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PREDGOVOR

Uslovi koje stvara razvojem tehnologija i u kojima Zivi savremeni covek doveli su do komplek-
snog i paradoksalnog efekta: da otklanjajuci prepreke na putu ka komfornijem, jednostavnijem,
brzem i efikasnijem Zivotu i nacinu rada covek ujedno generise i brojne nedace, priviaceci tamne
oblake pretnji po opstanak planete i covecanstva. Pitanje koje se tice svih nas i sve nas pogada
— sve ljude, sva Ziva bica, sisteme u kojima se odvija Zivot, velike i male, jake i slabe — svodi se
na problem negativnog uticaja coveka na zZivotnu sredinu, ovo pitanje poziva nas na hitno resa-
vanje kroz sagledavanje uzroka, predlaganje resenja, njihovu evaluaciju, promene pristupa i
nacina razmisljanja, kao i izvodenje korektnih zakljucaka. Jednostavno receno, prilagodavajuci
prirodu sopstvenim potrebama, covek je ugrozava i narusava. Zato, zajednickim naporima svih
nas, pojedinaca, organizacija i drzava, neophodno je preduzeti sve moguce mere za sprecavanje
negativnih efekata koji nam predstoje i to odmah.

Znacaj obnovljivih izvora elektricne energije, koje ova medunarodna konferencija stavija u
fokus, primetan je iz dva ugla: prvi — izvesno je da ce fosilnih goriva kao resursa nestati i neo-
phodno je pronaci alternativne izvore, drugi — upotreba obnovljivih izvora energije po svojoj
sustini podrazumeva ,,Cistu” tehnologiju koja znacajno doprinosi smanjenju emisije CO,, a
samim tim i ublaZavanju klimatskih promena i smanjenju zagadenja, uz podsticanje drustvenog
i ekonomskog razvoja u svim sferama Zivota.

Jubilarnu, desetu konferenciju o obnovljivim izvorima elektricne energije organizuje Drustvo za
obnovljive izvore elektricne energije pri SMEITS-u, sa suorganizatorima: Institutom za arhitek-
turu i urbanizam Srbije i Privrednom komorom Srbije, uz podrsku Ministarstva prosvete, nauke
i tehnoloskog razvoja Republike Srbije. Prijavijeni ucesnici svoje radove koncipirali su prema
zadatim temama konferencije:

— Energetski izvori i skladistenje energije;

— Energetska efikasnost u kontekstu primene odrZivih izvora elektricne energije (OIEE),

— Zivotna sredina, odrZivost i politika;

— Aplikacije i usluge.

Eminentni autori — naucnici, nastavnici, strucnjaci iz ove oblasti, poreklom iz devet razlicitih
zemalja: Alzir, Bosna i Hercegovina, Hrvatska, Iran, Nemacka, Srbija, Skotska, Ujedinjeni
Arapski Emirati i Ukrajina, dali su svoj doprinos konferenciji kroz trideset sedam radova koji
su recenzirani od strane Naucnog odbora Konferencije, te nakon postupka recenzija prihvaceni
za izlaganje na konferenciji i za Stampanje u zborniku radova.

Na kraju ovog kratkog obracanja i na pocetku zbornika radova, verujem da se sa ponosom
moze reci da su se na jednom mestu okupili naucnici, istrazivaci, kreatori politike i strucnjaci
iz oblasti industrije, kako bi razmenili iskustva i znanja u cilju promocije naucnih i strucnih
ideja i rezultata istrazivanja, razvoja i koris¢enja OIEE, unapredenja tehnologija za koriscéenje
OIEE, promovisanja racionalne upotrebe potroSnje elektricne energije, afirmacije i predlagan-
ja inventivnih resenja u oblasti odrzZivih izvora elektricne energije.

U Beogradu
Oktobar 2022. godine
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FOREWORD

The conditions created by the development of technologies and in which modern man lives have led to
a complex and paradoxical effect: that by removing obstacles on the way to a more comfortable,
simpler, faster and more efficient life and way of working, man also generates numerous misfortunes,
attracting dark clouds of threats to the survival of the planet and humanity. The question that concerns
all of us and affects us all - all people, all living beings, systems in which life takes place, large and
small, strong and weak - boils down to the problem of the negative impact of man on the environment;
this issue invites us to an urgent solution by looking at the causes, proposing solutions, evaluating
them, changing approaches and ways of thinking, as well as drawing correct conclusions. Simply put,
by adapting nature to one's own needs, man threatens and damages it. That is why, with the joint
efforts of all of us, individuals, organizations and states, it is necessary to take all possible measures to
prevent the negative effects that are ahead of us, and immediately.

