Al and Energy Transition
Principles of Al and use in energy applications




Energy Transition comes with critical challenges

Efficiency calls for resolving all kinds of conflicts:
technical, environmental, social, economical, political

The innovation alphabet
» Al and related technologies > Optimization, forecasting, classification, ...

* Blockchain applications » Distributed intelligence + trust, tokenization
 Cloud-based services » Infrastructures, loT
 Data science » Data semantics, timeseries management

Keywords: integration, inter-disciplinarity, personalization, hype
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A (very) rough map of Al-related technologies

Supervised Learning Expert Systems

. . Fuzzy Logic
Unsupervised Learning

Machine Learning First-Order Logic

Self/Semi-Supervised Learning Logic-Based Al

Constraint Satisfaction

Reinforcement Learning

Knowledge Representation

CNN - Convolutional Neural Networks

Artificial
Intelligence

RNN / LSTM - Recurrent NN Structured Data

Unstructured Data

Transformers Deep Learning

GANSs - Generative Adversarial Networks Media

Data Sources

Neural Networks Sensor Data and Log

Autoencoders

Feedforward Neural Networks Knowledge Graphs

Training Materials

Text Classification

Speech Recognition

Machine Translation Natural Language Processing

—~

Artificial Intelligence

Planning and Reasoning

Interactive Dialogues

Object & Geometry Detection Applications ~——Anomaly Detection

\\__Computer Vision .
Image Recognition 7~ “~.__Robotics
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Al-related technologies: focus on Energy

Supervised Learning

Unsupervised Learning
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Al Technologies and Energy-Related Applications

Regression methods

Traditional / Exponential Smoothing

\ Signal Processing

Neural Networks

Forecasting

Hybrid Models

Ensemble Learning

Self-Supervised Learning

Linear/Nonlinear Programming

Traditional
Mixed-Integer Programming

Reinforcement Learning_

Optimization

Al techniques in
Energy Problems

Genetic Algorithms

Surrogate Modeling

Neural Combinatorial Optimization

Rule-Based Systems

Statistical Methods

Traditional
State Machine Models

Signal Processing

Classification
Neural Networks

Al-Based / Machine Learning

\_ Hybrid Methods
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Applications

Load (demand)
RES generation
Weather

Price

Energy management
Trading risk management
Bidding stategies
Storage management
Energy communities

Consumer Segmentation
Appliance Load

Power Quality Event Classification

Domestic consumption

EV charging load
Flexibility & production mix
Vehicle charging

Flexibility & production mix
Vehicle charging
Environmental impacts
Disaster recovery, Resilience

Fault Detection and Classification
Energy Theft Detection
Building Consumption Profiling Classification
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Al Technologies and Energy-Related Applications

Regression methods

Traditional / Exponential Smoothing

\ Signal Processing

Neural Networks

Forecasting

Hybrid Models

Al-based

Ensemble Learning

Al techniques in
Energy Problems

Classification >
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Self-Supervised Learning_

Applications - forecasting

Load (demand)

RES generation

Weather

Price

Domestic consumption

EV charging load

Flexibility & production mix
Vehicle charging
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Al Technologies and Energy-Related Applications

Forecasting

Linear/Nonlinear Programming

Traditional
Mixed-Integer Programming

Reinforcement Learning

Optimization

Al techniques in
Energy Problems

Genetic Alg_jorithms

Al-based

Surrogate Modeling_

Neural Combinatorial Optimization

Classification

NE Al and Energy Transition

Applications — optimization

Energy management

Trading risk management
Bidding strategies

Storage management
Energy communities
Flexibility & production mix
Vehicle charging

Automatic control
Environmental impacts
Disaster recovery, Resilience
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Al Technologies and Energy-Related Applications

Forecasting >
Optimization >

Al techniques in
Energy Problems

Rule-Based Systems

Statistical Methods

Traditional
State Machine Models

Signal Processing

Classification
Neural Networks

Al-Based / Machine Learning

\ Hybrid Methods
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Applications - classification

* Consumer Segmentation

Appliance Load
Power Quality Event Classification

Fault Detection and Classification
Energy Theft Detection
Building Consumption Profiling
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Technologies / Applications (arbitrary, sort of)

