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Prologue

iven the growing social, business,
and governmental awareness of the
need to create a sustainable energy
scenario both economically and
environmentally and in order to address future
challenges, two key transformations are being
driven that provide the opportunity to build a new
model: the green transition and the
digital transformation. In this context, the Energy
and Utilities sector is exploring a dual system
focused on energy efficiency and resources
towards clean energies. Both converge on the
goals and objectives set in various agreements
for the year 2030, all driven by innovative
technological solutions.El impulso de la
transformacion digital proporciona una palanca
para asegurar un crecimiento mas sostenible
€ inclusivo, contribuyendo de forma notable
al cumplimiento de los ODS y los diferentes
acuerdos y pactos por la sostenibilidad.

In the face of this scenario, accelerating

the digital evolution of the sector is crucial.
Emerging technologies play an important role in
transforming this sector, shaping an innovative,
responsible, and sustainable future, with the
ability to access data and perform analyses for
strategic and intelligent decision-making, thanks
to connectivity, networks, and infrastructures that
enable real-time flow of information.

The push for digital transformation provides a
lever to ensure more sustainable and inclusive
growth, contributing significantly to the
achievement of the Sustainable Development
Goals (SDGs) and various sustainability
agreements and pacts.

The new energy paradigm is defined as
resilient and digital. We are witnessing

an unprecedented change in the need to
transform industries, companies, institutions,
cities, and society in general; technological
innovation is the accelerator of this transition
towards smarter and more efficient models. To
lead this change, we will identify the technical
and technological challenges of the coming
years, to define a roadmap that includes digital
strategies and tools to help organizations

face these challenges. Collaboration and
understanding among the different players

in the value chain will be essential to ensure
the success of the process. In this paper, we
highlight technological advances that address
these challenges. These advances are based
on experimentation in the fields of Al, machine
learning, virtual reality, digital twins, virtual and
augmented reality, Cloud, and advanced data
analytics. Understanding these advances and
their evolution will enable the generation of
highly competitive strategies to comply with
regulations and create business opportunities.






Best
Practices for
the Near Future

There are no shortage of challenges predicted
for the coming years in the energy sector, from
international conflicts to the emerging economic
crisis, coupled with the increasingly urgent
need to achieve both ecological and digital
transitions, as well as the growing demand

for energy and technological autonomy by
countries. This sets a clear roadmap for this
sector and all indirectly involved parties.

The primary objective of the energy sector
is to accelerate green energy and the
necessary technological development.

In October 2023, the European Commission
published a revision of the SET, establishing

Six priorities to achieve ambitious European
goals in terms of ecological transition: security,
digitalization, adoption, diversification,
efficiency, and placing consumers at the center,
due to the rise and benefits of the prosumer
figure. Other areas of research will include clean
energies, climate-neutral cities, and renewable
hydrogen, especially focused on achieving
sustainable mobility.

The New Paradigm
of Sustainability,
Technology

We are at a crucial moment. Achievements
in health, food, transportation, technology,
and industry have generated unprecedented
positive impacts for humanity. However,

they have also brought unforeseen negative
consequences for the environment. Therefore,
the challenge of this new revolution will be
to develop all these processes from a vision
of efficiency with resources, aiming for
zero impact on the planet and economic
sustainability for society and its citizens.

Accelerating energy and digital transformation
for both the energy sector and other sectors,
countries, and institutions is necessary to
move towards a more sustainable future.
Innovation and technological development will
be the strategic pillars to meet the objectives,
requirements, and regulations established

to address the challenges of transitioning

to green energy.




The transformation agenda is marked by
Europe with an ambitious date, 2030. In just

Six years, energy companies, industries, and
public administrations must face the challenges
of decarbonization, decentralization,
digitalization, sustainability, and energy
competitiveness. Achieving this goal requires
collaboration with the technology sector to
generate an ecosystem of technological
solutions and implementation of emerging
technologies that improve energy efficiency and
optimization and pave the way for innovation to
achieve creative solutions and establish clean
energy. Alongside technological evolution,

the energy sector will be able to provide more
sustainable solutions. Advances in generative Al
loT, 5G, digital twins, hyper-automation, or data
are presented as drivers to advance in energy
and digital transition.

Technology, undoubtedly, is the strongest

bet of the sector in leadership towards more
sustainable, optimal, and digital models, a
change in mentality towards new strategies that
achieve responsible economic, competitive,
and productive growth aligned with the social
and environmental context.
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Main
Challenges
of the Sector

As the energy sector evolves to meet
sustainable development goals and European
regulations and plans for 2030, companies

in the sector face a myriad of challenges

that demand innovative and bold responses.
The most immediate urgency for the sector

is decarbonizing the energy matrix, the
decentralized revolution and the rise of the
prosumer, the just energy transition, and
digitalization, all in record time, generating

a highly challenging landscape.

Decarbonization is imperative to slow down
the acceleration of climate change. The
energy sector, along with other verticals and
organizations, is under increasing pressure

to reduce its carbon footprint. However, this
challenge becomes a strategic move towards
future-ready operations. Clean technologies
are becoming increasingly competitive
against fossil fuels. Solar, wind, hydroelectric,
or green hydrogen energy open up new
opportunities for technological, product,
commercial, and investment development,
crucial for differentiation in a highly competitive



environment. Technological support becomes
indispensable in the decarbonization process.
Currently, the electricity sector represents
approximately 40% of carbon dioxide
emissions. Therefore, the push towards
transitioning to clean energy sources becomes
a top priority challenge.

Likewise, alternative energies present a key
advantage for organizations and countries:
self-sufficiency and energy security by reducing
dependence on imports, positively impacting
the value chain and reducing obstacles such
as inflation. Technological development

will aid in the generation of intelligent risk
analysis and evaluation models, planning
and scenario simulation tools, development
of infrastructure for generation, storage, and
distribution of clean energies, overcoming
the intermittency problem of renewable
sources, optimization systems thanks to
generative Al, or generating platforms for

active consumer participation in the process.

