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CHALENDGE #2

Pedro Pinto
Departamento Técnico

27 de Setembro (terça-feira) 14h40 e as 15h40 
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CHALENDGE #2

Paulo Silva
Departamento Logistica

11 de Outubro (terça-feira) 14h40 as 15h40 
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ELV – End-of-Life Vehicle

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=End-of-
life_vehicle_statistics&oldid=555195

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=End-of-life_vehicle_statistics&oldid=555195
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ELV – End-of-Life Vehicle

6.1 million passenger cars, vans and other light goods vehicles were 
scrapped in the EU in 2019.

The total weight of passenger cars, vans and other light goods vehicles 
scrapped in the EU in 2019 was 6.9 million tonnes; 95.1 % of the parts and 
materials were reused and recovered, while 89.6 % were reused and 
recycled.
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ELV – End-of-Life Vehicle



Carla Silva camsilva@fc.ul.pt 9

ELV – End-of-Life Vehicle

6.1million/247million = 2.5%
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ELV – End-of-Life Vehicle

In PT
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ELV – End-of-Life Vehicle

In PT ELV/Ligeiros de passageiros 2018 =107 209/5 282 970 = 2%
2019 =111 112/5 452 119 = 2%
2020 =101 378/5 565 963 = 2%
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ELV – End-of-Life Vehicle
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LCA
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LCA
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LCA – Life Cycle Assessment
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LCA framework

Source: ISO 14040
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ELV – End-of-Life Vehicle

Goal & Scope:

Evaluate mass recovery rates, 
energy consumption (fossil and 
renewable) and CO2eq emissions to 
the atmosphere of managing an ELV
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ELV – End-of-Life Vehicle

https://ec.europa.eu/environment/pdf/waste/study/final_report.pdf

https://ec.europa.eu/environment/pdf/waste/study/final_report.pdf
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ELV – End-of-Life Vehicle

DISMANTLING SHREDDINGDEPOLLUTION

SORTINGRECYCLING

Boarder of analysis:
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ELV – End-of-Life Vehicle

Boarder of analysis:

Transport between facilities not included 
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ELV – End-of-Life Vehicle

Boarder of analysis:

Construction materials of facilities not included, nor materials 
embedded in products used for manipulating the ELV 
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ELV – End-of-Life Vehicle

Functional Unit (FU):

1 ton ELV

Results are expressed by 1 ton ELV
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ELV – End-of-Life Vehicle

Chose the most appropriate Functional Unit (FU)?

Compare reading paper books versus use kindle from Amazon

e.g. 40 books

4 years kindle lifetime and 10 books a year
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ELV – End-of-Life Vehicle

Chose the most appropriate Functional Unit (FU)?

Compare incandescent vs fluorescent lamp

e.g. working hours

Chose the lamp with the highest lifetime
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ELV – End-of-Life Vehicle

Chose the most appropriate Functional Unit (FU)?

e.g. 1 passenger x 1 kilometer (pkm)
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ELV – End-of-Life Vehicle

Chose the most appropriate Functional Unit (FU)?

Transport merchandise valid FU ton*km
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ELV – End-of-Life Vehicle

Chose the most appropriate Functional Unit (FU)?

e.g. 1000 L of potable water delivered in  330 
mL PET or glass containers
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ELV – End-of-Life Vehicle

Chose the most appropriate Functional Unit (FU)?

e.g.           1 hair wash
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ELV – End-of-Life Vehicle

Functional Unit (FU):

1 ton ELV

Results are expressed by 1 ton ELV
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ELV – End-of-Life Vehicle

INVENTORY

DATA INTENSIVE

Mass flows;
Energy flows.
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ELV – End-of-Life Vehicle

Visiting facilities (+300) and take notes, ask 
workers

Interviews to technical experts

Literature

Networking
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ELV – End-of-Life Vehicle

Inventory per hair wash?

