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IME I PREZIME AUTORA: Dejan Milenic
Ana Vranje5

NASLOV DELA: Geotermalni potencijal teritorije AP Vojvodine

Opis dela (broj poglavlja, stranica, slike, dijagrama, tabela, broj dela
navedenih u popisu literature i sl.)
Manuskript monografije "Geotermalni potencijal teritorije AP Vojvodine" kojije bio
predmet recenzije napisan je na 450 stranica teksta, organizovanrh u 24 poglavlja
i konceptualno podeljenih u 8 celina. Ukupan broj slika u rukopisu je 150, dok je
ukupan broj tabela 70. Rukopis sadrZi ukupno 6 vecih grafidkih priloga.

Postoji Ii indeks ili azbudni/abecedni popis pojmova
Da, indeks pojmova je priloZen na kraju rukopisa.

OBRMLOZEruO MISLJENJE O DELU

Obrazloieno mi5ljenje o delu sadrZi autorsku nau6nu procenu dela i
odgovore na osnovne elemente navedene u Prilogu.

Tema monografije, geotermalna energija kao vid obnovljive energije, usled sve
intenzivnijeg kori5cenja fosilnih energenata koji se pribliZava nivou njihovog
iscrpljivanja, i s druge strane konstantni rast energetskih potreba, predstavljaju
strateSki vaZan, i u ekolo5kom i ekonomskom smislu, odrZivi resurs.

Autori su za izradu ove monografije odabrali podrudje Panonskog basena i AP
Vojvodine, koje se u naSoj zemlji odlikuje upravo najvecom potencijalnoScu za
koriScenje geotermalnih resursa, usled najviSih vrednosti terestidkog termalnog
toka, i najmanjih debljina zemljine kore. Ovim radom po prvi put je u celini
sagledana geotermalna potencijalnost ove oblasti. Autori su naudnim pristupom
i odabirom najpogodnijih i savremenih metoda za ocenu geotermalne
potencijalnosti, objedinjujuci dosada5nja saznanja u oblasti istraZivanja i

eksploatacije geotermalne energije na ovom delu Panonskog basena, izradili
obimnu isadrZajnu studiju koja ce svakako na6iveliku primenu u praksi. Udinjena
analizaje iznadajan doprinos metodologiji ocene geotermalnih resursa uop5te.

Rukopis je u prvom delu organizovan kroz sledeca poglavlla Opravdanost i
osnovni ciljevi istraiivanja; Primenjena metodologija istraZivanja i Teoretske
podloge za geotemalna istraiivanja. Kroz ovaj deo citaoci se upu6uju u
poblematiku medusobnog odnosa energetskih resursa, kako fosilnih, tako i

obnovljivih, stanje i projekcije energetskih potreba i sagledavanje uloge
geotermalnih resursa u odnosu na ostale energetske resurse AP Vojvodine.
Primenjena metodologija je obrazlolena uz prikaz osnovnih i savremenih
postupaka. Poslednje poglavlje ovog dela pruZa informacije o osnovama
geotermalne energije u smislu definisanja ovog pojma, istandardnih klasifikacija
primenjenih u istraZivackoj praksi.



e ri sti ka pod ru ij a i straiiv ary a kroz

plkaz fizieko-geogratit<i'tr, klimatskih, hidrolo5ko-hidrografskih i geomorfolo5kih

karakteristika. sledi prikazgeoloske grade i istorljat nastanka Panonskog basena,

uz hronolo5ki prikaz dosadlsnlin geolo5kih istraZivanja. Autori prikazuju nastanak

i evolutivni tok razvoia basena, analizirajuci strukturno-tektonske dinioce,

litostratigrafske odnose i uslove sedimentacije, koristeci podatke brojnih nau6nih

radova Jbjavljenih na temu paleogeografskih uslova itektonike ovog basena'