Decentralization represents a paradigm
shift from traditional centralized energy
systems to more distributed and consumer-
centric models. This approach improves
energy resilience, allows for the integration
of renewable energy sources, thanks to new

distributed generation and storage solutions,

empowering consumers to become prosumers.

Decentralization fosters innovation and
flexibility, allowing for a more responsive and
resilient energy network capable of meeting
future dynamic demands. Renewable energy-
driven decentralized networks are designed to
have the ability to store and distribute energy
efficiently and optimally.

The near future of electrical distribution includes
self-electric exchanges with the grid, virtual
generators, and dynamic, multidirectional
networks. Consumers and producers become
a control system while enabling greater energy
independence by covering their consumption
and exporting surpluses, thus generating a
more robust energy supply. The benefits are
evident: bringing energy generation closer to
consumption points avoids the need for new
transmission lines and associated losses.
Technologies such as artificial intelligence,
loT, or blockchain will help the sector optimize
decentralized operations and transactions.
Al and machine learning platforms are

key to network optimization, just as smart
sensors will play a vital role in automating
measurements and processes.

ta
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Digitalization is the catalyst that enables
the progression of decarbonization and
decentralization. Digital technology is

a critical enabler for innovation and
disruption in the electricity sector. By
leveraging advanced digital technologies,
companies can optimize energy use,
improve operational efficiency, and offer
personalized services to consumers.
Digital platforms facilitate real-time monitoring
and management of energy systems,
ensuring optimal performance and fostering
deeper engagement with customers.
Furthermore, digitalization plays a crucial role
in improving transparency and facilitating
seamless integration of distributed energy
resources into the grid.

There are many enabling technologies that
shape the digital transformation ecosystem of
the energy and utilities sector, representing a
revolution not only in how energy is generated,
distributed, and consumed but also a
paradigm shift towards a digital business
model that redefines the relationship between
companies and consumers, promoting
transparency, participation, and diversification
of income sources.

Operational efficiency and loyalty programs

are taken to another level thanks to emerging
technologies such as generative Al or machine
learning, which allow processing information
obtained throughout the process, identifying
improvement points, and enhancing proactive
intelligent decision-making. Adaptability

and business resilience are other areas that
will be improved thanks to technological
development, enhancing the ability to adapt

to long-term sector changes. Minimizing
operational times and costs during energy
generation, storage, distribution, and marketing
processes while maintaining sustainable
development and energy transition objectives
will be the key to sector leadership in green
transformation.

A just energy transition ensures that the move
towards a more sustainable and resilient energy
system is inclusive and equitable. It recognizes
the diverse impacts of the energy transition on
different communities and seeks to mitigate
these effects by ensuring access to affordable,
reliable, and sustainable energy for all.

This approach emphasizes the need for a fair
transition that supports workers and regions
dependent on traditional energy sectors.

This concept was first introduced in 2015 in
the Paris Agreement. Guy Ryder, its director,
highlighted that it was "the first time that the
need to respect the rights of all people in
climate transition processes was recognized."
Four years later, at the New York Climate
Conference, the international initiative Climate
Action for Employment was launched to
develop this proposition with the aim of
encouraging countries to adopt national

just transition plans within the framework

of their climate policies.

Just energy transition is based on equity

and the pursuit of social, economic, labor,

and environmental well-being for all people

on the planet. It involves advancing climate
and energy goals without forgetting people,
ensuring an inclusive and transparent planning
process, a scenario in which all social and
political actors actively participate in defining
plans, identifying opportunities and challenges,
and preparing workers for new jobs, all while
addressing economic and social inequalities
and attending to the most vulnerable groups.
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The transition to hyperconnected ecosystems promotes the development
of secure and integrated digital experiences, redefining the interaction
between different phases of energy and strengthening the value chain
through connected, cognitive, and collaborative ecosystems.

The energy transition drives companies in the energy sector to
adopt automation technologies to improve efficiency and reduce
environmental impact by creating autonomous plants and networks
through the integration of data and intelligent technologies.

On the path to a sustainable future, the adoption of artificial intelligence
emerges as a key solution to overcome energy, economic, and
environmental challenges, driving the transition to more sustainable
and conscious models and practices.

Digital twins and augmented reality revolutionize the energy sector by
enabling simulations that optimize operations and planning, contributing
to more efficient and sustainable energy management.

Quantum computing emerges as a disruptive technology with the potential to
transform the energy sector, improving data management, security,
and efficiency in energy production and distribution.



O1.

The rapid advancement towards hyperconnected
ecosystems emerges as a fundamental catalyst
for the development of secure and highly
integrated digital experiences. This transformation
not only redefines the interaction between
businesses but also strengthens resilience

and efficiency across the value chain, marking

the beginning of an era defined by connected,
cognitive, and collaborative ecosystems.

Neuronal plants are based on the neural
network, an artificial intelligence procedure that
teaches computers to process data similarly to
the human brain. This deep learning process uses
interconnected nodes or neurons to continually
enhance problem-solving and intelligent
decision-making. The neuronal plant draws from

a neural information network whose systems are
constantly fueled by quality data supported by
other technologies such as connectivity, cloud

-yperconnectead
—Ccosystems

computing, edge computing, loT, or digital twins,
among others, to build a connected system.

These developments enable synergy between
the physical and digital worlds, optimizing
management and operation through a series of
key innovations that connect assets, the workforce,
operations, and the supply chain to achieve
harmony and balance across different phases of
energy generation, distribution, and marketing.