1.67 g/lavagem        15 ml por lavagem 
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Case study

Âmbito/Scope: comparar lavar cabelo com líquido ou sólido considerando

FU-Functional unit/ unidade funcional: 1 lavagem

Materiais da embalagem (extração, produção, fim de vida)

Água da lavagem (uso)

Gás natural e eletricidade (uso)

Químicos constituintes (extração, produção)

O que considerar??
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Case study

O que considerar?? – fronteira do estudo

Fábrica de 
papel

Fábrica de 
quimicos

Estação de 
tratamento

de águas
(ETA)

Fábrica de 
shampoos

Espaço
comercial

Uso

Estação de 
tratamento

de águas
residuais

(ETAR)

Ecoponto
Ou
Lixo

indiferenciado
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Case study

O que considerar?? – uso e fabrico da matéria prima

Fábrica de 
papel

Fábrica de 
quimicos

Estação de 
tratamento

de águas
(ETA)

Fábrica de 
shampoos

Espaço
comercial

Uso

Estação de 
tratamento

de águas
residuais

(ETAR)

Ecoponto
Ou
Lixo

indiferenciado
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Case study

O que considerar?? – uso e fabrico da matéria prima 
e água consumida e enviada para ETAR, reciclagem

Fábrica de 
papel

Fábrica de 
quimicos

Estação de 
tratamento

de águas
(ETA)

Fábrica de 
shampoos

Espaço
comercial

Uso

Estação de 
tratamento

de águas
residuais

(ETAR)

Ecoponto
Ou
Lixo

indiferenciado
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Case study

O que considerar?? – Produção embalagens

Fábrica de 
papel

Fábrica de 
quimicos

Estação de 
tratamento

de águas
(ETA)

Fábrica de 
shampoos

Espaço
comercial

Uso

Estação de 
tratamento

de águas
residuais

(ETAR)

Ecoponto
Ou
Lixo

indiferenciado



Carla Silva camsilva@fc.ul.pt 38

Case study

O que considerar?? – fronteira do estudo

Fábrica de 
plástico

Fábrica de 
quimicos

Estação de 
tratamento

de águas
(ETA)

Fábrica de 
shampoos

Espaço
comercial

Uso

Estação de 
tratamento

de águas
residuais

(ETAR)

Ecoponto
Ou
Lixo

indiferenciado
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Case study

O que considerar?? – fronteira do estudo

Fábrica de 
plástico

Fábrica de 
quimicos

Estação de 
tratamento

de águas
(ETA)

Fábrica de 
shampoos

Espaço
comercial

Uso

Estação de 
tratamento

de águas
residuais

(ETAR)

Ecoponto
Ou
Lixo

indiferenciado
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Case study

O que considerar?? – fronteira do estudo

Fábrica de 
plástico

Fábrica de 
quimicos

Estação de 
tratamento

de águas
(ETA)

Fábrica de 
shampoos

Espaço
comercial

Uso

Estação de 
tratamento

de águas
residuais

(ETAR)

Ecoponto
Ou
Lixo

indiferenciado



Carla Silva camsilva@fc.ul.pt 41

Case study

O que considerar?? – fronteira do estudo

Fábrica de 
plástico

Fábrica de 
quimicos

Estação de 
tratamento

de águas
(ETA)

Fábrica de 
shampoos

Espaço
comercial

Uso

Estação de 
tratamento

de águas
residuais

(ETAR)

Ecoponto
Ou
Lixo

indiferenciado
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Case study

Uso de água: por defeito 15 l agua/lavagem

Queima de gás natural

Efic esquentador 90%
Determinação aquecimento água de 20C para 
45 C: mcpT, cp 4.18 KJ/(kg.K)
Fator combustão gás natural:0.203 
gCO2eq/kWh (ver DEFRA, separador FUELS)

Uso
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Case study

Uso de gás natural: 
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Case study

Uso de eletricidade por lavagem:  10 minutos
Uso
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Case study

Quimicos
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Case study

Quimicos
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ELV – End-of-Life Vehicle

INVENTORY

DATA INTENSIVE

DATA try to use opendata –
available to everyone

Try to collect at least 3 values 
for the same input!!
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ELV – End-of-Life Vehicle

ISO 14040 prohibits use of a single 
score for comparison with 
competitors products

