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INTERNATIONAL CONFERENCE IEEE EEEIC is an international forum for the
ON ENVIRONMENT AND ELECTRICAL ENGINEERING exchange of ideas and information on energy

systems both today and in the future. The
conference provides a umque opportunity for mdustry to interact directly with university researchers, manufacturers and
distributors of energy equipment and to discuss a wide variety of topics related to energy systems and environmental issues. The
conference is technically sponsored by IEEE Italy Section. The scope of the Conference is to promote a forum, where
researchers and engineers involved with electrical power systems may exchange their experiences and present solutions found
for present and future problems. The conference offers prominent academia and industrial practitioners from all over the
world the forum for discussion about the future of electrical energy and environmental issues and presents a base for
identifying directions for continuation of research. The Conference has been technically co-sponsored by IEEE since 2008.
Accepted and orally presented papers are submitted to IEEE Xplore, and will also be submitted for indexing through INSPEC,
EI engineering information index, COMPENDEX, and ISI Clarivate scientific and technical proceedings, ISTP/ISI
proceedings. The conference proceedings have been indexed by Scopus since 2010 and by Web of Science (Clarivate
Analytics) since 2013.

IEEE EEEIC 2023 is the 23" annual conference, making it one of the largest, longest-running, professional networking and
educational event of its kind in Europe.

On behalf of the organizing committee, we are honored and delighted to welcome you to the 23" IEEE International
Conference on Environment and Electrical Engineering and 7" Industrial and Commercial Power System Europe.

Our joint conferences must remain one of the major events of the IEEE in Europe, and must represent, even amid the
COVID and War i Ukraine crisis, one of the largest web-gatherings of researchers and industry professionals in the world.
‘We would like to acknowledge the technical sponsorships of three IEEE

International Societies: the Electromagnetic Compatibility Society (EMC), the Industrial Application Society (IAS), and the
Power and Energy Society (PES). We would also like to express our sincere gratitude to IAS for the financial support.

‘With more than 200 attendees from all around the world, our conference represents a unique opportunity for researchers,
academics, engineers, and experts to present and exchange the latest information on the exciting and stimulating fields of
electrical technology, energy, environmental engineering, smart grid, building automation, storage, e-mobility, etc.

Our technical program is rich and varied, with numerous technical oral sessions, as well as poster sessions each day.

We know that the success of a conference ultimately depends on the many people who have worked in planning and

organizing both the technical program and supporting social arrangements. We therefore recognize the hard work of all the
Chairs involved in the organization of a successful conference.

‘We hope that all the attendees will have a memorable and enjoyable time.

Warmest Regards.

ﬁgzﬁﬁ %‘Jﬂé’o Zuz' z'%;rtz}wfm
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The Industrial and Commercial Power System Department (I&XCPS) 1s a
| /—\ P

‘ department of the Industry Application Society (IAS) of the Institute of
Electrical and Electronic Engineers (IEEE). The scope of the Industrial and

Commercial Power Systems Department includes all matters within the

Industrial &CommercialPowerSystems

scope of the Industry Application Society relating to the technology of
electric power generation, transmission or distribution in industrial, commercial and institutional facilities, and within that
segment of industry associated specifically with rural or agricultural applications. The scope also includes the creation of
related technical standards governing such applications. The objective of IXRCPSD shall be the advancement of the theory and
practice of engineering as it relates to design and management of electrical power systems and comfort conditioning systems
within industrial plants, commercial buildings and institutional facilities, and electrical power systems that serve primarily
agricultural areas. The fields of electronics and computer science as applied to industrial and commercial power systems or to
electrical comfort conditioning also fall within the objectives of I&KCPS

1&CPS 1s composed of the following technical committees:

Power Systems Engineering Committee Scope: the treatment of all matters within the scope of IAS in which the emphasis or
dominant factor specifically relates to equipment selection for, and to the design, analysis, installation, grounding, operation
and maintenance of safe and reliable power systems, including emergency and standby systems for industrial, commercial and
mstitutional facilities.

Power Systems Protection Committee Scope: the treatment of all matters within the scope of the IAS in which the emphasis or
dominant factor specifically relates to power system protection.

Energy Systems Committee Scope: of the is the treatment of all matters within the scope of the IAS in which the emphasis or
dominant factor specifically relates to control, monitoring and management of electrical energy systems, including power
generation systems, for use in industrial commercial and institutional facilities.

Codes and Standards Committee Scope: the treatment of all matters within the scope of the IAS in which the emphasis or
dominant factor relates to the National Electrical Code and to assist on matters relative to other Codes and Standards.

Rural Electric Power Committee Scope: the treatment of all matters within the scope of the IAS in which the emphasis or
dominant factor specifically relates to power distribution in rural settings, especially situations associated with agriculture

Topics eligible to be presented for this conference include (but are not limited to): *Power System Engineering *Power
System Design; Forensic; Power System Grounding; Power System Analysis; Education and Healthcare; Power System
Reliability; Emergency & Standby Systems; Maintenance-operation- Safety; Ports and Harbors; Power Quality. *Power System
Protection *Low Voltage Protection; Medium Voltage Protection; Surge Protection; Generator & Ground Fault Protection of
Medium Voltage Installations. *Energy Systems *Distributed Energy Resources *Codes & Standards™



Indexing

All conferences and conference proceedings must meet IEEEs quality standards, and IEEE reserves the right not to
publish any proceedings that do not meet these standards. Indexing & Abstracting-The Conference Publication
Program (CPP) assures wide distribution of conference proceedings by providing abstracting and indexing of all
individual conference papers for inclusion in worldwide databases. ACCEPTED AND PRESENTED PAPERS are
SUBMITTED TO IEEE Xplore, AND WILL ALSO BE SUBMITTED FOR INDEXING THROUGH INSPEC®,
El’s Engineering Information Index, Compendex®, and ISI Thomson’s Scientific and Technical Proceedings®,
ISTP®/ISI Proceedings.

EEEIC Conference Proceedings have been indexed every year by IEEE Xp/ore, SCOPUS since 2010 and by Web

of Science Conference Proceedings Citation Index by Clarivate Analytics (former Thomson Reuters) since 2013.

The IEEE makes every reasonable attempt to ensure that abstracts and index entries of content accepted into the
program are included in databases provided by independent abstracting and indexing (A&I) services. However,
each A&I partner makes its own orial decision on what content it will index.

IEEE cannot guarantee entries are included in any particular database.

IEEE reserves the right to exclude a paper from distribution after the conference (e.g., removal from IEEE Xplore)

if the paper is not presented at the conference or does not comply with IEEE quality standards.

