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Rezumat

Gazele naturale au reprezentat si vor reprezenta o resursa energetica utilizata pe scara
larga la nivel mondial, iar in Romania, in particular, acestea asigura circa o treime din consumul
de energie la nivel national, beneficiind de avantajul ca tara noastra detine si resurse importante

in acest domeniu.

Extractia, transportul, inmagazinarea subterana si distributia gazelor naturale reprezinta

activitatile principale care fac parte din procesul de producere a acestui tip de energie.

Distributia gazelor naturale reprezinta activitatea de repartizare a acestora printr-o retea
de conducte, cu scopul de a le fi furniza clientilor, fie ei casnici sau industriali. Procesul de
distributie este unul complex, depinzand de punctele de interconectare cu reteaua de transport,
marimea retelei de conducte si a ariei de acoperire, elementele de reglare si masurare existente,
respectiv de numarul clientilor casnici si industriali. Operarea sau dispecerizarea procesului de
distributie a gazelor naturale are ca obiectiv echilibrarea permanenta a cantitatilor de gaze
naturale intrate sau iesite, si implicit, respectarea obligatiilor contractuale in raport cu clientii

prin asigurarea functionarii continue a sistemului in conditii de maxima siguranta.

Teza de doctorat cu titlu ,Contributii privind operarea inteligenta a retelelor de distributie
a gazelor naturale” are ca obiectiv principal identificarea si propunerea unor solutii inovative
privind operarea retelelor de distributie a gazelor naturale prin intermediul unui algoritm de

echilibrare si dezvoltarea unui simulator numeric.
Pentru atingerea obiectivului enuntat, s-au realizat urmatoarele activitati de cercetare:
= Analiza principalelor aspecte legate de piata de gaz din Romania;
= Sintetizarea informatiilor din domeniul distributiei gazelor naturale in Romania;
= Analiza stadiului actual al operarii in procesul de distributie a gazelor naturale;

= Studiul celor mai noi cercetari la nivel mondial legate de domeniul distributiei gazelor

naturale;

= Simularea procesului de transport a gazelor naturale prin retelele de distributie, atat in

regim stationar, cat si nestationar, pe baza modelelor existente;

= Studiu de caz privind calibrarea compozitiei gazelor in cadrul retelelor de distributie a

gazelor naturale;

= Studiu privind modelarea comportamentului vanelor in cadrul retelelor de distributie a

gaze naturale;
= Model de grupare a consumatorilor in cadrul retelelor de distributie a gazelor naturale;

= Modelarea curgerii stationare si nestationare printr-o retea a gazelor naturale si

dezvoltarea unui simulator pentru distributia gazelor naturale prin retele de conducte;
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= Dezvoltarea unei aplicatii de monitorizare a standului de distributie a gazelor naturale
existent in cadrul Departamentului Forajul Sondelor, Extractia si Transportul

Hidrocarburilor din cadrul Universitatii Petrol-Gaze din Ploiesti;

= Studiu comparativ privind rezultatele obtinute cu simulatorul dezvoltat, Simone, AFT

Arrow si datele reale obtinute prin intermediul aplicatiei de monitorizare a standului;
= Determinarea profilului de consum utilizdnd regresia neliniara;
= Determinarea profilului de consum utilizand retelele neuronale;
= Dezvoltarea algoritmului de echilibrare al retelei de distributie gaze naturale;

= Studii de caz privind aplicarea algoritmului de echilibrare la o retea de distributie gaze

naturale existenta;

= Studiu de caz privind consumurile orare intr-o retea de distributie a gazelor naturale.
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Reprezentarea grafica a structurii tezei de doctorat

Teza de doctorat este structurata pe cinci capitole, precedate de introducere si urmate
de concluzii, nomenclator, bibliografie si anexe. Lucrarea de fatd cuprinde un numar de 152
pagini, regasim un numar 102 de figuri, reprezentari grafice, scheme si desene, 28 de structuri
tabelare si 140 relatii, ecuatii si formule matematice, un numar de 103 referinte bibliografice si
3 anexe. Fiecare din cele cinci capitole contine, la final, o sectiune in care sunt enuntate

concluziile asociate acestuia.

Primul capitol al tezei de doctorat, intitulat Stadiul actual al cercetarilor in domeniul
retelelor de distributie a gazelor naturale, evidentiaza atat principalele elemente ale pietei de
gaze in Romania, cat si cele mai importante puncte ale strategiei energetice ale Romaniei. Tot
in acest capitol sunt prezentate caracteristicile sistemelor de distributiei a gazelor naturale in
Romaénia si, de asemenea, se realizeaza o analiza a situatiei actuale a procesului de operare al

retelelor de distributie a gazelor naturale.

in cadrul capitolului 2, Modelarea procesului de curgere a gazelor naturale prin
conducte, sunt studiate modelele matematice si algoritmii pentru curgerea stationarda si

nestationara a gazelor printr-o conductd, finsotite de aplicatii dezvoltate de autor si
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exemplificarea fenomenelor, pentru fiecare model in parte. De asemenea, este prezentat un
algoritm de calibrare al compozitiei gazelor prin recalcularea proprietatile pseudo-componentilor

si un studiu de caz pentru a verifica corectitudinea acestuia.

in capitolul 3, Contributii la modelarea procesului de transport de gaze naturale, sunt
prezentate modele pentru echipamentele ce permit realizarea reglajelor in cadrul retelelor de
gaze naturale si rezultatele simularilor pentru modelul de vana propus. Tot in acest capitol se
propune o ipoteza simplificatoare in ceea ce priveste modul de grupare al clientilor pentru
simularea unei retele de distributie a gazelor naturale, in vederea micsorarii timpului de obtinere

a rezultatelor.

