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System input/output
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LCA- Life Cycle Assessment

Based on LCA but specific for one environmental 
impact that is climate change – GWP 100 – CO2e
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LCA- Life Cycle Assessment
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LCA- Life Cycle Assessment

Biogenic emissions are usually 
reported separately for 
informative purposes and not 
accounted for the carbon 
footprint
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LCA- Life Cycle Assessment

Fossil versus Biogenic carbon capture 
and use



IAACV

Carla Silva camsilva@fc.ul.pt 9

End-of-Life

 1/3 fossil

 2/3 biogenic
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End-of-Life

Reciclagem/ recycling

Valorização energética/ waste 
incineration with energy recovery

Aterro/ landfill

 1/3 fossil

 2/3 biogenic
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End-of-Life
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Landfill – direct emissions

Landfill Biodegradable, compostable waste from 
homes, businesses, institutions, and 
industrial sources. Examples include food 
scraps, yard and garden trimmings, food-
soiled paper products and biosolids

Direct emissions
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Landfill – direct emissions

Landfill

Direct emissions
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Landfill – direct emissions

Landfill

Landfill gas (LFG) is a natural 
byproduct of the 
decomposition of organic 
material in landfills. LFG is 
composed of roughly 50 
percent methane (the primary 
component of natural gas), 50 
percent carbon dioxide (CO2) 
and a small amount of non-
methane organic compounds

Direct emissions

Biogenic carbon 
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Landfill – direct emissions

Landfill

Methane (CH4) is emitted during the anaerobic 
decomposition of organic waste disposed of in 
solid waste disposal sites (SWDS). Organic 
waste decomposes at a diminishing rate and 
takes many years to decompose
completely.

Direct emissions

Methane (CH4) is accountable for GWP100 
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LCA- Life Cycle Assessment
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Landfill – direct emissions

Landfill
IPCC AR6
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Landfill – direct emissions

Landfill

https://www.ipcc.ch/site/assets/uploads/2018/03/5_Waste-1.pdf

Lixo total Fracção que vai 
para aterro

Função da parte 
orgânica

CH4 recuperadoCH4 emitido
CH4 oxidado

CO2 emitido

BIOGÉNICO

Direct emissions

https://www.ipcc.ch/site/assets/uploads/2018/03/5_Waste-1.pdf
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Landfill – direct emissions

Landfill

IPCC Guidelines provide a default value of 0.77 for DOCF

0.5

The default value for methane recovery is zeroThe default is 0.1

https://www.ipcc.ch/site/assets/uploads/2018/03/5_Waste-1.pdf

Direct emissions

https://www.ipcc.ch/site/assets/uploads/2018/03/5_Waste-1.pdf
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Landfill – direct emissions

Landfill

Default

https://www.ipcc.ch/site/assets/uploads/2018/03/5_Waste-1.pdf

Parâmetro Lo

Direct emissions

https://www.ipcc.ch/site/assets/uploads/2018/03/5_Waste-1.pdf
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Landfill – direct emissions

Landfill

https://www.ipcc.ch/site/assets/uploads/2018/03/5_Waste-1.pdf

Parâmetro Lo

Direct emissions

https://www.ipcc.ch/site/assets/uploads/2018/03/5_Waste-1.pdf
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Landfill – direct emissions

Landfill?

10 ton colocadas em aterro vão ser 
responsáveis por que libertação de CH4?

i)Qual o potencial de aquecimento global em 
100 anos (GWP100), expresso em CO2eq para 
OX=0.1 e OX=1?

ii)Para OX=0.1, se o CH4 for 100% 
reencaminhado para queima e geração de 
eletricidade com eficiência 35%, qual a 
eletricidade produzida?

(60% comida, 40% 
jardim)
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Landfill – direct emissions

Landfill

MSWT MSWF  = 10 Ton
R = 0
OX = 0.1

MCF = 0.6
DOCF= 0.77
F = 0.5
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Landfill – direct emissions

Landfill

A = (16+12)/100 = 0.28 

B = (40*44)/10000 
=17.6/100 = 0.176

C = 26.4/100 = 0.264

D = 0.4/100 = 0.004

DOC = 
0.4*0.28+0.17*0.
176+0.15*0.264+
0.3*0.004 = 0.183
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Landfill – direct emissions

Landfill

MSWT MSWF  = 10 Ton
R = 0
OX = 0.1

MCF = 0.6
DOCF= 0.77
F = 0.5

  