Note:

Only officially accepted papers that are registered, written in the required conference paper IEEE format,
submitted before deadline, with transferred copyright to IEEE, and presented by one of the authors at the
conference will be published in the conference proceedings and submitted to IEEE Xplore. The proceedings
papers distributed during the conference will not be official publications at that time. Only papers presented at
the conference will be published in the official electronic proceedings of EEEIC and submitted to IEEE Xplore.
Papers submitted and registered, but not presented, will not be published in the official proceedings in IEEE
Xplore. Presence of any paper on the list of papers does not guarantee that the paper will be included in the
official publication record in IEEE Xplore or any other database.
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$IEEE

Advancing Technology
for Humanity

“Fostering technological innovation and excellence for the benefit of humanity”

IEEE is the world’s largest professional association dedicated to advancing technological innovation and excellence for the
benefit of humanity. IEEE and its members inspire a global community through its highly cited publications, conferences,
technology standards, and professional and educational activities.

Through its global membership, IEEE is a leading authority on areas ranging from aerospace systems, computers and
telecommunications to biomedical engineering, electric power and consumer electronics among others.

Members rely on IEEE as a source of technical and professional information, resources and services.

To foster an interest in the engineering profession, IEEE also serves student members in colleges and universities around the
world.

Other important constituencies include prospective members and organizations that purchase IEEE products and participate
in conferences or other IEEE programs.

IEEE Quick Facts
IEEE has:

e More than 419,000 members in more than 160 countries, more than 50 percent of whom are from outside the United
States

e More than 124,000 Student members

e 342 Sections in ten geographic Regions worldwide

¢ 1,834 Chapters that unite local members with similar technical interests
e 3,422 Student Branches at colleges and universities in over 100 countries
e 2,600 Student Branch chapters of IEEE technical societies

e 568 affinity groups; IEEE affinity groups are non-technical sub-units of one or more Sections or a Council. The affinity
group patent entities are the IEEE-USA Consultants' Network, Young Professionals (YP), Women in Engineering
(WIE), Life Members (LM), and IEEE Entrepreneurship

IEEE:
e Has 39 technical Societies and seven technical councils representing the wide range of IEEE technical interests
e  More than 5 million documents in the IEEE Xplore® digital library, with more than 8 million downloads each month

¢ Has more than 1,800 conferences in Xplore
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e Has over 1,200 active standards and more than 650 standards under development
e Publishes approximately 200 transactions, journals, and magazines

e Sponsors more than 1,900 conferences in 103 countries while:

e Partnering with more than 1,400 non-IEEE entities globally

e  Attracting more than 547,000 conference attendees

e Publishing more than 1,800 conference proceedings via IEEE Xplore

*Data current as of 31 December 2019.

Membership

There are more than 417,000 IEEE members in over 160 countries around the world. IEEE members are engineers, scientists,
and allied professionals whose technical interests are rooted in electrical and computer sciences, engineering, and related
disciplines.

The highest grade of membership, IEEE Fellow, is attained through nomination by peers and approval by the IEEE Board of
Directors for distinction in the profession.

Communities

As the world's largest technical professional organization, IEEE offers a number of ways to get involved with technical and local
communities. These communities are active participants in research and authorship, conferences, and important conversations
about today's most relevant technical topics locally and globally.

With 39 technical Societies, ten geographic regions that host over 10,000 local meetings annually, several affinity and special
interest groups, humanitarian opportunities, and virtual communities and private groups through IEEE Collabratec™, IEEE
offers ample opportunity to network and grow professionally through communities.

Conferences

IEEE sponsors more than 1,900 annual conferences and events worldwide, curating cutting-edge content for all of the
technical fields of interest within IEEE.

Publications

IEEE publishes nearly a third of the world’s technical literature in electrical engineering, computer science, and electronics.
This includes approximately 200 transactions, journals, and magazines published annually. In cooperation with John Wiley and
Sons, Inc., IEEE also produces technical books, monographs, guides, and textbooks.

IEEE journals are consistently among the most highly cited in electrical and electronics engineering, telecommunications, and
other technical fields.

The IEEE Xplore Digital Library contains more than 4 million documents from IEEE and IEEE journals, transactions,
magazines, letters, conference proceedings, and active IEEE standards.

Standards

IEEE is a leading developer of international standards that underpin many of today's telecommunications, information
technology, and power-generation products and services. Often the central source for standardization in a broad range of
emerging technologies, the IEEE Standards Association has a portfolio of over 1,300 standards and more than 600 standards
under development. This includes the prominent IEEE 802% standards for local, metropolitan, and other area networks,
including Ethernet and Wireless LAN (commonly referred to as Wi-Fi®).
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Education

By awarding continuing education units and professional development hours, IEEE helps its members meet their continuing
education requirements and develops products and services in support of these efforts.

IEEE follows strict guidelines for the development and delivery of continuing education materials, conforming to the highest
industry practices for awarding continuing education units, professional development hours, and certificates of completion.

At the pre-college level, IEEE works with industry, universities, and government to raise students’ literacy in science, math,
engineering, and technology.

Humanitarian

As the philanthropic partner of IEEE, the IEEE Foundation inspires the generosity of donors to enable IEEE programs that
improve access to technology, enhance technological literacy, and support technical education and the IEEE professional
community.

The IEEE Foundation, a tax-exempt 501(c)(3) organization in the United States, fulfills its purpose by:
Soliciting and managing donations
Recognizing the generosity of donors
Supporting high-impact IEEE programs
Awarding grants to IEEE grassroots projects of strategic importance

IEEE Foundation serves as a steward of donations that improve the human condition, empower the next generation of
engineers and scientists, educate and raise awareness, energize and recognize innovation, and preserve the history of
technology. With donor support, the IEEE Foundation strives to be a leader in transforming lives through the power of
technology and education.

IEEE is committed to advancing technology for the benefit of humanity. To support this effort, IEEE Humanitarian &
Philanthropic Opportunities (IEEE H&P) brings together the wide range of IEEE programs that aim to do social good.
Through IEEE's diverse humanitarian and philanthropic programs, there are many opportunities to make a contribution—big
or small—to improving the human condition worldwide. You can become involved at any stage of IEEE engagement through
contributions of your time, talent, and treasure. Together, the strength and reach of the IEEE network can be leveraged to
make a difference worldwide. Doing good brings great returns.

IEEE H&P makes it easy to:

Become aware of the impact made by IEEE members and the possibilities
Understand more about our programs

Discover how you can engage through contributions of time, talent, and/or treasure
Give back to help us improve how we are serving the community

Together, we can leverage the strength and reach of the IEEE network to make a difference worldwide.

Awards

Accomplishments in IEEE technical fields are recognized with annual awards for outstanding contributions to technology,
society, and the engineering profession.

