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Zhodnoceni vyznamu prace pro obor:

Pfinosem prace pro védni obor ,Kybernetika“ je vyvoj nového algoritmu intervalove
optimalizaéni metody a jeho aplikace pro vypocet intervall bezpeénych injekci pfi Fizeni provozu
elektroenergetickych soustav (metoda ISI — Intervals of Secure Power Injections). Metoda IS byla
autorem ovérena simulaci na realistickych modelech elektroenergetické soustavy (ES) v prostiedi
Matlab. Simulaéni vypodty prokazaly jeji pouzitelnost pro navrh bezpe¢ného redispecinku zdrojl
v rliznych provoznich situacich soustavy. Diserta¢ni prace je mezioborova, metoda ISI a jeji rozsireni
(MOD-ISI, BID-ISI) jsou vyznamné rovnéz pro obor ,Elektroenergetika®.

Vyjadreni k postupu fes$eni problému, pouzitym metodam a spinéni uréeného cile:

Zvoleny metodicky postup odpovida pozadavkim na védeckou praci. Prace zacina prehledem
feSené problematiky vypo&tl elektroenergetickych siti a principll rezervace a aktivace podpdrnych
sluzeb. Pokraduje popisem zakladnich postupl a vlastnosti bodovych optimalizaénich metod (Optimal
power flow OPF, Security constrained OPF, Probabilistic OPF), které jsou standardné pouzivany pro
feseni téchto problémd.

Autor spravné upozorfiuje na nedostatky bodové optimalizace pro pouziti v praxi fizeni
elektroenergetickych soustav a v hlavni ¢asti prace se zaméfil na intervalové optimalizaéni metody.
Resersi zahrani¢nich pramenti autor dosel k zavéru, ze intervalova optimalizatni metoda zamerena
na maximalizaci moZného rozsahu uzlovych vykonovych injekci pfi spinéni definovanych omezeni
dosud neexistuje. V kapitolach 7 az 10 se proto soustfedil na vyvoj nové metody ISI a jeji aplikace.

Za hlavni cile prace je mozné povazovat dokonéeni vyvoje metody ISI a jejich modifikaci,
roz$ifeni metody ISI pro konkrétni ulohy fizeni provozu ES a ovéfeni aplikovatelnosti metod na
realistickych modelech provozu ES. Tyto cile byly v pfedloZzené praci spinény.

Kapitoly 7 — 10 jsou jadrem disertaéni prace. V kapitole 7 je popsana metoda ISI. V kapitole 8
je uvedeno rozsifeni metody ISI pouzitim PQ diagrami zdroji. Déle je zde odvozeno pouZiti metody
ISI pro navrh bezpe&nych intervalll uzlovych injekci spliiujicich kritérium N-1. Tuto variantu metody Ize
pouzit pro ohodnoceni navrhl bezpeéné rekonfigurace sité z konecné pfedem definovane mnoziny
rekonfiguranich scénaii; pro kazdy scénar je opét vypocten bezpecny interval uzlovych injekci.

Obsahem kapitoly 9 je vyznamné rozsifeni metody ISI pro pouZiti pfi marginalnich zmeénach
topologie sit&; rozsifeni MOD-ISI redukuje vypocetni naroky metody a pfispiva k moznosti jeji aplikace
Vv praxi.

Napini rozsahlé kapitoly 10 je aplikace metody ISI na energeticky trh (BID-ISI). Metoda BID-
ISI je pouzita pro navrh rezervovani a aktivace podplirnych sluzeb a na rozdil od tradicni metody
miZe validovat bezpe&nost vybranych nabidek. Metodika BID-ISI mé& jiz reéalnou aplikaci
v podminkach CEPS - projekt AnSVaL. Aplikace metodiky BID-ISI je rovnéZz velmi perspektivni pro
optimalni alokaci kapacit v ramci evropského propojeni entso-e.

Stanovisko k vysledkim disertaéni prace a k pivodnimu konkrétnimu pfinosu predkladatele
disertacni prace:

Za hlavni plivodni pfinos prace povaZzuiji vyvoj a ovéfeni intervalové optimalizacni metody ISl
a jejich modifikaci MOD-ISI, BID-ISI pro aplikaci v praxi fizeni ES. Intervalova optimalizace ma
nesporné vyhody proti b&zné pouzivané bodové optimalizaci, protoze na rozdil od bodové
optimalizace dava dispecerovi ES informaci o vzdalenosti zvoleného vektoru uzlovych injekci od
hranic bezpe&ného provozu. Tato informace ma mimoradny vyznam zejména v novych podminkach
fizeni ES s rostouci mirou neurcitosti ve vyrobé i odb&rech a provozem blize mezi bezpecnosti.