0.183
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Landfill – direct emissions

Landfill

CH4 = 10 ton * 0.6* 0.183*0.77*0.5*16/12*0.9 = 0.51 Ton  

Emissões diretas  0.51*27.2 = 13.9 Ton CO2e

10 ton

1.39 kg CO2e/kg waste

IPCC AR6
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Landfill – direct emissions

Landfill

Emissões diretas  0.51*27.2 = 13.9 Ton CO2e

10 ton

1.39 kg CO2e/kg waste

IPCC AR6i) Qual o potencial de aquecimento global em 100 anos 
(GWP100), expresso em CO2eq para OX=0.1 e OX=1?
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Landfill – direct emissions

Landfill

CH4 = 10 ton * 0.6* 0.183*0.77*0.5*16/12*0 = 0 Ton  

Emissões diretas  0*27.2 = 0 Ton CO2e

10 ton

Se OX=1 (oxida tudo a CO2 
que é biogénico)

0 kg CO2e/kg waste

i)Qual o potencial de aquecimento global em 100 anos 
(GWP100), expresso em CO2eq para OX=0.1 e OX=1?

Biogenic carbon 
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Landfill – direct emissions

Landfill?

10 ton colocadas em aterro vão ser 
responsáveis por que libertação de CH4?

i)Qual o potencial de aquecimento global em 
100 anos (GWP100), expresso em CO2eq para 
OX=0.1 e OX=1?

ii)Para OX=0.1, se o CH4 for 100% 
reencaminhado para queima e geração de 
eletricidade com eficiência 35%, qual a 
eletricidade produzida? E emissão direta?

(60% comida, 40% 
jardim)
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Landfill with energy recovery – direct emissions

Landfill

CH4 = 10 ton * 0.6* 0.183*0.77*0.5*16/12*0.9 = 0.51 Ton  

Emissões diretas biogénicas não entram para o 
GWP 0.51*44/16 = 1.4 Ton CO2 

10 ton 0.51 ton

Poder calorifico CH4 = 50 MJ/kg

0.35*510 kg*50 MJ/kg*1/3.6 MJ/kWh = 2479 kWh

CH4
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Se este processo estiver a evitar a produção de eletricidade 
por gás natural ciclo combinado (350 gCO2/kWh)

O processo Evita a emissão de 350 g/kWh*2479 kWh = 0.87 ton CO2

Landfill with energy recovery – direct emissions

ii)Para OX=0.1, se o CH4 for 100% reencaminhado 
para queima e geração de eletricidade com 
eficiência 35%, qual a eletricidade produzida? E 
emissão direta?

Emissão direta = - 0.87 ton CO2

-0.087 kg CO2e/kg waste
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End-of-Life
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Incineration – direct emissions

 1/3 fossil

 2/3 biogenic

Incinerator

Emissões diretas

Resíduos sólidos

Eletricidade

Calor

Energy content X MJ/kg

0.35*X
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Incineration – direct emissions

https://www.ipcc.ch/site/assets/uploads/2018/03/5_Waste-1.pdf

Eficiência 
incineração Massa molar CO2/ 

massa molar C

Fracção de 
carbono fóssil

Quantidade de 
lixo que vai para 
incineração Conteúdo 

carbónico

CO2 emitido

Emissões diretas 

https://www.ipcc.ch/site/assets/uploads/2018/03/5_Waste-1.pdf
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Incineration – direct emissions

0.95 
Default

0.4 Default

0.4 Default

https://www.ipcc.ch/site/assets/uploads/2018/03/5_Waste-1.pdf

Tipos de lixo

Lixo encaminhado incineração

https://www.ipcc.ch/site/assets/uploads/2018/03/5_Waste-1.pdf
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Incineration – direct emissions

https://www.ipcc.ch/site/assets/uploads/2018/03/5_Waste-1.pdf

https://www.ipcc.ch/site/assets/uploads/2018/03/5_Waste-1.pdf
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Incineration – direct emissions

 1/3 fossil

 2/3 biogenic

Incinerator

Emissões diretas??