IEEE Medals are the highest awards that IEEE presents on behalf of the IEEE Board of Directors. IEEE Medals embrace
significant and broad IEEE interests and purposes. The highest honor is the IEEE Medal of Honor, which recognizes an
individual for an exceptional contribution or extraordinary career in the IEEE fields of interest. Past recipients have included
such visionaries as:
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Guglielmo Marconi (1920, for radio telegraphy)
William Shockley (1980, for junction, analog, and junction field-effect transistors)
Andrew S. Grove (2000, for pioneering research in metal oxide semiconductor devices and technology)

Gordon E. Moore (2008, for pioneering technical roles in integrated-circuit processing, and leadership in the development of
MOS memory, the microprocessor computer and the semiconductor industry

Mildred Dresselhaus (2015, for leadership and contributions across many fields of science and engineering)

IEEE Code of Ethics

We, the members of the IEEE, in recognition of the importance of our technologies in affecting the quality of life throughout
the world, and in accepting a personal obligation to our profession, its members, and the communities we serve, do hereby
commit ourselves to the highest ethical and professional conduct and agree:

e to hold paramount the safety, health, and welfare of the public, to strive to comply with ethical design and sustainable
development practices, and to disclose promptly factors that might endanger the public or the environment;

e to avoid real or perceived conflicts of interest whenever possible, and to disclose them to affected parties when they do
exist;

e to be honest and realistic in stating claims or estimates based on available data;

e to reject bribery in all its forms;

e to improve the understanding by individuals and society of the capabilities and societal implications of conventional
and emerging technologies, including intelligent systems;

e to maintain and improve our technical competence and to undertake technological tasks for others only if qualified by
training or experience, or after full disclosure of pertinent limitations;

e to seek, accept, and offer honest criticism of technical work, to acknowledge and correct errors, and to cr properly the
contributions of others;

e to treat fairly all persons and to not engage in acts of discrimination based on race, religion, gender, disability, age,
national origin, sexual orientation, gender identity, or gender expression;

* to avoid injuring others, their property, reputation, or employment by false or malicious action;

e to assist colleagues and co-workers in their professional development and to support them in following this code of
ethics.
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List of Papers

ID

Title

Authors (* Corresponding Author)

Energy Management System for a Hybrid Wind
Solar Battery Based Standalone Microgrid

Ahmed Aghmadi; Osama Mohammed*; Hossam
Hussein

Impact of ultrafast EV charging stations on the elec-
trical distribution grid: a case study in Terni

Marco Antonio Bucarelli*; Alberto Geri; Marco
Maccioni; Fabio Massimo Gatta; Tommaso
Bragatto; Marco Paulucci

Corona Activity on Single-circuit Overhead Trans-
mission Lines under Variable Altitude

Evanthia I. Bousiou*; Pantelis Mikropoulos; Va-
sileios Zagkanas

A Novel Hybrid Single-Phase Modular Multilevel
Inverter Topology with Enhanced Number of Lev-
els Per Number of Devices

Mohammad Farsijani*; Sohrab Abbasian; Hossein
Hafezi

Long-term Hourly Cooling Load Forecasting
through Combination of Global-domain and Sub-
domain

Hangyu Che*; Masafumi Kinoshita; Shiyu Lu

Comparative analysis of the energy performance of
floating and ground-mounted photovoltaic power
plants

Arsenio Barbon; Luis Bayon*; Javier Aparicio-
Bermejo; Covadonga Bayon-Cueli

10

Emerging concept of human centric lighting in lit-
erature review

Tugce Kazanasmaz*; Fatma Busra Kose; Gokmen
Tayfur

13

Voltage-current based algorithm for the on-line es-
timation of equivalent internal resistance of Lithi-
um-Cobalt-Oxide cells at different aging levels

Massimo Ceraolo; Giovanni Lutzemberger*;
Claudio Scarpelli; Natascia Andrenacci; Manlio
Pasquali

14

Operation of Hydrogen Storage Units as Shared
Energy Storage in Renewable Enriched Systems:
An IGDT Approach

Farid Hamzehaghdam ; Manthila Wijesooriya
Mudiyanselage; Mousa Marzband*; Behnam Mo-
hammadi-Ivatloo; Mehdi Abapour; Mohammad
Sadegh Javadi Estahbanati

15

Grid code effect on wind farm power management
and data analysis (Nouadhibou Mauritanian case
study)

Taghy Taghy*

16

A centralized automatic generation control for is-
land systems dominated by inverter-based resources

Apostolos Papakonstantinou™

17

Literature Review On Smart Windows In Terms Of
Daylight Performance, Visual Comfort and Human
Perception

Ilgin Cogul*; Tugce Kazanasmaz

18

Initial Assessment of Electrical Flexibility of Com-
bustion-Based District Heating Systems

Lorenza Elorza-Uriarte; Roberto Rocca*; Itziar
Zubia; Daniele Farrace; Riccardo Toffanin; David
Miguel Rivas-Ascaso

19

Fabrication and Characterization of Electronic De-
vices based on Ferrocene Heterostructures

Maria Elena Sanchez Vergara*; Emiliano Toledo
Dircio; Octavio Lozada-Flores ; Roberto Gonza-
lez-Ojeda; Leon Hamui
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20

Study of the Grounding Behavior of Gas-Insulated
Switchgear (GIS Type Substations) Submitted to