Digital technology emerges as a fundamental
pillar in the implementation of connected
assets, whose ability to monitor performance
and make real-time adjustments leads to
continuous process optimization. Meanwhile,
the creation of a connected workforce provides
crucial tools ensuring the health and safety of
workers while enhancing productivity through

cutting-edge assistance and training. The
adoption of connected operations takes
this paradigm a step further.

With the implementation of advanced plant
visualizations, the integration of prescriptive and
predictive analytics paves the way for operational
autonomy. In this context, systems are capable of
making informed and optimized decisions based
on the analysis of large volumes of data, resulting
in tangible improvements in performance, quality,
and overall efficiency.

Lastly, this connected, informed, and agile
approach ensures a connected, resilient,
optimized, and integrated supply chain capable
of quickly adapting to market fluctuations.

TECH TRENDS: ENERGY & UTILITIES

The future of the industry is glimpsed through

he evolution and implementation of neural plants,
whose most valuable capabilities will be self-
learning and self-repairing, facilitating safer,
more efficient, and sustainable operation.



loT, the Potential
of Smart Grids in
Decarbonization

The bidirectionality, flexibility, digitalization,
and automation of Smart Grids enable a new
interconnected map of the energy ecosystem.
This innovative paradigm facilitates not only
the bidirectional exchange of energy but also
of information intelligently and dynamically,
establishing effective communication among
the different actors of the energy system.

The incorporation of 10T along with advanced
connectivity and cloud-based solutions plays
a key role in obtaining information from the
entire network. This allows streamlining

the process, reducing energy loss on one
hand, and integrating energy production from
the utilities sector with that from renewable
energies simultaneously. By obtaining
information both in the distribution process
and energy consumption, a more responsible,
optimized, and aligned use throughout the
cycle is achieved, therein lies the transformative
potential of 0T in decarbonization efforts.

The New Consumer:
More Sustainable
and More
Connected

Digitalization emerges as the central axis of
the new consumer figure. This profile is defined
by being more connected and informed,
expecting to consolidate all information about
their needs and consumption on a platform
that also allows them to interact to implement
system recommendations. They expect

that with a single click, they can obtain the
necessary inputs to optimize their consumption
both at home, in their mobility, or even at work.
Furthermore, they are a consumer connected
with the community and companies due to
sustainability and environmental and social
responsibility values, seeking connected
experiences to ensure their commitment.
Technological advances in renewable energies
and distributed networks have allowed the

rise of the prosumer figure, a dual profile of
consumer and producer, which generates
energy for their own consumption through
renewable energies. This figure redirects any
excess energy to the general grid to reduce the
overall environmental impact.
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Edge Computing
and loT to
Reduce Costs
and Unnecesary
Consumption

Edge Computing provides a double benefit

in reducing costs and unnecessary energy
consumption. On one hand, by bringing data
processing closer to the source of generation,
instead of relying on centralized data centers,
the need for continuous data transmission to
the central server is reduced, thereby saving
bandwidth and reducing energy consumption
associated with data processing. On the other
hand, Edge Computing minimizes latency,
accelerates data processing, and improves
the efficiency of data-driven operations,
allowing energy companies to make real-time
decisions, thereby reducing energy waste.

Additionally, Edge Computing supports

the development of smart devices and loT
technology, vital for current decentralized
energy management systems. These
technologies enable the creation of
strategies designed to generate knowledge
and rapid actions in both the generation,
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distribution, and consumption phases,
especially with the growing trend of a more
informed, connected consumer whose energy
experience is more sustainable thanks to all the
information provided in real-time.

Advanced
Analytics

to Evaluate
Production,
Potential and
Performance
Improvement

Advanced analytics allow companies in the
energy and utilities sector to extract value from
data based on the combined use of technologies
such as artificial intelligence, machine learning,
deep learning, and advanced data processing
techniques to identify patterns and trends
that allow evaluating the potential for energy
production and improving its performance.



In the field of energy efficiency, through

the implementation of machine learning
algorithms and complex statistical models,
advanced analytics offer a deep insight into
the internal functioning of production and
distribution processes, allowing continuous
improvement and early detection of faults
or anomalies. This includes identifying hidden
patterns and correlations between variables
that could have previously gone unnoticed,
understanding their current performance

and allowing the creation of simulations that
will enable the planning of future scenarios,
remaining innovative and competitive.

loT and
Real-Tome
Monitoring to
Ensure Network
Reliability

The energy transition towards renewable
energy sources is a key priority in the

fight against climate change. loT and real-
time monitoring allow the integration and
optimization of these energies into the power
grid; these technologies enable knowing
the performance of renewable installations,

predicting energy generation, and
efficiently managing and optimizing
the intermittency of these sources.

Through the use of connected smart devices
and advanced algorithms, energy companies
can dynamically adjust energy production
and demand based on market needs and
renewable energy availability, reducing costs
and improving network stability.

TinyML, Small
Data and Wide
Data to Generate
Climate Change
Mitigation
Strategies

Technological advances in TinyML, Small
Data, and Wide Data are revolutionizing the
field of data analytics and machine learning.
As we generate more data, the ability to
process and extract value in real-time
becomes a key competitive advantage for all
energy companies. Tiny Machine Learning
focuses on running machine learning models

on low-power devices and machines to
enable them to handle complete machine
learning systems. Small Data focuses on
the importance of using limited and selected
datasets to ensure their value with respect to
the objectives to develop machine learning
models. Wide Data involves linking different
data sources together from a wide range to
achieve meaningful analysis.

The combination of the three strategies
allows analyzing and processing information
regardless of whether the data is structured
or not, or if they depend on complex systems
to generate an intelligent energy model
that combines all data from different
production, distribution, and consumption
systems, environmental history, and its
impact, thus being able to generate strategies
that help meet ESG, SDGs, and other
international agreements in the

fight against climate change.
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14



02. Autonomous

First

The requirements of the energy transition
present significant challenges for the energy and
utilities sector, driving companies to adopt new
technologies and transform their systems and
operations. Pressure is particularly pronounced
in the operations of the ail, gas, and chemicals
sectors, where the need for efficiency to reduce
their environmental impact is at the core of
their digital transformation. The adoption of

new technologies to boost operational health
focuses on the power of data and automation.