Capitolul 4, intitulat Modelarea unei retele de distributie a gazelor naturale, prezinta
notiunile de baza care definesc principiile modelarii curgerii stationare si nestationare printr-o
retea de gaze. Validarea si calibrarea modelului dezvoltat in cadrul acestei lucrari s-a realizat
prin compararea rezultatelor cu alte doua simulatoare, cat si cu datele obtinute prin intermediul
aplicatiei dezvoltate pentru monitorizarea standului de distributie al gazelor naturale, construit

in cadrul Departamentului Forajul Sondelor, Extractia si Transportul Hidrocarburilor.

in capitolul 5, cu titlul Operarea inteligentd a unei retele de distributie a gazelor
naturale, sunt prezentate elementele privind monitorizarea si operarea inteligenta a unei retele
de distributie a gazelor naturale, realizarea profilurilor de consum atat in mod clasic, prin
utilizarea functiilor de regresie neliniara, cat si prin utilizarea retelelor neuronale, enuntarea

algoritmului de echilibrare propus, cat si validarea acestuia prin studii de caz.

La finalul lucrarii regasim Concluzii generale, contributii personale si directii de cercetare,
care sintetizeaza rezultatele cercetarii, mentioneaza elementele de noutate aduse si prezinta

directiile de continuare a cercetarilor.
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Abstract

Natural gas has been and will continue to be a widely used energy resource worldwide,
and in Romania, in particular, it provides about a third of the national energy consumption,

benefiting from the advantage that our country also has significant resources in this field.

Extraction, transmission, underground storage and distribution of natural gas are the

main activities that are part of the natural gas production process.

Gas distribution is the repartition of natural gas through a network of pipelines for the
purpose of supplying it to domestic and industrial customers. The distribution process is complex,
depending on the interconnection points with the transmission network, the size of the pipeline
network and its coverage area, the existing control and measurement elements and the number
of domestic and industrial customers. The objective of the operation or dispatching of the natural
gas distribution process is the continuous balancing of the quantities of natural gas entering or
leaving the system, and thus the fulfiiment of contractual obligations towards customers by

ensuring the continuous operation of the system under maximum safety conditions.

The main objective of the PhD thesis entitled "Contributions regarding smart operation of
natural gas distribution networks" is to identify and propose innovative solutions for the
operation of natural gas distribution networks by developing a balancing algorithm and a

numerical simulator.

In order to achieve the stated objective, the following research activities have been

carried out:
= Analysis of the main aspects related to the gas market in Romania;
= Summarising information in the field of natural gas distribution in Romania;
= Analysis of the current state of operation in the natural gas distribution process;
= Study of the latest research worldwide related to the field of natural gas distribution;

= Simulation of the natural gas transmission process through distribution networks, both

stationary and non-stationary, based on existing models;
= Case study on gas composition calibration in natural gas distribution networks;
= Study on modelling the behaviour of valves in natural gas distribution networks;
= Model of customer grouping in natural gas distribution networks;

= Modelling stationary and non-stationary flow through a natural gas network and

developing a simulator for natural gas distribution through pipeline networks;

= Development of a monitoring application for the existing natural gas distribution stand in

the Department of Department of Well Drilling, Extraction and Transport of Hydrocarbons

within Petroleum - Gas University of Ploiesti;
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= Comparative study on the results obtained with the developed simulator, Simone, AFT

Arrow and the real data acquired through the stand monitoring application;
= Determination of the consumption profile using nonlinear regression;
= Determination of the consumption profile using neural networks;
= Development of natural gas distribution network balancing algorithm;

= Case studies regarding the application of the balancing algorithm to an existing natural

gas distribution network;

= Case study on hourly consumption in a natural gas distribution network.
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Graphical illustration of the PhD thesis structure

The thesis is structured in five chapters, preceded by an introduction and followed by
conclusions, nomenclature, bibliography and appendices. This work includes 152 pages, 102
figures, graphs, diagrams and drawings, 28 tables and 140 mathematical relations, equations
and formulas, 103 bibliographical references and 3 appendices. At the end of each of the five

chapters there is a section setting out the conclusions associated with each one.

The first chapter of the PhD thesis, titled The current state of research in the field of
gas distribution networks, highlights both the main elements of the gas market in Romania and
the most important points of its energy strategy. This chapter also presents the characteristics
of the gas distribution systems in Romania and analyses the current situation of the gas

distribution network operation process.

In Chapter 2, Modelling of the natural gas flow process through pipelines, mathematical
models and algorithms for stationary and non-stationary gas flow through a pipeline are studied,
with applications developed by the author and examples of the phenomena for each model. An
algorithm for calibrating the gas composition by recalculating the pseudo-component properties

and a case study to verify its accuracy is also presented.

In Chapter 3, Contributions to the modelling of the natural gas transmission process,
models are presented for the equipment that allows adjustments to be made in natural gas

networks and simulation results for the proposed valve model. Also in this chapter, a simplifying
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assumption is proposed for how to group customers for the simulation of a natural gas

distribution network in order to reduce the time to obtain results.

Chapter 4, Modelling a natural gas distribution network, presents the basic concepts that
define the principles of modelling stationary and non-stationary flow through a gas network. The
validation and calibration of the model developed in this paper was done by comparing the
results with two other simulators as well as with data obtained through the application developed
for monitoring the natural gas distribution stand built in the Department of Well Drilling,

Extraction and Transport of Hydrocarbons.

In Chapter 5, entitled Smart operation of a natural gas distribution network, the
elements of monitoring and intelligent operation of a natural gas distribution network are
presented, consumption profiling both in the classical way, using nonlinear regression functions,
and using neural networks, the proposed balancing algorithm is described and validated through

case studies.

At the end of the paper we find General conclusions, personal contributions and research
directions, which summarize the research results, mention the novelties and current directions

for further research.
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