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The Republic of Poland

Poland is a country in Central Europe.

It extends from the Baltic Sea in the north to the
mountains in the south.

Bordered by Lithuania and Russia to the northeast,
Belarus and Ukraine to the east, Slovakia and the
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National Centre for Research
and Development

The National Centre for Research and Development

New technologies in the field of Energy: The specific objectives of the program are:
The main goal of the program is to support the
achievement of Poland's climate neutrality by
implementing solutions increasing the country's energy
security and increasing the competitiveness of the
Polish economy.

l. increasing the potential of the renewable energy industry
(including prosumers and flexible + prosumers (flexumers));

Il. development of intelligent grid infrastructure (energy);

[ll. lowering the emissions of the energy sector by increasing the

As a result, the share of energy from renewable sources use of biodegradable raw materials and waste products.

in the overall energy mix of the country will increase by
20-50% (compared to the level from 2020)

The program was established for years 2020-2029

The allocation for the program is:

PLN 800 million =

=EUR c. 184 million (for 1 PLN=c¢. 0.23 EUR) =
=OMRc. 80 million (for1PLN=c.0.1 OMR)

Source: https://www.xe.com/currencyconverter/convert/?Amount=800000000&From=PLN&To=0MR Source: https://www.gov.pl/web/ncbr-en/new-technologies-in-the-field-of-energy
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> National Centre for Research

\/ and Development

New technologies in the field of Energy:

1

* % %
*

*
*
*

= European
- Commission

The strategic national and European goals in the program will be
achieved through the implementation of research and development
tasks with high innovative potential and a high level of technology
advancement (TRL 8 - 9) in the following 6 technological areas:

.:

T

*
*
*

The national energy and climate plans (NECPs) were

T1. Solar energy; introduced by the Regulation on the governance of the energy
T2. Onshore and offshore wind energy; union and climate action (EU)2018/1999, agreed as part of the
T3. Technologies for the production and use of hydrogen; Clean energy for all Europeans (adopted in 2019).
T4. Energy storage and energy and heat microgrids;
T5. Energy use of waste and heat from post-process gases; The national plans outline how the EU countries intend to
T6. Energetic use of geothermal heat (geothermal). address the 5 dimensions of the energy union:
v' decarbonisation
v energy efficiency
v energy security
v' internal energy market
v’ research, innovation and competitiveness
Source: https://www.gov.pl/web/ncbr-en/new-technologies-in-the-field-of-energy Source: https://energy.ec.europa.eu/topics/energy-strategy_en
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WUT: Facts & Figures

*in 2021 according to the Polish university ranking, led by
the Perspektywy Foundation

The best
technical
university

in Poland Third place

among all
universities
in Poland

| ~ ~ Warsaw University
%/ of Technology
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Number of students:

16

Number
of doctoral
students:

WUT: Facts & Figures

Number ﬁj:‘x f’a::i:‘;a%\ Number of Number of faculties
of fields of ) x) f:! | W fields of study
study: /ﬁ/ | ﬁ },l conducted in

i O English

136 487 m=-......
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articles
published

including 1828
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WUT: Facts & Figures

partners

with whom letters of intent,
agreements and contracts
on international cooperation
were signed



Strategic impact fields

— Scientific foundations: Nature and
- apparatus of its description
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Sustainable industry, materials and
production processes

@ A healthy, balanced living environment
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Wisdom, Development,
Passion & Commitment

WUT students often combine their studies
with their interests, associating themselves in
research clubs, student unions and various
associations.

Over 150 student research clubs operate at
our University. Student satellites PW-Sat2 and
PW-Sat3, rockets, robots, aerial

vehicles, autonomous vehicles, electric
bolides, mobile and web applications are just
some of the projects implemented recently by
our students.
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Maria Sklodowska-Curie of the Nobel Prize Winner

in WUT’s Main Building Large Aula Home of Maria Sklodowska-Curie in Warsaw

https://www.mmsc.waw.pl/en/
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Mieczystaw Wolfke (29 May 1883 - 4 May 1947) was a Polish

professor at the Warsaw University of Technology,
the forerunner of holography and television.

