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o

Leamlng « Understand key concepts in data mining and machine

Goals learning
 |dentify different types of machine learning techniques

« Apply basic predictive analytics concepts
* Relate analytics to sustainability and business problems

il
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Session Agenda

Concepts

« Data Mining Concepts

Machine Learning Basics
Predictive Analytics & Applications
Practice: Classification & Clustering
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Concepts

Artificial
Intelligence

Data science
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Data Science

» Extracting Insights from Data: Data
Science involves extracting actionable
insights and knowledge from vast amounts

of data.

‘! Carlos J. Costa (ISEG) 2025/26 -5
v



What is Data Mining?

w95 o Process of

Soooo, you Oh I don 't know, _-\\
say yvou want something useful like: " "
to do some Will I meet the woman d ISCOVG rl ng
data mining? of my dreams, what .
What is it we're| | stocks to invest in, will patte s In Ia rge

[ looking for? the world really end
in 20327

datasets

« Combines
statistics, ML, and
database systems

The analyst knew he was in for a rough
day when his boss came in dressed like
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Data Mining Tasks

* Classification

» Clustering \{ :
. Association Rules \

* Anomaly Detection ||
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Example - Retall

« Market basket analysis
» "Customers who buy X also buy Y"

MARKET BASKET ANALYSIS

Ll L 1] "-'-- T -
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98% of people whe purchased items A and B
also purchased item C
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Example - Sustainability

_ T el
» Detecting = %‘ o
abnormal energy

consumption --
* |dentifying waste
patterns

“| think | now know who drank
our energy drinks.”
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Activity (5 -10 min)

* Think of a dataset
* What patterns would you try to find?
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What is Al, ML, DL?

Artificial Intelligence

Machine Learning

Deep Learning
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* Artificial intelligence refers to the
development of computer-based
solutions that can perform tasks which

Artificial
Intelligence(Al)
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What is Machine Learning?

Creation of machines with the

Artificial Intelligence ability to mimic human

intelligence

Machine Learning

Deep Learning
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What is Machine Learning?

Creation of machines with the

Artificial Intelligence ability to mimic human

intelligence

Machine Learning

Deep Learning
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What is Deep Learning?

Artificial Intelligence

Machine Learning

Deep Learning

Carlos J. Costa (ISEG)

v

Creation of machines with the
ability to mimic human
intelligence

Enables machines to “learn”
from data without being
explicitly programmed
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What is Machine Learning?

Creation of machines with the

Artificial Intelligence ability to mimic human

intelligence

Enables machines to “learn”
from data without being
explicitly programmed

Machine Learning

Uses artificial neural networks
Deep Learning to train models on large
amounts of data
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Types of Machine Learning

Supervised
learning

Deciskan tree, Linear & Logistic regressian A

Regression

Continuous target

SN, Matee Bages, KNN..

L 3

Semi-supervised
learning

Machine
learning

v

Unsupervised
learning

Reinforcement
learning

Carlos J. Costa (ISEG)

Lews Depree Sep, | Laplacian regulsization o

Classification

Categorical target

Cap-kmears, Loop-kmeans, Seeded-kmians
3

E-riaits, OBSCAMN, Gamaian Mixiura Modad

=

Clustering

Aoncrl, Eclas, FP-Grost..

Association Rule
Mining

PCAL LD, Featurs Selection

Dimensionality
reduction

SaR%EA Morte-Carls, O-k=arning

Control

Target not
available

e Aparicio, Romao & Costa (2022)
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Supervised Learning

* Uses labeled data
» Tasks: classification & regression

from sklearn.linear_model import LinearRegression

X =011, [2], [3], [4]]
y=12,4,6, 5]

model = LinearRegression()
model.fit(X, y)
print(model.predict([[4]]))
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Example — Classification

* Email spam detection: Predict "spam” or
"not spam”

« Fake news

I™ WRITING FAKE SCIENTISTS SAY THAT

5 NOL) HOW WILL T KNOW
PRESS RELEASES FOR z BY 2040 YOU WILL BE
g

WHICH GREEN BREAK -

IMAGINARY NELW ABLE TO POLJER YOUR THROUGHS ARE REALT

GREEN ENERGY ENTIRE HOME
TECHNOLOGIES. WITH THE BREEZE
1 FROM YOUR
REFRIGERATOR
DOCR.