Evolution in the realm of intelligent automation
is allowing the sector to reimagine the entire
process from localization, generation, plants,
operations to distribution and marketing.
Furthermore, automation is strengthening
organizations with its ability to mitigate risks
or manage regulatory requirements.

Strategically, intelligent automation allows the
integration of data from various sources such
as historical environmental factors both from the
extraction area and distribution routes or even,

in supply areas, maintenance data or plant or
distribution network risk alerts, expert knowledge
data and derivatives, geopolitical data, etc. This,
thanks to the integration of technologies like
artificial intelligence and deep learning, enables the
system to react autonomously and intelligently
to conditions to progressively and constantly
improve its operations, optimizing processes,
operating with a lower carbon footprint, also
achieving increased security and profitability.

Intelligent automation presents a key competitive
advantage in two areas: the autonomous

plant and the implementation of Smart Grids.
Autonomous plants represent a promising
solution incorporating technological advances in

connectivity, loT, analytics, artificial intelligence, or
machine learning to generate automated models.
Moreover, these systems provide experts with

an advisory function that enhances operational
integrity, sustainability, and production, fostering
effective human-machine collaboration and
coordination throughout the process and with
other organizations.

Smart Grids are characterized by their
self-diagnostic capability, allowing them to
autonomously identify any alteration, risk, or
change to enable an appropriate response.

Additionally, thanks to their dynamic adjustment
capability between production and distribution,
they can adapt to changes in demand, allowing
for precise and efficient energy management, so
that, through automation and real-time flow
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of information, decisions can be optimized,
minimizing energy losses and improving supply
quality. Lastly, it enables the integration of
renewable energy sources facilitating the
energy transition and compliance with
international agreements.



Automated Data
Discovery and
Categorization
for Operation
Optimization

Machine learning algorithms are becoming
indispensable tools for technicians in the energy
and utilities sector, enabling deep exploration
and analysis of complex datasets.

These algorithms can detect key patterns
crucial for optimizing energy operation, a
fundamental task for improving efficiency

and reducing unnecessary resource
consumption. By identifying these trends,
energy sector technicians can make more
informed decisions on how to adjust energy
production, distribution, and consumption
to achieve optimal performance.

Additionally, machine learning helps classify
and label data automatically, greatly simplifying
the task of searching, understanding,

and processing information for users.

This automation of data discovery and
categorization is vital for efficiently managing

the vast amount of information generated in
the energy sector, enabling quick and easy
access to relevant data.

The recent disruption of natural language
processing models has taken this optimization
a step further, allowing technicians to query

in natural language.

This has transformed the interaction with data
systems, making the process more intuitive,
agile, and productive. Technicians no longer
need to be experts in specific database
queries; instead, they can formulate questions
in their everyday language to obtain the
desired information.

Automation
to Ensure Quality
and Meet SLAs

UA Service Level Agreement (SLA) for energy
efficiency is the assurance from a service provider
specifically regarding energy usage metrics,
much like others, describing performance and
capabilities specifically in energy usage. As
environmental regulations, initiatives like ESG
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and SDGs, and other international agreements
thrive, companies in the sector seek to optimize
energy usage. Allowing the energy sector and

its constituent companies to take a significant
step towards standardizing energy reduction
efforts. SLA automation through RPA enables
organizations to constantly track and easily
report on real-time KPI compliance.

Intelligent
Automation
in Contact
Centers and
Customer
Service

The energy and utilities sector is not lagging
behind in implementing intelligent automation
technologies in their Contact Centers and
customer service. As their primary interface
for interacting and managing both their
customers and potential clients, organizations
are investing in innovating and transforming
their experience.
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Most customers in the energy sector have
already accepted and normalized the use

of technologies like virtual agents and
chatbots to speed up query processing and
response times. These processes alleviate
the workload of agents for routine queries.
Likewise, intelligent automation assists these
professionals throughout the query resolution
and incidents requiring more specialized
management, optimizing and streamlining
the entire process.

Autonomous
Robots for
Incident
Detection

and Resolution
in Facilities

Several energy companies have already
incorporated autonomous robots in detecting
and resolving incidents in facilities with a
100% success rate. Equipped with advanced
sensors and artificial intelligence systems,
autonomous robots can continuously patrol
energy facilities, from generation plants to
distribution networks and substations.
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Capable of operating in a variety of
environments, including those that

are hazardous or inaccessible to humans,
these robots can proactively detect anomalies
such as gas leaks, equipment overheating,

or irregularities in transmission lines.

The robots' ability to quickly analyze large
volumes of data in real-time allows them to
identify potential problems before they become
critical failures. This not only improves the
safety and reliability of energy operations but
also minimizes downtime, which is essential for
ensuring a constant and efficient energy supply.

Additionally, automating the incident detection
and resolution process reduces the need for
dangerous human interventions, decreasing
occupational hazards and allowing personnel
to focus on higher-value tasks. Integrating
autonomous robots into operations also
facilitates a faster response to incidents,
which is crucial in emergency situations

to mitigate negative impacts.

Automation
in Smart Grids

The complexity of Smart Grid systems
necessitates the inclusion of advanced
automation technologies throughout the value
chain. At the core of smart grid automation
are energy management systems that use
advanced algorithms and machine
learning to analyze consumption patterns,
weather conditions, and other relevant
data in real-time.

This allows grids to automatically adjust energy
distribution to meet consumption needs more
efficiently, reducing waste and improving supply
reliability. Seamlessly integrating renewable
energy sources is another key benefit of
automation in smart grids.

