. Steel vs aluminium

Fuel WTT The same Fuel TTW Lightweight = less final energy
consumption

Production

Assembly

Dismantling

Recycling Different resource = different

values

Carla Silva camsilva@fc.ul.pt 62
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e.g. More aluminium vs conventional
more steel; ref conventional gasoline
GV

Changesin Total Energy Use

—

I

I

:

FCV: GH2, Lightweight Matenial

FCV: GH2, Conventional Material

Changes in CO2 Emissions

= Gl HEV: CG and RFG, Conventional Material

= GV- CG and RFG, Lightweight Materia

-60%

-50% -40% -30% -20% -10% 0%

GIHEV: CG and RFG, Lightweight Matenal

GIHEV: CG and RFG, Conventional Material

GV:CG and RFG, Lightweight Material

-50%

-40% -30% -20% -10% 0%

10%

Cradle-to-Grave (includes materials
and fuels)

Carla Silva camsilva@fc.ul.pt
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e General methodology Life cycle assessment - LCA;

e Functional unit (FU) for transport: pkm

e WTW: Well-to-Wheels for transport fuels; Materials cradle-to-grave;
e Static and dynamic differences;

e |PCC updated values.
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