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Resumo  

A Avaliação do Ciclo de Vida (ACV) é uma metodologia científica que permite avaliar o impacto de 

um produto ou serviço no meio ambiente, ao longo de todo o ciclo de vida. Engloba as fases de 

definição de objetivos e contexto, inventário, avaliação do impacto e interpretação. 

A Inteligência Artificial (IA) refere- se a sistemas computacionais capazes de realizar tarefas que 

normalmente requerem inteligência humana. Machine Learning (ML) é uma área da IA que 

envolve o desenvolvimento de algoritmos capazes de aprender com os dados e fazer previsões 

ou tomar decisões com base neles. A ACV e ML têm sido combinados para ultrapassar a 

complexidade das várias fases da A CV e  para diferentes objetivos , nomeadamente para 

desenvolver ferramentas de ACV substitutas.  

O presente estudo centra- se na fase de Inventário do Ciclo de Vida (ICV), procurando encontrar 

as emissões  de poluentes geradas para o ambiente para completar a fase de ICV da ACV. Esta 

dissertação procura responder à seguinte questão de investigação: “Podem ser aplicadas 

técnicas de ML para prever variáveis de resultado d a fase de  ICV da ACV?”. Estas variáveis 

incluem todos os inputs e outputs ao longo do ciclo de vida de um produto. 

O conjunto de dados utilizado neste trabalho é composto por 865 observações e refere - se a 

variáveis de input  agrícola (e.g. fertilizantes químicos, pesticidas, mão de obra, gasóleo) e o 

output  da produção e emissões de poluentes. Os dados foram retirados da literatura, referem- se 

produções agrícolas de kiwi, melancia, citrinos, chá e avelã, na província de Guilan, no norte do 

Irão. O cálculo das emissões de poluentes foi validado por um especialista na área, utilizando o 

Agri- footprint 4.0 e a versão atualizada como o Agri- footprint 6. Foram também consultadas 

outras metodologias, normas e relatórios importantes para esta investigação. Os modelos de 

Árvore de Decisão e Redes Neuronais desenvolvidos foram capazes de estimar as emissões de 

poluentes geradas para o ambiente ao longo do processo produtivo. Os resultados médios do 

Erro Normalizado Absoluto para a Árvore de Decisão, Rede Neuronal 1 e Rede Neuronal 2 foram, 

respetivamente, 1124.79, 0.07, e 0.14. O teste de Friedman, com p-value <0.001, menor que 

α=0.05, revela diferenças  estatisticamente significativa s nos valores de Erro Absoluto 

Normalizado em pelo menos um dos modelo s. O teste de Wilcoxon (p -value <0.001) indica 

diferenças significativas entre todos os modelos. 

 

Palavras - chave: Avaliação do Ciclo de Vida, Sustentabilidade, Machine Learning, Árvores de 

Decisão, Análise de Dados  
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Abstract 

Life Cycle Assessment (LCA) is a scientific methodology that allows for assessing  the impact of 

a product or service on the environment, throughout its life cycle. It includes defining objectives 

and context, inventory, impact assessment, and interpretation phases. 

Artificial Intelligence (AI) refers to computer systems capable of performing tasks that typically 

require human intelligence. Machine Learning (ML) is an area of AI that involves the development 

of algorithms capable of learning from data and making predictions or decisions based on data. 

LCA and ML have been combined to overcome LCA's complexity at various stages and for 

different purposes, namely, to develop surrogate LCA tools.  

This study focuses on the application of ML in the Life Cycle Inventory (LCI) phase to find the 

pollutant emissions generated into the environment to complete the LCI phase of the LCA. The 

present work seeks to answer the following question: "Can Machine Learning techniques be 

applied to predict outcome variables of the LCI phase of LCA?". These variables include all the 

inputs and outputs throughout the life cycle of a product.  

The database used in this work comprises 865 observations containing agricultural input 

variables (e.g. chemical fertilizer, pesticides, human labor, diesel fuel) and production output (yield 

and environmental emissions) . The data was collected from  literature and refers to kiwi, 

watermelon, citrus, tea, and hazelnut crops in Guilan province in northern Iran. An expert in the 

field validated the estimation of pollutant emissions, calculated using Agri- footprint 4.0 and the 

updated version Agri- footprint 6.  Additional key methodologies, standards and reports were also 

consulted for this research. The Decision Tree and Neural Network models developed were able 

to estimate the pollutant emissions generated into the environment throughout the production 

process. The results of the Absolute Normalized Error for the Decision Tree, Neural Network 1 and 

Neural Network 2 were 1124.79, 0.07 and 0.14 respectively. The Friedman test, with p- value 

<0.001, less than α=0.05, reveals statistically significant differences in the Absolute Normalized 

Error values in at least one of the models. The Wilcoxon test (p- value <0.001) indicates significant 

differences between all the models. 