The importance of renewable sources of electricity, which this international conference focuses on, is
noticeable from two angles: the first - it is certain that fossil fuels as a resource will disappear and it is
necessary to find alternative sources, the second - the use of renewable energy sources by its essence
implies "clean" technology that significantly contributes to reducing emissions CO,, and thus mitigating
climate change and reducing pollution, while encouraging social and economic development in all
spheres of life. The anniversary, tenth Conference on renewable electricity power sources is organized
by the Society for Renewable Electrical Power Sources (DOIEE) at SMEITS, with co-organizers: The
Institute of Architecture and Urban & Spatial Planning of Serbia (IAUS) and the The Chamber of
Commerce and Industry of Serbia, with the support of the Ministry of Education, Science and
Technological Development of the Republic of Serbia.

The registered participants designed their papers according to the given conference topics:

- Energy sources and energy storage;

- Energy efficiency in the context of use of renewable energy sources (RES);
- Environment, sustainability and policy;

- Applications and services.

Eminent authors - scientists, teachers, experts in this field, originating from nine different countries:
Algeria, Bosnia and Herzegovina, Croatia, Iran, Germany, Serbia, Scotland, the United Arab Emirates
and Ukraine, contributed to the conference through thirty-seven papers that were reviewed by the
Scientific Committee of the Conference, and after the review process were accepted for presentation
at the conference and for publication in the proceedings.

At the end of this short message and at the beginning of the proceedings | believe that it can be proudly
said that scientists, researchers, policy makers and industry experts gathered in one place, in order to
exchange experiences and knowledge with the aim of promoting scientific and professional ideas and
results of research, development and use of RES, technology improvement for the use of RES,
promoting the rational use of electricity consumption, affirming and proposing inventive solutions in
the field of sustainable sources of electricity.

Belgrade,
October 2022.
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Postrojenja za stabilizaciju nafte omogucavaju rekuperaciju i komercijalnu eksploataciju
nafte koja se izdvaja iz gasa dopremljenog iz bustoine. Kondenzovani topli tecni ugljovodonici koji
su preciséeni iz prirodnog gasa mogu se koristiti za zagrevanje fluida koji dolazi u proces u kome
se vrsi njegovo razdvajanje na lakse i tecne komponente. U radu je prikazan pregled razmenjivaca
toplote nafta-nafta i objasnjen znacaj inspekcije u pogledu odrzivog razvoja i zastite Zivotne sredi-
ne. Debljina materijala merena je ultrazvucnom tehnikom. Odredivanje stepena korozije i pre-
ostalog radnog veka razmenjivaca toplote izvrseni su prema APl 510 | API 572 standardu. Vizuelni
test je otkrio odredena mehanicka oStecenja i povrsinsku koroziju, metoda inspekcije penetrantskim
metodama nije detektovala prsline u zavarenim spojevima u vreme pregleda.

Kljuéne reci: dobosasti razmenjivac, inspekcija, nedestruktivne metode, brzina korozije, pre-
ostali vek trajanja

Plant for oil stabilisation is enable to recovery and commercial exploitation of oil which is
rectified from excavated raw gas. Condensed hot liquid hydrocarbons that are separated from nat-
ural gas can be used to heat the fluid that enters the process in which it is separated into liquid and
lighter components. This paper presents the inspection of an oil heat exchanger and explains the
importance of inspection regarding sustainable development and environmental protection. The
thickness of the material was measured by ultrasonic technique. Determination of corrosion rate
and remaining life of oil-oil shell and tube heat exchanger is performed according to the API 510
and API 572 standards. The visual test revealed some mechanical damages and surface corrosion;
a liquid penetrant inspection method showed no cracks at the time of inspection.

Key words: Oil-oil heat exchanger, inspection, non-destructive methods, corrosion rate, re-
maining life

1 Introduction

Heat exchangers and heat and mass transfer play an important role in the efficiency of energy
systems and the protection of the human environment. Pollution reduction involves heat transfer
and heat exchangers to a large extent. Sustainable energy development includes reducing final ener-
gy consumption, improving overall conversion efficiency, and using renewable energy sources [1].
Environmental pollution is the release of any substance into the air, water or soil that is harmful to
the quality of life, while thermal water pollution is the release of heated water that can Kill or injure
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aquatic organisms [2].There have been several attempts to define criteria for assessing the sustaina-
bility of market products. One of the criteria for defining the sustainability of the product is the op-
timized design of the energy system, which includes the structure and parameters of the system de-
sign to reduce energy costs closely related to available material, financial resources, environmental
protection and government regulations, as well as safety, reliability, availability and sustainability.
The next criteria important for this work are design longevity and life cycle design. Optimal life
cycle selection for elements requires maintenance and inspection and testing of the elements them-
selves which may lead to retrofitting procedures. The energy system and its subsystems must be
designed to meet sustainability through each life cycle phase [3]. Determining corrosion rates and
remaining service life is an important aspect of heat exchanger life cycle design.