He discovered the method of solidification of helium as well as two types of

physicist,

liquid helium.

more than ideas

@ European Physical Society

2022 is the Year of Mieczyslaw Wolfke in Poland

In Poland, 2022 has been announced as the year of
Mieczyslaw Wolfke by Polish Physical Society.

In 1920 he published the first ever idea of two-step
imaging which is today treated as a pioneering
work in holography.

In 1927 together with Willem Keesom in Leiden (NL)
he discovered a new form of liquid helium, which
later was turned out to be superfluid.

Official website for the celebrations:
https://wolfke.fizyka.pw.edu.pl/en

Article about Wolfke for Photonic Letters of Poland:
https://doi.org/10.4302/plp.v13i4.1107

Source: https://www.eps.org/blogpost/751263/458577/2022-is-the-Year-of-
Mieczyslaw-Wolfke-in-Poland
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Reviews J. Evers, R. Staudigl et al.

Czochralski's Creative Mistake: A Milestone on the Way
to the Gigabit Era

Jiirgen Evers,* Peter Kliifers, Rudolf Staudigl* and Peter Stallhofer

CI U I: h[ ﬂ. ]. Ek.i MB t h ﬂd ﬂf C f? S t al G I'ﬂw t h ] ] 9 l 6 Dedicated 1o Professor Heinrich Noth on the oceasion o)

Keywords:

I[EEE MILESTONE

[ his 75th birthday

In 1916, Jan Czochralski inyented a. method of crystal growth used to obtain
single crystals of semiconductors; metals, salts and synthetic gemstones during
his work at AEG in Berlin, Germany. He developed the process further at the
Warsaw University of Technology, Poland. The Czochralski process enabled
development of electronic semiconductor devices and modern electronics.

November 2019

& IEEE

The IEEE Milestone is the highest-ranking honor and the most important IEEE

award given to authors for discoveries and inventions of global significance to @ I E E E
the development of humanity worldwide. Adp;'nﬂ'ng Technology
"Milestone" symbolizes epochal discoveries and has been awarded to such for Humanity

explorers as Edison, Marconi, Tesla, Bell and other outstanding inventors.

https://ethw.org/Milestones:Czochralski_Process, 1916 https://www.ieee.org/
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Faculty of Electrical Engineering of WUT - Industry cooperation
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Warsaw University of Technology + Faculty of Electrical Energy +
Industrial Electronics Division

Warsaw University of Technology
Faculty of Electrical Engineering

Institute of Control and Industrial Electronics

Director — Andrzej Dzielinski, Prof. Dr.Sc. Ph.D.
Deputy Director for Science and Research — Jacek Rgbkowski, Dr.Sc. Ph.D. Prof. of University
Deputy Director for Education - Piotr Fabijanski, Ph.D.

Control Division Industrial Electronics Division Electrical Drive Division
Head — Marcin Iwanowski Head — Marek Jasinski Head — Bartlomiej Ufnalski
P w Dr.Sc. Ph.D. Prof. of University. Dr.Sc. Ph.D. Prof. of University Dr.Sc. Ph.D. Prof. of University

ISIEP
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Industry Projects

Focused on
cooperation with the
industry and

implementation

Research and
Development
Projects

Focused on new ideas
and future possible
applicationsin the
industry

Educational Projects

Focused on academia
needs, academic staff
and students
excellence



Selected Research Projects and Challenges in the -

Securing the Future:

Cybersecurity Strategies for
Renewable Energy Systems and
Their Impact on Power Market Stability
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Role of the:

1) Telecommunication and information
processing

World
Telecommunication
and Information
Society Day

It

|

2) Energy conversion gressicanie and | 'lg[ Digital innovation
ProcessIiNg (przetwarzanie) | * for sustainable

3) Smart grids and energy storage’s ||| development

4) Safety, reliability and resilience || (I

5) Society and sustainability / I

6) Impacton power marketstability [l

7) Summary and conclusions
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POLSKIE TOWARZYSTWO INFORMATYCZNE

The Polish Information Processing Society, PIPS (Polskie Towarzystwo Informatyczne, PTI)

https://pti.org.pl/eng/
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,areen Energy” -
more possibilities or
threats?