V posledni dob& se témito aspekty zabyvaly evropské projekty UMBRELLA a GARPUR.
Metodika ISI pfedstavuje vyznamnou a v praxi realizovatelnou alternativu k metodam navrzenym
v téchto projektech.



Vyjadfeni k systematice, pfehlednosti, formalni Gpravé a jazykové trovni disertaéni prace:

Prace ma celkem 134 stran véetné prehledu literatury (137 poloZek) a pfiloh. Je rozdélena na
11 kapitol a 5 rozsahlych priloh, které podrobnéji ilustruji zejména fesené problémy energetického
trhu. Autor systematicky postupuje od analyzy problému az k zavérim ze simulaci na vytvofeném
modelu. Prace je sestavena prehledné svelmi dobrou formalni dpravou a jazykovou Urovni
v anglickem jazyce. Nékolik nepresnosti nebo preklepl nijak nesniZuje urovefi prace.

Vyjadreni k publikacim predkladatele disertaéni prace:

Prehled vlastnich publikaci autora neni v praci explicitné uveden. Podle samostatného
seznamu autorovych publikaci a podle referenci uvedenych v disertaéni praci ma autor celkem 15
publikaci. Z tohoto seznamu vynika 5 praci publikovanych v poslednich 5 letech k tématu disertaéni
prace na mezinarodnich konferencich a v zahraniénich ¢asopisech, coz dostateéné prokazuje kvalitu
jeho védecké prace.

Dotazy a pripominky:

1. Dotaz: Pro vypocet ISI je vstupem rovnéz ,Network Security Domain“, coz je podmnozina
prostoru komplexnich uzlovych injekci takova, Ze pro kazdy jeji prvek spliiuji odvozené
hodnoty vétvovych proudil zadana omezeni. Mohl by autor podrobnéji objasnit, jak se tato
mnoZzina sestroji?

2. Dotaz: Cim Ize vysvétlit prudky skok v Gasové naro&nosti vypoctu ISI pro 200 uzlovou sit
(viz tabulka 7.1 na strané 42)?

3. Dotaz: Jaké by byly moznosti pro dalsi zrychleni vypoétu ISI pro jeho aplikovatelnost na
evropske siti (nékolik tisic uzll) pfi operativnim dispeéerském fizeni?

4. Pripominka ktvrzeni na str. 33, které se tyka realizovatelnosti OPF a SCOPF
v operativnim fizeni (,real-time computation .. shows to be computationally intractable*) a
k obdobnému tvrzeni na str. 22 nahofe: Pfipominam, Ze v dispederském fidicim systému
CEPS je provozovana aplikace SCOPF pro operativni fizeni, obvykly vypocéetni ¢as na siti
kolem 1000 uzll je cca 5 minut.

Zavéreéné hodnoceni:

Podle mého soudu prace splnila stanovené cile, obsahuje fadu novych poznatkii a je
pfinosem pro védni obor ,Kybernetika“ i pro praxi. Z hlediska pouzitelnosti v praxi ma velky vyznam
mezioborovy charakter prace, tj. Gspé&Sné propojeni postupll kybernetiky, elektroenergetiky a
ekonomie. Doktorand prokézal osvojeni védeckych metod prace, schopnost samostatné tvargi
védecke prace v dané oblasti a schopnost aplikovat vysledky v praxi. Disertaéni prace spliiuje obecné
uznavané pozadavky na Uroven doktorskych disertaénich praci. Z vy$e uvedenych diivodii doktorskou
disertacni praci -

doporucuji k obhajobé.

Cactw

RNDr. Bohumil Sadecky/ CSc.
CEPS, ass.
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101 52 Praha 10
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Evaluation of the significance of the doctoral thesis for the given field:

The thesis of Mr. Vord¢ makes a significant contribution to the expansion of methods and ways to
assess system security. The work lays foundations for the development of tools for transmission
system operators to operate their grid safely, not only on a scheduled basis but also in the event of
unforeseen events. The special feature is that in the future not only an optimal operating point or an
optimal decision of action can be selected, but an overview of the validity limits and stability ranges is
given. This is of great advantage because it also shows the system management possibilities that may
not represent the optimal operating point in the entire conceivable operating or failure scenarios, but
which entail the greatest robustness. Especially in critical situations, the system leader is provided
with another valuable tool for his decision-making.