Treci deo rada obrad uje Hidrogeololke karakteristike basena i direktno se oslanja

na prikazanu geolos'k, grrd'r. Autori su ovaj deo ilustrovali vecim brojem

regi;nalnih i kJrelacionih geolo5kih profila, kao i .prognoznih 
geolo5kih karata

paieoreljefa i karata neoiektonskih aktivnosti, izradenih od strane drugih

eminentnih autora. Hidrogeolo$ke karakteristike Panonskog basena u

vertikalnom stubu frikazane-su preko 6etiri hidrogeolo5ka sistema, uvedenih od

strane D. Marinoviila (1982). Auiori su koristili veliki broj podataka NIS Naftagas,

Novi Sad (danas bazpiomneft;, uglavnom dobijenih izradom naftnih i

hidrotermalnih bu$otina, kao i bunara za vodosnabdevanje' Poglavlje o

hidrogeololkim karakteristikama sadrZi sumarne tabele sa prikazom

niOro[eoto5kih sistema u korelaciji sa geoloSkom evolucijom te.rena' na kojima je

uodljiia veza izmedu geolo$kilL i tektonskih procesa formiranja basena sa

formiranim izdanima i olnovnim karakteristikama podzemnih voda' kao Sto su

temperature, izda5nosti i veli6ine mineralizacije voda'

eetvrti deo rukopisa - Geotermalni potenciiat AP Voivodine je 
. 
svakako

najznadajnrli i autoriki najodredeniji. lzvedena je analiza prikupljenih geotermalnih

indikatora na teritorijiAP Vojvodine, podev od gravimetrijskih merenja.i Bugeovih

anomalija, magneti2ma, deb|jine i sastava Zemljine kore, preko terestidnog

toplotnog toka-i analize geotermalnih gradijenata' Analizirane su i savremene

geotermilne polave, paleogeotermalnJpojave i neotektonski pokreti' Autori su

koristili podatke o gustini"toplotnog toki, dubini do Moho sloja' Bugeovim

anomalijama, ne .riro za volvodanlt<i deo Panonskog basena, vec i za Sire

poOrucje basenske geo strukture (prema savskom i moravskom rovu)' Sto

doprinosi boljem ,rr"r."rrnju regionalnih uslova, ali i uodenih geotermalnih

anomalija.

Primenjujuci koncept viSeparametarske analize izvedena je Geotermalna

relonizicila teritoriii AP Voivodlne. Ovim je dat i znadajan naudni doprinos

relonizacili delova i"r"n, sa razli6itom geotermalnom predispozicijom' obzirom

da ovo podrudje do sada n'rje bilo predhet analize ove vrste. lzdvojena su tri

teotermalna (fod)rejona na prostoru AP Vojvodine: Podrejon Sever,..Podrejon

Centar i Podrejon li,g Proces delineacije podrejona uklju6io je analizu deset

relevantnih faktora i"njihovu korelaciju:-geolo5ki odnos tvorevina neogena i

preneogena; geoloske odnose u okviru neogenog kompleksa stena;
'friOrog"ito5ke Islove u okviru pojedinih sistema; strukturno-tektonske odnose;

debljiiu zemljine kore; gravimetriju; magnetizam; dubinu do Moho sloja; gustinu

toplotnog toka; geotermski gradijent.

Za svaki od podrejona izvrsen je prora6un subgeotermalnog potencijala., statickog

konduktivnog i dinami6kog konvektivnog potencijala, pri 6emu je kori5cen.veliki

broi dostupnih podataki hidrogeote



geotermalni potencijal prikazan je tabelarno ito u odnosu na definisane podrejone
i hidrogeoloSke sisteme, a potom je poteno.lal sagledan u odnosu na teritorije
pojedinih opStina, Sto otvara put prakti6nom i intenzivnijem kori5cenju
geotermalnih resursa u pojedinim delovima AP Vojvodine. Formirane su karte
klastera, izvrSena je kategorizacija op5tina u odnosu na geotermalnu
potencijalnost, i time je formirana baza za dalji razvoj lokalnih geotermalnih
resursa.