In this paper, the test plan is presented, including the methods and test results, the corrosion
rate and the remaining service life of the oil heat exchanger are calculated, in order to ensure the
quality of production, the protection of the environment and living beings.

Plan of inspection is done according to API 510 [4], inspection and calculation of oil heat ex-
changer according to API 572 [5], ASME sec VIII, div 1 and 2 [6].

2  Technical data

Table 1 presents design data of the oil heat exchanger and Figure 1 shows the inspected oil
heat exchanger.

Table 1 Design data of oil-oil shell and tube heat exchanger

Shell side Tube side
Design pressure (bar) 13 33
Design temperature (°C) 128 100
Operating temperature (°C) 98/70 45.7/70
Test pressure (bar) 16.9 42.9
Weld join efficiency (%) 0.85 0.85
Fluid Stabilized condensate (Hot-oil) |Wet oil (entering in process)
Volume (S/H) (m?) 4354/2.49
Material of construction SA516 Grade 70

3 Plan for inspection

Several criteria should be considered when developing an effective inspection plan. The pri-
mary goal of the plan is to organize inspections (and supporting activities) that enable the owner to
assess the condition of the pressure vessel.

Care should be taken to ensure that the inspections provide the information required to per-
form any applicable analyses, in a timely fashion, without imposing detrimental effects on the
equipment.

The frequency with which a pressure vessel should be inspected depends on several factors,
including the rate of damage, the corresponding remaining useful life, and the risk of failure.

Maximum internal or external inspection intervals should be in accordance with API 510.
Scheduling of shutdowns for maintenance or inspection is usually arranged through the collabora-
tion of process, maintenance, and inspection groups.

The actual time for inspection will usually be determined through the collaboration of pro-
cess, mechanical, and inspection groups, or by the mandate of a jurisdiction.

Table 2 presents inspection plan for recertification of the oil heat exchanger.
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Figure 1. OiIr-oiI shell and tube heat exchanger

3.1 Visual inspection activities of the shell and tube heat exchanger

External and internal inspection were conducted on the vessel. External inspection covers the
condition of the external metal surfaces, protective coatings and its external components.
External metal surfaces were in good condition in time of inspection. Corrosion under insula-

tion was not observed in time of inspection.
The appearance of the tube bundle after cleaning reveals that no corrosion occurred, and the
metal surfaces are crack and damage free as presented in Figure 2.

e 'x . \‘ ‘ ’T

"

Figure 2. The tube bundle after cleaning

Internal inspection covers the conditions of the internal metal surfaces and its internal compo-
nents. Exterior of tube bundle on accessible places was found in good condition and interior of
tubes were inspected by boroscope. Tubes were inspected according requirements of the APl 570
and API 574 standards. Surface corrosion is found at the internal side of tubes, and should be moni-
tored. The corroded surface is presented in Figure 3 [8].
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Table 2. Inspection plan for recertification pressure vessel

No Activity Reference Acceptance Verify Inspection Level
Document Criteria Document Req | MO | CA
' G
1 |Review Document
- Drawing, Design/ Datasheet ASME Sec. ASME Sec. General Drawing |Yes |R R
VI VIl & Datasheet
- NDT Equipment Calibration ASME Sec. V |ASME Sec. V |Calibration Cert. |Yes |R R
- Previous Inspection Record API 510 API 510 Inspection Work- |[Yes |[R R
book
- Corrosion & Failure Threat API1 510 API1 510 Corrosion As- Yes R R
sessment
- Advance NDT Procedure NDT Procedure |No |A R
- Repair of Pressure Vessel Repair Procedure |[No |A R
- Safety Precaution Work permit & | Yes [A R
Risk Assessment
2 | Visual Inspection
2A |External Internal API 510 Visual Inspection |Yes [P M/
procedure Report R
2B |Internal Internal API 510 Visual Inspection |Yes |P
procedure Report
3 | Extended Non Destructive Test
3A | Scanning Wall (shell, head) Internal ASME Sec. V' |NDT Report No |P&T|M/
procedure R
3B | Wall Thickness Check (Localized API 510 API 510 NDT Report Yes [P&T|M/
Scan) R
3C |Hardness ASME Sec. Il |Hardness Report [No |P & T|M/
R
3D |MT or PT on selected W. joints Internal proce- |ASME Sec.V |NDT Report Yes [P&T|M/
dure R
3E |Other Advance NDT API1 510 ASME Sec.V  |[NDT Report No |W W
4 |Calculation Check
4A |Corrosion Rate Calculation API 510 API 510 Calculation Re- | Yes [P R
port
4B | Remaining Life Calculation API 510 API 510 Calculation Re- | Yes |P R
port
4C | MAWP Calculation (if derated) API 510 API 510 Calculation Re- No |P R
port
5 | Hydrotesting Internal ASME Sec. Hydrotest Report |Yes [P & T|W
procedure Vil
6 | Completed Pressure Vessel Inspection Work Book Report Yes |P R
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Figure 3. The corroded appearance of the interhal side of the tubes

Next external inspection, internal inspection and ultrasonic thickness measurements at the
same positions should be performed within next five years.
All of the essential sections/components of the vessel are safe to operate until next scheduled
inspection.