As the world moves towards greater reliance on
renewable energies, automated smart grids
facilitate the incorporation of this fluctuating
and distributed energy, ensuring that energy
generated from solar and wind sources is
maximized and distributed as needed.

TECH TRENDS: ENERGY & UTILITIES
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Furthermore, automation enhances the Integrating Al systems allows continuous,
resilience of grids against failures and natural real-time monitoring of operations, instantly
disasters. Automated systems can quickly identifying potential inefficiencies or failures.
detect and isolate disruptions, minimizing This not only improves plant reliability and
impact and speeding up recovery. This availability but also facilitates predictive

not only ensures more reliable energy for maintenance, significantly reducing
consumers but also reduces costs unplanned downtime.

associated with service interruptions.

Additionally, intelligent automation enables

I ntel I igent more precise load management, adapting

energy production to demand fluctuations

Automation without compromising network stability.
of Operations
in Energy Plants

Autonomous plants represent a key solution
by incorporating technological advances such
as advanced robotics with artificial intelligence
and machine learning algorithms, transforming
energy plants into highly efficient, safe, and
sustainable systems.

Through automated monitoring and
control, plants can optimize production
performance, minimize resource
consumption, and reduce

harmful emissions.




03. Al-Powered,

Digital technology helps the energy and utilities
industry confront its new reality, paving the way
for the future of energy. In order to anticipate
this future and turn changes into opportunities,
the sector is integrating artificial intelligence
as an asset capable of driving all other
technologies and strategies.

The application of artificial intelligence to
processes and other technologies enables the
generation of an intelligent, connected, and
continuously monitored strategy in a dynamic
context. Intelligent systems are evolving to
interact with the environment and experts, and
recognize complex patterns in nanoseconds.

On the path to a sustainable future, the adoption
of artificial intelligence emerges as a key
solution to overcome energy, economic, and

the next stop

environmental challenges, driving the transition
towards a more sustainable and conscious
model and practices.

In the realm of generation, Al plays a crucial

role from the outset, identifying optimal locations
for facilities, providing prospective estimates

on resources, efficiency, and potential risks.
Likewise, it enhances efficiency and facilitates
plant management by intelligently processing

all data collected from the environment,
distribution, and demand.

On the other hand, robotic monitoring and
predictive maintenance powered by Al represent
significant advances in facility monitoring and
maintenance, enabling predictive inspections
and maintenance to minimize emergencies and
reduce downtime. Artificial intelligence facilitates

the optimization of routine tasks such as
solar panel cleaning to maximize production
and conserve resources.

In the distribution phase, artificial intelligence
enables dynamic adaptation to optimize flow
management, while increasing flexibility, efficiency,
and reliability, a crucial aspect in renewable
sources to compensate for intermittency.

Regarding consumption, Al enables the
transformation of large volumes of information into
actionable insights, allowing the generation and
adoption of solutions for consumers to optimize
and reduce energy consumption, as well as
enabling the development of new products and
solutions by the sector to meet customer needs.
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Undoubtedly, Al is an indispensable ally for energy
management, promoting efficiency, sustainability,
and a smarter energy transition. Its ability to
process and analyze data transforms the way we
manage and consume energy, pointing towards
a more sustainable and conscious future.
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Al for Scenario
Penetration
Assessment and
Potential Impacts

Artificial intelligence is revolutionizing the
evaluation of energy exploitation scenarios

and the potential impacts associated with their
selection. This emerging technology provides
energy companies with the ability to generate
simulations and analyze a wide range of
future situations, allowing engineers to define
the best choice in terms of energy, economic,
and environmental levels.

In scenario definition, a vast amount of data from
various sources must be taken into account.
Artificial intelligence enables the processing of
this data to find patterns and generate valuable
information for potential energy generation
models and environmental impact models.

More Efficient
Power Generation
Operation through
Deep Learning

Deep learning refers to a set of intelligent
machine learning algorithms that enable
the modeling of high-level abstractions
in data through the use of computational
architectures that allow nonlinear and iterative
transformations. This branch of artificial
intelligence allows power plants to analyze
and learn from large amounts of real-time
operational data, facilitating the prediction
and automation of critical processes

for more efficient operation.

Through deep learning, plants can accurately
predict energy demand based on historical,
environmental, geopolitical data, etc.,
proactively adjusting production patterns

to maximize efficiency and minimize waste,
avoiding interruptions in energy supply.
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Al-Driven Predictive
Maintenance for
Smart Energy
Centers

Predictive maintenance driven by artificial
intelligence is marking a before and after in
smart energy centers, setting a new standard
in the management and operation of these
critical infrastructures. Through deep learning
algorithms, smart robots, and 10T systems,
smart plants are able to constantly monitor

the condition of facilities and machinery.

All these technologies allow for the collection
of essential data for predictive maintenance,
from vibrations, gas or oil leaks, crack points,
or alterations in temperatures to energy
consumption patterns for trend identification
or anomalies suggesting failure or premature
wear. Through the implementation of advanced
Al systems, it is possible to anticipate these
situations and, therefore, operational problems
derived from them, before they occur,
optimizing efficiency and extending

the lifespan of equipment.

TECH TRENDS: ENERGY & UTILITIES

Smart Pricing

and Dynamic
Pricing to Improve
Marketing
Efficiency

Smart Pricing and Dynamic Pricing leverage
advanced algorithms and technologies to
analyze large volumes of data such as Big
Data, artificial intelligence, or Machine Learning,
to dynamically set the price of services. These
advanced approaches use real-time data and
analytical algorithms to adjust energy prices
based on market demand, resource

availability, and other critical factors.