Peti deo rukopisa sagledava Mogucnosti koriScenja geotermalne energije u AP
Vojvodini, a bazira se na prethodnim proradunima potencijala u izdvojenim
geotermalnim podrejonima. Za svaku od 45 opStina formiran je katastarski list koji
sadrZi osnovne administrativne podatke, procenjene energetske potrebe na bazi
sistema daljinskog grejanja, subgeotermalni potencijal i geotermalni potencijal
izraZen u MWt iMtoe.

Sesti deo rukopisa obraduje temu Opfimizacije koriScenja podzemnih voda kao
hidrogeotermalnog resursa i to sa praktidnog aspekta. Autori se bave
problematikom energetske efikasnosti u zgradarstvu, primenom geotermalnih
toplotnih pumpi, odrZivim na6inom zahvatanja, eksploatacije i upravljanja
geotermalnim resursima kroz geotermalne dublete i izbor materijala
geotermalne/termotehnidke opreme u zavisnosti od hemizma podzemnih voda.
Ovu celinu zavr5avaju prikazom i analizom ekoloikih aspekata koriScenja ovog
vida <<zelene>> energije predocavajuci pozitivne i moguce negativne efekte
eksploatacije. Praktidna primena resursa sagledana je i u ekonomskom svetlu.

Primeridobre prakse obradenisu u sedmom poglavlju, a obuhvatilisu najrazliditije
oblasti primene geotermalne energije i to u sektoru zgradarstva (stambeni objekti,
turistidko-hotelski objekti, objekti javne namene), grejanja otvorenih povrSina,
kori5cenja u agrikulturi, i primene u daljinskim sistemima grejanja naselja.

Zakljudne konstatacije deo su osme celine rukopisa, a prikazane su tekstualno,
tabelarno i grafidki, i daju jasan pregled izvedenih istraZivanja i postignutih
rezultata.

Rukopis je upotpunjen sa Sest grafickih priloga: Geoloika karta AP Vojvodine,
Hidrogeoloika karta AP Vojvodine, Karta geotermalnih podrejona na podruiju AP
Vojvodine, Karta kategorizacije op*tina prema subgeotermalnom potencijalu,
Karia kategorizacije opitina prema statiikom konduktivnom potencijalu, Kafta
kategorizacije opitina prema dinamiikom konvektivnom potencijalu. Navedeni
grafidki prilozi izradeni su kvalitetno i u digitalnoj formi koriste6i savremene
softvere I tehnologiju. Visok kvalitet grafike prisutan je u celom rukopisu, 5to
svakako doprinosi njegovom kvalitetu u celini. Pregled koriScene literature dat je
na kraju rada i prema broju radova, kao i citiranim autorima, upotpunjava sliku o
veoma sadrZajnoj i obimnoj monografiji.



ZAKLJUCAK I OCENA

Predlog vrste dela prema 6lanu 12. Pravilnika o izdavaikoj delatnosti
Univerziteta u Beogradu - Rudarsko-geolo5kog fakulteta

UDZBENIKtt
l-l MoNocRAFTJAl^ |

PRIRUCNIK (npr. re6nik, praktikum, zbiraka zadataka, skripta,

Ll dopunska literatura)

Predlog za eventualne potrebne ispravke i promene u delu

Rukopis je napisan i tehnicki organizovan na nadin koji zahteva samo manje
korekcije, sintezu dela nekih poglavlja, iove minimalne promene, sugerisane
autorima, bice predmet implementacije pri prelomu rukopisa.

