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O conceito de sustentabilidade €  Desenvolvimento Sustentivel
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interdependentes, incluindo:
 Questao ambiental: com o0 meio
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O conceito de sustentabilidade € Desenvoivimento Sustentavel

complexo, pois incorpora variaveis

interdependentes, incluindo: nsercio st
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Resources

- Técnica para avaliar o impacte o lfe
ambiental associado a todas as
fases da vida de um produto
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Material
processing

Use

fim de vida

Product
manufacturing
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decisdoes mais informadas



TECNICO 0 : :
W LISBOA Analise de Ciclo de Vida

- Permite a comparacao de processos 0 que ajuda na tomada de

decisdoes mais informadas




TECNICO 0 : :
W LISBOA Analise de Ciclo de Vida

* Definicdo da unidade functional, define o
gue esta a ser estudado e quantifica o servico
a ser disponiiblizado, sendo a referéncia a
gual inputs e outputs se relacionam (1
unidade?, 1kg, 1L?7??)

* Definicao das fronteiras do Sistema,
define quais 0s processo que devem ou nao
S

er incluidos na analise (pais, EU, mundo?)

« Qutros pressupostos ou limitacdOes

Goal and Scope
Definition

;

Inventory
Analysis

:

Impact
Assessment

-+

-<+——p Interpretation

-+
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volume, energia?)

ueremos avaliar?)

 Definicao de método de alocacéo, usado
para alocar diversos produtos dentro do
mesmo processo (co-produtos: massa,

* Definicdo das categorias de impacte, por
exemplo toxicidade humana, smog,
aquecimento global, eutrofizacao (o que

q

Andalise de Ciclo de Vida

Goal and Scope

Definition
Inventory | o o Interpretation
Analysis
Impact . >
Assessment

10



TECNICO AT : .
LISBOA Analise de Ciclo de Vida

Ferramentas de quantificacao de impactes
e = ﬂ

SimaPro About SimaPro ~  SimaPro Customers Energy Systems

Argonne°

NATIONAL LABORATORY

RESEARCH FACILITIES PUELICATIONS NEWS

Home Versions Features Documents APIs Modiules Contact us
GREET

E n a b I I n g fact- b aS e d ublications A fresh design for GREET life cycle analysis tool

GREET 2016 provides the user with an easy to use and fully graphical toolbox to perform life cycle analysis
= =l = GREET.net Model simulations of alternative transportation fuels and vehicle technologies in a matter of a few clicks. This new tool
S u S a I n a_ I I inclucdes the data of the GREET model, a fast algorithm for processing it and an interactive user intetface. The
Fuel-Cycle Model . . . . .
interface allows faster development using graphical representation of each elementin the model, and drag & drop
Vehicle-Cycle Model editing approach to add and modify data.

SimaPro has been the world's leading LCA software

GREET WTW Calculator
DOWNLOAD the new GREET 2016 software

package for 25 years. It is trusted by industry and AFLEET Tool

academ\cs ‘n more than 80 Countr[es SlmaPro Was Fleet Footprint Calculator If you have questions, please refer to our Frequently Asked Questions and Answers.

developed to help you effectively apply your LCA expertise GaBi

to drive Change = tO pro\/ide the facts needed to create Overview Software Applications Industries Downloads Customers My GaBi

sustainable value.

Software LCAdata Use cases Learning & Support v  Network v About v Download

The opersource:life*Cycle apd Sustainability
Assessment seftware

Free. Rich. Powerful.‘Reliable.

GaBi 8.0 comes in. On July 18.
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Fontes energéticas alternativas
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"

Non-RES

Dung
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N -~ Bio-
~Y1<  fertiliser

BIODIGESTER
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Que fontes energéticas alternativas ja utilizamos?
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Que fontes energéticas alternativas ja utilizamos?

2016 ENMC, 2017
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Que fontes energéticas alternativas ja utilizamos?

ktoe
. Portugal
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Transport
Ren. electricity in road transport 0.0 0.0 00 00 0.0 0.0 0.0 0.0 00 0.0 0.0 0.0 00 0.1 0.0
Ren. electricity in rail transport 109 1.1 120 119 127 134 139 126 135 115 120 127 19.0 216 00
Ren. electricity in all other transport modes 0.0 00 0.0 00 0.0 0.0 00 04 05 04 03 03 03 03 00
Compliant biofuels* 00 00 716 1219 1256 208.1 309.1 40 42 94 1515 a7 2597 2421 00
Annex X x * * * x x * 40 42 94 101 357 1072 139.5 0.0
3(4)d first paragraph x * * ® x x x 0.0 00 0.0 00 249.4 1379 101.5 0.0
3(4)d third paragraph subsection (i) and (i x ® ® * x * x 0.0 00 0.0 0.0 0.0 0.0 0.0 0.0
other compliant biofuets x x * ® x x x 0.0 0.0 00 1414 425 147 11 00
Non-compliant biofuels 00 00 00 00 00 0.0 0 289.1 2691 2520 1097 00 00 00 00
Other renewable energies 00 00 00 00 00 00 00 00 00 00 00 00 00 0.0 00
Total (RES-T numerator with multiplicators) 213 278 1015 151.5 157.2 2416 343.9" 40.0 426 478 19241 395.6 4149 436.3 0.0
* In period 2004-2010 all consumed biofuels are included in this category; as of 2011 only those compliant with Articles 17 and 18 of Directive 2009/28/EC
Fuel used in transport (as defined in Article 3)
Total (RES-T denominator with multiplicators) 6,448.7 6,170.3 6,225.7 6,228.7 6,250.4 6,219.4 6,198.3 57521 52774 51727 5,238.2 53235 54154 5,499.9 0.0
Note: All calculation provisions set out in Directive 2009/28/EC are applied to the total numerator and the total denominator
RES-T [%] 042% 045% 1.63% 243% 251% 3.88% 5.55%|| 069% 081% 093% 367% 7.43% 7.66% 7.93%
p— | \\ Ly 16
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Que matérias primas sao utilizadas para produzir essas
fontes energéticas alternativas?