Information and Energy Technologies (IT+ET) =
Smart Power Electronics Converter (SPEC)

Marek Jasinski
Warsaw University of Technology
Faculty of Electrical Engineering

POLSKIE TOWARZYSTWO INFORMATYCZNE www.sdsi.pl
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Cybersecurity Strategies for Renewable Energy Systems and Their Impact on Power Market Stability

1)  Telecommunication and information processing

Information Technology in Power Electronics or rather Power Electronics in X Technologies? SR EE

—
_

Add-ons for
Interoperability & Reliability

Needed evolution in PE systems architecture, Source:
Radha Krishna Moorthy, ORNL/US DOE.

Development of Power - e

Electronics Systems in -

Industrial and Automotive / o v 5
EnVil‘OllmentS a il =3 P. P. Khargonekar et al., "Climate Change Mitigation, Adaptation, and Resilience: Challenges and

Opportunities for the Control Systems Community," in IEEE Control Systems Magazine, vol. 44, no. 3,

by Radha Sree Krishna Maorthy and Madhu Chinthavali

pp. 33-51, June 2024, doi: 10.1109/MCS.2024.3382377.
by Darko Vracar
i e i i keywords: {Climate change;Carbon emissions;Human factors;Greenhouse gases;Government
D. Vracar, "Development of Power Electronics Systems in Industrial and R.S. K. Moorthy a”‘ljl M. Chinthavali, "Building the Electric Power Grid policies;Control systems;Meteorology;Renewable energy sources;Optimization methods;Control
Automotive Environments," in IEEE Power Electronics Magazine, vol. 11, no. ~ One UnitataTime," in IEEE Power Electronics Magazine, vol. 11, no. systems;Resilience;Sustainable development;Market opportunities;US Department of Energy;Wind
2, pp. 46-51, June 2024, doi: 10.1109/MPEL.2024.3397153. 2, pp. 26-33, June 2024, doi: 10.1109/MPEL.2024.3393188. power generation},
keywords: {Renewable energy sources;Low voltage;Tutorials;Power keywords: {Procurement;Power conditioning;Wind;Technological
electronics;Hardware;Product development;Complexity theory}, innovation;Renewable energy

sources;Architecture;Standardization},
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1)  Telecommunication and information processing

Information Technology in Power Electronics or rather Power Electronics in X Technologies?

B y J
INstrumentation .
mMmeasurementsy '
—
Sebastian Bader and Bengt Oelmann '<g
/
J C E 3 ,: Target r/min ‘E
The Challenge of Designing Energy Harvesting Sensor Systems Tt — SR
i"AcHE [ pope . : i E
Energy ! P : Electrical ! i 4 |
source sonversion | eonversion Load T & i :
Power Management Unit ; H Environment E
! ¥ State !
Energy ‘E 5 3 Throttle E
x " Simulink Physi :
Storage ! i1 Drive's /min m :
Fig. 1. Overview of an energy harvesting system with its key components. E Physical Part 5 ; Cyber Part E
FIGU 1. Arepresentation of the cyberphysical system.
A. RassSlkin, P. Marsimnins, A. Stupdris, v. KjdSIKOV, A. SETIEIUS dllU V. RULS, [11€ Spalidl REpieseritatiunl
S. Bader and B. Oelmann, "Instrumentation and Measurement Systems: The Challenge of of a Self-Driving Vehicle for the Virtual Entity of a Digital Twin," in Computer, vol. 57, no. 5, pp. 58-66, May
Designing Energy Harvesting Sensor Systems," in IEEE Instrumentation & Measurement 2024, doi: 10.1109/MC.2023.3319108.