Zavrina ocena s preporukom za ili protiv prihvatanja dela u izdanju
Rudarsko-geoloSkog fakulteta u Beogradu

Rukopis "Geotermalni potencijal teritorije AP Vojvodine", autora Dr Dejana
Milenica redovnog profesora RGF i Dr Ane Vranje5, nau6nog saradnika sa
Departmana za hidrogeologiju Rudarsko-geolo5kog fakulteta u Beogradu
predstavlja kvalitetno, celovito i originalno naudno delo koje treba da 5irokom
krugu strudnjaka hidrogeologije, ali i susednih naudnih disciplina, omoguci nova
saznanja iz oblasti istraZivanja, eksploatacije, kori56enja, i pre svega
potencijalnosti geotermalne energije na prostoru AP Vojvodine.

Ocena je da su autori izuzetno uspe5no odgovorili na sloZene zadatke koji se
postavljaju pri multidisciplinarnim istraZivanjima. Nadinjen je znalajan korak u
poznavanju geotermalnih resursa, i po prvi put je izvr5ena geotermalna
rejonizacija vojvodanskog dela Panonskog basena. Ovo 6e znadajno doprineti
buducem aktivnijem koriScenju geotermalnih resursa na istraZivanom prostoru.

Sa velikim zadovoljstvom, predlaZem da se rukopis autora Dejana Mileni6a iAne
Vranje5 ,,Geotermalni potencijal AP Vojvodine", publikuje kao monografija i

Stampa u izdanju Rudarsko-geoloSkog fakulteta.

Oznadite jednu od mogu6nosti

[_yl PRIHVATA SE (manje korekcije bice izvr5ene pri pretomu)l"l

POTREBNO JE DORADITI PREMA PRIMEDBAMAtt



E NE PRIHVATA SE

Napomena (ukoliko postoji potreba)

DrZoran Stevanovi6, red.Prof. RGF
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AUTHORS NAME AND
SURNAME:

Dejan Milenic
Ana Vranje5

TITLE: Geothermal potential of the territory of AP
Vojvodina

Description of manuscript (number of chapters, pages, figures, diagrams,
tables, number of parts listed in the literature list, etc.)

The manuscript "Geothermal potential of the territory of AP Vojvodina" is written
on 450 pages of text, organized in 24 chapters and conceptually divided into 8
parts. The total number of figures in the manuscript is 150, while the total number
of tables is 70. The manuscript contains a total of 6 graphic attachments.

ls there an index or an alphabetical list of terms

Yes, the index of the terms is attached at the end of the manuscript.

MANUSCRIPT REVISION

The topic of manuscript, geothermal energy, deals with the actual field of energy -
renewable energy sources, which due to the exhaustion of fossil fuels and the
constant growth of energy needs represent a strategically important resource for
the sustainable development of each economy. The topic actuality is also reflected
in the fact that for the first time the geothermal potential of the AP Vojvodina has
been studied through a scientific approach, using modern methodological
methods, unifying the existing knowledge in the area of exante research and
exploitation of geothermal energy in the part of the Vojvodina Pannonian basin.
Thanks to the way in which geothermal resources have been analyzed, a
significant contribution has been made in terms of the practical use of geothermal
resources, which also confirms the complex, multivalent structure of the
manuscript.

The manuscript is based on the theoretical foundations and basics organized
through the following chapters: justification and basic research objectives, applied
methodology of research and theoretical background for geotechnical research,
thus rounding up the first whole of the manuscript by introducing the reader into
the relationship between the energy resources of both fossil and renewable,
conditions and projections of energy needs and defining the clear role of
geothermal resources in relation to other energy resources of AP Vojvodina. The
applied methodology extensively explains and confirms the set conceptual model
of research using basic and modern methodological procedures in the research
process. The last chapter of the first part of the manuscript provides the reader
with information on the basics of geothermal energy in terms of defining the notion
of geothermal energy and its classification.



