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VYSKUM NA SLOVENSKU POMAHA
ZRYCHLIT TRANSFORMACIU ENERGETIKY

L'Jst,av elektroenergetiky a aplikovanej elektrotechniky STU, UMMS SAYV, spoloénost
SFERA, a. s. a Atos IT Solutions and Services s. r. 0. sa spolo¢ne od roku 2020 v ramci
Medzinarodného centra excelentnosti pre vyskum inteligentnych a bezpecénych
informacno-komunikaénych technoldgii a systémov (CE) zapojili do medzinarodnej
vedecko-technickej spoluprace v oblasti energetiky a informaéno-komunikacnych
systémov pri budovani inteligentnych sieti a decentralizovanych sustav.

Poziadavky na rychlost transformacie energetiky sa
zvysili

Pévodne evolu¢na stratégia transformacie energetiky v Eurdp-
skej Gnii planovana az do roku 2050, primarne zamerana na
zmiernovanie klimatickych zmien a zlepsovanie zivotného pro-
stredia, celi akatnej vyzve sa v ¢o najkratSsom case zbavit zavis-
losti na dovoze energetickych surovin a vybudovat sebestac¢ny,
ekologicky a dlhodobo udrzatelny model, ktory by zabezpecil
bezpecnu a spolahlivih dodavku energii za prijatelnych ekono-
mickych podmienok pre jej obyvatelstvo, verejnt aj podnikatel-
sku sféru.

To vytvara velky tlak na hladanie alternativnych rieseni, z kto-
rych sa javi vyuzivanie vyroby z obnoviteInych zdrojov a de-
centralizacia sustav s vyuzitim najnovsich technologickych moz-
nosti ukladania energii a digitalizacie procesov pre autonémne
riadenie a zabezpecenie interoperability sieti ako jedno z naj-

vyznamnejsich.

Aktivni odberatelia, energetické spolo¢enstva

a komunity vyrabajluce energiu z obnovitelnych
zdrojov ponukajui nové moznosti

Predmetom vyskumu projektu st decentralizované inteligent-
né siete (Mikrogridy), ktoré ponukaji jednu z moznosti rieSeni
transformacie energetiky a poskytujt pre aktivnych odberatelov,
energetické spolocenstva a komunity vyrabajtace energiu z obno-
viteInych zdrojov energie alebo biometanu.

Tiez vyspelé informacno-komunikacné systémy a technologické
zariadenia na ucel vyroby, dodavky, zdielania a uskladnovania
elektriny, ¢innosti agregacie a prevadzky nabijacej stanice alebo
vykonu inych ¢innosti ¢1 poskytovania inych sluzieb savisiacich
so zabezpecCovanim energetickych potrieb jej ¢lenov s cielom re-
alizacie environmentalnych, hospodarskych alebo socialnych ko-
munitnych prinosov, ktoré zvysia sebestacnost a odolnost sustavy.

Vyskum a vyvoj v oblasti modelovania a simulacie
mikrogridov (Digital Twin) a ich vplyvu na nadradenu
elektriza¢nu sustavu

Vytvaranie digitalnych dvojc¢iat mikrogridov ma vyznam pri op-
timalizacii prevadzky v existujucich decentralizovanych energe-
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tickych sustavach, ale aj pri navrhu novych, hlavne z hladiska
maximalizdcie prinosov a navratnosti investicii.

Cast tejto vyskumnej ulohy sa zameriava na optimalizaciu da-
tovych struktar prvkov elektrizacnej ststavy pre modelovanie
a simulaciu inteligentnych sieti s ich statickymi a dynamicky-
mi parametrami, spésobmi prepojenia, analyzou vonkajsich
vplyvov a vzajomnych interakcii v ustalenych a prechodovych
javoch vo vztahu k nadradenej elektrizac¢nej sastave s overenim
spolahlivosti algoritmov porovnanim s datami z laboratérnych
mikrogridov v laboratériu obnovitelnych zdrojov energie a La-
boratériu fotovoltiky FEI STU a na UMMS SAV.

V dalsej casti vyskumnej tlohy bol zostaveny pocitacovy model
inteligentnej siete (vratane roznych energetickych zdrojov, ve-
deni, zatazi, meracich a regula¢nych prvkov) a na tomto modeli
prebieha analyza nameranych elektrickych veli¢in, spracovanie
a vyhodnotenie kvalitativnych ukazovatelov elektrickej energie.
7 vysledkov analyz buda navrhnuté opatrenia pre predchadza-
nie nepriaznivym stavom v sieti aplikovanim vhodnych inteli-
gentnych meracich a riadiacich systémov.