<« [Nt 17



TECNICO
W LISBOA

Fontes energéticas alternativas

Que matérias primas sao utilizadas para produzir essas

fontes energéticas alternativas?

- Origem?

- Processos?

- Critérios de
sustentabilidade?

-

Economia circular

CENTER FOR INNOVATION
TECHNOLOGY AND POLICY RESEARCH

= Oleinas
mCatl
QAU

= FFA
mCat 3

Oleina de palma

m Colza

ENMC, 2017

m Gordura Aninal

Soja
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L CA of vehicle technologies O=C
and energy sources

E 1. Tank-to-Wheel (TTW) - vehicle
] | utilization stage related to driving the

-\fhl_c_lg _____________________________ | 3. Materials
& | Cradle-to-Grave
¥ 1(CTG) - the
| I vehicle
\ : I manufacturing,
= - & | B D I maintenance and
L —— | I —_— - o =4 F\
c™ I [ = s =recycllng
______ I A
2. Well-to-Tank (WTT) - fuel production stage == mx
I o 2
|

- — | -



TECNICO Ciclo de vida aplicado
H5B0A aos transportes

| 1. Tank-to-Wheel (TTW) - vehicle utilization stage related to driving the vehicle. |
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Fuel variables
Consunption
Activity data
Fleet macro-simulation % I\'lllmllaer vaehil::les per \'elhicle category
3 Distribution of the vehicle fleet into different
M exhaust emission legislation classes
< Mileage per vehicle class
— Mileage per road class
=4
ﬂ: Driving conditions -
> Average speed per vehicle type and per road g
S
a. Other variables
7z Climatic conditions >
ol Mean trip distance
Evaporation distribution
version 9.1
28 %‘ Emission factors
Fuel, VOC, NO,, PM, CO, anc, [:r o Per type of emission (hot. cold. evaporation) |,
selenium, Ni, chromium, A E Per vehicle class
m < Per road class
copper, cadmium, lead, S o
SU'phur, NHS, Nzo E ] Cold mileage percentage
E = Per month
Z @] Per vehicle class
1985-2007 - March 2010 financed by the European
Environment Agency (EEA), in the framework of the activities
of the European Topic Centre on Air and Climate Change. -

Calculation of annual emissions of all pollutants for all Corinair road traffic
CENTER FOR INNOVATION I N+ source categories at all defined territorial units and road classes

TECHNOLOGY AND POLICY RESEARCH
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Emissions:
+ Evaporative Emissions
Eroran = Enor + Ecorp + Egvar « Refueling Losses
ETOTAL - EURBAN + ERURAL + EHIGHWAY g % % %%
Table 4.1: Typical average speed ranges for the application of the ﬁ—’@‘
methodology in different driving situations

lif: !_( .

Driving Situation Typical Speed Range (km/h)

Urban 10 - 50 —

Rural 40 - 80 * Exhaust

Highway 70-130 Emissions
Calculations:

Enorg i = Ny X My X egorg, i
Ecorpgj = B X Nj X M; X eyorg ) X (€corpg, j / ehorgj — 1)

Epya g = 365 X N x (ed + 8¢+ 8% + R

: |N+ 21
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FC versus Speed: average Portuguese fleet

« JINT 22
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Ciclo de vida aplicado
aos transportes

FC versus Speed: average Portuguese fleet

R?=0.9023

y =0.0018x2 - 0.29x + 18.042

y = 0.0016x2 - 0.245x + 15
R? = 0.897
© o o o 9o 9o o
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HoEOA aos transportes

LCA of vehicle technologies -
and energy sources |
| 1. Tank-to-Wheel (TTW) - vehicle i it =
| utilization stage related to driving the !
i vehicle. ! =
= |
CN— () —a®n—
oI = Iz D
_____ I S
2. Well-to-Tank (WTT) - fuel production stage. R m
I ey 2
|

i 3. Materials

I Cradle-to-Grave
i (CTG) - the

I vehicle

| manufacturing,

i maintenance and
:_recycllng.

=
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HoB0A a0S transportes

i 3. Materials Cradle-to-Grave (CTG) :

* Includes the vehicle assembling, the

maintenance during its lifetime and finally

Wahicle Cyde
[GREET 2 Series)

the dismantling and recycling processes of
the vehicle;
» The materials life-cycle energy consumption

and emissions are spread along the vehicle

A

expected lifetime; and Argonne *=

 Due to significant import rates of the

different constituents of the vehicle, the
European electricity generation mix is

appropriate.

|N+ 25



WTECNICD Ciclo de vida aplicado

HoEOA aos transportes

LCA of vehicle technologies -
and energy sources |
| 1. Tank-to-Wheel (TTW) - vehicle i it =
| utilization stage related to driving the !
i vehicle. ! =
= |
Uap B — ([lazn) — I'D_
oI = Iz D
_____ N
2. Well-to-Tank (WTT) - fuel production stage. N ¥m =y
I ey 2
|

i 3. Materials

I Cradle-to-Grave
i (CTG) - the

I vehicle

| manufacturing,

i maintenance and
:_recycllng.

-
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The total energy of the WTT pathways (MJ,,) is the WTT expended energy so it
does not include the energy content of the produced fuel.