Magazine, vol. 27, no. 4, pp. 22-28, June 2024, doi: 10.1109/MIM.2024.10540407.
keywords: {Propulsion;Digital twins;Standards;Electric vehicles;PD control;Adaptive control;Error
keywords: {Condition monitoring;Power supplies;Area measurement;Sensor analysis;Spatial resolution;Autonomous automobiles},
systems;Real-time systems;Environmental monitoring;Business;Low-power
electronics;Energy consumption;industrial power systems;Energy harvesting},



Digital Twins IT+ET = Safety and Resilience?

Digital Twins for Modern Power Systems

Source: Digital Twins for Power Systems | Hardware-in-the-Loop | OPAL-RT

Source: D. Vinnikov, "Students & Young Professionals of the IEEE Industrial Electronics Society (IES) at the 24th IEEE
International Conference on Industrial Technology 2023: It Is Also a Strategic Priority of IES for the Next Decade!
[Students and Young Professionals News]," in IEEE Industrial Electronics Magazine, vol. 17, no. 3, pp. 103-104, Sept. 2023,
doi: 10.1109/MIE.2023.3297351.

34

Students & Young Professionals of the IEEE Industrial Electronics
Society (IES) at the 24th IEEE International Conference on
Industrial Technology 2023: It Is Also a Strategic Priority

of IES for the Next Decade!

irst, I would like to stress my
thanks to Harindra Sandun
Mavikumbure, Victor Cobilean,

Hani Vahedi, Marek Turzyriski, Milos
Manic, and Marek Jasinski, who were

Digital Object Identifier 10.1109/MIE. 2023 3297351
Date of current version: 20 September 2023

involved in the process of the Stu-
dents & Young Professionals (S&YP)
seminar preparation.

S&YP represents society's fu-
ture leaders and innovators. The
IEEE Industrial Electronics Society
(IES) S&YP Activity Committee (IES
S&YP-AC) actively supports them by

providing necessary guidance, men-
torship, and resources. Moreover, the
IES S&YP-AC hosts a variety of events
aimed at helping students and young
professional members stay connect-
ed in the IES community. Included
in these events are the Student Fo-
rums, regularly organized during the

Digital Twins
for Modern Power Electronics

vins
r Electronics

[
P s

Digital Twins
dern Power Electronics

¢

FIGURE 1 — Warm greetings from Dr. Marek Jasinski, IES SYPA chair; Dr. Antonio Luque, VP of membership; and Dr. Mariusz Malinowski, IES president.



Capacity

Digital Twins IT+ET = Safety and Resilience? Reservations

Available Capacity in
This Specific Point

206 kW

4§ 2023-08-04 09:00}

Capacity Map, 08/04/2023

Figure 3. Example of the use of the digital twin for the analysis and management of avail-
able network capacity.

n ©

Voltage/Power Efror Detector — Node Voltage
i 2 i Line Powers
R I T ] G = Constraints - t Actuator Elem”cal
- d . eques nergy )
ea I me rl Input Reference — Conieliet Control Signal Actuating OQutput Variable
- — - or Ot DSO Flex Management System Signal or Gther
Digital Twins . ®
Constraints Sensor Variables
e
oltag S ing Flexibility Activation j (
" Advanced Metering )
The backbone of the next generation of network technology ®  Control Measurement Infrastructure  System )Ic Grid

for distribution SYStem operators. Figure 4. General scheme of a flexibility management system based on the use of digital twins for the operation of the distribution network.