) SERIOUSLY?
YOU THINK
THERE ARE

1298 oy Seon Adens ne /Dist by UES, inc.

|Il
|
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Example — Regression

* Predict house prices (e.g. samadani & Costa, 2021)
* Predict energy consumption
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Unsupervised Learning

* No labeled data
* Discover hidden patterns
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Example — Clustering

* Group custom
by behavior

: Segment%(s

@ ( I




Reinforcement Learning

* Learning via

rewards and @mggﬁgffm@ W
I t 70 DATA CLEANING! MACHINE
penalties LEARNIG
CLASS
« Example:
recommendation
systems
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CRISP-DM

Business Understandin
Data Understanding
Data Preparation
Evaluation
Deployment

Business Data
Understanding Understanding
Data
Preparation

Modeling

Deployment E —
-t
Data

Evaluation

Costa, & Aparicio (2020)
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What is Predictive Analytics?

* Using data to
predict future
outcomes
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Predictive Models

* Regression models
 Decision trees
 Time series models

® "This is BI& DATA, We need 131 CAs and 108

economists to make some sense of it

SR LT LEUITIE
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Industry Example

* Retail: demand
forecasting

 Finance: fraud
detection

“You knoww, you can do this just as easily onlin
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Case Study: Household Energy
Consumption in Europe

Context (Eurostat data)

. Household energy use across Europe

. Trade-off: cost vs. sustainability vs. energy security
Problem

. High dependence on fossil fuels

. Uneven adoption of renewables

. Exposure to price volatility

Your Role

. Data analyst advising policy/energy managers
. Turn data into economic & strategic insights
Analysis Focus

. Trends: Fossil fuels vs. renewables

. Drivers of renewable consumption

. Country segmentation

. Forecasting energy patterns

Managerial Goal

. Improve efficiency + sustainability

. Support investment & policy decisions

Key Question
How can household energy consumption be optimized for a sustainable and cost-efficient future?
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Data Loading

Ipip install -q Eurostat
import eurostat
import pandas as pd
import numpy as np

data =
eurostat.get_data df("NRG_D HHQ")

data.head()
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Data Preprocessing and
Feature Engineering

NRG_BAL_LABELS = {
"FC_OTH_HH_E": "Total Final Energy Consumption in Households",
"FC_OTH_HH_E_CK": "Cooking",
"FC_OTH_HH_E_LE": "Lighting and electrical appliances",
"FC_OTH_HH_E_OE": "Other end uses",
"FC_OTH_HH_E_SC": "Space cooling (Air conditioning)",
"FC_OTH_HH_E_SH" "Space heating",
"FC_OTH_HH_E_WH": "Water heating",

SIEC_LABELS ={
"TOTAL": "All energy products”,
"E7000": "Electricity",
"G3000": "Natural gas",
"H8000": "Heat (district heating)",
"04000": "Oil & petroleum products (total)",
"04630": "LPG",
"04669": "Gas oil & diesel oil",
"O4671": "Fuel oil",
"SFF_P1000_S2000": "Solid fossil fuels (coal)",
"RA000": "Renewables & waste (total)",
"RA410": "Solid biofuels",
"RA600": "Ambient energy (heat pumps)",
"R5300": "Renewable electricity",
"R5110-5150_WG6000RI": "Hydro/Wind/Solar/Renewable waste",
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Data Preprocessing and
Feature Engineering

SIEC_GROUPS ={

"TOTAL": "Main Energy Carriers",

"E7000": "Main Energy Carriers",

"G3000": "Main Energy Carriers",

"H8000": "Main Energy Carriers",

"04000": "Fossil Fuels (Oil & Coal)",

"04630": "Fossil Fuels (Oil & Coal)",

"04669": "Fossil Fuels (Oil & Coal)",

"04671": "Fossil Fuels (Oil & Coal)",
"SFF_P1000_S2000": "Fossil Fuels (QOil & Coal)",
"RA000": "Renewables & Waste",