Resíduos sólidosCalor

10 Ton
Energy content 20 MJ/kg

?? kWh??
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Incineration – direct emissions

 1/3 fossil

Emissões diretas??
10 ton*0.4*1/3*0.95*44/12 = 4.8 ton CO2 

0.48 ton CO2/ton waste

10 Ton

Eletricidade produzida?? kWh??
10000 kg*20 MJ/kg *1/(3.6 MJ/kWh) = 5555.6 kWh 

Energy content 20 MJ/kg

Fator de emissão desta eletricidade = 4800000/5555.6 = 858 g CO2/kWh
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Incineration – direct emissions

Se este processo estiver a evitar a produção de eletricidade 
por gás natural ciclo combinado (350 gCO2/kWh)

O processo Evita a emissão de 350*5555.6- 4800000 = - 2.85 ton CO2

Emissão direta = 2.85 ton CO2

+ 0.285 kg CO2e/kg waste
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Conclusões

End-of-Life – direct emissions

Emissões diretas 
(âmbito 1 para empresa 
gestora de “lixo”) 
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End-of-Life – direct emissions

Conclusões

De acordo com a hierarquia dos resíduos o último destino é o aterro e pelo 
que vimos é melhor se tiver aproveitamento energético (conversão CH4 para 
eletricidade).

Na realidade há fugas de CH4 que não foram contabilizadas e que poderiam 
fazer o cenário de incineração preferível…

Para além da questão da área ocupada….
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LCA- Life Cycle Assessment

Do ponto de vista de uma empresa gestora de resíduos as 
emissões diretas são da queima da parte fossil e da libertação 
de CH4 em aterro – âmbito 1/ Scope 1
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System input/output

Fluxo 1

Produto 1

Produto 2

Produto n

Sistema

Produto 3

Fluxo 2

Fluxo 3

Fluxo i

resíduos

Emissões diretas
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Supply chain/ Product pathway

Fluxo 1

Produto 1

Produto 2

Produto n

Sistema

Produto 3

Fluxo 2

Fluxo 3

Fluxo i

resíduos

Emissões diretas
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LCA- Life Cycle Assessment
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LCA- Life Cycle Assessment
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LCA- Life Cycle Assessment

➢ Enables to ascertain and manage emissions 
along the supply chain;

➢ Enables to compare different systems with 
the same function;

➢ Enables to evaluate future scenarios e.g 
variable electricity generation mix; variable 
heating generation origin; new technologies.
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LCA- Life Cycle Assessment
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LCA- Life Cycle Assessment
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LCA- Life Cycle Assessment
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LCA- Life Cycle Assessment
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LCA- Life Cycle Assessment

Examples- different boundaries
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LCA- Life Cycle Assessment

Só fim de vida….

Disposal-to-Management

Disposal-to-Cradle

Disposal-to-Recovery

Disposal-to-Landfill
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LCA- Life Cycle Assessment
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LCA- Life Cycle Assessment

• Goal statement is the first component of an LCA and 
guides much of the subsequent analysis

• Goal must state:

➢Intended use

➢Reasons for study

➢Audience

➢Whether comparative and disclosed to public

Goal Statement
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LCA- Life Cycle Assessment

• Function and functional unit

– Define the functional characteristics of the product system

– Functional unit for amount of function achieved, useful as a 
reference measure

• System boundary

– Define which processes are included in the study

– Helpful to include a process flow diagram

• LCIA methodology

– State which impact categories and category indicators are 
used

– State which impact characterization methodology is used 

• Inventory Data

– Obtain either from direct measurement of processes or 
from secondary sources (or a mix of the two)

– Include inputs and outputs to air, water, and soil

Scope Elements
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LCA- Life Cycle Assessment

Scope Elements
• Data quality

– Address age, geographic coverage, technology coverage, 
precision, completeness, representativeness, consistency, reproducibility, 
sources, minimum length of time to collect, and uncertainty.

– For missing data a zero value, non-zero value, or a calculated value from similar 
technology should be used and explained.

• Comparisons between systems

– Use the same functional unit, system boundaries, data quality, allocation, and 
impact assessment procedures (if not possible, identify differences)

– For publicly disclosed studies must include a critical review and the LCIA phase

• Critical Review

– State whether or not a critical review will be conducted

– Define how, and by whom, the critical review will be carried out
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LCA- Life Cycle Assessment
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LCA- Life Cycle Assessment

Âmbito/Scope: comparar lavar o cabelo com shampô 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)

Fronteira do estudo: O que 
considerar??
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LCA- Life Cycle Assessment

60

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



IAACV

Carla Silva camsilva@fc.ul.pt 61

LCA- Life Cycle Assessment

61

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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LCA- Life Cycle Assessment

Examples Functional unit (FU) and reference flow/ 
unidade functional e fluxo de referência