Statement on the approach to solving the problem, methods used, and fulfilment of the given
objective:

Mr. Vordé proves with his work that he is able to solve a task scientifically exemplary. Although there
is no separate section dedicated to the objectives of the thesis, they are made very clear in the
introduction. After explaining the historical developments of the network calculations and the
overview of the energy markets as application fields of his newly created optimization method, Mr.
Vordc first of all shows the basic features of the various point optimization methods, including their
mathematical principles and properties. The different variants are very well structured and described
based on each other. A detailed literature search is given. This also applies to the presentation of the
state of the art and application in the interval optimization methods. In general, the work is very well
structured. It focuses on the essentials. The research by Mr. Vordc as well as my own showed that the
interval optimization has not yet been worked out in order to determine the permissible fluctuation
margins of the feed in terms of stable grid operation. The stability is defined by the permissible node
voltages and line currents.

In chapter 7 finally, Mr. Vordc developed his new method in a basic form, which he calls Interval of
Secure Injections (ISl). With this approach, the range of feed-in power can be shown, in which a stable
network operation is still possible.

His work is particularly valuable because of the fact that Hr. Vordc recognizes the need on the one
hand for fast solvability or short computation time and on the other hand the consideration of
reconfiguration planning and contingency analysis. For this purpose, he describes in chapters 8 and 9
the corresponding extension of his method, which he applies to an example network. Again, the work
focuses on the essential steps of modification in the mathematical calculation construct.

In addition to the application of its method in the area of system sovereignty by the transmission
system operator, Mr. Vordac shows the possibility of applying the ISI method in the field of reserve
power markets. Corresponding extensions to the economic aspects (offer prices of the different



control power and control reserves) are explained. With this BIS-IS| method, Mr. Vord¢ impressively
shows the power and advantages of his tool. With this method, conflict situations between the
provision of control power and network security management can be ruled out from the outset. This
problem has already been identified as a future topic in Germany. The work of Mr. Vordé could offer a
decisive solution here.

Opinion on the results of the thesis and specification of the student’s original contribution to the
given area of knowledge:

I am convinced that the interval optimization will find its way into the system operators both in the
field of system management and in network planning. Mr. Vord¢ has convincingly demonstrated
essential fields of application. The developed method gives a better overview of the system security.
Above all, this is important and very valuable because in the future the grids throughout Europe will
have to operate much more at their permissible operating limits. Up-to-date information on the
distance to the stability limits gives system operators more planning and decision-making security.
This is an essential aspect to be able to make the transition from the power supply of a few large
power plants to numerous small generation plants with fluctuating feed-in cost-effective and secure.
In my estimation, the interval optimization will also find other applications in the supply of electricity.

Statement on the systematic approach, clarity, appropriateness of form and langugage:

Certainly, a list of abbreviations and symbols would have made it easier for the reader in some places
to understand the mathematical basics. The font size in the illustrations could have been a little bit
larger in order to read better. Some spelling errors are included. However, the excellent work is not
significantly diminished because Mr. Vord¢ has an extremely laudable and linguistically high-quality
writing style. It always provides good overviews and summaries in the individual chapters, which in
turn makes it easy for the reader to keep an overview of the work and to visualize the essence of the
work.

Verification of the results could have been presented in more detail, but the methodology and
approach are presented very clearly and precisely.

The structuring and systematic approach have been remarkably successful.
Statement on the student’s publications:

Mr. Vordc has published key aspects and results of his work in a total of five high quality international
papers and conference papers. His publications are well separated in terms of content. He underlines
his ability to publish his work scientifically.

Questions and comments:

1. Section 2.2.1, p. 6: Explanation of the effects of renewable energies is without proof of
evidence or references respectively

2. Section 3.2.3, p. 14, last sentence: incorrect link?

3. Fig. 8.1, p. 44, why ist he dependence of the NOD for node 2 so strong of the reactive power?
And why are the both areas (red and black one) for node 5 lying in opposite direction in
contrast tot he three other nodes?

Unambiguous statement on the recommendation the thesis for defence:

The thesis addresses cybernetics in the field of power supply. It combines mathematics and computer
science with network and energy technology as well as economic aspects. It clearly produces new
methods and insights whose practical relevance and economic benefits can be considered high.



Together with the written statement, | judge the work worthy of a dissertation and consider it very
well.

| recommend the proposed dissertation work (interval based power network operation) to the
Examination Board for Doctoral Thesis Defense in the field of Cybernetics at Fakulta aplikovanych ved
-ZCU v Plzni.

Prof. Dr.-Ing. Oliver Briickl
OTH Regensburg
Seybothstr. 2

93059 Regensburg
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