Diego Oliz*; Daniel S Gazzana

Lightning
21 Identification of Integrated Management System in Irvan Khairil Solin*
Electricity Business Sector
22 Numerical Modeling of Switching Processes in Sergey Karabanov*; Dmitriy Suvorov; Dmitry Y
Magnetically Controlled MEMS Switches Tarabrin
23 IoT-based Battery Monitoring System for State-of- Farhan Shams*
Charge Estimation
24 The Equivalent Models in the Sequence Domain of | Juan Dolado*; Santiago Arnaltes Gomez; Joaquin
Grid-Forming Converters based on the Virtual-Flux Eloy-Garcia; Jose Luis Rodriguez Amenedo
Orientation
27 Motor Load Models for Fault-Induced Delayed Mark Halpin*
Voltage Recovery Studies in Bulk Transmission
Systems
28 Optimal off-grid photovoltaic production in devel- Monica Chinchilla-Sanchez*; Jose Luis Sanmar-
oping countries during critical months by using tin; Jorge Martinez Crespo; Ulpiano Ruiz-Rivas
optimum tilt Hernando
29 | Electric Vehicle Battery Charging Model using Pho- | Francisco Duro; José Baptista*; Carlos Serodio
tovoltaics and Energy Storage Systems
30 Developing Optimization-Based Inverter Models Thabiso Mabote*; Jose Tabarez; Arthur Barnes;
for Short Circuit Studies Adam Mate; Eduardo Cotilla-Sanchez
31 Frequency Stability Enhancement in Low-Inertia Ola Ali*; Osama Mohammed
Power System Using an Optimal Control Scheme
32 Analyzing Closed-loop Control Methods in Dom- Bayandy Sarsembayev; Seyed Saeid Heidari
ino Resonant Inductive Wireless Power Transfer Yazdi*; Sadjad Shafiei; Mostafa Kermani; Almaz
System Saukhimov; Mehdi Bagheri
33 The Role of Renewable Energy Generation in Elec- Qais Ali*
tric Vehicles Transition and Decarbonization of
Transportation Sector
34 Optimal Power Dispatch and Load Scheduling For Leehter Yao*; J. C. Teo
Multi-Energy Community With Fuel Cell Com-
bined Heat and Power
35 Virtual Instrumentation and Torque Estimator for Ghunter P Viajante*; Ricardo Tirone; Luciano
the Drive and Control of the Switched Reluctance Coutinho; Marcelo Escobar; Eric Nery
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40 Effectiveness of BESS in Improving Frequency Hung Cuong Nguyen*; Quoc Tuan Tran; Yvon
Stability of an Island Grid Besanger
41 Enhance Demand Response Participants Perfor- Catia Silva; Pedro Faria; Zita Vale*
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reduce diesel fuel consumption lana
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System Protection and Control Applications
70 Performance and Economic Comparison of String Sonia Leva*; Fabio Peng Hu; Enrico Lamanna
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92 | PSFB DC-DC Converter Control Technique for DC Mohd Alam*
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96 Application of Hall Position Sensor in Control and | Milad Akrami; Ehsan Jamshidpour®; Vincent Frick
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97 A comparative study on the dielectric properties of | Andrés Montero Romero*; Diego Garcia; Belén
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98 A Ground Fault Location Method for DC Railway Jose Manuel Guerrero; Daniel Serrano-Jimenez;
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99 Ground Fault Detection Method for DC Microgrids Jose Manuel Guerrero; Itxaso Aranzabal; Julen
Based on Switching Grounding Connections Gomez-Cornejo; Pablo Eguia; Carlos A. Platero*
100 | Autoencoders for Anomaly Detection in Electricity | Zahraa Khais Shahid*; Saguna Saguna; Christer
and District Heating Consumption Ahlund
101 AC Ground Fault Location Technique for Variable Jose Manuel Guerrero; Daniel Serrano-Jimenez;
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102 | Control of Hydrogen Storage Systems for Primary Dimitrios Zarras*; Apostolos Papakonstantinou;
Frequency Response and Inertia Emulation Stavros Papathanassiou
103 Microgrids Provision of Frequency Response to Maad Al Owaifeer*; Youssef Awda; Mohamed
Low-Inertia Grids Abido
104 | A Review of Non-Wires Alternatives to Distribution Carlos Garcia-Santacruz*; Alejandro Marano-
Network Reinforcements: Comparison of Utility Marcolini; José L. Martinez-Ramos
and Investor Perspectives
105 Five-phase Harmonic-Excited Synchronous Ma- Sukanya Kamboj*; Gurakuq Dajaku; Dieter Ger-
chine for Hybrid Vehicle Application ling
106 A New Loss Minimization Model for Coordinated | Meisam Mahdavi*; Sasa Djokic; Francisco Jurado;
Network Reconfiguration, Capacitor Placement and Augustine Awaafo
DG Allocation Under Variable Loading Conditions
107 Parametric simulations to evaluate occupants’ be- | Massimiliano Manfren; Maria Cristina Tommasi-
havior incidence on building energy performance — no; Lamberto Tronchin*
A Passive House case study
108 | Enabling optimal vehicle-to-grid operation in a DC Francesca Marasciuolo*; Maria Dicorato;
microgrid Giuseppe Forte; Maria Chiara Cavarretta; Davide
De Michino
109 High-Voltage Insulator Surface Pollution Classifi- Aibek Abilgazym; Amin Zollanvari; Mehdi
cation Using Insulator Type-Specific CNNs Bagheri*
110 | Rigorous Automated Verification of Protection Sys- | Ahmed Nagy A Mansour*; Samuele Grillo; Matteo
tems in LV Distribution Grids Rossi; Enrico Ragaini
112 A Co-simulation Procedure for Optimal Reactive Gioacchino Tricarico*; Raju Wagle; Jests Castro
Power Control in Active Distribution Networks Martinez; Francisco Gonzalez-Longatt; Giuseppe
Forte; Maria Dicorato; Jose Rueda
113 A Time-series Hosting Capacity Assesment of the Gioacchino Tricarico*; Francisco Gonzalez-
Maximum Distributed Energy Resource Production Longatt; Francesca Marasciuolo; Oleksandra
Ishchenko; Giuseppe Forte; Maria Dicorato
114 Design of a digital architecture supporting block- Pio Alessandro Lombardi*
chain-based traceability within a Net-Zero Energy
Factory. The case study of a German carpentry
115 | Resonance Model Comparison for High-Frequency | Eduardo R Vasquez Mayen*; Emmanuel De Jae-
AC Link Three-port Converter ger; Julien Allard
116 | Resilience Oriented Planning for Multi-energy Mi- Linan Zhang*; Zihang Dong; Xi Zhang; Ning
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117 Ice Sleeves on Overhead Power Lines: a Deep Alberto Maldarella*; Vincenzo Rotella
Learning Approach for Semantic Segmentation
118 Numerical analysis of a concentrating solar power Alessandro Buscemi*; Stefania Guarino; Valerio
plant integrating solid thermal storage systems for Lo Brano
biofuel production
119 Clustering Based Method anomaly definition in Silvana Matrone*; Emanuele Giovanni Ogliari;
Electric Vehicles charging curves Sonia Leva; Federico Devalle; Federico Vitti;
Giuseppe Gilberto
120 Energy Optimization System based on storage po- | Milad Riyahi*; Jesus Fraile-Ardanuy; David Jimé-
tentials of distributed Electric Vehicles nez; Sandra Castafio-Solis; Daniel Fernandez-
Mufioz; Juan Ignacio Pérez-Diaz; Alvaro Gutierrez
121 Industrial demand side flexibility: the case of the Erick Andres Dorado Galatoire*
metallurgy sector in Spain.
122 Comparative Performance analysis of different PV | Emanuele Giovanni Ogliari*; Sonia Leva; Marcel-
plants in Italy lo Polenghi; Luca De Ciechi
123 | Transformer Health Monitoring via Synchrophasors Giancarlo Paramo®*; Arturo Bretas
124 Preliminary design of eddy current brake to im- Daniel Pacheco; Ettore Bianco*; Massimiliana
prove sustainable mobility Carello; Daniela Maffiodo
125 In situ Wideband Frequency Response Measure- Daniel Banks; Johannes Bekker*; Fredrick M
ments of a Distribution Transformer Using Pseudo- Mwaniki; Hj Vermeulen
Random Impulse Sequence Perturbation
126 Influence of Negative-Sequence Control under Luis Azuara*; Ricardo Granizo Arrabé; Santiago
Converter-Interface-based Generation in Distance Arnaltes Gomez; Jose Luis Rodriguez Amenedo
Protection Relays
127 Optimizing Distributed Generation Sizing and Sit- Eihab E. E. Ahmed; Gokturk Poyrazoglu*
ing using Particle Swarm Optimization: A Compar-
ative Study
128 Feasibility study of floating photovoltaic panels in Jacopo Agnelli; Antoine Dib; Aldo Pierattini;
the Adriatic Sea Nicholas Fantuzzi*
129 A test bench for the production of green hydrogen | Salvatore Ruffino*; Fabio Massaro; Eleonora Riva
and its traceability and certification using block- Sanseverino; Mariano G Ippolito; Monica San-
chain technology tamaria; Pierluigi Gallo; Marco Ferraro; Giuseppe
Sciume
130 Stability Assessment in Power Systems with High | Jesus Castro Martinez*; Santiago Arnaltes Gomez;
Penetration of Converter-based Generation Jose Luis Rodriguez Amenedo; Francisco Javier
Renedo Anglada; Edgar Nufio Martinez; Macarena
Martin Almenta; Sergio Martinez Villanueva
131 Optimum operational planning of wind-integrated Siti K Hamzah*; Behzad Kazemtabrizi
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132 | Water as a pivotal resource for the environmentally Maria Vittoria Corazza*; Matthew Robinson
conscious management of bus fleets in Europe
133 | A Semi-Analytical Approach to Calculate Lightning | Massimo Brignone; Martino Nicora*; Daniele Me-
EM Fields Considering Channel Tortuosity striner; Renato Procopio; Carlo Petrarca; Alessan-
dro Formisano; Sami Barmada; Federico Delfino
134 High Gain Isolated Switched-Boost DC-DC Con- Hazem Meshael; Ahmad Elkhateb*; Robert Best
verter for PV Application
135 Integrated Planning of Active Distribution Systems | Mario A Mejia ; Leonardo Macedo*; John F. Fran-
and Charging Stations for Plug-in Electric Vehicles co; Gregorio Mufioz-Delgado; Javier Contreras
Considering the Vehicular Traffic Network
136 Underwater and In-Air IPT-CPT Wireless Power Sadjad Shafiei*; Seyed Saeid Heidari Yazdi; Mo-