"RA410": "Renewables & Waste",

"RA600": "Renewables & Waste",

"R5300": "Renewables & Waste",

"R5110-5150 WG6000RI": "Renewables & Waste",
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Data Preprocessing and
Feature Engineering

df = data.copy()

df"nrg_bal_label"] = df["nrg_bal"].map(NRG_BAL_LABELS)
df["siec_label"] = df["siec"].map(SIEC_LABELS)
df["siec_group"] = df["siec"].map(SIEC_GROUPS)

# Rename geo column for readability in slides
df = df.rename(columns={"geo\TIME_PERIOD": "geo"})

df[["geo", "nrg_bal_label", "siec_group"]].head()
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Data Preprocessing and
Feature Engineering

year_cols = [c for c in df.columns if c.isdigit()]

df_long = (
df.drop(columns=["nrg_bal", "siec"])
.melt(
id_vars=["freq", "unit", "geo", "nrg_bal_label", "siec_label", "siec_group"],
value_vars=year_cols,
var_name="year",
value_name="value",

)
)

df long["year"] = df long["year"].astype(int)
df long.head()
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Data Preprocessing and
~ Feature Engineering

df long.pivot_table(
index=["geo", "nrg_bal_label", "year"],
columns="siec_group",
values="value",
aggfunc="mean",

)

.reset_index()

)

pivoted.head()
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Regression Analysis - Statsmodels

Regression Results for 'Renewables & Waste' using Statsmodels:

OLS Regression Results

Dep. Variable: Renewables & Waste  R-squared: 8.948
Model: 0OLS  Adj. R-squared: 8.948
Method: Least Squares  F-statistic: 1.478e+84
Date: Mon, 86 Apr 2026 Prob (F-statistic): 8.88
Time: 18:08:83 Log-Likelihood: -32445.
No. Observations: 2813  AIC: 6.498e+04
Df Residuals: 2809 BIC: 6.492e+84
Df Model: 3
Covariance Type: nonrobust
coef std err t P>|t] [e.825 8.975]
const -1.97e486  2.36e485 -82.342 a.e08 -2.43e486 -1.51e+86
year 976.5986 117.897 8.346 0.0 746,985 1286.196
Fossil Fuels (0il & Coal) 8.8455 8.851 16.626 0.0 8.746 8.945
Main Energy Carriers 8.1638 6.0a5 34.438 0.0 6.154 8.173
Omnibus: 1984.195  Durbin-Watson: 8.471
Prob(Omnibus): @.0e@ Jargque-Bera (JB): 214018.439
Skew: 2.518  Prob(JB): 8.00
Kurtosis: 45.434  Cond. MNo. 2.14e+88
Notes:

[1] Standard Errors assume that the covariance matrix of the errors is correctly specified.
[2] The condition number is large, 2.14e+88. This might indicate that there are
strong multicollinearity or other numerical problems.

Carlos J. Costa (ISEG)

import statsmodels.api as sm

y_col = "Renewables & Waste"

X_cols = ["year", "Fossil Fuels (Oil & Coal)", "Main Energy
Carriers"]

df_reg = pivoted.dropna(subset=[y_col] + X_cols).copy()

X = sm.add_constant(df_reg[X_cols])
y = df_reg[y_col]

res = sm.OLS(y, X).fit()
print(res.summary())
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Regression Analysis —
Scikit-learn

from sklearn.model_selection import train_test_split
from sklearn.linear_model import LinearRegression
from sklearn.metrics import r2_score, mean_squared_error

X = df _reg[X_cols]
y = df _reg[y_col]

X_train, X _test, y_train, y_test = train_test_split(
X, y, test_size=0.2, random_state=42

R*: @.0486
Ir = LinearRegression().fit(X_train, y_train) RMSE: 27711.89

pred = Ir.predict(X_test)

print("R%", round(r2_score(y_test, pred), 4))
print("RMSE:", round(np.sqrt(mean_squared_error(y_test, pred)), 2))

Carlos J. Costa (ISEG)
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Creating Binary Target for
Classification

df clf = pivoted.sort_values(["geo", "nrg_bal label", "year"]).copy()

III, n"
df clf["yoy change"] = df _clf.groupby(["geo", "nrg_bal label"])[y_col].diff()