It emphasizes openness and 

reproducibility of LCA results
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ELV – End-of-Life Vehicle

INVENTORY

❑ CHECK MASS BALANCE 
(INPUT/OUTPUT)

❑ CHECK ENERGY BALANCE 
(INPUT/OUTPUT)

❑ CHECK AIR EMISSIONS (CO2EQ)
(INPUT/OUTPUT)
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ELV – End-of-Life Vehicle



Carla Silva camsilva@fc.ul.pt 51

ELV – End-of-Life Vehicle

Battery 15 kg 1.5%

Oil 5.5 kg 0.6%

Brake fluid 0.4 kg 0.04%

Coolant 3.6 kg 0.4%

Oil filter 0.5 kg 0.05%

Catalyst 3.5 kg 0.4%

Tire (5x) 40.7 kg 4%

Glass 26 kg 2.6%

PLASTIC 8.8 kg 0.9%

Metals 738 kg 75%

engine 150 kg 15%

Other By 
difference

ICEV – Internal 
combustion 
engine vehicle

985 kg

Engine 150 kg

Mass flows in depolluting and dismantling
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ELV – End-of-Life Vehicle

ICEV –
Internal 
combustion 
engine 
vehicle

GREET® Model
The Greenhouse gases, Regulated Emissions, 
and Energy use in Technologies Model
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ELV – End-of-Life Vehicle

1420 kg

https://doi.org/10.1080/00207233.2019.1618670

https://doi.org/10.1080/00207233.2019.1618670
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ELV – End-of-Life Vehicle

https://ec.europa.eu/environment/pdf/waste/
study/final_report.pdf
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ELV – End-of-Life Vehicle

doi:10.1016/j.jclepro.2011.10.028
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ELV – End-of-Life Vehicle

Mass flows in depolluting and dismantling

Main plastic polypropylene (PP)

Because polypropylene (PP) is low in cost but 
has out- standing mechanical properties and 
moldability, it accounts for more than half of 
all the plastic materials used in automobiles

(C3H6)n
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ELV – End-of-Life Vehicle

Mass flows in depolluting and dismantling

ELVP – End-of-Life Plastic

PST -post-shredding treatment 

https://doi.org/10.1016/j.spc.2021.09.025

https://doi.org/10.1016/j.spc.2021.09.025
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ELV – End-of-Life Vehicle

ASR – Automotive Shredder Residue

is the leftover material that remains after the 
shredding of vehicles and recovering of metals.
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ELV – End-of-Life Vehicle

https://doi.org/10.1016/j.jclepro.2011.10.028

16%

75%

8%

https://doi.org/10.1016/j.jclepro.2011.10.028
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ELV – End-of-Life Vehicle

ASR – Automotive Shredder Residue

Further processing for Energy recovery



Carla Silva camsilva@fc.ul.pt 61

ELV – End-of-Life Vehicle

insurance case .... is a vehicle that has become waste prematurely, e.g. due to an accident or
infestation.
LCA ................... ’life cycle assessment’ is a method to evaluate the environmental impact
from the complete life cycle of a product, process or activity.
recovery ............. means to reprocess waste materials in a production process for the 
original
purpose or for other purposes, including energy recovery.
recycling ............ means to reprocess waste materials in a production process for the original
purpose or for other purposes, excluding energy recovery.
reuse .................. means any operation by which components are used for the same purpose
for which they were created.
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CHALENDGE #2

Life Cycle Inventory of ELV End-of-Life Vehicle.

1. Identity materials mass flows per ton of ELV (FU-
Functional unit = 1 Ton ELV). Tip: You have to decompose 
one ELV into its constituting materials, such as metals, 
plastics, fluids (lubricating oil, refrigerant, windshield 
cleaning fluid….)