Transfer Performance Comparison: A Simulation stafa Kermani; Almaz A. Saukhimov; Arsalan
Study Hekmati; Mehdi Bagheri
137 Assessing the Grid Impact of Renewable Energy Gaetano Zizzo*; Salvatore Favuzza; Mariano G
Communities in a Small Island Ippolito; Liliana Mineo; Rossano Musca; Anto-
nino Barberi
138 | Short-term energy forecasting for public education- | Aleksandra Zlatkova*; Dimitar Taskovski; Zivko
al institution Kokolanski; Bodan Velkovski
139 Experimental Characterisation of the Dynamic Me- | C. Linhares*; Vitor Carneiro; Helena Lopes; J. F.
chanical Properties of Pressboard B. Meireles; H. Mendes
140 Impact of the Transformer Stray Capacitances on Gabriele Biasiotti; Sebastian Dambone Sessa;
the Ground Mode Current in Unearthed OHL Net- Francesco Sanniti*; Simone Talomo
works: Analysis of the Travelling Waves Propaga-
tion
141 | Fairness and reward in Energy Communities: game- | Davide Fioriti*; Tommaso Ferrucci; Davide Poli
theory versus simplified approaches
142 A Real-Time Cycle Counting Method for Battery Riccardo Nebuloni*; Lorenzo Meraldi; Luca
Degradation Calculation in MILP Models Moretti; Valentin Ilea; Cristian Bovo; Alberto Ber-
1zzi; Pietro Raboni
143 Implementation of a supervisory control and data Domenico Curto*; Francesco Maria Raimondi;
acquisition for a biaxial photovoltaic tracker by Vinzenzo Franzitta; Andrea Guercio; Malik Ali
means of a low cost PLC Zelio Judge
144 Distributed Demand Management Considering Alberto De Villa*; Michael Angelo Pedrasa
Thermal and Service-based User Comfort Under
Forced Curtailment
145 Provision of Flexibility Services to the Distribution Emely Cruz-De-Jesus*; Jose Luis Martinez-
System Operator by Local Energy Communities Ramos; Alejandro Marano-Marcolini; Carlos Gar-
cia-Santacruz
146 A Non-Intrusive Load Disaggregation Tool based Giovanni Baglietto*; Andrea Vinci; Stefano Mas-
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147 | Optimal sizing and placement of DFIG Wind Farm | Hocine Bouzina*; Sid Ahmed Tadjer; Fathia Che-
for Line Loss Reduction and Volt/Var Control in kired; Mohamed Boudour; Laurent Canale
Distribution Network
148 Key Stability Issues in a Power Hardware-In-the- Giorgio Benedetto; Andrea Mazza; Enrico Pons*;
Loop Experiment: Let's Make it Converge Ettore Bompard
149 A PI-MPC based Dual-loop Controller for Grid Imran Khan*; Suryanarayana Doolla
Forming Inverters
150 Assessing the Impact of Eco-ADAS Systems on Mario Marinelli*; Mariano Gallo
Vehicle Fuel Consumption and Emissions at Signal-
ised Intersections
152 | Application of Post Occupancy Evaluation method | Marina Bonomolo*; Giacomo Salvadori; Michele
on urban lighting design on case studies Rocca; Giulia Lavinia Prizzi; Marco Giuseppe
Petix; Vincenzo Castiglia; Francesco Leccese;
Marco Beccali
153 Energy and Economic Comparison of Virtual and Francesca Oliva*; Martina Moretti; Elena Gallo;
Physical Power Sharing Roberto Faranda
155 | Assessing the Levelized Cost of Hydrogen Produc- Alessandro Ciancio*; Livio De Santoli
tion in a Renewable Hydrogen Community in South
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156 | Impact of Electric Vehicle Charging on Voltage and Seyed Mahdi Miraftabzadeh*; Michela Longo;
Current Harmonics at the Point of Common Cou- Dejan Pejovski; Morris Brenna; Marco Pasetti
pling
157 | Temporal Fusion Transformer for Day-Ahead Wind | Liaan L Van Heerden *; HJ Vermeulen; Chantelle
Power forecasting in the South African Context Y Van Staden
158 Collective Self-Consumption in Smart Buildings: a Riccardo Trevisan*; Emilio Ghiani; Raphaelle
Case Study of the Lightness Project Papa; Sara Ruffini; Omar Caboni
160 Investigatement of Machine Learning Classifiers Nikolay Djagarov*
for Diagnostics of Induction Motors
163 Management of a Local Multi-Source Energy Sys- | Sandra Castafio-Solis*; Daniel Fernandez-Munoz;
tem in a Research Centre based on self-PV Genera- | Jesus Fraile-Ardanuy; Alvaro Gutierrez; Giuseppe
tion and Electric Vehicles Conti; David Jimenez; Juan Perez Diaz
164 Harmonic Compensation in Ship Power System Nikolay Djagarov*
Using Peak Detection Control Strategy Based Shunt
Active Power Filter
165 Meta-Parametrization of Photovoltaic Module Rene A Barrera-Cardenas*; Jon Are Suul; Bendik
Technologies for a Comprehensive Evaluation of Torsater
Solar Energy Projects in Road Infrastructure
166 Utility-Scale Solar Power Forecasting: Single-Step Armand A Du Plessis*
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168 | Real-time Electricity Market Price Prediction using Mohamed Abido*
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169 State Estimation of Electrical Grids via Neural Maad Al Owaifeer*; Abdulrahman Katranji; Ab-
Networks dulrahman Taher
170 GaN-HEMTs-based Converter for Solar Power Mohamed Abido*
Tower Application in Harsh Weather Environment:
Performance Evaluation
172 | Development of a mobile app for early warnings in Tena Bujas*; Nikola Vladimir; Marija Korican;
aquaculture farms: Identification end-user needs Manuela Vukié¢; Vladimir Soldo; Zdenko Tonkovic¢
173 | Thermal Building Models for Energy Management Benjamin Matthiss*
Systems
174 | Voltage Optimization in Distribution Networks us- Michele De Santis*; Anna Rita Di Fazio; Mario
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177 A comparative study of Integer Order PID, Frac- Abdelhakim Idir*; Akroum Hamza; Sid Ahmed
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178 | Multi-Area Optimal Power Flow Problem Through Lucas C Yamaguti*; Juan Home-Ortiz; Mahdi
Parallel Processing Pourakbari-Kasmaei; Jose R Sanches Mantovani
179 | The Customized Battery testing bench and selection Aissa Boutte*
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180 Experimental Measurements of Shielding Influ- Abdelhakim Zeghoudi; Laurent Canale*; Abdelber
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182 Voltage Amplitude Measurement Techniques for Farnam Hojatpanah; Firouz Badrkhani Ajaei*
Power System Protection and Control Applications
183 Rule-Based Home Energy Management Model for | Ubaid Ur Rehman; Pedro Faria; Luis Gomes; Zita
Optimal Load Shifting Considering Energy Storage Vale*
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184 A GAN Data Augmentation approach for trading Michele Bellomo; Silvia Trimarchi; Alessandro
applications in European Carbon Emission Allow- Niccolai*; Marco Lorenzo; Fabio Casamatta;
ances Francesco Grimaccia
187 | PSpice Modeling of Three-Phase Power Controlled | Faisal A. Aloufi*; Ibrahim Al-Kadi; Ahmad Albin
Rectifier with Three Case Studies Hamad
188 | Enhancing Solar Radiation Forecasting with Hybrid Ahmed Aghmadi; Osama Mohammed*
Ensemble Empirical Mode Decomposition and Ma-
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189 Characterization of Bifacial Photovoltaic Modules | Alberto Dolara; Sonia Leva; Domenico Mazzeo*;
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194 Optimal Management of Microgrid Under PV Valentin Mathieu*; Gregoire Pichenot; Quoc Tuan
Forecast Uncertainty Using Stochastic Program- Tran
ming
195 Hourly Electricity Price Prediction Applying Deep Ibrahim Mohamed Gaber; Rania A Ibrahim*
Learning for Electricity Market Management
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Production and Storage and Battery
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the Transition from ICE to EV Foiadelli; Wahiba Yaici; Maria Garcia Diaz
212 Energy storage systems for voltage regulation: Alessandro Ruvio*; Marco Maccioni; Gabriele Di
Analysis for the railway junction of Rome Girolamo
213 An Improved SI-ANPC Grid-Connected Inverter Xiaobiao Wang*; Huafeng Xiao
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214 Analysis of the energy matrix decarbonization in Federico Silvestro*; Luis Vaccaro; Luis Moran;
the operation of the large mining power distribution | Juan Araneda; Francesca Pessino; Jose Espinoza
systems: The chilean case
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217 Monitoring and Modelling Photovoltaic Soiling in Leonardo Micheli*
an Urban Environment
218 A Critical Review of Nigerian Electricity Policies Justicia Otobo*; Rusdy Hartungii; Abouzar
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219 Integrating Risk Assessment into the Optimal Oscar Gomez*; Luia Gallego; Carlos Zapata
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tion to a Case Study Pennisi; Daniele Enea; Aurora Bondi
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Analysis of wind energy production offshore in a
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Abstract— Portugal and Spain share the same electricity
market (MIBEL One of the main objectives of this association is
to be able to negotiate energy on the international market with
advantages for both countries. At the beginning of 2021, with
the adoption of decarbonization targets, Portugal
decommissioned all coal-fired thermal units. These
deactivations pose some challenges to the transmission system
dispatch operator. Portugal has a production based on a strong
hydro component and the year 2022 was one of extreme
drought. Adding to the drought scenario a simultaneous low
production of onshore wind occurred. Recourse to thermal
production based on natural gas and import were the only
resources currently available. In view of the worldwide supply
crisis with high natural gas prices, the price of energy has risen
sharply and energy import has power limits that cannot be
exceeded. This paper aims to create a scenario of future
generation needs based on offshore wind generation to respond
to years of low and very low hydropower production.