)\
l 1 |
WELL TO PUMP
T
%« L K

S— N .
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W rECNC0 - Ciclo de vida de fontes energeticas

The total energy of the WTT pathways (MJ,,) is the WTT expended energy so it
does not include the energy content of the produced fuel.

To obtain 1 MJ of fuel to be
used by the vehicle...

_ - 3 T
z D LSO
l | '
WELL TO PUMP
=
o w2

< [NT 28
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W rECNC0 - Ciclo de vida de fontes energeticas

The total energy of the WTT pathways (MJ,,) is the WTT expended energy so it
does not include the energy content of the produced fuel.

Losses in the WTT stage:
* MJ expended
 grams of CO, emitted

//4/ .

= |® 7N
¥« (e 8
6 o g
l | '
WELL TO PUMP
¥
O
Ca LA

WTW factor = 1 unit of energy (MJ) + expended energy (MJ)
o INF 29
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W rECNC0 - Ciclo de vida de fontes energeticas

|2 Well-to-Tank (WTT) — conventional fuels i

Crude ail
Refinery Para cada etapa do processo, inclusao
Energy — — GHG de todos os inputs (materiais,
. energeticos, etc.) e de todos os outputs
i Gasoline | (materiais, emissdes, etc) em cada um
ST dos processos
________ 1DD%ufﬁ.ltLreci;?n'and

: |N~+ 30
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-2 Well-to-Tank (WTT) — conventional fuels :

Enemgy Prodwction and Transiomation Transpaoriation to Transformation near . | Condithoning and Fuel Faltweay

SOLTE conditioning at T a source miark g5 ™ mark f " | cistrbubhan —* e
SOUTE

Crude oil
Production and Shipping Refining Mixed tansport _._Gas-::ine oG
conditioning " : to depot + Road, 150 km _.FDEEE Coo

- Contabilizacdo de todas as etapas desde a extraccdo, producao e

disponibilizacdo da fonte energética

- IN* 31
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Ciclo de vida de fontes energéticas

GHG emissions

. Energy
WTT G aS()l I ne expended g COZeq/MJgasoIine
MJI/MJ gasoline Total as CO, as CH, as N,O
Standard steps Actual steps
Production & conditioning at source |Crude oil production 0.07 4.6 3.94 0.66 0.00
Transformation at source NA
Transportation to market Crude oil transport 0.01 1.0 0.95 0.00 0.00
Transformation near market Crude refining, marginal gasoline 0.08 7.0 7.01 0.00 0.00
Conditioning & distribution Distribution 0.01 0.6 0.61 0.01 0.01
Dispensing at retail site 0.01 0.6 0.53 0.03 0.00
Total WTT 0.18 13.8
Energy GHG emissions
WTT Diesel expended 9 COzeq/MJgieser
MI/MJ giesel Total as CO, as CH, as N,O
Standard steps Actual steps
Production & conditioning at source |Crude oil production 0.07 4.7 4.00 0.67 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 0.6 0.58 0.02 0.01
Dispensing at retail site 0.01 0.5 0.48 0.03 0.00
Total WTT 0.20 154

NV eeennee. |INF Concawe, 2014

32




TECNICO
LISBOA

Ciclo de vida de fontes energéticas

GHG emissions

. [N+ Concawe, 2014

. Energy
WTT GaSO“ne expended g COZeq/M‘]gasoIine
MJI/MJ gasoiine Total as CO, as CH, as N,O
Standard steps Actual steps
Production & conditioning at source |Crude oil production 0.07 4.6 3.94 0.66 0.00
Transformation at source NA
Transportation to market Crude oil transport 0.01 1.0 0.95 0.00 0.00
Transformation near market Crude refining, marginal gasoline 0.08 7.0 7.01 0.00 0.00
Conditioning & distribution Distribution 0.01 0.6 0.61 0.01 0.01
Dispensing at retail site 0.01 0.6 0.53 0.03 0.00
Total WTT 0.18 13.8
—1 To obtain 1 MJ of gasoline (final energy), -
| 0 obtain of gasoline (final energy), | “Fergy GHG ermissions
1 1.18 MJ of primary energy are required: r expended 9 COzeq/MJ el
. Total
—1+WTT expended energy — the losses are of | M Mgese ol asCO, | asCH | asNO
|
Produ 0.18 MJ. ! 0.07 47 4.00 0.67 0.00
Transfl « WTT emission factor — 14 g per MJ of i
Trans . | 0.01 1.0 0.97 0.00 0.00
Transfi gasoline. : 0.10 8.6 8.60 0.00 0.00
Conditioning & distribution — istibuton T 0.01 0.6 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
33
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W rECNC0 - Ciclo de vida de fontes energeticas

-2 Well-to-Tank (WTT) — conventional fuels :

Diesel and Gasoline GHG life-cycle emissions per unit of energy

________________________________ I . .

1 |
| Crude Production 1'  Refining "' Distribution & Retail | 1 Combustion of unit 1
| l I I f |
; 1-4% 810% 1% L 0 gg;rgy !
-------------------------------- 4 I 0 1

WTT =15% (production) TTW =85%
(consumption)

|
Well-to-Wheel (WTW)

INY 3
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i 2. Well-to-Tank (WTT) — alternative energy sources i

e o e e e o o o s o

Ethanol
SBET1a
SBETIB
SBETIc
WTET1a
WTETib
WTET2a
WTETZ2b
WTET3a
WTET3b
WTETZa
WTETZE
WTETS
BRETZa
CRETZa
CRETus
SCET
WFET1
WWETI
STETI