P. Arboleya and A. Méndez, "Real-Time Grid Digital Twins: The backbone of the next generation of network technology
for distribution system operators," in IEEE Electrification Magazine, vol. 12, no. 3, pp. 39-49, Sept. 2024, doi:
10.1109/MELE.2024.3423110.

keywords: {Urban areas;Electrification;Real-time systems;Digital twins;Solar panels;Vehicle dynamics;Solar heating},

35



Role of the:

1) Telecommunication and
information processing " Design aies

Energy conversion and processing 'Mplementat o=

Smart grids and energy storage’s  With a SYNDF woee
Safety, reliability and resilience Gr P

Impact on power market stability Bl

)
)
) 10
5) Society and sustainability S 741 7 N
)
)

K.Norman, B. Ren and Q. -C. Zhong, "Learning-by-Doing: Design and Implementation of a Solar

Summary and conclusions
Array Simulator With a SYNDEM Smart Grid Research and Educational Kit," in IEEE Power

P w Electronics Magazine, vol. 11, no. 1, pp. 47-54, March 2024, doi: 10.1109/MPEL.2024.3352209.
keywords: {Solar power generation;Power system control;Wind power generation;Centralized
control;Power electronics;Distributed power generation;Education;Renewable energy

I

SIEP sources;Power system dynamics;Vehicle dynamics;Smart grids;Electricity supply industry},



“*Is the AC/DC war ending now?
¢+ Czy zaczyna sie era symbiozy AC+DC?

HPBCEV- High efficiency and high-power density
bidirectional DC-DC converters

* Project financed by the National Research and Development
Center under the program 7th competition as part of the
Polish-Taiwanese Research Cooperation (2019 - 2024).

Iéj&ﬂﬂiﬁﬁ‘iméé.‘;

\Varsaw University / MOST 71558 NCBR» 9 TAIWAN TECH

National Centre for Research

of IGCthlOg)’ fstry o Science:and Technology Heckonm! Ouns e NATIONAL TAIWAN UNIVERSITY OF SCIENCE AND TECHNOLOGY

37 Source: https://www.isep.pw.edu.pl



Is communication between converters important?
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Is the role of Information Technology (IT) in Energy Technology (ET) important?

MCU + FPGA control board
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Are Modern Semiconductors important?

Mine Electrification
and Power
Electronics

The roles of wide-bandgap devices.

Wide-bandgap semiconductors (WBG)

Power Quality, Protection
and Stability Problems
1
1
1 Renewable Dominant
I (All Power Electronics,
: dc!)

1
1
1
Conventional !
~ 1
Generators, ac!

e e

I 1 L
s 2010 2023 2030 2050
(a) (b)

Figure 1. (a) Mining sites lead grid transformation with DERs and electrified trucks. (b) A rough time line of an intuitive prediction of the grid
transformation from ac to dc grid.
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Lo B8 g5 &P Sl 82 %5 80 30 887
s SRl -0 - % -0 - -= = mg%
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= s o B
s e
o)
(O]
40 Figure 2. The historical time line in PE switches. BJT: bipolar junction transistor; IGBT: insulated gate bipolar transistor; MCT: MOS-controlled

thyristor; SIT: static induction transistor; GTO: gate turn-off thyristor.
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Grid Decentralization

A unified controller for distributed energy
resource-dominated grid operation.
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Figure 7. A typical controller hardware in the loop set up to validate the unified controller operating modes utilizing a section of the IEEE 123
node system and Tl Delfino inverter control cards. Inv: inverter.
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Fig. 3. SiC MOSFET operates in essentially the same way as an ordinary silicon MOSFET. There is a source, a gate, and a drain. When “on,” |
electrons flow from a heavily doped n-type source through a gate where the electron charge modulates the flow of electrons, which then :
drift through a lightly doped bulk region before being “drained” through a conductive substrate. GaN’s main advantage is its extremely high
electron mobility. Electric current, a flow of charges, equals the concentration of the charges multiplied by their velocity. So, you can get a
high current because of high concentration or high velocity or some combination of the two.
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Guest Editor rise-of-carbon-dioxide/).
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2. Renewable power generation by technology in the Net Zero Scenario, 2010-2030 (IEA: https://www.iea.org/reports/
wable-electricity).
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Fig. 3. Role of electrical energy in the future electrification of society.
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Assumptions and goals