 

Keywords: Life Cycle Assessment, Sustainability, Machine Learning, Decision Trees, Data 

analysis 

 



 VI 

Abbreviations and Acronyms 

ACV -   Avaliação do Ciclo de Vida 

ADP – Abiotic Depletion Potential 

AI – Artificial Intelligence 

ANN – Artificial Neural Network 

AP – Acidification Potential 

BUIDT – Bottom- up Induction Decision Trees  

CART – Classification and Regression Trees 

CV – Cross- validation 

DT – Decision Tree 

EEA – European Environment Agency  

EU – European Union 

EUP – Eutrophication Potential 

FAEP – Freshwater Aquatic Ecotoxicity Potential 

FAO – Food and Agriculture Organization 

FYM – Farmyard manure 

GHG – Greenhouse Gas 

GW – Global warming 

GWP – Global Warming Potential 

HESTIA – Harmonized Environmental Storage and Tracking of the Impacts of Agriculture 

HTP – Human Toxicity Potential 

IA – Inteligência Artificial 

ICV – Invetário do Ciclo de Vida 

ID3 – Iterative Dichotomiser 3  

INE – National Statistics Institute 

IPCC – Intergovernmental Panel on Climate Change 

IQR – Interquartile range 

ISO – International Organization for Standardization 

K- fertilizers – Potassium fertilizers 

LCA – Life Cycle Assessment 

LCI – Life Cycle Inventory 

MAE -  Mean Absolute Error 



 VII 

MAEP – Marine Aquatic Ecotoxicity Potential 

ML – Machine Learning 

MLP – Mullti- layer perceptron  

MSE – Mean Squared Error 

NAE – Normalized Absolute Error 

N- fertilizers – Nitrogen fertilizers  

NGOs – Non- Governmental Organizations 

OLDP – Ozone Layer Depletion Potential 

PEF – Product Environmental Footprint 

P- fertilizers – Phosphorous fertilizers  

PHOP – Photochemical Oxidation Potential 

ReLU – Rectified Liner Unit 

RETAILL – Retail using Technology based on Artificial Intelligence 

RMSE – Root Mean Squared Error 

R² – R- squared  

SDGs – Sustainable Development Goals 

TDIDT – Top Down Induction Decision Trees 

TEP – Terrestrial Ecotoxicity Potential 

UN – United Nations 

 

 

 

 

 

 

 

 

 

 

 

 

 



 VIII 

Table of Contents 

1. Introduction ............................................................................................................................................................... 1 

1.1. Objectives and goals ....................................................................................................................................... 4 

1.2. Dissertation structure ..................................................................................................................................... 6 

2. Background and State of the Art ..................................................................................................................... 7 

2.1. Product life cycle ............................................................................................................................................... 7 

2.2. Life Cycle Assessment ................................................................................................................................. 10 

2.2.1. LCA software tools .................................................................................................................................... 11 

2.2.2. Life Cycle Inventory .................................................................................................................................. 13 

2.3. Machine Learning Techniques .................................................................................................................. 14 

2.3.1. Decision Tree............................................................................................................................................... 18 

2.3.1.1 Advantages .................................................................................................................................................. 19 

2.3.1.2 Disadvantages ............................................................................................................................................ 19 

2.3.1.3 Building a Decision Tree ......................................................................................................................... 19 

2.3.1.4 Tree algorithms .......................................................................................................................................... 21 

2.3.1.5 Splitting Criterion ...................................................................................................................................... 22 

2.3.1.5.1 Entropy .................................................................................................................................................... 22 

2.3.1.5.2 Information Gain .................................................................................................................................. 23 

2.3.1.5.3 Gain Ratio ............................................................................................................................................... 23 

2.3.1.5.4 Gini Index ................................................................................................................................................ 23 

2.3.1.5.5 Least squares method ...................................................................................................................... 24  

2.3.2. Neural Networks ....................................................................................................................................... 24  

2.4.  Emissions calculation methodologies in agriculture....................................................................... 26 

2.4.1. Agri- footprint database methodology and basic principles ................................................... 27 

2.4.2.  Carbon dioxide (CO₂) emissions – Lime, dolomite, and urea application .......................... 28  

2.4.3.  Nitrous oxide (N₂O) emissions ............................................................................................................ 29 

2.4.4.  Ammonia (NH₃) and Nitrate (NŌ₃) emissions ............................................................................. 29 

2.4.5.  Water use .................................................................................................................................................... 30  

3. Methodology .......................................................................................................................................................... 31 

3.1. Data source ....................................................................................................................................................... 31 

3.2. Emissions calculation methodology ...................................................................................................... 32 



 IX  

3.2.1. Equations for emissions calculation ................................................................................................. 32 

3.2.1.1 Carbon dioxide (CO₂) emissions – Human Labor ........................................................................ 33 

3.2.1.2 Diesel fuel combustion emissions ..................................................................................................... 33 

3.2.1.3 Chemical fertilizer, farmyard manure (FYM), pesticide, herbicide, and fungicide 

emissions .......................................................................................................................................................................... 33 

3.2.1.4 Nitrous oxide (N₂O) emissions, Ammonia (NH₃) and Nitrate (NŌ₃) emissions ............. 33 
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