Al Traditional
Neural Linear / Nonlinear
Neural Machine | Genetic | Surrogate Combinatorial Signal / Integer Rule- | Statistical State
Networks * |Learning * Algorithms| Modeling | Optimization | Processing| Programming Based | Methods Machines
Load (demand) ° ° ° ° ° °
> RES generation ° ° ° ° ° °
£ | Weather ° ° °
‘g Price ° ° ° o o o
§ Domestic consumption ° ° o ° ®
© | EV charging load ° ° o o o °
Flexibility & production mix ° ° ° ° ° o
Vehicle charging ° ° ° ° ° ° o °
Energy management ° ° ° ° ° ° ° ° °
Trading risk management ° ° ° ° °
S | Bidding strategies ° ° ° ° °
E Storage management ° ° ° ° ° ° °
' Energy communities ° ° ° ° o o
'-g_ Flexibility & production mix ° ° ° ° ° °
O | Vehicle charging o o o o o o
Environmental impacts ° ° ° ° °
Disaster recovery, Resilience ° ° ° ° ° ° °
= | Consumer Segmentation ° ° o °
-f-_’ Appliance Load ° ° ° ® °
§ Power Quality Event ° ° ° ° ° °
E Fault Detection ° ° ° ° ° ° ° °
I | Energy Theft Detection ° ° ° ° ° °
© Buildings' Consumption Profiling ° ° ° °

- Principles of Al and use in energy applications
. Al and Energy Transition Prof. V.Vescoukis, NTUA




Technologies / Applications (arbitrary, sort of)

Neural
Networks *

Machine
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Technologies / Applications (arbitrary, sort of)
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Technologies / Applications (arbitrary, sort of)

Al Traditional
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Case: hybrid storage management

RES curtailments are here to stay
* Consider hybrid (BESS, H2) storage

Optimization targets
*  Maximize revenue, minimize RES rejections
* RES &BESS CAPEX amortization

Business value
* Long-term planning, new incentives
* Policy and regulatory aspects
* Efficient planning and operation of RES
* NewH2 business

Input: Data, Constraints, Assumptions...

* Production & Price scenarios

* CAPEX & OPEX

* Dimensions and analysis time windows
* Constraints (market, technical, custom)

Output: Energy management to...
* Minimize curtailed RES
* Maximize H2 production
* Maximize revenue
* CAPEX amortization
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Al techniques in
Energy Problems
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Case: Semantic Spatial Data Infrastructures for Energy

/' -0
Al techniques in -©
Energy Problems

Classification >

Typical data

Energy data (timeseries) access : APls etc

Meteo measurements
and forecasts
(timeseries, ergy data ore

timestamped values)

Climate and
environmental data

Statistical data (social,
economic)

Legacy energy data infrastructures

Al and Energy Transition

Admin, BZ etc

Spatial ref
boundaries, stat units

classifier

Energy data
(timeseries,

NEHEL

reference lib

timestamped values)
explicitly georeferenced

Meteo measurements
and forecasts
(timeseries,
timestamped values)

Climate and
environmental data

Georeference
extractor

Statistical data (social,
economic)

Georeference

mapper

Semantic
mapper 1:
energy

i

Energy standards,
ontologies,
vocabularies etc

News feeds, online
postings

Modern energy data infrastructures

Semantic
mapper 2:
environment

Semantic
mapper 3:
socio-economic

Typical data

Custom Al model (open access : APls etc

source, local)

Energy SSDI core

EnergySSDI aggregator datastore

Environment
ontologies,
vocabularies etc

Socio-economic
ontologies,
vocabularies etc

Generic
semantics
extractor

Al-supported operations
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Case: Semantics of energy timeseries
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Case: intelligent energy communities
Concept

e Autonomous energy (DAO)
communities by domestic
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Al + Signal Processing for Energy Profiling

Raw Time-Series Data
(Smart Meter Readings,
Real-Time Measurements)

Signal processing for...
* Timeseries management

Signal Processin$ Technologies

e Noise removal

Filtering

° | m p utatl on (Smoothing, Noise Removal)

* Feature extraction / / \\

Fourier / Wavelet Transform Statistical Features
(Periodicity Detection) (Mean, Std, Peaks)

Al for... |
* Forecasting

/
e Classification - JA Technologies_ - ~.

° Opt|m|zat|0n Unsupervised Learning

Time-of-Use Features

(Hourly, Daily Ratios) ‘ Change Point Detection

Feature Vector

Supervised Learning
(Classification, Labeling)

TN S

Consumer Profiles
(Behavior Types, Tariff Classes, Alerts)

Deep Learning
(RNN / LSTM, Autoencoders)

Anomaly Detection

(Clustering: K-means, DBSCAN) (Behavior Drift)
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Notable points

AI |S Very relevant, but |t |S not a panacea 00 e e

° AI tarlff models are Stl“. to be dlscovered 75% / ...........................................................................
° QA’ |_|a b||_|ty and ethiCS Of Al 500  Z veeseeseersessesseses s e e s e (*"’;c'.e-nﬁi? ................
e Need for domain-based assessment of Al tools p— A ===

Mathematics

* Marketing + politics = hype

2018 2019 2020 2021 2022 2023 2024
Source: IEA 2025

Traditional methods are not dead

e Currenttechnologies (signal processing, optimization methods, etc)
still are, and will always be relevant

* Existing & working solutions should still be used, possibly together with Al

Quality of data is a key issue in both Al and traditional methods
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