/(@ / Securing the Future: Cybersecurity Strategies for Renewable Energy Systems and Their Impact on Power Market Stability
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Development of product innovation: configurable and
controllable stationary energy storage units consisting
of scalable energy and converter modules with
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energy storage rrEL
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Fig. 25. Energy island with large-scale offshore wind farms, a P2X station on the island, and also power/energy connection to shore, which
I S E P can be done both electrically and by a gas pipeline (here, HVdc and hydrogen H2 pipeline). The P2X can also be located on shore. The
PROCEEDINGS OF THE IEEE APRIL 2023 VOL. 111 NO. 4 ac/dc/ac power conversion is shown on the island for the WT connection, but, in practice, it will be in each WT, and here, G represents a
synchronous generator.
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Energy Storage Systems and Their Impact on Power Market Stability

Assumptions and goals
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Assumptions and goals
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Patch Management & System (MES) This series of standards recognizes the unique requirements of industrial environments and

addresses the inherent challenges in securing them. Initially, IACS were not designed with

cybersecurity in mind. Their security largely hinged on physical isolation, a concept rapidly
Oo,j becoming infeasible in today’s interconnected world.
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Cybersecurity

NINY

The NIS2 Directive: A high common level of cybersecurity in the EU

The Network and Information Security (NIS) Directive is the first piece of EU-wide legislation on
cybersecurity, and its specific aim was to achieve a high common level of cybersecurity across the
Member States.

While it increased the Member States' cybersecurity capabilities, its implementation proved
difficult, resulting in fragmentation at different levels across the internal market.

* g Kk
COMPLIANT

https://www.europarl.europa.eu/thinktank/en/document/EPRS_BRI(2021)689333 https://www.gov.pl/web/cyfryzacja/walka-z-cyberzagrozeniami-wchodzi-w-nowy-wymiar

Warsaw University of Technology Institute of Control and Industrial Electronics / Faculty of Electrical Engineering




@ Electrical energy storages - types

Warsaw University of Technology Institute of Control and Industrial Electronics / Faculty of Electrical Engineering




LQ@ Energy storages - Hydrogen and Power Electronics

\/

Power Electronics for Off-Grid Gigawatt-Scale
Green Hydrogen: Challenges for Commercialization Green Hydrogen Productionfor Steel

Manufacturing—Architectures, Costs, and

% ez e P | Efficiencies Analysis Tool

Transport and

Production S Storage End-use
distribution g
Joao Onofre Pereira Pinto Marcio L. Magri Kimpara
4 . ) As energy source — Qak Ridge National Laboratory Qak Ridge National Laboratory
'..'f:io. Electrolysis J“ Tuhe tralters = Compressed gas, [ ] electricity and heating Kooeyille, T, ok ~noxyille, 1, bos
g & B @u \ liquified or materiai- pintoj@oml.gov magrikimparm@ornl.gov

based storage

B«ﬁ Powering automotive TABLEL  TYPES OF HYDROGEN PRODUCTION

Q

il ) % Pipelines

Steam reforming 05] _

§ Process Designator Ri:j;%:e Feedstock Residue
‘E On-site or bulk f
5 . storage

d- Liquid hydrogen B

\ Renewable energy Green Solar + Wind
tankers

Converter

Blast furnace

storage Hydrogen + Hydro Water Oxygen a) Blast furmace + converter

Yellow

Electrolysis

Hydrogen Solar only Water Oxygen
7o R - Pink
jl']&@ Grid balancing services Hydrogen Nuclear Water Oxygen .
Blue Natural co, ) [ i

| - ] Fermentation
9

Alternative ﬂ ”¥d7°g°“ refiichng Reforming |_Hydrogen Giid Gas (stored) E—— 1
methods P stations (HRS) Powering portable 8 Grey Grid Natural co, >
' J electronic devices Hydrogen Gas (released) @
_) Electric arc
furnace