Sugar beet, pulp to AF, skops not used
Sugar best, pulp to AF, skops to biogas
Sugar beet. pulp to fuel, shops to biogas
¥Wheat, conw NG boiler, DDGS as AF
Wheat, conw NG boiler, DDGS as fuel
¥Wheat, NG GT+CHP, DDGS as AF
Wheat, NG GT+CHF, DDGS as fuel
Wheat, Lignite CHP, DDNGS as AF
¥Wheat, Lignite CHP, DDNGS as fue
¥Wheat, Straw CHP, DDGS as AF
Wheat, Straw CHP, DDGS as fusl
Wheat, DDGS to biogas

Barley/Rye, NG GT+CHP, ODDGS as AF
Maize, NG GT+CHP, DDGS as AF
Com US, DDGS as AF

Sugar cane (Brazil)

F wood

¥ wood

Wheat straw

ETBE
LREB1

|ETBE: imported C4 and wheat ethanol

CENTER FOR INNOVATION
TECHNOLOGY AND POLICY RESEARCH
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SBET1a SBET1b SBET1c
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FEEEEELELEETEESES
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STETL

SCET1 WFET1 WWET1 LREB1

Conditioning &
distribution

Transformation near
market

M Transportation to
market

W Transformation at
source

W Production &
conditioning at
source

Conditioning &
distribution

Transformation near
market

M Transportation to
market

M Transformation at
source

W Froduction &
conditioning at
source

Conditioning &
distribution

Transformation near
market

M Transportation to
market

W Transformation at
source

W Production &
conditioning at
source

GHG emssions (g COgqqf Mije

GHG emissions (g COzeq/Mjsel

GHG emissions (g CO.q/Mjia
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Ciclo de vida de fontes energéticas
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Ethanol

SBET1a Sugar beet, pulp to AF, skops not used

SBETIE Sugar best, pulp to AF, skops to biogas

EEETic ~ " |Sugar beet. pulp fo fuel, shops o biogas |

WTETIa — "Wheat, conv NS baler, DOGS as AF

WTETIb Wheat, conv NG boiler, DDGES as fuel

WTET2a Wheat, NG GT+CHP, DDGS as AF

WTET2b ¥Wheat, NG GT+CHP, DDGS as fuel

WIET2a_ _ |Whest, Lignite CHP, DDGS as AF _ _

WTET3 | Wheat, Lignite CHP, DDGS as fuel _

WTET4a WWheat, Straw CHP. DDGES as AF

WTET4b ¥Wheat, Straw CHP. DDGES a5 fuel

WTETS ¥Wheat, DDGS to biogas

BRETZa Barley/Rye, MG GT+CHP, DDGES as AF

CRETZa Maize, NG GT+CHP, DDGS as AF

CRETus Com US, DDGS as AF

SCETM Sugar cane (Brazil)

WFET1 F wood

WWETH W wood

STETH Wheat siraw

BBE _
:LF!E‘E1 ETEE: mporied C4 and wheat ethanaol
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Hydrogen (electrolysis)

GPEL1a/CH1 | CH2: MG 7000 km, CCGT, VS Ely

GPELI'CH1 | C-H2: MG 4000 km, CCGT, OIS Ely

GPELI'CH2 |CH2: MG 4000 km, CCGT, Cen Ely. Pipa

GREL1/CHT1  |CH2: LNG, QU'S Ely

WFELNWCH2 | CH2: F Wood, 200 MW gasif. CCGT, Cen ely,
-

WFELMCH1 C—IF-E: F Wood, Conw power, OFS Ely

EMELXNCHT  |CH2: Elec EllHmix, QUS Ely

EMEL1/CH2  |CH2: Elec Ellmix, Cen ey, Pipe

EMEL1/LH1  |Ce-H2: Elec ELHmix, Cen ely, Liq. Road

KOELICHT1 | CH2: Elec coal EUFmix conw, OFS Ely

KOELXCH1 | CH2: Elec coal EUMmix IGCC, QUS Ely

KOEL2CICHT | CH2: Elec coal EUMmix IGCC + CCS, VS Ely

MUEL1CHT | CH2: Elec nuclear, VS Ely

WDELICH2 |CH2: Wind, Cen Ely, Pipe

GPELIWLH1 |Ce-H2: NG 4000 km, CCGT, Cen Ely, Lig, Road

GREL1LHT  |Ce-H2: LNG, Ely

WFELTLHT | Ce-H2: F Wood, 200 MW gasif, CCGT, Cen Ely.

Lig. Road

Expended energy (MI/ML)

Expended energy (M1/ M)

EMEL1/LH1  |Ce-H2: Elec ELmix. Cen Ely, Lig, Road
KOEL1LHT | Ce-H2: Elec coal EUmix, Cen Ely, Liq. Road
WDELIAIHT | Ce-H2: Wind, Cen Ely, Lig, Road
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Hydrogen (electrolysis)

C-HZ: NG 7000 km, CCGT, OF5 Ely

CHI NG 4000 km COGT O Ely .
G2 NG 2000 km. CCGT, Cen Fly, Ripey
C-H2: LNG, Q'S Ely

C-H2: F Wiood, 200 MW gasif. CCGT, Cen ely,
Pipe

C-H2: F Wood, Conw power, OIS Ely

C-H2: Elec ELHmix, OV'5 Ely

C-H2: Elec EUHmix, Cen ey, Pips

Cig-H2: Elec EU-mix, Cen ely, Lig, Road

C-H2: Elec coal EUFmie conw, OFS Ely

C-H2: Elec coal EUFmix IGCC, VS Ely

C-H2: Elec coal EUMmix IGCC + CCS, OIS Ely
CtliFles nuclear, OS5y

CH2: Wind, Cen Ely, Pipe

C-HZ: NG 4000 km, CCGT, Cen Ely, Lig, Road
Co-H2: LNG, Ely

Ce-H2: F Wood, 200 MW gasif, CCGT, Cen Ely.