Smart Pricing allows energy companies to offer
personalized rates that reflect actual usage
and consumer preferences. This approach

not only fosters greater transparency and trust
between providers and their customers but
also encourages more conscious and efficient
energy consumption.
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On the other hand, Dynamic Pricing
automatically adjusts rates in real-time,
responding to changes in supply and demand.
During peak demand periods, for example,
prices may increase to discourage excessive
consumption and relieve pressure on the grid,
while during low-demand periods, prices

may decrease to encourage energy use,

thus optimizing load management

across the network.

Biometrics
and Al to Ensure
Operator Safety

The incorporation of biometrics and artificial
intelligence in the energy and utilities sector is
marking a significant evolution in operator
safety. These technologies allow companies
to automatically identify operators within

an energy plant, determining whether they

are within their area and whether this could
compromise their integrity.

It can also detect anomalous patterns in
technicians that determine whether their
behavior or decision-making is dangerous due
to fatigue, an accident, or even intoxication. It is

also essential in monitoring established safety
standards, immediately alerting of dangerous
situations or behaviors that deviate from them.

On the other hand, biometrics using unique
physical characteristics, such as fingerprints,
facial recognition, or iris patterns, provide

an infallible identification system in the
implementation of a security strategy
based on access levels.

This ensures that only authorized personnel
can access critical areas or handle sensitive
equipment, thus minimizing the risk

of accidents or misuse of facilities.

Human-Al
Collaboration
and Augmented
Intelligence

to Reduce
Accidents

This synergy enhances human capabilities
with advanced analytical tools and real-time
data processing, allowing for more informed
and precise decision-making to prevent risky
situations before they become accidents.

Augmented intelligence through the use of

Al and machine learning allows systems to
process and analyze enormous volumes

of operational and safety data, identifying
patterns, trends, and anomalies that would be
difficult or impossible to detect for a human
operator. This recognition capability allows

for anticipating hazardous events, offering early
warnings and data-based recommendations
to avoid potential accidents.

While human-Al collaboration facilitates the
creation of simulations and predictive models
that can anticipate the occurrence of unsafe
conditions, enabling operators and managers
to implement preventive measures and risk
mitigation strategies. Al can also assist in
employee training, providing virtual scenarios
that replicate risky situations, thus improving
preparedness and emergency response
without exposing personnel to real hazards.
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04. The Mirror

World

The mirror world is an established metaphor
referring to digital twins and augmented reality;
these virtual replicas of reality enable a deep
understanding of model behavior. These
technologies provide the energy and utilities
sector with the opportunity to identify all key
aspects and simulate improvements without
impacting real operations.

A digital twin is a precisely designed virtual
model that reflects a physical object or system
thanks to data produced by smart sensors. The
digital copy is generated through a processing
system that simulates all functionalities

to intelligently study the event and apply
solutions in areas of improvement.

The goal is to obtain valuable information to evolve
the original physical object or system. Due to

its ability to interact with real-world information
more intelligently, efficiently, and safely, it is
revolutionizing the entire energy value chain,

from how energy facilities are located, designed,
operated, and maintained to how different actors
intervene in energy generation, distribution, and
marketing, making them more optimized.

Digital twins are revolutionizing the energy sector
by allowing the modeling and simulation of
infrastructures before their construction,
evaluating their environmental impact, and
facilitating their integration into the electrical grid.

This capability translates into significant cost
savings and increased efficiency, thanks to
tests carried out in virtual environments. Beyond
planning, these virtual models are essential for
the operational control of energy facilities

in real-time, allowing for the detection and
prevention of failures before they occur, such as
analyzing improvements in the ecosystem by
evaluating their impact in different scenarios.

One of the most significant challenges for
distributors is to effectively integrate renewable
energy sources and the figure of the prosumer
to adapt the grid to the energy load and simulate
scenarios according to different conditions.
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Furthermore, the ability to perform real-time
simulations of energy demand allows operators
to manage energy distribution more efficiently
and economically for all parties involved. Digital
twins not only optimize the current operation of
energy networks but also pave the way for a more
sustainable and collaborative future in the energy
and utilities sector.
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Digital Twin for
Facility Design
Intelligence

Digital twin technologies are redefining
intelligence in the design of energy facilities,
offering a revolutionary approach to
planning, construction, and operational
management. These virtual models, exact
replicas of physical installations, allow
engineers and managers to visualize the
design and analyze the integration of disruptive
technological improvements, driving innovation
and competitiveness in the sector.

The implementation of digital twins enables
detailed simulation of facility behavior
under different operational conditions and
environmental scenarios. This is especially
valuable for evaluating the resilience and
efficiency of critical infrastructures, allowing
designers to make necessary adjustments
virtually to ensure maximum effectiveness
and safety before physical implementation.

Digital Twins

in Enhancing
Renewable Energy
Plants

Digital twins allow engineers to simulate

and analyze the behavior of a renewable
energy plant under various environmental
and operational conditions before its
construction or modification. This not only
optimizes the initial design, minimizing costs
and maximizing efficiency but also facilitates
the identification of the best strategies for
integrating these plants into the electrical grid.

Additionally, digital twins provide valuable
insights for managing the performance of
renewable plants, enabling operators to
maximize the harnessing of natural resources
such as sunlight and wind. The ability to model
and predict the impact of weather variations
on energy generation facilitates more

precise planning and rapid response

to changes, ensuring a more efficient

and reliable integration of renewable
energies into the global energy supply.

TECH TRENDS: ENERGY & UTILITIES
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AR/VR
for Worker
Training

The adoption of augmented reality and virtual
reality technologies for worker training is
revolutionizing the way of teaching and learning,
optimizing the process. These immersive
tools offer a safe and controlled learning
environment where employees can acquire
and practice critical skills without the risks
associated with training in real facilities.