Figure 1: Production to end-use of hydrogen

Hydrogen Direct Reduction

b) Direct reduction + electric blast furnace

Green HVd rogen: Cha“enges for Commercia “Zation - | EEE Smart Gr|d Fig. 1. Steel production processes based on [1]. (a) Conventional manufacturing

process. (b) Decarbonized manufacturing process.

|EEE Smarl Grid Pariners

. _ EWS J. 0. P. Pinto, M. L. Magri Kimpara, P. Kandula and M. S. Chinthavali, "Power Electronics for Off-Grid Gigawatt-
| G @_/ggggw“ cﬁf,‘t;, Systems (\} gﬂ;ﬁ‘;ﬂ Scale Green Hydrogen Production for Steel Manufacturing—Architectures, Costs, and Efficiencies Analysis
Sociaty R Tooll," 2023 IEEE Design Methodologies Conference (DMC), Miami, FL, USA, 2023, pp. 1-6, doi:

10.1109/DM(C58182.2023.10412585. keywords: {Costs;Monte Carlo methods;Production;Green

i@% g«”ﬁggggggi@ @ﬁs E ReliabililySociety

Powar & Energy Society” EFF“%E"E.’E!':J‘%E.';!?'Y

IEEE SA .. !

. s svic

Warsaw University of Technology ‘ Institute of Control and Industrial Electronics / Faculty of Electrical Engineering

hydrogen;Transformers;Power electronics;Steel;Green hydrogen;green steel;power system architecture;power
electronics;cost;efficiency;decision tool},




@7 Energy storages - Hydrogen and Power Electronics
=

Green Hydrogen: Challenges for Commercialization

TABLE IlI. DEFAULT PARAMETERS USED IN THE POWER ELECTRONICS GREEN
STEEL (PEGS) ANALYSIS TOOL

Power Electronics for Off-Grid Gigawatt-Scale
Green Hydrogen Production for Steel
Manufacturing—Architectures, Costs, and

Efficiencies Analysis Tool'
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N \‘ |
Ee=1]

a

Individual Cost and Efficiency
Power System Cast per
Component Kilowatt (USS) Efficiency
DC/AC converter 50.00 0.98
Thyristor-based
AC/DC converter S0 i
DC/DC converter 35.00 0.985
Diode-based AC/DC 21.00 0.96
converter
Transformer 20.00 0.95

TABLE IV. RESULTS OF THE POWER ELECTRONICS GREEN STEEL (PEGS)

ANALYSIS TooL

Inputs
Total power Power of Number of Battery power
(MW): 1500 electrolyzer | o ovstems: 10| (%): 30
: (MW): 10 YRLEIE: o
Outputs
Costipes Total cost Efficiency
Architecture subsystem (SM) (%)
(M) °

DFIG-AC-1 102.72 205.45 95.94
DFIG-AC-2 115.49 230.98 91.46
DFIG-DC 97.84 195.69 92.38
PMSG-AC-1 152.72 305.45 93.38
PMSG-AC-2 165.49 330.98 89
PMSG-DC 72.84 145.69 93.6
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Fig. 8. Electric circuit diagram shown as the output for the best option (the option
with the highest efficiency).
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Securing the Future: Cybersecurity Strategies for Renewable Energy Systems and Their Impact on Power Market Stability

Summary and conclusions

How to securing the future ?

1) Innovation needs interdisciplinary and sustainable effort

2) Education - promote engineering in our family live

3)  Supersecure T isimportant but not enough

4)  AllHi-Tech of our civilization needs electrical energy

5) Energy Technology (ET) is like a digestive system of our body

6) Clean and sustainable World is expensive but luxurious (normal)
7) Education, cooperation, and synergy in differences is crucial now.
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