Keywords—  Off-shore production, System operator,
Transmission network, Load diagram, Thermal limit, Power
System.

L.

The energy production in Portugal is based on a strong
component of renewable energy. In a scenario of extreme
drought, as was the case in 2021 and early 2022, Portugal
became very dependent on energy import and thermal
production based on natural gas.

The recent energy crisis in 2021 resulted in a "vertiginous"
rise in natural gas prices and the consequent impact on
thermal generation, putting pressure on electricity prices in
wholesale markets. To illustrate these increases, figure 1
shows the evolution of spot prices of electricity in the main
European markets [1].

In the wholesale markets, electricity prices in the 2021
crisis are much higher than in the 2008 crisis. The average
price in September 2021 in Portugal was 156 €/ MWh, while
the average price of the worse month in 2008 was no more
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than 76 €/MWh.
This growth in wholesale prices occurred in most of the
European electricity markets (Fig.1).
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Fig.1- Evolution of the average monthly electricity price in the main
European markets [1].

Also in Figure 1, the influence of the "price adjustment"
through the Iberian mechanism of decoupling the price of gas
from the price of electricity to Natural Gas producers,
imposed by the governments of Portugal and Spain [2], is
represented by dashes. This mechanism imposes a cap on the
price of energy, with a direct reduction in the price of MWh
for the year 2022.

The year 2022 was a year of drought for the Iberian
Peninsula, particularly in mainland Portugal. As a
consequence of the unavailability of hydro and the
deactivation of coal-based thermal units during the year 2021
[3], there was an increase in thermal production using natural
gas, as well as energy import, with the interconnections
reaching the maximum value agreed between the two



countries.