2. Identify material, flows and final destination 
(incineration, landfill, valorization) in excel and draw a 
scheme (e.g. https://app.diagrams.net/), input/output

3. Calculate the massic % REUSE and %RECYCLING total and 
by constitutent materials of cars

Deliver until 21 October

https://app.diagrams.net/
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ELV – End-of-Life Vehicle

INVENTORY

❑ CHECK MASS BALANCE 
(INPUT/OUTPUT)

❑ CHECK ENERGY BALANCE 
(INPUT/OUTPUT)

❑ CHECK AIR EMISSIONS (CO2EQ)
(INPUT/OUTPUT)
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ELV – End-of-Life Vehicle

INVENTORY

NÃO DISPOMOS DE DADOS………
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Energy consumption DATA
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ELV – End-of-Life Vehicle

DISMANTLING SHREDDINGDEPOLLUTION

SORTING

4.7L/h * 2.5min/60h =  0.2 litres of diesel per ELV

Or 6kWh/h* 2.5 min/60h = 0.25 kWh per ELV

forklift
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ELV – End-of-Life Vehicle

DISMANTLING SHREDDINGDEPOLLUTION

SORTING

15-20 kWh per ton input

Approximately 90 % of the energy consumption originates from the
hammer mill and the other 10 % from conveyor belts, magnets, 
sieves and other parts of the
separation process
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ELV – End-of-Life Vehicle

1 kg of glass will most likely substitute 1 kg of 

sand in LANDFILL construction material

ASR glass:

0.10 MJ of electric energy per
kg of glass will be saved in this step

0.000684 MJ of electricity and
0.035 MJ of diesel per kg of waste 

LANDFILL 
management
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Energy consumption DATA
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Energy consumption DATA

DISMANTLING

23.1 kWh/TonELV
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Energy consumption DATA

SHREDDING

28.8 kWh/Tonfeed
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ELV – End-of-Life Vehicle

ASR – Automotive Shredder Residue

Further processing for Energy recovery
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ELV – End-of-Life Vehicle

ASR – Automotive Shredder Residue

is the leftover material that remains after the 
shredding of vehicles and recovering of metals.
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ELV – End-of-Life Vehicle

https://doi.org/10.1016/j.jclepro.2011.10.028

16%

75%

8%

https://doi.org/10.1016/j.jclepro.2011.10.028
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ELV – End-of-Life Vehicle

Automobile life cycle assessment issues at end-of-life and recycling JSAE Review 24 (2003) 381–386



Carla Silva camsilva@fc.ul.pt 76

ELV – End-of-Life Vehicle

Automobile life cycle assessment issues at end-of-life and recycling JSAE Review 24 (2003) 381–386

ASR sorting

249.6kg ASR

Metals
33.2 kg

67.8 kWh

10.4 L

67.5 kg (621 MJ)

169.9 kg (4372 MJ)

1st check mass balance correctness (INPUT=OUTPUT)
2nd check energy balance

Incineration

Air emissions (372 kg CO2 et al)

Air
Air

Slag (45.6 kg)

Heat (3245 MJ  = 65%)

Electricity (138.7 kWh  = 10%)

Kerosene 
LHV = Lower Heating Value = 37.8 MJ/L 
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CHALENDGE #3

Life Cycle Inventory of ELV End-of-Life Vehicle.

1. Identity energy flows per ton of ELV (FU-Functional unit = 
1 Ton ELV). 

2. Identify base scenario, without ASR further processing 
and with ASR further processing.

3. Identify electricity generation mix for the last 5 years, 
and what would be in 2050.

Deliver until 11 November
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CHALENDGE #3

TIP use the same excel then previous challenge

Useful links

https://www.dgeg.gov.pt/pt/estatistica/energia/eletricidade
/producao-anual-e-potencia-instalada/

https://apambiente.pt/sites/default/files/_Clima/Inventarios
/2022FEGEEEletricidade.pdf

https://www.dgeg.gov.pt/pt/estatistica/energia/eletricidade/producao-anual-e-potencia-instalada/
https://apambiente.pt/sites/default/files/_Clima/Inventarios/2022FEGEEEletricidade.pdf
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ELV – End-of-Life Vehicle

EMISSIONS IN THE ATMOSPHERE

It is necessary to keep in mind that we
are not reporting the environmental impacts water and soil pollution 



Thanks