3.2 Ultrasound testing of the oil-oil heat exchanger

Value of the design thicknesses of the oil-oil shell and tube heat exchanger elements are mentioned
in the Table 3 below:

Table 3 Equipment technical data

No Item Material Design thickness (mm) C.A. (mm)
1 Cylindrical shell SA516 Grade70 13.00 mm 3.00 mm
2 Shell head SA516 Grade70 Minimum thickness 9.20 mm 3.00 mm
3 Channel SA516 Grade70 21.00 mm 3.00 mm

The sketch and results of ultrasound thickness measurement are presented in Figure 4.
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Figure 4. Sketch and results of UT thickness measuremnt of oil-oil heat exchanger

According to Figure 4 and Table 3 equipment thicknesses obtained by UT testing were found
to conform to the design thicknesses.
3.3 Liguid penetrate testing of the oil-oil shell and tube heat exchanger

Sketch of liquid penetrate testing performed on oil heat exchanger is presented in Figure 5.
The results of test performed at weld joint 1, weld joint 2 and weld joint 6 are presented in Figure 6
a, b and c respectively. Cracks were not found on inspected weld joints during inspection.

162 * 10" ICREPS



Weld-joint 3 Weld-joint 4

Weld joint 3
AEESENNN—— 8] — e S L 5
! N — a1 . 4
3 N

1 D——

— veursret A T P wrre e
N

LY DY sies
7 S 38 18 4 911 () o 0B
s oo won § | Arrecius

Z“q | ‘\\ :‘ N ¢ | | 1M ey l/
}- ’ Y \: - / T | 1
i

s . ‘__, "/___, _ ] S () 153 i | g
| /: g g 3 o g g o o = N8
, | I -
3 " f
: ] - / ] /‘i‘”’.’ﬂ! o3 w meen [ 2 Pl

ot

‘w;iu’-u./LH/ JETOT T V"S‘s’/ i ¥
i 1

- "rmru?'ﬁm‘z:-t T

Weld-joint 1 Weld-joint 2

Weld-joint 6

Figure 5. Sketch of PT tested equipment

c)
Figure 6. Results of PT tested of the weld joints a) 1 b)2 and ¢)6.

4 The determination of corrosion rate and remaining Life

The corrosion rate is calculated according to the API 510 and API 572 [4, 5] as a corrosion
rate long time (LT) according to the following equations:
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Corrosion rate (LT) = (tinitial — tactuar )/time between tinitia aNd tactual (years) D

Corrosion rate (LT) = (13.208 -13.11)/18 2

Corrosion rate (LT) =0.005mm/year 3

Remaining life of the heat exchanger (in years) shall be calculated from the following formula [8]:
Remaining life = (tactual — trequired) /COrrosion rate (4)

Remaining life is = 22 years 5)

where tactal 1S the actual thickness of a CML, in (mm), measured during the most recent in-
spection; trequired IS the required thickness at the same CML or component, in (mm), as the tactual
measurement. It is computed by the design formulas (e.g. pressure and structural) and does not in-
clude corrosion allowance or manufacturer’s tolerances [9].

According to presented results of measurements corrosion rate is 0.005mm/year and remain-
ing life of inspected shell and tube heat exchanger is 22 years.

5  Conclusions

This paper presents the plan and results of oil-oil shell and tube heat exchanger’s inspection as
an important part for the environment protection and sustainable development.

The inspection included visual testing, liquid penetrate testing and ultrasound thickness meas-
urements. The inspection revealed no corrosion or any damage and all of the essential sec-
tions/components of the oil-oil heat exchanger are safe to operate until next scheduled inspection.

Corrosion rate, calculated according APl 510 and APl 572, is 0.005 mm/year, hence remai-
ning life of the oil-oil shell and tube heat exchanger is 22 years. Next external inspection, internal
inspection and ultrasonic thicknesses measurements at the same position should be performed with-
in next five years. Also grounding connections electrical resistance is recommended also to be
measured according to the requirements of AP1 510 and API 572 standards.
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