Funciton produce 1 kWh electricity low voltage
FU =1 kWh result expressed per FU 250 g CO2e/kWh
Reference flow 1000 kWh for the inventory
But final result expressed per FU

Function treat 1 kg solid urban waste 
FU = 1 kg result expressed per FU 1000 g CO2e/kg
Reference flow 100 ton for the inventory
But final result expressed per FU
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LCA- Life Cycle Assessment

Âmbito/Scope: comparar lavar o cabelo com shampô 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)

Fronteira do estudo: O que 
considerar??
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LCA- Life Cycle Assessment
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Case study
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Case study
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LCA- Life Cycle Assessment

Collect for each unit process and reference sources, time taken, quality, etc.

Clearly define each unit process to prevent overlap in data collection

Provide the following details:
◦ Overall process flow diagrams

◦ Description of each unit process with inputs and outputs

◦ Flows and operating conditions of each unit process

◦ Units used

◦ Description of data collection techniques

◦ Instructions to document irregularities and all details

Example data collection sheet provided in the standard

  

Data Collection
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LCA- Life Cycle Assessment

Collect data and classify under the following major headings

Energy inputs, raw material 
inputs, ancillary inputs, and 

other physical inputs

Releases to air, water, and 
soil

Products, co-products and 
waste

Other environmental aspects

Data Collection
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LCA- Life Cycle Assessment

1. Consider goal and scope

2. Prepare for data collection

3. Collect data

4. Validate data

5. Relate data to unit process and allocations (reuse, etc.)

6. Relate data to functional unit

7. Aggregate data

8. Refine system boundary

9. Revise, repeat as needed

  

Already 
done if using 
database

Already done if data 
from literature

Data Collection



IAACV

Carla Silva camsilva@fc.ul.pt 70

LCA- Life Cycle Assessment
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LCA- Life Cycle Assessment

71

LCI – Life cycle inventory
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LCA- Life Cycle Assessment

72

LCI – Life cycle inventory

  

 

200 ml por embalagem 

 

29 g de embalagem está para 200 ml 

 

X g está para 15 ml, ou seja,  

 

g por lavagem (2.175 g/lavagem) 

 

60 g por embalagem 

 

6 g de embalagem está para 60 g 

 

Y g está para 1.67 g, ou seja, 0.167 

g/lavagem) 
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LCA- Life Cycle Assessment

73
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LCA- Life Cycle Assessment

74

Quimicos
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LCA- Life Cycle Assessment

Examples-Inventory
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LCA- Life Cycle Assessment

Examples-Inventory
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LCA- Life Cycle Assessment
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LCA- Life Cycle Assessment

Data are converted into potential environmental impacts

During LCIA determine if:
◦ Quality of data sufficient to conduct the LCIA

◦ System boundaries and cut-offs (magnitude of input or output flow that is 
small enough to be negligible) appropriate to calculate indicator results

◦ Other methodological choices, like the choice of functional unit or 
averaging used, decreased the direct linkage between the data collected 
and environmental impact results obtained, potentially biasing the results

Life Cycle Impact Assessment
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LCA- Life Cycle Assessment

Mandatory Elements

Mandatory 
Elements

Classification

Impact category selection 
(Comprehensive set)

Characterization

Characterization model 
selection (impact methodology)

Category indicator 
selection
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LCA- Life Cycle Assessment

• Impact category selection:

– GWP, AP, EP, ETP, HHNCP, HHCP HHCAP, ODP, SCP

• Category indicator selection:

– kg CO2eq for GWP, kg SO2eq for AP, kg Neq for EP, etc…

• Characterization model selection:

– RECIPE 2016 (other options include IMPACT 2002+, eco-indicator 99, 
CML 2001…)

• Classification:

– Midpoint climate change

• Characterization:

     GWP100

Mandatory Elements Example

Repeat for 
each flow, sum 
results in each 
impact 
category

Characterization factor
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LCA- Life Cycle Assessement

Emissões (tCO2e) =  (Fluxoi x Emissão/unidade de fluxo i)

FATOR DE EMISSÃO

EMISSION FACTOR

DATABASE
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LCA- Life Cycle Assessment

Optional Elements

Optional 
Elements

NormalizationWeighting

Grouping

Data Quality 
Analysis

These elements can be useful to help decision makers interpret results, but also may 
introduce additional subjectivity. Inclusion of these elements should be consistent with 
goal and scope.
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LCA- Life Cycle Assessment
Example of terminology for acidification 