Thanks to virtual reality, technicians can learn
new technologies or conduct drills to keep
their knowledge up to date. Simulations can
range from repairing power lines to managing
emergencies in nuclear plants, providing

a hands-on experience that improves
knowledge retention and better prepares
workers to face real challenges. Additionally,
augmented reality provides an additional layer
of visual information during training sessions,
displaying real-time data or step-by-step
instructions over the worker's real-world
view. This not only enhances understanding
and efficiency during training but can also be
applied in the workplace for real-time assistance,
reducing errors, and increasing productivity.
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Intelligent Data
Analysis and
Simulators

for Predicting
Generation

The use of intelligent data analysis and
simulators facilitates the integration of
renewable energy sources into the electrical
grid by allowing the prediction of inherent
variability in these sources, such as solar
or wind energy. Companies can proactively
adjust their generation and storage strategies
to ensure a constant and reliable energy
supply, while simultaneously minimizing their
dependence on fossil fuels.

This approach allows energy managers to
better understand how variables such as
weather conditions, consumer demand, and
renewable resource availability will influence
generation capacity. By identifying patterns
and trends within this data, simulators can
accurately predict the amount of energy
needed to meet future demand, thus

optimizing energy production and distribution.
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Advanced
Extended Reality
Solutions for
Identifying

and Designing
Sustainable
Operations

Extended reality allows engineers and
designers to explore complex energy
infrastructures in a virtual environment,
identifying opportunities to improve energy
efficiency and reduce environmental impact
without the need for physical prototypes.
Innovation is accelerated by allowing
experimentation with different configurations to
achieve sustainability in energy operations.

It also improves the way technicians acquire
and understand real-world information, with
a visual and creative component that allows
analysis of information from different
perspectives. Thanks to extended reality, a
technician can visualize energy operations
dynamically, identifying the most important
factors that contribute to the sustainability
of the operation.

Digital Models for
Energy Recovery
in Smart Grids

Digital models are enabling innovation in energy
recovery in Smart Grids. They offer a detailed,
real-time view of the grid, allowing operators to
identify energy recovery opportunities, such
as capturing and reusing excess energy
generated by renewable sources during low-
demand periods or addressing energy leaks
through distribution efficiency.

Additionally, the integration of digital models
into Smart Grid management also promotes
innovation in energy storage, a key component
for energy recovery and optimal utilization

of renewable energy. By simulating different
storage and distribution strategies, companies
can ensure more efficient use of stored energy;,
dynamically adapting to the needs

of the grid and users.
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of Quantum

Quantum computing emerges as the most
disruptive vector of digital evolution. Its
transformative potential and practical applications
are leading companies to invest in research and
development. Although still a project, its rapid
progress will make it tangible in the near future.

The leap from scientific curiosity to
technological disruption will occur as abruptly
as did generative artificial intelligence and natural
language processing, impacting all industries
transversally. Precisely for this reason, industries
and organizations that are prepared for this
impact will gain a competitive advantage in its
implementation.

Quantum technology opens up new possibilities
in everything related to encryption systems,
intensive data usage, simulations of dynamic
and complex scenarios, or algorithm
generation. This emerging technology will

drive existing technologies into a process

of improvement and evolution, enabling the
optimization of their applications and results,
addressing challenges from knowledge
management to precise prediction of energy
demand and protection of critical infrastructures.

The energy and utilities industry will be
revolutionized by quantum technology,
exponentially increasing its capacity to collect,
store, and manage data. Thanks to its immense
computing power, it will be possible to

evolve data analytics to perform calculations,
predictions, simulations, and enhance deep
learning models to optimize the way energy is

produced, distributed, and consumed, taking
into account the economic and environmental
impact. Predictive models will include advanced
algorithms that consider the complexity of

the system and the nonlinearity of the factors
influencing the energy value chain.

Furthermore, advancements in quantum security
will reduce risks in both digital infrastructures

and installations or distribution networks. The
transition to algorithms resistant to quantum
attacks and the evolution of artificial intelligence
enable the creation of more secure systems
capable of anticipating attacks and reducing
incident resolution time in case they occur.
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As organizations explore the potential of quantum
technology along with advances in 5G, loT, digital
twins, simulators, data, artificial intelligence,

or deep learning, the future of the energy
sector will achieve the long-awaited era of
sustainability and energy efficiency.
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Quantum
Computing
and loT for
Environmental
Monitoring

This technological advancement promises

a revolution in the ability to collect, process,
and analyze environmental data on an
unprecedented scale and speed, enabling
more effective management and response
to environmental challenges. Quantum
computing, with its ability to perform complex
calculations at exponentially faster speeds
than traditional computers, offers the
potential to model ecological and climatic
systems more accurately. When combined
with the vast network of 10T devices, which
collect real-time environmental data from
multiple sources, the possibilities for
environmental monitoring and data-driven
decision-making are greatly expanded.

This integration will allow energy and utilities
companies to more effectively monitor
the environmental impacts of their
operations, identify patterns and trends
in environmental data, and develop more

sustainable and responsible strategies. For
example, it can facilitate the monitoring of air
and water quality and biodiversity, significantly
contributing to environmental protection.
Furthermore, the use of quantum computing
and loT for environmental monitoring will help
predict and mitigate the effects of climate
change, optimizing energy generation and
distribution to minimize carbon footprint. This
synergy will not only improve the sustainability
of energy operations but also promote greater
environmental awareness and action.

Quantum
Cybersecurity
and Incident
Response-
Recovery

The implementation of quantum cybersecurity
alongside advanced incident response and
recovery strategies will establish a new
paradigm in protecting the critical infrastructure
of the energy and utilities sector. In a world
where cyber threats are becoming increasingly
sophisticated, quantum technology offers a
promising solution to shield critical systems
against attacks that could compromise the

TECH TRENDS: ENERGY & UTILITIES
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security and continuity of energy services.
Quantum cybersecurity utilizes principles of
guantum mechanics, such as entanglement
and superposition, to create virtually
impregnable encryption systems. This
technology will not only enhance the security
of sensitive data transmission between energy
and utility facilities but also lay the groundwork
for a secure communications network
resilient to vulnerabilities in conventional
cryptographic systems.