The second part of the manuscript introduces the reader with the basic
characteristics of the research area through the presentation of physical-
geographic, climatic, hydrological-hydrographic and geomorphological
characteristics. ln the second part, an overview of the geological caracteristics of
the AP Vojvodina is presented, which is preceded by a chronological overview of
the current geological researches and the origin of the formation of the Panan
Basin. Through ten phases, the authors present the development and evolutionary
flow of the basin, analyzing structural-tectonic factors, lithostratigraphic relations
and sedimentation conditions, giving an overview of a significant number of
scientific papers published on the subject of paleogeographical conditions,
sedimentation and tectonic evolutionary conditions of the Pannonian basin.

Knowing the evolutionary flow of the formation of the basin is of great importance
for understanding the methods and conditions for the formation of geothermal
resources in Basin structures such as the Pannonian Basin.

The third part of the manuscript deals with the hydrogeological characteristics of
the basins in the area of the AP Vojvodina and directly relies on the geological

structure and the tectonic-structural characteristics that the authors consider
through a number of regional and correlation geological profiles, and in the
background in the form of geological maps of the paleorelief and the map of
neotectonic activities. Hydrogeological characteristics of the Pannonian basin are
shown through already well-known hydrogeological systems with an overview of
the analogy of hydrogeological and geothermal research. The authors use a large
number of data mostly obtained by making hydrothermal wells and wells for water
supply, but also the data obtained in the exploration of oil and gas in these areas
as well. The chapter on hydrogeological characteristics ends with a summary table
of hydrogeological systems in correlation with the geological evolution of the

terrain, where a clear link between the geological and tectonic basin formation
processes with formed aquifers and basic characteristics of groundwater, such as

temperature, yield and mineralization are shown.

The fourth part of the manuscript - Geothermal potential of AP Vojvodina -

occupies a central place. An analysis of geothermal indicators was carried out on

the territory of AP Vojvodina, starting with gravimetric measurements and
Bouguer's anomalies, magnetism, thickness and composition of the Earth's crust,
then the density of terrestrial heat flux and geothermal gradient analysis. Modern
geothermal phenomena, paleogeotermal phenomena and neotectonic movements
were analyzed. The authors use data on the density of heat flow, the depth to the
Moho layer, Bouguer's anomalies not only for the Vojvodina part of the Pannonian
basin, but also for the whole area of the basin structure, which contributes to a
better understanding of local conditions and local geothermal anomalies.



f

Applying the concept of multiparameter analysis, the geothermal reioning of the
territory of the AP Vojvodina has been made, and a significant scientific
contribution has been made, since the area of AP Vojvodina has not been the
subject of a comprehensive analysis so far, which would serve to separate
geothermal subareas in terms of parts of the terrain of the same or similar
conditions formation of geothermal resources. Through multi-parameter analysis,
including the geological evolution and basin genesis, lithological and stratigraphic
conditions, hydrogeological factors, paleo and modern geothermal indicators and
the current state in terms of exploitation of geothermal resources, three
geothermal sub-regions were separated in AP Vojvodina: Podrejon Sever,
Podrejon Centar and Podrejon Jug. The subarea delineation process included the
analysis of ten relevant factors for their croscorelation: the geological relationship
between neogene and pre-neogene; geological relations within the neogene
complex; hydrogeological conditions within the system; structural-tectonic
relations; thickness of the Earth's crust; gravimetry; magnetism; depth to Moho
layer; density of heat flow; geothermal gradient.

Subgeotermal potential calculation, static-conductive and dynamic-convective
potential was carried out for each of the subareas, using a large number of data
available from hydrogeothermal and structural wells in the area of AP Vojvodina.
The total geothermal potential is presented in a table in relation to the defined
subareas and hydrogeological systems, and then the potential is considered in
relation to the administrative boundaries of AP Vojvodina, at the level of
municipalities, which is in fact a link between research and the practical use of
geothermal resources. Cluster maps were formed, and categorization of
municipalities was made in relation to geothermal potential, which makes it a basis
for further development of geothermal resources in a manner of organized and
sustainable approach.

