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Multiple challenges, some critical

Efficiency calls for optimal balancing of conflicts:
technical , environmental, social, economical, political

The innovation alphabet

* Al and related technologies » Optimization, forecasting, classification, ...

* Blockchain applications
* Cloud-based services

e Data science

>
>
>

Distributed intelligence + trust, tokenization
nfrastructures, loT

Data semantics, timeseries management

Keys: integration, inter-disciplinarity and personalization
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Al and related technologies

Optimization Forecasting

* Energy management * RES production

* Trading risk management * Load, Consumption, Prices
* Bidding stategies * Climate-related quantities

e Storage management e
Classification

* Energy communities .
* Consumer profiling

* Flexibility & production mix
* Vehicle charging

* Environmental impacts,
resilience, DR

* Clustering
* Geospatial analysis
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Case: hybrid storage management

RES curtailments are here to stay
e Technical and market reasons

* BESS: Efficient & expensive - SOLAR wasted* energy, solar & wind
* H2: low round-trip efficiency (PH2P), price . P

Optimize revenue & minimize RES rejections
by using hybrid (BESS, H2) storage

* RES & BESS CAPEX amortization

* Ground for new H2 business and strategy

GR, 1-7 may 2024
WIND wasted* vs ATL

- - forecast
—produced
—-—-wasted*

Grid-connected electrolysis Source: entso@
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Case: hybrid storage management

Informed decisions need quantitative analyses with multiple parameters ]
* Long-term planning, new incentives for market & business development
H2 H2 storage  guulid |
* Policy and regulatory aspects, efficient planning and operation of RES M 3
* Production scenarios, long-term licensing & deployment plans of new RES | ‘ e o
* Price scenarios, CAPEX & OPEX | | T g
ECHOS: Customizable optimizer service for hybrid storage
* Addressed to policy makers, regulators, investors, operators, energy communities
» Decision supportin planning and operation s REVENUE OPTIMIZATION
—_— :::enue without storage *H2 storage (12h) o
et e
I n p Ut O u t p Ut - optimized hybrid storage A 10000
* Production & Price scenarios * Minimize curtailed RES |
(electricity, H2, 02, gas) * Maximize H2 production
e CAPEX & OPEX * Maximize revenue .

* Dimensions and analysis time windows * CAPEX amortization

* Constraints (market, technical, custom) ,<
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Case: Energy Semantic Spatial Data Infrastructures

Admin, BZ etc
boundaries, stat units

NEUEL
reference lib

Spatial ref
classifier

Energy data
(timeseries,
timestamped values)
explicitly georeferenced

Georeference
mapper

Meteo measurements
and forecasts
(timeseries,
timestamped values)

Climate and

environmental data .
Semantic

Georeference

Semantic
mapper 2:
environment

Semantic
mapper 3:
socio-economic

mapper 1:
energy

N

Statistical data (social, extractor

economic)

Energy standards,
ontologies,
vocabularies etc

Environment
ontologies,
vocabularies etc

Socio-economic
ontologies,
vocabularies etc

News feeds, online
postings

Generic

semantics
extractor
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Typical data

Custom Al model (open access : APIs etc

source, local)

Energy SSDI core

EnergySSDI aggregator datastore

Al-supported operations

Modern energy data infrastructures

Typical data

access : APIs etc

Energy data (timeseries)

Meteo measurements
and forecasts
(timeseries,
timestamped values)

Climate and
environmental data

Statistical data (social,
economic)

Legacy energy data infrastructures




Blockchain

Distributed intelligence & trust Tokenization of energy assets
* Democratization & transparency * Storage: BESS, H2
e Secure business logic * RES and virtual power plants
* Rewarding models e Consumption
* Micro-funding * Transmission & distribution
. capacity for PPAs
Self-governing systems « CO2 offsets, Qil/gas futures
o D|§tr|buted aut(.)n.o.mous organizations Hedging
* Fair-play by definition @ ° . ®
ey @
* Energy communities ‘o fo' |
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Case: Blockchain-based electricity market resolution

C O n C e pt participant 2 participant n

* Private-permissioned
blockchain

e Continuously anonymize
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Case: Blockchain-based RES aggregators as DAOs

My Energy Data

Please select a Date:

Concept

* RES aggregator as a
distributed autonomous [0 orzvr @ P —
organization (DAO) :

* Members agree on | | |
algorithm for settlements : = L g |? ] (=

* Datais shared transparently

e Settlements are automatic
and verifiable by all

React Application

Energy (MWh
D__
D_

13 z

H—o—i
]

2

_()_

time

e No human intervention
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Cloud technologies

New service providers
* Anyone with knowledge and capacity

New business models

e SaaS: optimization, data, operations
* Custom personalized offerings

* Adaptive and flexible service billing
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Data science

Data semantics
* Alignment with standard data models
* Ontologies and classification

Intelligent data management
* Data therapy

* Timeseries imputation

e Context-aware timeseries Bl

Correlation of semantic with quantitative data
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Case: Semantics of energy timeseries

Tools J \WM’PM 'Am
° Al, including N NS, M |_ and I_LMS \ VW WMWUW )Mﬁhu,’ H ﬂ H }H
Traditional signal processing methods \ H I !"'
f\\m«n \\umm//\\'\W '\'\"ﬁ‘t‘l\".'\\"\'“u“i f “Ui ‘ Nl J’/ i I \f/ Il lf Il \f/ A ‘\ \‘ o
Cases AR 11\!\1\14,{,&1\\ ,\u\nu\ru\w V,MM A i i

* Consumer profiling & classification
* Timeseries Business Intelligence

* Regulatory decision support

e Context-aware sanitization
* Semantics-based timeseries imputation
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Case: intelligent energy communities

Concept

 Autonomous energy (DAO) °'-°°est -°°
communities by domestic participants T T I

* Micro-forecasting and optimization

* Continuous profiling at consumer- and °°°° — °°-

community-level
* Sharing of storage & physical home RES ccccccccc s

« Virtual RES production from ﬂ
curtailments & PPAs .

* Extensive data management
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Case: intelligent energy communities

data storégs .

Central Inference ! Edge Inference
model compression 8 o
K ] I —> 0Dz —> disaggregated signal
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Collect real-time Home timeseries Home load forecastin \/ Real-time Sl
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Home storage & RES Op e home RES/B Consumer profile o A A
dimensioning scenarios dimensioning & data X X
O
1 1 =k = 55
Home storage & Energy retail . .
Data in
RES capex / & wholesale - Home control .
opex data market prices instructions Anonymizer
0 g Profile & data
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A A ¢}
Energy Energy community planning E]J.: FWXW?
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Notable points

Al is not a panacea
* Al revenue models still disputable
 How about QA & liability
* Marketing+politics foster great expectations

Innovation: practice vs. theory

* Focused and knowledgeable decisions
are worth the risk

* The Al hype is added to the innovation hype
* The dotcom fiasko should not be repeated
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Source: IEA 2025

The data centres used to train and operate Al models consume much of this
energy. A typical Al data centre, according to the International Energy Agency
(IEA), uses as much power as 100,000 households right now, but the largest
centres currently being constructed will consume 20 times that amount.
Source: World Economic Forum

=2 @he Washington Post

Climate Environment Weather Climate Solutions Climate Lab Green L

Trump administration plans to end Energy
Star program for home appliances

Since 1992, the program has helped American families and
businesses save more than $500 billion in energy costs, a federal
report says.



https://www.iea.org/reports/energy-and-ai/executive-summary
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