Analyzing the energy exchanges between Portugal and
Spain (MIBEL) and between Spain and France (EPEX-FR),
it can be seen that Spain, even in a drought year, was an
exporter of electricity (fig. 2) [4].

Negative values indicate an energy export balance from
Spain to the other countries.

Month balance of Electrical Energy in the interconnections Export/Import (Spain) during 2022
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Fig.2. Cross-border exchange balance with Spain (MWh).

Figure 3 shows the evolution of average annual exports
between 2013 and 2021 among Spain, Portugal, and France,
as well as the average annual values of the spot market
(MIBEL ¢ EPEX-FR).

Annual Balance of Electrical Energy in the interconnections Export/Import (Spain) - Annual average price of the Spot market
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Fig.3. Global exchanges from Spain between 2013 and 2021 balance
with Spain (MWh).

The exportation from Spain to the French market occurred
following the French nuclear crisis [5] (Fig.4). Namely the
low cooling capacity of the units due to the increase in river
temperatures and maintenance work of the units [6,7]. Figure
4 shows a clear decrease in nuclear-based production, despite
this technology being the one with the largest percentage of
production for consumption in France [8].

This decrease in production using nuclear technology
together with the energy crisis led to an increase in the
average price of energy in the spot market (Fig.4).

The major production of energy in France is nuclear
(Fig.4). During 2021 there was a decrease in this type of

production, however, in view of the gas supply crisis, this
energy transition process is somewhat "suspended", leading
to a demand for nuclear solutions, particularly with the
approach of winter and the consequent increase in energy
demand. [7].

o Monthly Nuclear Production as a percentage of total production from 2010 to 2021
o
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Fig.4. Percentage of nuclear production in France from 2010 to 2021[7].

Thus, in 2021, Spain was an energy exporter in a global
overview. The average value involved in these transactions
reached practically 900.6 M€ during 2021 excluding exports
between Morocco and Andorra which, given the size of the
market, are residual [8].

This paper aims to analyze how offshore wind production
can contribute to the need of consumption in a scenario of
extreme drought.

11. INSTALLED POWER BY TECHNOLOGY- LOAD PEAK
DIAGRAM.

As a result of decarbonization, the Iberian Peninsula
decided the deactivation of coal-based thermal units. Portugal
completed this goal in 2021, Spain has not yet concluded this
reconversion process.

The installed power in Spain and Portugal in renewable
resources is 66% of the total installed power of the system
(Fig.5) [3, 4]. The production with natural gas is not included
in the renewable production.
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Fig.5. Total installed capacity by technology year 2022 - MIBEL.

There is a strong commitment by governments with the
renewable component in the [berian Peninsula. The trend will
be for the renewable component to increase significantly in
the coming decades.

Analyzing the Portuguese case, the overall installed power
reaches almost 50% of the installed power (Fig. 6), which
gives the system a very high safety level under normal
operating situations.
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However, this level of installed power may not be so
relevant depending on the level of penetration of renewable
energies, namely the hydro and wind components, which
certainly adds some unpredictability in the case of wind
power and in years of drought when the hydro production
may be compromised.

Power installed by technology in Portugal from 2011 to 2021
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Fig.6. Total installed capacity in mainland Portugal between 2011 and
2021.

Analyzing the energy production along the period from
2018 to 2022 (Fig.7) we see that in Portugal the energy based
on coal production was abolished in 2021, having an increase
in photovoltaic production. The energy based on wind
onshore production is stabilized as well as the potential of
hydro production. It remains, for Portugal, to explore the
offshore side of wind generation.

Monthly energy produced in Portugal from 2018 to 2022
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Fig. 7. Energy produced in Portugal between 2018 and 2022.

During the year 2022, an extreme drought situation was
experienced. The hydroelectric production in Portugal
decreased drastically (Fig.8), simultaneously with a decrease
in wind power production, also unexpectedly, which had
repercussions on the way the natural gas-based production
had to be used.
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Fig. 8. Energy produced and global consumption in Portugal in 2022.

Moreover, a drought year such as 2022 associated with low
wind production implied an increase in imported energy. As
can be seen in Fig.8, energy imports in February reached the
highest recorded in the period between 2018 and 2022. This
import value, by itself, was not a problem, however in this
month, as we will analyze in the next chapter, Portugal was
at the limit of the maximum instantaneous power allowed in
the interconnections, which could present problems for the
network operator if there were interruptions in the network
[9].

After analyzing the corresponding months based on wet
weather stations, we concluded that the production based on
renewable suffered a sharp decrease in February 2022. It was
estimated that the deficit in monthly hydroelectric production
(February 2022) was around 15% compared with the same
period in the previous year, being estimated at around 2000
GWh.

To add to this value and in view of the drop in wind
generation, which was estimated at around 300 GWh, there
was a total of 2300GWh that was "withdrawn" from the
production system when compared with a similar period of
the previous year.

III.  INTERCONNECTION NETWORK AND ISTANTANEOUS
POWER LIMITS.

The Iberian peninsula is interconnected with France and
Morocco being the highest power connections with France. It
is through the interconnection with France that the
interconnections with the European market are established.
These are made with voltages of 400kV, 220kV and 130kV,
according to Fig. 9.
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Fig. 9. Map of interconnections Portugal-Spain-France-Morocco [5].

It is now interesting to analyze the interconnections
between Portugal and Spain (left side of the figure 9). The
Portuguese electricity system is connected to the Spanish
electricity system through 10 transmission lines, one of which
is the lowest voltage line (the only one at 130 kV) being
normally disconnected (Table 1). In addition to the maximum
power values, the power operators establish an instantaneous
power ceiling for each calendar year. For the year 2022 it was
established 5000 MVA (Fig. 10) [9].

MWh
6000

Importacao

4000 Wm

2000

0

Table 1 - Maximum power values at interconnection points
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Fig. 10. Values of Instantaneous Power recorded in the interconnections
between Portugal and Spain between 19 and 25 February 2022 [8].

In figure 10 it can also be seen that during the month of
February this maximum was practically reached between 20
and 22 February 2022. Bearing in mind the thermal limit of
the interconnections (Table 1), in the eventuality of an
unexpected disconnection, the transmission network operator
could experience a conditioned situation [9].