In the context of incident response and
recovery, the integration of quantum tools will
enable the development of highly effective
detection and early warning systems
capable of identifying anomalous patterns
that may indicate an ongoing cyberattack.
This will facilitate a rapid and coordinated
response to mitigate the impact, ensuring
that essential services can remain operational
or be restored in the shortest possible time.
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Quantum
Computing
in Facility
Localization

The use of quantum algorithms will make it
possible to evaluate a wide range of variables
and conditions in a short period, from
geographic and environmental considerations
to future energy consumption needs and
renewable energy integration. This will allow
for the identification of optimal sites for new
facilities with precision and efficiency that
far exceed traditional methods. Additionally,
quantum computing will be able to model
complex energy distribution scenarios, helping
to design more resilient and adaptive networks
to respond efficiently to demand fluctuations
and reduce transmission losses.

Smart facility localization, powered by
quantum computing, also plays a crucial role
in reducing the environmental impact of
energy operations. By optimizing the location
and design of infrastructures, it is possible to
minimize disruption to natural ecosystems
and local communities while maximizing

the capture of renewable resources.
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Quantum Key
Distribution for
Communication
in Utilities
Transportation
and Logistics

This technology leverages the behavior

of quantum particles, such as photons, to
generate and share encryption keys between
the sender and receiver in a way that any
interception attempt alters their quantum state.

The implementation of QKD in the energy

and utilities sector translates to secure and
reliable communication, essential for effective
coordination of transportation and logistics
operations. From remote monitoring of fuel
shipments to managing data flows between
distributed facilities, QKD ensures that critical
information for the operation and security of
energy networks remains protected.

Furthermore, in a context where energy
infrastructures are becoming increasingly
digital and connected, QKD provides an

additional layer of security, essential for
preventing cyberattacks that could compromise
not only data integrity but also the stability

of energy supplies.

Quantum Machine
Learning for
Managing
Distributed
Networks and
Hybrid Models

This emerging technology combines the
principles of quantum computing with machine
learning algorithms, offering processing and
data analysis capabilities exponentially superior
to conventional systems.

Quantum machine learning is crucial for the
development and implementation of hybrid
energy models, combining various renewable
and conventional sources. By modeling and
simulating the behavior and interaction of
these energy sources, companies can design
generation and distribution systems that
maximize energy efficiency, minimize

TECH TRENDS: ENERGY & UTILITIES
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operating costs, and reduce environmental
impact. The implementation of this technology
not only promotes the sustainability and
resilience of energy infrastructures but also
prepares the sector to tackle future challenges,
dynamically adapting to market fluctuations
and consumer demands.

Quantum
Computing

in Optimizing
Consumption
in Industries
and Cities

The application of quantum technologies in
optimizing energy consumption in industries
and cities will mark a before and after in
energy efficiency and sustainability in the
energy and utilities sector. This innovation
promises a profound transformation in how
we manage and consume energy, enabling
a greener and more efficient future.
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Quantum computing, with its ability to perform
complex calculations at unmatched speed and
precision, offers powerful tools for analyzing
and optimizing large energy systems. By using
quantum algorithms, it is possible to model
and simulate entire energy networks, from
small industrial installations to entire cities,

identifying consumption patterns and detecting
inefficiencies almost in real-time. In industries,
quantum optimization can revolutionize energy
management, enabling cleaner and more
efficient operations. Meanwhilg, in cities, it will
facilitate the creation of smart grids that adapt
energy supply to the needs of their inhabitants,
promoting a more sustainable use of resources.
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Conclusions

In the coming years, we will witness the
accelerated technological, technical, and
structural evolution of the energy sector, which
will generate a new paradigm for a sustainable
future. Promoting energy efficiency, transitioning
to renewable energies, and digitalization
constitute key lines of action in this transformation
process, where the total integration of the
technological sector into the framework of work

is crucial, as new technologies are redefining
production processes towards more efficient and
resilient models, as well as consumption patterns.

The transition towards sustainability
represents an essential strategic commitment
that permeates all international policies

and regulations, seeking collaboration that
generates a positive impact from a social and
environmental perspective. Investment in
technology, talent, and digital knowledge
will be decisive in the evolution of the energy
sector and societies in general, as they are the
key drivers in the transition and development
of cities and industries, promoting the creation
of more efficient, connected, clean, and
sustainable systems.

There is a pressing need for all social agents
to advance towards a green and digital
transformation to face future challenges. This

transition is perceived by the energy and utilities
sector as a critical opportunity to reshape the
energy model towards a more sustainable,
efficient, and resilient one, merging ecological
transition with digital revolution. Adopting a dual
approach not only meets the environmental

and social demands of today but also drives
innovation and market leadership through
emerging technologies.

Digital technologies play a transformative
role at all levels of the sector, from energy
generation and storage to network optimization
and customer interaction. Hyperconnectivity,
automation, artificial intelligence, digital twins,
virtual reality, and in the future, quantum
technology, are identified as key elements for

a more efficient, transparent, and sustainable
operation, improving asset management and
facilitating the transition to sustainable energy.

The importance of collaboration and mutual
understanding among different actors in the
energy value chain is emphasized to ensure the
success of the digital and green transition. The
need to develop digital strategies and tools to
support this transformation is presented as an
indispensable requirement for leading the change
towards a more sustainable future.
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The energy and utilities sector is at a critical
inflection point, where the adoption of advanced
technologies and strategic collaboration
among key actors are fundamental to
overcoming the challenges of decarbonization,
decentralization, and digitalization.

Succeeding in this transformation will not only
contribute to achieving sustainable development
goals and mitigating climate change but will

also open significant opportunities for
innovation, growth, and leadership

in the energy market of the future.
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