Lig. Road
Cie-H2: Elec ELHmix, Cen Ely. Lig, Road
Cc-HE Ele-: coa EUmix, Cen Ely, Lig. Road

Conversmn ylelds? i
WTT H, = 1/3.40 = 29% i
i
|

energy (MI/ML)
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Expended energy (M)/MI,)
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| 2. Well-to-Tank (WTT) — alternative energy sources i

e o o o e o e e e e e

Biogas

4.50 100.0 80.0
4.00 = 80.0 - 60.0
o
£
5 250 Conditioning & 3 60.0 L 40.0 2 _
£ distribution w5 273
= 300 2 00 - 200 E z
E ’ Transformation d{", 50,0 <& ’ % ~
= . = o &
= 2.50 near market (;Jn I = (e 0.0 5 &
<3 _ 0.0 = i1} (E)n
2 = B Transportation to c : ' ' ' ' = c
& 2.00 ot 9 200 ® S
_g mare E -20.0 % '176
o £ g 3
2 1.50 B Transformation at b 400 £ 2
4 - @ 400 g
= = - source T c 8
1.00 I I © oo 60.0 £
-60, [l
M Production & 5
0.50 —— — conditioning at _80.0 a0 ¥
source
0.00 : : . e e -100.0 -100.0
OWCE1 OWCGE21  OWCGE22 OWCGea OWCGE5 RECS1 OWCGE1l OWCG21 OWCGE22 OWCG4 OWWCGES RECG1

OWCG1 Upgraded biogas from municipal organic waste as CBG. Closed digestate storage.
OWCG21/2 Upgraded biogas from wet manure as CBG
CBG Digestate storage closed (21) or open (22)
OWCG4 Upgraded biogas from maize (wole plant) as CBG. Closed digestate storage.
OWCG5 Upgraded biogas from double cropping (barley/maize) as CBG. Closed digestate storage.
RECG1 SNG Synthetic methane (as CNG) from renewable electricity and CO, from flue gases
NOVATION
E ND POLI ESEAR IN|-
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i Biogas
| 2. Well-to-Tank (WTT) — alternative energy sources i =109as

e o o o e o e e e e e

4.50 100.0 80.0
4.00 = 80.0 - 60.0
£
_ 2,50 Conditioning & - 60.0 L 40.0 2 _
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= = 400 i = B =
Z 3.0 . = 1 ) L 200 £
E Transformation d,“ 30.0 <> 1 i g =
E 550 near market E I .I I = I . O] 0.0 5 g
5 . w 0.0 +f T T T T T o w0
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I SOurce
0.00 | . _— B e . -100.0 -100.0
Lowcc31 | OWCE21  OWCS22 OWCB4  OWCOGES RECG1 OWCG1 OWCG21 OWCG22 OWCG4 OWCGS  RECGI
OWCG1 Upgraded biogas from municipal organic waste as CBG. Closed digestate storage. 1
OWCG21/2 Upgraded biogas from wet manure as CBG
CBG Digestate storage closed (21) or open (22)
OWCG4 Upgraded biogas from maize (wole plant) as CBG. Closed digestate storage.
OWCG5 Upgraded biogas from double cropping (barley/maize) as CBG. Closed digestate storage.
RECG1 SNG Synthetic methane (as CNG) from renewable electricity and CO, from flue gases

i Conversion yields?
WTT biogas = 1/1.99 = 50%

o o S S R R R R R R R -

00 FOLICY RESEARCH Iw *

1
1
i Concawe, 2014




TECNICO
LISBOA

Ciclo de vida de fontes energéticas

Table 37 - WTT Energy consumption and emission factors for the different energy pathways considered.

Energy WIT
source Pathway Energy COz “f MJ| HC co PM NOx
MJexp/M] g/Gl | g/G] | g/G] | g/G)
Gasoline EU mix [96] 0.14 13 TTTTmTm e mmmmm———— 1
Diesel EU mix [96] 0.16 14 |1 Biofuels —variable profile ]
Ethanol Sugar cane ethanol [26, 97] 0.95 24 i (large uncertainty on i:
Ethanol Farmed wood ethanol [26, 97] 0.79 20 I L
Biodiesel Portuguese mix® [94] 0.79 55 I feedstock and processes) i
Hydrotreated vegetable oil : :
.o from palm oil (process with I I
Biodiesel methapne captLEII'Je at oil mill) 0.33 29 | Hydrogen — large variability; |}
26 ! . !
Biodi Waste wnod[Fis;:her—Tmpsch _ : possibility of energy =_
iodiesel . 0.12 4 I, : 1
diesel [26] I intensive processes I
Electricity 2010 mix 1.05 100 || | |
From central natural gas : r
reforming plants with steam 0.57 88 I Gasoline, diesel, NG — :
Hvdrogen co-generation [81, 96] ! o I
yarog Produced in refueling stations 1 Optimized processes I
via onsite electrolysis 3.60 207 i ittt ol 5= r=T5s
generation [81, 96]
Natural gas EU mix [96] 0.12 6 251 1 1 11
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Energy (MJ/km)
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Vehicle perspective

Source: Baptista, P., Tomas, M., and Silva, C.,
Plug-in  hybrid fuel cell vehicles market
penetration scenarios, International Journal of

Hydrogen Energy, 2010, 35 (18), p. 10024-
10030.
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System perspective

Life cycle inventory versus Life cycle assessment

Life Cycle Inventory (LCI) analysis involves creating an inventory of flows from and
to nature for a product system. Inventory flows include inputs of water, energy, and
raw materials, and releases to air, land, and water.