IV. OFF-SHORE WIND POTENTIAL DAILY ENERGY PRODUCTION
ESTIMATE

Portugal has an oceanic coast with a very favorable wind
potential as the winds can reach an annual average of more
than 8ms™'. However the exploitation in deep waters raises
the costs and the technological constraints associated.
Nevertheless, for relatively short distances from the coast,
less than 30km, it is possible to establish an HVAC
connection [10], thus reducing the interconnection costs.
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Voltage Interconnection Interconnection Interconnection
#1 (MVA) #2 (MVA) #3 (MVA)
Alto Lindoso- Cartelle 1 | Alto Lindoso- Cartelle 2 | Lagoaca-Aldeavilla
Summer | Winter | Summer | Winter | Summer | Winter
400 kV 1499 1706 1499 1706 1469 1706
Voltage Interconnection Interconnection Interconnection
#4 (MVA) #5 (MVA) #6 (MVA)
Falagueira-Cedillo ¥ | Alqueva-Broalves * Tavira-Guzmén *
Summer | Winter | Summer | Winter | Summer | Winter
400 kV 1386 1386 1280 1386 1386 1386
*Whit limitations
Voltage Interconnection Interconnection Interconnection
#7 (MVA) #8 (MVA) #9 (MVA)
Pocinho- Aldeavillal | Pocinho- Aldeavilla2 |  Pocinho-Saucelle
Summer | Winter | Summer | Winter | Summer | Winter
220 kV 374 435 374 435 360 430
Voltage Interconnection
#10(MVA)
Lindoso-Conchas **
Summer | Winter
130 kV 90 131

** Normaly Open

Portugal has reached its onshore wind potential and thus the
possible solutions to reinforce the installed capacity go
through reinforcing the power of the current farms and, more
interesting, the already exploitation of off-shore wind
potential in deep waters. Portugal already has two projects: a
European pioneer project (Windfloat) with 2MW of installed
power at Viana do Castelo [11]. A second project, located
also at the same site, increased to 25SMW the installed power
[12].

With energy costs rising, the economic viability of deep-
water wind farms is very positive. In the case of Portugal, the
bathymetric depth off Viana do Castelo is 100m deep at a
relatively short distance from land <30km. The good
prospects with the first project is to be seen as a possibility
for the exploitation of this resource.

With this paper we intend to analyse the solution of an off-
shore wind exploitation evaluating its impact in an extreme
drought scenario as was the case in February 2022.

Although in the form of a rough estimation it is possible to
resort to Wind Atlas [13] so that, in a simplified way, it is
possible to analyze the wind power of the coastal area near
Viana do Castelo which is the northern point more favorable
to this type of exploitation.

Using this information and for the month of February 2022,
a distribution of the mean daily wind speed at a height
between 100 and 150m was estimated (Fig.11) [13].

Figure 11 presents the daily offshore wind profiles in two
scenarios being a more conservative one. It also presents the
comparative scenarios for the offshore and onshore wind,
where we note the differences in average speeds, being the
offshore scenario of more regular winds and higher average
speed. A very enhancing factor is that the speeds throughout
the year are in opposition. During the summer the speeds are
higher in the offshore situation which alternating between
offshore and onshore allows a continuity throughout the year.
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Fig. 11. Average daily speed profile considered taking into account the
wind profile.

This daily profile undergoes changes depending on the
season of the year, being the most favorable period the
summer, due to the heating of the Iberian Peninsula favoring
the maritime wind in this season of the year.

Thus, it was possible to estimate the average wind speed
profile for an average day in February. In this way it was
possible to estimate a daily energy production per turbine.

If we consider one offshore Park with 3 Turbines with a unit
turbine power of 7.5MW (ENERCON- E126) [14] (Fig.12),
makes a total of 22.5MW of installed power in a park.

Calculated Power curve- E-126 Enercon

KW C,p- Power coefficient
8000 0,6
7000 0.5
6000

5000 0.4
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3000 02
2000

1000 0.1

0 0
1 3 5 7 9 11 13 15 17 19 21 23 25
hour

Fig. 11. Characteristic of the wind turbine considered ENERCON E126

The daily production in February, according to the ideal
wind conditions, allows reaching a value of about 19 GWh
per day (Fig. 12), which makes 532GWh for the month of
February in average terms. For three wind turbines
production it could reach 1596GWh.
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Electric Power response - E-126 Enercon with a

ms! conservative average offshore wind speed profile KW
6.8 1200
E B
6,6 / N
1000
6.4 A N
6,2 800
6
600
5,8
5,6 400
5,4
200
5.2
5 0

1234567 89101112131415161718192021222324
hour

Fig. 12. Electric Power response - E-126 Enercon with a conservative
average offshore wind speed profile.

For a scenario where the average offshore winds are higher
it is possible to reach a daily production per turbine of
48GWh, which for February and a park with three turbines it
is possible to reach about 4032GWh.

The conservative scenario of this production applied to the
month of February 2022, where a critical supply scenario
existed, would allow the pressure on imports and on natural
gas production to be relieved. In Figure 13 this simulation and
its impact are simply schematized.

Month of February 2022

—————, Scenario 2 witha decrease on the imports
and natural gas production.

Wind Production F \&ewio 1 with offshore production with

only a decrease in imports

Imported energym

Water Production i

Coal

[
Natural Gas L Verlfied cenario without offshore
production

-1000 0 10002000 3000 4000 5000 GWh

Fig. 13. Production conservative scenario with the introduction of off-
shore wind generation.

In the following chapter, a brief economic evaluation of the
potential investment in the construction of this type of
infrastructure will be carried out.

V. BRIEF ECONOMIC EVALUATION OF THE INVESTMENT

To understand the sustainability and economic viability in
the construction of the off-shore wind farm, different criteria
can be used based on budgets for the investment project at
stake, the end of its life and the time that it takes to recover
the original investment. Whether through the Net Present
Value (NPV), the Internal Rate of Return (IRR), the
Profitability Index (PI), or the Payback Period (PB), the
common denominator consists of confronting the amount of
capital invested with the operating cash-flows arising during



the project period [14].

Costs calculation usually assumes the prediction of two
types of costs that vary depending on the distance of the park
from the coast and the water depth considered: investment
costs and operation and maintenance costs [15].

Regarding the return on capital investment, by taking into

account the two predicted production scenarios and assuming
that the energy price in force in February 2022 was around
250€/MWh, makes a daily revenue ranging from EUR 14.25
million to EUR 36 million for a park with three turbines.
It is therefore concluded that for this off-shore wind project
to be viable, the estimated costs should be such as to enable
a positive NPV, a PI greater than 1 or a PB less than the
lifetime of the project.

VI. CONCLUSIONS

The recent energy crisis associated with a year of extreme
drought poses several questions to the production system like
the Portuguese, which is highly dependent on renewable
energies. Energy prices reached record values, due to the
increase in natural gas prices as a result of the current
instability of the spot markets. In addition, Portugal made a
clear bet when removed from its production mix all
production based on coal. Thus, in a critical situation of
extreme drought, it has direct consequences on the power
installed in the Portuguese system, which may lead to stress
situations, namely when the import power limit is reached. It
remains for Portugal to exploit offshore wind farms. The
Atlantic coast is very favorable in terms of wind potential.
However, the disadvantages of deep water pose technological
challenges associated with this type of exploration at very high
cost. However, with the current price of energy in the spot
market, this type of exploration is becoming viable. In this
paper we tried to show through a simple simulation that this
type of offshore wind exploitation would contribute to the
resolution of problems of production shortages in extreme
drought scenarios.
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