• Acidification potential (AP)Impact Category

• 500 kg SO2, 100 kg NOx , 10 kg HNO3 per functional unitLCI result

• TRACI 2.1*Characterization Model

• Increase in acidity in the environment (moles H+)Category Indicator

• Potential of each compound to cause acid deposition 
(such as acid rain) in relation to that of SO2

Characterization Factor

• Kilograms of SO2-equivalentCategory Indicator Result

• Ecosystem effects such as acidic lakes, corrosion to 
buildings, damage to plantsCategory Endpoints

• Increased emissions of species such as nitric oxides and sulfur 
oxides directly contribute to increases in environmental acidity, 
depending on transport and chemistry models, such as in the 
form of acid rain.

Environmental Relevance

*TRACI is the Tool for the Reduction and Assessment of Chemical and Other Environmental Impacts
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LCA- Life Cycle Assessment

Impact assessment, e.g. Recipe 2016

Our Focus
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LCA- Life Cycle Assessment

Impact assessment, e.g. Recipe 2016

Our Focus
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LCA- Life Cycle Assessment

No weighting allowed

Sufficiently comprehensive set of category indicators

Category indicators should be scientifically valid, environmentally 
relevant, and internationally accepted

Not sole basis for decisions

Must include sensitivity and uncertainty analyses

Comparative Assessment LCIA
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Case study
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Case study
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Case study
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Case study

Material embalagem: e.g. mistura papel e cartão 

Fator de emissão: 
881.19 kg CO2eq/Ton (0%reciclado) +  1041.804 kgCO2eq/Ton (aterro) = 1923 kg CO2eq/Ton 

 731.28 kg  CO2eq/Ton (100% reciclado) + 21.294 kg  CO2eq/Ton (reciclagem) = 753 kg CO2eq/Ton 
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LCA- Life Cycle Assessment

91

LCIA– Life cycle impact assessment
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LCA- Life Cycle Assessment

92
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LCA- Life Cycle Assessment

93
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LCA- Life Cycle Assessment

94
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LCA- Life Cycle Assessment
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Landfill – direct emissions

Landfill
IPCC AR6
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Case study

CO2e
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LCA- Life Cycle Assessment

Materiais embalagem (produção +fim de vida)

The materials are made from recycled 
content where the previous product was 
different to the current product.

The materials  are made from recycled content 
where the previous product was the same as the 
new product.
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LCA- Life Cycle Assessment

Materiais embalagem (produção +fim de vida)

+ uso de água na lavagem e tratamento de  águas residuais

Não é um fator diferenciador…..é igual quer no shampoo sólido 
quer no liquido

Mas se o objetivo fôr responder à pergunta: Qual a pegada carbónica de 
lavar o cabelo?

Pode fazer sentido incluir
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Case study

Uso de água: 

ETA

ETAR

por defeito 15 l agua/lavagem
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Case study

Uso de água: 

ETA 15L*10^-6*149*10^3=  2.235 g CO2eq

ETAR 15L*10^-6*272*10^3= 4.08 g CO2eq 

por defeito 15 l agua/lavagem

+ 6.3 g CO2eq
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LCA- Life Cycle Assessment
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LCA- Life Cycle Assessment

Identify significant issues with:

◦ Inventory data

◦ Impact categories

◦ Significant contributions from life cycle stages

Include information on:

◦ Assembled findings from LCI and LCIA

◦ Methodologies used

◦ Value choices

◦ Limitations

◦ Roles of interested parties in compilation and review

Consider the following that may be critically reviewed:

◦ Completeness check

◦ Sensitivity check

◦ Consistency check

Interpretation

Takes the form of conclusions and 
recommendations 
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LCA- Life Cycle Assessment

Interpretation

Process intended to ensure consistency between a life cycle assessment 
and the principles and requirements of the lnternational Standards on 
life cycle assessment*

Done by an independent third party

Defined in the scope

Required if comparative and disclosed to the public

All LCA phases might be critically reviewed, with the exception of the goal

Answers the questions in the following slide

Critical Review
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LCA- Life Cycle Assessment

A embalagem de plástico é pior que a embalagem de cartão do ponto de vista 
de uma análise cradle-to-grave e cradle-to-cradle, categoria de impacte 
ambinetal GWP100 (potencial de aquecimento global a 100 anos).  A 
reciclagem é preferível a aterro.