LC impact assessment - Inventory analysis is followed by impact assessment. This
phase of LCA is aimed at evaluating the significance of potential environmental
impacts based on the LCI flow results:

» Selection of impact categories, category indicators, and characterization
models;

« Classification stage, where the inventory parameters are sorted and assigned
to specific impact categories; and

 Impact measurement, where the categorized LCI flows are characterized, using
one of many possible LCIA methodologies, into common equivalence units that
are then summed to provide an overall impact category total.
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i M Mobility Life Cycle Impacts

What is the life cycle impacts of mobility products in Europe?

 The basket-of-products for mobility considers 2 product groups:
1. Private road transport - transportation service not available to the
general public, which is divided in:
« Passenger cars; and
« Two wheelers (2W, including mopeds and motorcycles).
2. Mass transit - shared passenger transport service available to the
general public, which is divided in the following categories:
« Buses (including Urban buses, mainly used for urban transport,
and coaches for long distance transport);
« Rail; and
« Al

76 products were considered

IN* &
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What is the life cycle impacts of mobility products in Europe?
Road transport basket-of-products in EU27, in 2010 (Eurostat, 2014)

Tarmins T £ G e e s (i ) Number of 2W (million) | Number of Buses (thousands)
Mopeds | Motorcycles Urban Bus Coach
Austria 4.44 0.30 0.39 8.84 0.81
Belgium 5.28 0.12 0.42 14.79 1.44
Bulgaria 2.60 0.06 0.07 22.26 2.20
Cyprus 0.46 0.02 0.02 2.23 1.17
Czech Republic 4.50 0.48 0.92 17.45 2.20
Denmark 2.58 0.06 0.14 13.32 1.13
Estonia 0.55 0.01 0.02 3.92 0.36
Finland 2.88 0.26 0.23 12.44 1.21
France 30.70 1.26 1.25 82.59 7.86
Germany 42.30 1.74 3.83 69.76 6.70
Greece 3.84 1.62 0.97 25.09 241
Hungary 3.01 0.00 0.20 16.17 1.55
Ireland 1.88 0.04 0.04 9.24 0.87
Italy 36.75 2.55 6.31 91.38 8.52
Latvia 0.64 0.02 0.02 5.20 0.47
Lithuania 1.69 0.02 0.04 12.58 1.15
Luxembourg 0.33 0.03 0.02 1.48 0.14
Malta 0.23 0.01 0.01 0.11 0.01
Netherlands 7.74 0.53 0.64 10.33 0.95
Poland 17.24 0.92 1.01 95.79 1.58
Portugal 4.69 0.29 0.21 14.07 1.35
Romania 4.32 0.01 0.08 38.04 2.60
Slovakia 1.67 0.03 0.06 8.86 0.76
Slovenia 1.06 0.04 0.05 2.25 0.15
Spain 22.15 2.29 2.71 56.97 5.48
Sweden 4.34 0.09 0.28 12.35 1.05
United Kingdom 28.42 0.08 1.15 157.02 14.18
Total 236.30 12.87 21.08 804.53 68.32
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» The total EU mobility service provided by the Basket-of-products is quantified in
passenger kilometers (pkm) per sub-product:
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What is the life cycle impacts of mobility products in Europe?

14

12

10

Road transport energy consumption
(MJ/km)

The energy consumption (MJ/km or MJ/pkm) of each sub-product of the
Basket-of-products is estimated from the level of service and international
reference sources.
The MJ/pkm analysis shows closer values between the road transport and
other types of transport, due to the higher occupancy factors of rail and air
transport.

MJ/km MJ/pkm

250

w
o

N
"

- 200

g
o

- 150

- 100 B Road Transport

=
(=)

o N B )] (o]
I I

L 50 M Others

Energy consumption (MJ/p-km)
o N
n n

Others energy consumption (MJ/km)

°
o

Electric

Electric
National

Extra-EU

National
Extra-EU

Aviation

Passenger cars ‘ 2w ‘Buses‘ Rail Passenger cars ‘ZW ‘BuseJ Rail ‘ Aviation ‘

NTER FOR INNOVATION 50
HNO AND POLICY RESEARCH



i M Mobility Life Cycle Impacts

What is the life cycle impacts of mobility products in Europe?

The life cycle inventories were quantified for each product and considering
three life stages: Production, Use and End-of-Life.

Infrastructure
Production
Vehicle L .
. Production
Production
Basket-of- Fuel production
hw
products pathway B
Combustion
. mission
Fleet composition emissions
= Brake wear
vse emissions ~  Vehicle Usage
Fleet level of .
service Tire wear
emissions
Road wear
emissions -
Vehicle

Maintenance

Reuse
Recycling
End-of-life —> Vehicle — End-of-life
dismantling Recovery
< [NT Landfill 51
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What is the life cycle impacts of mobility products in Europe?

Summarized assumptions — Production:

Production

* Infrastructure
production

* Vehicle production

Vehicle production:

™

r
Use

* Fuel production
pathway

* Vehicle usage

* Vehicle Maintenance

\.