# Keep only rows where change exists and is non-zero (optional but cleaner)
df clf = df_clf.dropna(subset=["yoy change"])

df clf = df_clf[df _clf["yoy change"] = 0].copy()

df clf["target"] = np.where(df clf["yoy change"] > 0, "Increase", "Decrease")
df clf[["geo”, "nrg_bal label", "year", y col, "yoy change", "target"]].head()
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Logistic Regression Classifier

from sklearn.pipeline import Pipeline

from sklearn.preprocessing import StandardScaler

from sklearn.linear_model import LogisticRegression

from sklearn.metrics import accuracy_score, classification_report, confusion_matrix

X_cols_clf = ["year", "Fossil Fuels (Oil & Coal)", "Main Energy Carriers", "Renewables & Waste"]

X = df_clf[X_cols_clf].fillna(0)
y = df_clf["target"]

X_train, X_test, y_train, y_test = train_test_split( Accuracy: ©.6077

X, y, test_size=0.2, random_state=42, stratify=y precision recall fl-score  support
)
Decrease 1.68 g.82 g8.84 136
pipe_Ir = Pipeline([ Increase 8.608 1.88 8.75 283
("scaler", StandardScaler()),
("clf", LogisticRegression(max_iter=2000, random_state=42)), accuracy .61 339
) macro avg a.3e 8.51 a.4a 339
weighted avg 8.76 @8.61 8.47 334
pipe_Ir.fit(X_train, y_train) [[ 2 133]
pred = pipe_Ir.predict(X_test) [ e 203]]

print("Accuracy:", round(accuracy_score(y_test, pred), 4))
print(classification_report(y_test, pred))
print(confusion_matrix(y_test, pred))
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Decision Tree and Random
Florest Classifiers

from sklearn.tree import DecisionTreeClassifier
from sklearn.ensemble import RandomForestClassifier

dt = DecisionTreeClassifier(random_state=42).fit(X_train, y_train)
rf = RandomForestClassifier(random_state=42).fit(X_train, y_train)

pred_dt = dt.predict(X_test)
pred_rf = rf.predict(X_test)

print("DT accuracy:", round(accuracy_score(y_test, pred_dt), 4))
print("RF accuracy:", round(accuracy_score(y_test, pred_rf), 4))

DT accuracy:. 8.649
RF accuracy: 8.06519
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Cluster Analysis - Elbow
Method

features = ["Fossil Fuels (Oil & Coal)", "Main Energy Carriers", "Renewables & Waste"]

from sklearn.cluster import KMeans
import matplotlib.pyplot as plt

cluster_df = pivoted.dropna(subset=features).copy()

X = cluster_df[features].values Elbow Method
X_scaled = StandardScaler().fit_transform(X) 8000 4
ssd =[]
K =range(1, 11)
forkin K:
km = KMeans(n_clusters=k, random_state=42, n_init=10).fit(X_scaled) 6000 +
ssd.append(km.inertia_) —

2
plt.plot(list(K), ssd, marker="o0" £
plt.xlabel("K") g 4000 4
plt.ylabel("Inertia (SSD)") u
plt.title("Elbow Method") -
plt.grid(True)
plt.show() 5000 4

0 -
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K-Means Clustering and Visualization

import seaborn as sns 300000 4 @ 1 -

- . L
© E | E L
k;j 250000 g ..g .o - | c‘. %&
@ 200000 1 1 o o 1 o8 o,
k=3 S 150000 1 . oS : ® 3 °
km = KMeans(n_clusters=k, random_state=42, £ 100000
n_init=10) 2 50000 - | ]
cluster_df["cluster"] = km.fit_predict(X_scaled) B o1 L {1 {on
led
4-—
. g
i I e L ] L]
sns.pairplot(cluster_df, vars=features, hue="cluster", g3 @ 5;;
palette="viridis") S ¢ » =
It.sh 5 g Tt
plt.show() 2 o o
13
=
ol & 1L &
o - 103.
o L]
£ 800000 1 oe o & A
g . aaa Sred
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* Plot the trend
* Try simple prediction using regression
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Summary

» Data mining finds patterns

» Machine learning builds models

* Predictive analytics forecasts outcomes
* Applications support sustainabillity
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* Next class:

« Apache Spark ecosystem
 Hadoop ecosystem

« Databricks

 Create accountin
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