Limitações do estudo: transporte não incluido, uso não incluido, quimicos não 
incluidos, infraestrutura não incluida

Interpretation
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LCA- Life Cycle Assessment
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LCA- Life Cycle Assessment

Based on LCA but specific for one environmental 
impact that is climate change – GWP 100 – CO2e
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LCA- Life Cycle Assessment

EXEMPLO ACV (análise 
do Ciclo de vida)
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LCA- Life Cycle Assessment

The plastic sleeve covering the bottles 1 g PET 

The plastic of the bottles HDPE

The weight of the bottle has been halved since its launch: from 11 g of HDPE in 1992 to 
6 g in 2007 and 5.35 g in 2021 

The cardboard around the 8 bottles pack weights 60 g 

Aluminium cap 1 g
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LCA- Life Cycle Assessment

ECO-DESIGN
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LCA- Life Cycle Assessment

RECYCLING RATE 99% (OPTIMAL 
disposal and sorting)

ECO-DESIGN STRATEGY (easing 
sorting)
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Exercise 4 -LCA- Life Cycle Assessment

i) Estimate the GWP 100 of the system of producing virgin 8 pack 
Danone Actimel original package in 1992;

ii) Compare GWP of 8 pack Danone Actimel virgin with 8 pack Danone 
Actimel with recycled material included of 60% HDPE, 30% PET, 
100% cap, 100% cardboard; 

iii) Compare the GHG savings of 8 pack Danone Actimel,with label, 
against non-label (new bottles)
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LCA- Life Cycle Assessment

113

TRIAGEM
UNIDADE de 
aterro, reciclagem 
ou incineração

Produção
Loja de 
conveniência

        Casa

Cradle-to-Cradle (reciclagem), Cradle-to- Grave (landfill, incineração)

100 km 500 m

3 m

100 km 70 km
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WASTE MANAGEMENT

Goal and Scope:

Evaluate the global warming impact of a “8 pack 
dadone actimel” by impact category Climate 
change, using GWP100 years in CO2eq/FU

Boundary: production (cradle-to-gate);

Boundary: production, distribution, storage, 
collection and use (cradle-to-use);
Boundary: production, distribution, storage, use, 
waste collection and sorting Cradle-to-Sorting
Boundary: production, distribution, use and end-of-
life (cradle-to-grave).
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WASTE MANAGEMENT
Inventory: Boundary: production, distribution, use and end-of-life (cradle-to-grave). Para um 8-
pack 100% material virgem, 1992

etapa Input Quantidade

Produção
(embalamento)

Aluminio
Cartão
HDPE
PET

8 g
60 g
88 g
8 g

Distribuição Carga*km = (8+60+88+8)*10^-6*100 0.02 tkm

Loja Eletricidade refrigeração 1 W/L

Casa Eletricidade refrigeração 1 W/L

Recolha Carga 0.02 tkm

Triagem Yay, A.S.E. Application of life cycle assessment (LCA) for municipal 
solid waste management: A case study of Sakarya. J. Clean. Prod. 
2015, 94, 284–293

0.059
kWh/ton

Aterro 8-pack 164 kg

Incineração 8-pack 164 kg

reciclagem AL
HDPE
PET
Cartão

MJ
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WASTE MANAGEMENT

Inventory:  fatores de emissão

Fator Referência

Aluminio virgem
Cartão virgem
HDPE virgem
PET virgem

9.1 kg CO2e /kg
0.87 kg CO2e /kg
3.3 kg CO2e /kg
4.0 kg CO2e /kg

UK DEFRA

Aluminio reciclado
Cartão reciclado
HDPE reciclado
PET reciclado

0.99 kg CO2e /kg
0.72 kg CO2e /kg
2.4 kg CO2e /kg
3.1 kg CO2e /kg

UK DEFRA

0.12 kg CO2/tkm UK DEFRA

0.241  kgCO2e/tkm UK DEFRA

Eletricidade 519 gCO2/kWh(@1990) https://www.eea.europa.eu/data-and-
maps/daviz/co2-emission-intensity-
14/#tab-googlechartid_chart_41

Gás natural 56 g CO2e/MJ UK DEFRA

Gasóleo 2.7 kg CO2/L ou
75 g CO2e/MJ

UK DEFRA (mineral diesel)



IAACV

Carla Silva camsilva@fc.ul.pt

LCA- Life Cycle Assessment

0 g CO2e/tkm

0.241 g CO2e/tkm

0.12 kg CO2/tkm
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LCA- Life Cycle Assessment

e.g. produção embalagem virgem:

8*10^-3 kg* 9.1 kg CO2e /kg = 0.0728 kg CO2e 
60*10^-3 kg* 0.87 kg CO2e /kg =0.0522 kg CO2e 
88*10^-3 kg* 3.3 kg CO2e /kg =0.2904  kg CO2e 
8*10^-3 * 4.0 kg CO2e /kg = 0.032 kg CO2e 

447 g CO2e 

Aluminio
Cartão
HDPE
PET

8 g
60 g
88 g
8 g



IAACV

Carla Silva camsilva@fc.ul.pt 119

LCA- Life Cycle Assessment

e.g. transporte do 8-pack para a loja:

Carga*km = (8+60+88+8)*10^-6*100 = 0.02 t.km

0.02 t.km x 0.241 kgCO2e/tkm =   4.8  g CO2e

e.g. conservação do 8-pack na loja durante 15 dias:

1 W/L * 8*94*10^-3 L* 24h * 15 = 270.72   Wh , 
270.72/1000 kWh * 519 gCO2/kWh(@1990) = 140 g CO2e
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LCA- Life Cycle Assessment

e.g. conservação do 8-pack em casa durante 3 dias:

1 W/L * 8*94*10^-3 L* 24h * 3 =  54  Wh , 
54/1000 kWh * 519 gCO2/kWh(@1990) = 28 g CO2e

e.g. transporte do 8-pack para triagem:

Carga*km = (8+60+88+8)*10^-6*100 = 0.02 t.km

0.02 t.km x  0.12 kgCO2e/tkm =   2.4  g CO2e

e.g. triagem:

0.059  kWh/ton * 519 gCO2/kWh(@1990) * (8+60+88+8)*10^-6 ton = 0.005 g CO2e
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LCA- Life Cycle Assessment

IDENTIFICAÇÃO DO QUE CONTRIBUI MAIS PARA A PEGADA CARBÓNICA….

“HOTSPOT”, 
QUAL O PROCESSO QUE CONTRIBUI MAIS, 

QUAL O INPUT DESSE PROCESSO QUE CONTRIBUI MAIS??

ONDE SE PODE ATUAR PARA BAIXAR IMPACTO??
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LCA- Life Cycle Assessment

IDENTIFICAÇÃO DO QUE CONTRIBUI MAIS PARA A PEGADA CARBÓNICA….

“HOTSPOT”
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LCA- Life Cycle Assessment

IDENTIFICAÇÃO DO QUE CONTRIBUI MAIS PARA A PEGADA CARBÓNICA….

“HOTSPOT”, 
QUAL O PROCESSO QUE CONTRIBUI MAIS, 

QUAL O INPUT DESSE PROCESSO QUE CONTRIBUI MAIS??

ONDE SE PODE ATUAR PARA BAIXAR IMPACTO??

Nas etapas consideradas o hotspot seria a produção com materiais virgens e a 
refrigeração

Propor soluções:
Usar mais reciclagem incorporada e usar mais renováveis isto é diminuir o fator 
de emissão eletricidade e aumentar eficiencia do frigorifico
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LCA- Life Cycle Assessment – GHG protocol

Conceitos LCA – 
ISO 14040, 14044, 
GHG protocol
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LCA- Life Cycle Assessment – GHG protocol

Q1-What is the first step of the LCA data collection procedure?/ Qual 
deve ser o primeiro passo de uma ACV antes de iniciar o procedimento de 
recolha de dados?

a) Refine system boundary/ Refinar a fronteira do sistema

b) Consider the goal and scope/ Considerar o objetivo e o âmbito 

c) Collect data/ Recolher dados
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LCA- Life Cycle Assessment – GHG protocol

Q2-What is the difference between ISO 14040 and ISO 14044?/Qual a diferença 
entre a ISO 14040 e a ISO 14044?

a) ISO 14044 is the updated version of ISO 14040/ A ISO 14044 é uma versão 
atualizada da ISO14040

b) ISO 14040 describes life cycle assessment procedures, while ISO 14044 is an 
example of a life cycle assessment/ ISO 14040 descreve os procedimentos da 
ACV, enquanto que a ISO 14044 é um exemplo de uma ACV

c) ISO 14040 is the general introduction to life cycle assessment concepts and 
procedures, while ISO 14044 includes more details about the procedures/ A ISO 
é uma descrição introdutória geral de uma ACV e a ISO14044 inclui mais 
detalhes