™

J

(End-of-life

 Dismantling,
treatment, recycling,
reuse, incineration or
landfill of vehicle

components

J

Material composition of each vehicle type
modelled in Simapro (percentage)

 INF

Material type | Passenger cars | 2W | Bus | Train | Aircraft
Aluminium 12 15 | 16 50 90
Coppers 1 1 1 3 0
Ferro metals 0 0 | 14 0 0
Glass 2 0 5 3 0
LO 1 0 1 0 0
Non-ferro 1 1 1 0 0
Others 2 1 5 0 0
Paint 0 0 0 2 0
PE 2 16 | 5 24 10
PET 0 0 0 0 0
Plastics 2 0 0 0 0
PP 4 7 0 0 0
PUR 2 0 0 0 0
PVC 1 2 0 0 0
Rubber 4 3 4 0 0
Steel 66 52 | 49 17 0
Textile 1 0 0 0 0
Zincs 0 0 0 0 0

Based on ecoinvent, 2014
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Summarized assumptions — End-of-life:

» For each material, the shares of materials that go through waste processes

(. . ) (
Production Use
* Infrastructure * Fuel production
production pathway
* Vehicle production * Vehicle usage
* Vehicle Maintenance
L J L
End-of-life:
are: Material type | Reuse | Recycling | Recovery | Landfill
’ Aluminium 10.0 87.8 0.0 2.2
Coppers 10.0 87.8 0.0 2.2
Ferro metals 4.8 94.0 0.0 1.2
Glass 3.3 46.7 0.0 50.0
_ Lubricating oils 0.0 0.0 100.0 0.0
Waste scenario Non-ferro 10.0 87.8 0.0 2.2
modelled in Simapro Others 0.0 0.0 0.0 100.0
Paint 0.0 0.0 0.0 100.0
(percentage) PE 1.7 18.3 10.0 70.0
PET 1.7 18.3 10.0 70.0
Plastics 1.7 18.3 10.0 70.0
PP 1.7 18.3 10.0 70.0
PUR 1.7 18.3 10.0 70.0
PVC 1.7 18.3 10.0 70.0
Rubber 20.0 30.0 50.0 0.0
Steel 4.8 94.0 0.0 1.2
, Ih Textile 0.0 10.0 0.0 90.0
Zincs 10.0 87.8 0.0 2.2

™

=)

End-of-life

* Dismantling,

freatment,

recycling, reuse,

incineration or
landfill of vehicle

components

Total reuse, recycling, recovery and landfill
rates per vehicle type (percentage)

Vehicle type | Reuse | Recycling | Recovery | Landfill
Passenger car 5.5 77.9 3.5 13.1
2W 53 70.0 4.1 20.6
Bus 5.7 79.0 3.1 12.1
Train 6.7 69.0 2.4 219
Aircraft 9.2 80.8 1.0 9.0

Based on GHK, BIS, 2006
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The passenger cars transport is the main responsible in most environmental
categories, followed by air transport

| Air

M Rail

Buses
m2W

syoedwi jo adejuadiad

MW Passenger cars
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» The Use stage dominates in most impact categories, with the Production
stage being still very relevant in several impact categories
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Policy options for improving the sustainability of the mobility basket-of-
products

* Production stage:
« Light-weighting and more sustainable materials, to reduce the impact of
vehicle manufacturing
» More efficient vehicle production facilities
 Use stage:
« Improve fuel efficiency, in line with the current CO, reduction targets,
coupled with the promaotion of alternative energy sources
« Reduce vkm either through promoting the increase of vehicle
occupancy or the use of alternative transportation modes (rail, biking
and walking)
 End-of-life stage:
« Stricter end-of-life waste treatment guidelines, which points to a 95%
reduction and reuse target for 2015

N’m 56
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Policy options for improving the sustainability of the mobility basket-of-
products

-100% 0% 100% 200% 300% 400% 500% 600% 700% 800%

Climate change J_ M Diesel predominance
Ozone depletion -
Human Toxicity, cancer eff. =
Human Toxicity, non-canc. 1 mGNC
Particulate matter =
lonizing radiation HH E m Biofuels, low levels of incorporation,
Photochemical. ozone for. Th feedstock 1
Acidification T
el S el —+ M Biofuels, low levels of incorporation,
Freshwater eutrophication = feedstock 2
Marine eutrophication | ™= Biofuels, high levels of incorporation
Freshwater ecotoxicity =
landuse | =&
Water resource depletion T WEV
Min., fos. & ren. res. dep. :' \ )

)

Filipe Paulino, Life cycle analysis of the EU
transportation  sector, MSc thesis in
RPRT e |N+ Mechanical Engineering, IST, 2016.
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However, some policy options might have a slow effect due to fleet turnovers
lasting for several decades.

Slow fleet turnover
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TECNICO pode ser utilizada na promocéo de
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Exemplos de regulamentacao da EU:

Energy Source /
Energy “Chain”

- Fuel Quality Directive —
FQD: 10% reduction of
GHG life-cycle emissions
of fossil fuels (6% through
the introduction of
biofuels)

- Infrastructure changes -
COM/2013/018 final

CENTER FOR INNOVATION,
TECHNOLOGY AND POLICY RESEARCH

4,

fontes energeéticas alternativas?

Each Member State shall ensure that the share of energy

from renewable sources in all forms of transport in 2020 is at
least 10 % of the final consumption of energy in transport in that
Member State.

For the purposes of this paragraph, the following provisions shall
apply:

(@)

(b)

for the calculation of the denominator, that is the total
amount of energy consumed in transport for the purposes of
the first subparagraph, only petrol, diesel, biofuels consumed
in road and rail transport, and electricity shall be taken into
account;

for the calculation of the numerator, that is the amount of
energy from renewable sources consumed in transport for
the purposes of the first subparagraph, all types of energy
from renewable sources consumed in all forms of transport
shall be taken into account:

for the calculation of the contribution from electricity pro-
duced from renewable sources and consumed in all types of
electric vehicles for the purpose of points (a) and (b), Mem-
ber States may choose to use either the average share of elec-
tricity from renewable energy sources in the Community or

the share of electricity from renewable energy sources in their
own country as measured two years before the year in ques-
tion. Furthermore, for the calculation of the electricity from
renewable energy sources consumed by electric road vehicles,
that consumption shall be considered to be 2,5 times the
energy content of the input of electricity from renewable
energy sources.
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Exemplos de regulamentacao da EU:

Energy Source /
Energy “Chain”

- Fuel Quality Directive —
FQD: 10% reduction of
GHG life-cycle emissions
of fossil fuels (6% through
the introduction of
biofuels)

- Infrastructure changes -
COM/2013/018 final

Targets for 2030 - Diretiva (UE) 2018/2001 (REDII)

Sectorial transport target of renewables of 14% by
2030

Sub-target for advanced biofuels of 3.5% by 2030
Multipliers of 1.2 for shipping and aviation, 4 for
EV, 1.5 for electricity in trains

1st generation biofuels are capped at 7%
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Typical and default values for biofuels if produced with no net carbon emissions from land use change

Com

*
TE c N I co p O d e S Biofuel producrion pathway T}'P::[E[’:;n:‘:;; g Dﬁmﬁtﬁ:ﬂiﬂ.‘;; g
LISBOA f t Sugar beet ethanol 61 % 52%
O n e Wheat ethanol (process fuel not specified) 32 % 16 %
Wheat ethanol (lignite as process fuel in CHP plant) 32 % 16 %
~

Exemplos de reglJIamentagao da EU theat ethanol (natural gas as process fuel in conventional | 45 % 34 %

boiler)
Wheat ethanel (natural gas as process fuel in CHP plant) 53 % 47 %
Wheat ethanol (straw as process fuel in CHP plant) 69 % 69 %

Energy Source / P P

E ne rgy 13 C h a i n L1 E;Tegsmﬁaj:legnetc}ﬁa;c:iaggmmumty produced (natural gas as | 56 % 49 %
Sugar cane ethanol 71% 71%

The part from renewable sources of ethyl-Tertio-butyl-ether | Equal to thar of the ethanel production Pathway
(ETBE) used

- Renewable Energy
Directive - RED: 2020

The part from renewable sources of tertiary-amyl-ethyl-ether | Equal to thar of the ethanel production pathway

target of 10% of (TAEE) used
renewable energy in the Rape seed biodiesel 45% 38 %
transportation sector Sunflower biodiesel 58 % 51%
Soybean biodiesel 40 % 31%
Palm oil bicdiesel (process not specified) 36 % 19%
Palm oil bicdiesel (process with methane capture at oil mill) | 62 % 56 %
Waste vegetable or animal () oil biodiesel 88 % 83 %
Hydrotreated vegetable oil from rape seed 51% 47 %
Hydrotreated vegetable oil from sunflower 65 % 62 %
- Infrastructure c h e = Hydrotreated vegetable oil from palm oil (process not | 40 % 26 %
COM/2013/018 final specified)
Hydrotreated vegetable oil from palm oil (process with meth- | 68 % 65 %

ane capture at oil mill)

Pure vegetable oil from rape seed 58 % 57 %
Biogas from municipal organic waste as compressed natural | 80 % 73 %
gas

Biogas from wet manure as compressed natural gas 84 % 81%

CENTER FOR INNOVATION, )
TECHNOLOGY AND POLICY RESEARCH Biogas from dry manure as compressed natural gas 86 % 82%
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Energy Source /
Energy “Chain”

- Renewable Energy
Directive - RED: 2020
target of 10% of
renewable energy in the
transportation sector

- Fuel Quality Directive —
FQD: 10% reduction of
GHG life-cycle emissions
of fossil fuels (6% through
the introduction of
biofuels)

CENTER FOR INNOVATION,
TECHNOLOGY AND POLICY RESEARCH

Como é que a regulamentacéao
pode ser utilizada na promocao de
fontes energeéticas alternativas?

Exemplos de regulamentacao da EU:

Member States on the territory of which exist already at the day of the entry into
force of this Directive hydrogen refuelling points shall ensure that a sufficient
number of publicly accessible refuelling points are available, with distances not
exceeding 300 km, to allow the circulation of hydrogen vehicles within the entire
national territory by 31 December 2020 at the latest.

Member States shall cooperate to ensure that heavy duty motor vehicles running on
LNG can travel all along the roads on the TEN-T Core Network. For this purposes,
publicly accessible refuelling points for LNG shall be established within distances
not exceeding 400 km by 31 December 2020 at the latest.

Member States shall ensure that a sufficient number of publicly accessible refuelling

points are available, with maximum distances of 150 km. to allow the circulation of
CNG vehicles Union-wide by 31 December 2020 at the latest.
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Exemplos de regulamentacao da EU:

Energy Source /
Energy “Chain”

- Renewable Energy
Directive - RED: 2020
target of 10% of
renewable energy in the
transportation sector

- Fuel Quality Directive —
FQD: 10% reduction of
GHG life-cycle emissions
of fossil fuels (6% through
the introduction of
biofuels)

CENTER FOR INNOVATION,
TECHNOLOGY AND POLICY RESEARCH

Cor
pode
font

Minimum number of electric vehicle recharging points in each Member State

Member Number of recharging Number of publicly accessible
State points (in thousands) recharging points (in thounsands)
EE 207 1
BG a9 7
CZ 119 13
DK 54 5
DE 1503 150
EE 12 1
IE 21 i
EL 128 13
ES 524 82
FE 969 o7
IT 1155 125
CY 20 2
LV 17 i
LT 41 4
LU 14 1
HU i 7
AMT 10 1
NL 3l 32
AT 116 12
PL 460 46
PT 123 12
RO 101 10
SI 26 3
SK 36 4
FI 71 7
SE 145 14
UK 1221 122
HE 35 4
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Viabilidade de fonte energética alternativa dependente de:

Factores operacionais

Factores economicos

Regulamentacéao

o INF
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