Vyskum a vyvoj v oblasti optimalizacie synergie
vyuzivania energie z obnovitelnych zdrojov

a akumulaénych zariadeni v inteligentnych sietach
Této cast vyskumu sa zameriava na vytvorenie metodiky umiest-
nenia inteligentnych meracich systémov, ich minimalnych vy-
poctovych vlastnosti nevyhnutnych pre prevadzku a navrh me-
todiky hospodarneho vyuzivania energie vyuzitim vhodnych
obnoviteInych zdrojov (pre dana oblast), energetickych akumu-
la¢nych zariadeni a konfigurécie elektrickej siete. Tieto vysledky
povedu tiez k vyberu merania vhodnych elektrickych veli¢in pre
monitorovanie stavu mikrosiete a indikovanie moznych systé-
movych portch (pre on-line/off-line rezim).

Vyskum v oblasti ekonomického modelovania
decentralizovanych energetickych sustav a vyvoj
ekonomického modelu investi¢nej a prevadzkovej
navratnosti mikrogridu

Této aktivita projektu analyzuje ekonomické aspekty budova-
nia, prevadzky a vyuzivania komunitnych mikrosieti vratane
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nastrojov pre realizaciu vzajomného zactovania energie v pro-
stredi energetickych komunit. Na tomto zaklade sa navrhuje
architektira modelovacieho nastroja a $tandardy podporujice
realizaciu tychto funkcii.

Ekonomicky model mikrosiete analyzuje naklady na vybudo-
vanie a prevadzku (OPEX a CAPEX) verzus ekonomické vy-
hodnotenie navratnosti v kontexte moznosti tspor vyuzivania
vyroby z obnovitelnych zdrojov na vlastna spotrebu, zdielania
a uskladnovania energie v komunitach na principoch vzajomné-
ho zGctovania v mikrosieti, resp. vyuzitim agregacie pri ktorej
agregator zlucuje flexibilitu z viacerych odbernych miest a odo-
vzdavacich miest na aucel ponuky a predaja agregovanej flexibi-
lity na organizovanych trhoch s elektrinou.

Z vysledkov analyz prebicha navrh metodiky vypoctu navrat-
nosti investicii pri budovani decentralizovanych inteligentnych
sieti vratane ich vplyvu na zZivotné prostredie.

Garantom je medzinarodny vyskumny tim, zlozeny zo
Spickovych domacich aj zahraniénych vyskumnikov
Na tlohach vyskumu a vyvoja sa v tomto projekte podiela kva-
litny kolektiv vyskumnikov, vratane prenosu know-how $picko-
vych vedcov zo Slovenska, Ceskej republiky, Holandska a z Ta-
lianska. Projektovy tim mé vyvazené zastipenie od spickovych
vyskumnikov az po mladych zacinajicich vedcov. Vedenie
vyskumnych aktivit je v zodpovednosti sktsenych Spickovych
vyskumnikov. To je zarukou, ze logika a sp6sob navrhovanych
vedeckych postupov vychadza z dlhoro¢nej praxe kvalitnych
vyskumnych organizacii, navyse s realizdciou na modernej vy-
skumnej infrastruktare.

Zaver

Budovanie decentralizovanych inteligentnych sieti pontka alter-
nativu, ktord ma velky potencial pre riesenie budtcnosti energe-
tiky a jednoznacne prispeje k vytvoreniu komplexného energe-
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tického systému s mensou zavislostou na dovoze energetickych

surovin, odolnejsicho voci vykyvom trhu a prijatelnejSom pre
zivotné prostredie. Pred masovym nasadzovanim mikrogridov
je vsak potrebné vyriesit niekolko vyziev, na cast ktorych sa sna-
zi najst odpovede aj tento projekt. Verime, ze vystupy projektu
pomozu aktivhym odberatelom, energetickym spolocenstvam,
komunitdm vyrabajiucim energiu z obnoviteInych zdrojov a pre-
vadzkovatelom ststav zrychlit proces transformacie energetiky
a ¢o najskor dosiahnut ocakavané ciele.
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RESEARCH IN SLOVAKIA HELPS
TO ACCELERATE THE TRANSFORMATION
OF THE ENERGY SECTOR

Since 2020, as part of the International Centre of Excellence for Research of
Intelligent and Secure Information-Communication Technologies and Systems

(CE) project, the Institute of Power and Applied Electrical Engineering of

the Slovak University of Technology, the Institute of Materials & Machine

Mechanics of the Slovak Academy of Sciences, the company SFERA, a. s. and

Atos IT Solutions & Services s. r. 0. have been jointly engaged in international
science & technology cooperation in power engineering and information-
communication systems for building intelligent networks and decentralised systems.

Increased requirements on the speed of transformation
of the energy sector

Originally, an evolutionary strategy for the transformation of the
energy sector in the European Union, scheduled until 2050 and
primarily focusing on mitigating climate change and environment
improvements, now faces the current challenge of how to get the
countries rid of their dependence on the imports of energy raw
materials at the shortest possible time and to build a self-sufficient,
and environmentally friendly model that would be sustainable
on a long-term basis and ensure secure, reliable and affordable
energy for their inhabitants, as well as the public and business
sectors.