The fifth part of the manuscript dealing with the possibilities of using geothermal
energy in the AP Vojvodina, and it is based on previous calculations of potentials
in delineaded geothermal subareas. For each of the forty five municipalities, a

cadastral sheet is drawn up containing basic administrative data on the
municipality, estimated energy needs based on the district heating system,
subgeothermal potential and geothermal potential expressed in MWt and Mtoe.

The sixth part of the manuscript deals with the topic of optimizing the use of
groundwater as a hydrogeothermal resource from a practical aspect. Through six
chapters, the authors deal with the problems of energy efficiency in buildings, the
use of geothermal heat pumps, the sustainable way of capturing and exploiting
and managing geothermal resources through geothermal duplicates and the
selection of materials geothermal / thermotechnical equipment, depending on the
chemical composition of groundwater. The sixth part ends with the presentation
and analysis of the ecological aspects of the use of geothermal energy, presenting
positive and possible negative effects of the exploitation of geothermal resources.
The practical application of resources is also seen in the economic light.



Examples of good practice are followed in chapter seven, covering the most
diverse areas of application of geothermal energy in the building sector (residential
buildings, tourist-hotel facilities, public buildings), heating of open areas, use in
agriculture and application of geothermal resources in district heating systems.
The concluding statements are part of the eighth whole of the manuscript, and
they are presented in textual, tabular and graphic, which gives a clear overview of
the performed research and the results achieved. The manuscript is completed
with six graphic items: Geological map of AP Vojvodina, Hydrogeological map of
AP Vojvodina, Map of geothermal subareas in the area of AP Vojvodina, Map of
municipalities categorization according to subgeothermal potential, Map of
municipality categorization according to static-conductive potential, Map of
municipality categorization according to dynamic-convective potential. The above
graphic attachments are made in a high quality, using modern software packages
in the field of graphic design. High quality graphics are present throughout the text
of the manuscript, which certainly contributes to the quality of the manuscript in
general. The overview of the used literature is given at the end of the manuscript
and according to the number, the quoted authors and works show very well
knowledge of the geothermal energy, starting from the research, estimation of
potentiality, through exploitation to resource management.

CONCLUSION AND EVALUATION

TEXBOOKtt
fJ MoNocRAPHl^ |

HANDBOOK (dictionary, practicum, collection of tasks, scripts,

L__l supplementary literature)

Proposalfor any necessary corrections and changes in manuscript

The manuscript is written and technically organized in a way that does not require
corrections or any changes.

Final remark and an recommendation for the acceptance of the manuscript
in the edition of the Faculty of Mining and Geology, University of Belgrade

The manuscript "Geothermal potential of the territory of the AP of Vojvodina", by
Dr. Dejan Milenic, full professor on Faculty of Mining and Geology and Dr Ana
Vranje5, scientific associate at the Department of Hydrogeology at the Faculty of
Mining and Geology in Belgrade, is a comprehensive and original quality scientific
work that should enable a wide range of experts new knowledge from fields of
exploration, exploitation and use of geothermal energy in the area of AP Vojvodina
and wider.
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Dr Janos Szanyi, Assoc. Prof., University of Szeged, Hungary

It is a general assessment that the authors have successfully responded to the
complex scientific challenges of multidisciplinary research and have taken a step
further in assessing geothermal resources by defining for the first time geothermal
sub-regions at the AP Vojvodina area using the multiparameter analysis tool,
which will certainly contribute to the future development of geothermal resources
on the territory of AP Vojvodina. The authors used the scientific basis for
perceiving the practical application of geothermal energy in the area of AP
Vojvodina, which makes this manuscript comprehensive and interesting for the
publication.

With great pleasure, and on the basis of everything presented in the Manuscript
review report "Geothermal potential of AP Vojvodina", the below-mentioned
reviewer suggest that the manuscript of the authors Dejan Milenic and Ana
Vranje5 be published as a monograph and print in an accepted form.

Mark one of the options

E ACcEPTED

E 
ACCEPTED WITH REVISIoN

E REJECTED

Note (if needed)