IAACV

Carla Silva camsilva@fc.ul.pt 127

LCA- Life Cycle Assessment – GHG protocol

Which of these is an optional element of the LCIA phase?/ Qual destes é 
um element opcional no cálculo dos impactes ambientais?

a) Grouping/ Agrupamento de impactes

b) Characterization/ caracterização de impactes

c) Classification/ Classificação de impactes

d) None of the above/ nada é opcional
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LCA- Life Cycle Assessment – GHG protocol

Can the Goal and Scope be updated after completing the LCI stage?/ O 
Objetivo e âmbito podem ser alterados depois de reunir o inventário?

a) No, it must be left as originally written/ Não, tem de ser deixado como 
definido originalmente

b) Yes, but it should be avoided if possible / Sim, mas deve ser evitado

c) Yes, this type of iterative process is encouraged and can strengthen results/ 
Sim este tipo de processo iterative é encorajado e pode melhorar os 
resultados obtidos 
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LCA- Life Cycle Assessment – GHG protocol

What is the difference between LCA and GHG protocol?/Qual é a diferença 
entre uma ACV e o protocol de gases com efeito de estufa?

a) São a mesma coisa

b) O GHG protocol é uma ACV em que a categoria de impacte Ambiental são 
só as alterações climáticas agrupando emissões diretas e indiretas

c) O GHG protocol é uma ACV em que as emissões diretas e indiretas estão 
agrupadas por âmbito 1, 2 e 3 em que a categoria de impacte Ambiental são 
só as alterações climáticas, relativas ao potencial de aquecimento global a 
100 anos (GWP100) em kg CO2e



IAACV

Carla Silva camsilva@fc.ul.pt 130

Challenge #3 – GHG protocol, LCA, Climate change 

1- Given the following input/output from a Waste Management enterprise

Fig 1

 i) Compute GHG protocol Scope 1 and scope 2 emissions, method location based, year 2022. 

ii) Compare with Mota Engil GRI/Greenhouse protocol scope 1 and scope 2 and discuss. 
https://www.mota-engil.com/wp-content/uploads/2023/07/TabGRI22_PT.pdf

iii) Compare direct emissions with total Portuguese emissions in 2022 and comment. 
(https://ourworldindata.org/greenhouse-gas-emissions or NATIONAL INVENTORY REPORT 
2021 PORTUGAL).

iv) If the 2035 PERSU target was accomplished repeat ii).

3.3 milhões ton waste

378 957 ton recycled

29 438 ton corretivo orgânico

406 GWh

Empresa
tratamento

resíduos 129 836 ton agregado

238 135 GJ eletricidade
(66 GWh)

132 903 GJ eletricidade
autogerada
( 37 GWh)

1 631 133 GJ fóssil
gasóleo e gás
natural

437 GJ 
biocombustiveís

Emissões diretas

Fig 2

https://www.mota-engil.com/wp-content/uploads/2023/07/TabGRI22_PT.pdf
https://ourworldindata.org/greenhouse-gas-emissions
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Assumir que a eletricidade consumida de fornecedor externo tem fator de emissão location 
based, o consumo de combustíveis fósseis tem um fator de emissão associado e está 
relacionado com queima, libertando maioritariamente CO2

50% dos resíduos são lixo indifirenciado com a composição da figura seguinte e vão para aterro 
sem aproveitamento energético.

Fig 1

Challenge #3 – GHG protocol, LCA, Climate change 
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(17.6% verdes, 26.4% 
comida)

Fig 2

Challenge #3 – GHG protocol, LCA, Climate change 
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Challenge #3 – GHG protocol, LCA, Climate change 

Gás natural 56 g CO2e/MJ UK DEFRA

Gasóleo 2.7 kg CO2/L ou
75 g CO2e/MJ

UK DEFRA (mineral diesel)
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Challenge #3 – GHG protocol, LCA, climate change 

2- 
i) Estimate the GWP 100 of the system of producing virgin 8 pack Danone Actimel original 

package in 2021;

ii) Compare the GHG savings of 8 pack Danone Actimel in 2021,with label, against non-label 
(new bottles).

Don’t forget to:

Define Goal & Scope with a process scheme (draw.io) and functional unit;
Build an inventory;
Calculate the impact assessment;
Interpret/conclude
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Process input/output

Deliver: Deliver draw.io file with process scheme, pdf/excel until  15 december



Thanks
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