This exerts a huge pressure on us to look for alternative solutions,
from among which one of the most relevant alternatives appears
to be the utilisation of renewables-based energy production and
decentralisation of systems with the use of latest technology advances
in energy storage and digitalisation of processes for the autonomous
management and interoperability of networks.

Prosumers, energy communities and renewable energy
communities offer new opportunities and options
Subject to the research going on under this project are decentralised
smart grids (microgrids), which offer one of the possible solutions
for the transformation of the energy sector and provide a basis
for prosumers, energy communities and renewables-based or
biomethane-based energy communities.

Also,
technology equipment for the production, supply, sharing and

advanced information-communication systems and
storage of electricity, the aggregation and operation of charging
stations, and/or the performance of other activities or rendering
of other services associated with the satisfaction of energy needs
of their members with a view to accomplishing environmental,
economic or social benefits for the communities, which will enhance

the system’s self-sufficiency and resilience.
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Research & development in the area of microgrid
modelling and simulation (Digital Twin) and their impact
on the superordinate electricity transmission system
The establishment of microgrid digital twins is relevant both for
the optimisation of operation of the existing decentralised energy
systems and for the design of new ones, especially in terms of the
maximisation of ’benefits and the return on investment.

One part of this research task is focusing on the optimisation of
data structures of elements of electricity transmission systems for
the purposes of modelling and simulation of static and dynamic
parameters of smart grids, their interconnection modes, the analysis of
external impacts and interactions of stable and transient phenomena
in relation to the superordinate electricity transmission system,
including the verification of reliability of algorithms by comparing
the data relating to laboratory microgrids in the Renewable Energy
Sources Laboratory and the Photovoltaics Laboratory at the Faculty
of Electrical Engineering and Information Technology of the
Slovak University of Technology (FEI STU) and at the Institute of
Materials & Machine Mechanics of the Slovak Academy of Sciences.
Another part of the research task involves the compilation and
running of a computer model of a smart grid (including various
energy sources, lines, loads, measurement & control instruments) in
order to conduct the analysis of metered electricity values, as well as
the processing and evaluation of electric power qualitative indicators.
On the basis of such analysis, there will be proposed measures to
prevent adverse conditions of the grid through the application of
appropriate meter & control solutions for smart management.

Research & development in optimisation of synergies
from the use of renewable energy sources and energy
accumulation equipment in smart grids

This part of research is focusing on the development of
methodology for placing the smart metering devices, the minimum
computing properties necessary for their operation and a proposed
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methodology for cost effective employment of energy with the
use of suitable renewables (for the given geographic area), energy
accumulation equipment and the electric grid configuration.
These results will also lead to the selection of suitable measurement
parameters for monitoring the status of a microgrid and indication
of potential faults in the microgrid (for both on-line/off-line modes).

Research & development in economic modelling of
decentralised energy systems and the elaboration of an
economic model for determining the return on investment
in a microgrid and the cost effectiveness of its operation
This project activity is to provide for the analysis of economic
aspects of building, operating and utilising the community
microgrids, including the implementation of energy settlement
in the environment of energy communities. On this basis, the
architecture of the modelling tool and standards facilitating the
performance of those functions are under preparation.

Such economic model of a microgrid is to analyse the costs of
building and operation (CAPEX and OPEX) versus the economic
quantification of returns in the context of potential savings from
the use of renewables-based production for own consumption,
energy sharing and storage in communities along the principles of
settlement applicable in the microgrid, and/or the application of
aggregation, in which case an aggregator gathers flexibility from
the prosumer’s devices for the purposes of offering and selling such
aggregated flexibility in organised electricity markets.

On the basis of results of such analysis, there is a methodology
being prepared for calculating the return on investment in building
up decentralised smart grids, including their impact on the
environment.

This is guaranteed by an international research team

comprising top domestic as well as foreign researchers
The research & development tasks under this project are jointly
explored by a quality team of researchers, including the transfer
of know-how of top scientists from Slovakia, the Czech Republic,
the Netherlands and Italy. There are top researches through to
beginning scientists represented on the team in a balanced manner.
Experienced top researches are in charge of leading these research
activities. This will guarantee that the logic and mode of proposed
scientific procedures all draw upon a multiyear practice of quality
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research organisations, and what is even more, implemented on the
basis of a modern research infrastructure.

Conclusion

The building of decentralised smart grids offers an alternative with
a huge potential for addressing the energy sector issues in the future,
and will definitely contribute towards the building of a complex energy
system that is less dependent on imports of energy raw materials, more
resilient to market fluctuations and more environmentally friendly.
Nevertheless, before microgrids can be rolled out on a large scale,
several challenges have to be resolved and this project is designed
to answers to some of those challenges too. We are convinced that
the project deliverables will help prosumers, energy communities,
renewables-based energy communities and network operators to speed
up the process of transformation of the energy sector and to achieve the
expected targets at the earliest possible time.
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