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ANALIZA ISPLATIVOSTI UGRADNJE TURBOGENERATORA
NA BROD

THE ANALYSIS OF THE MARINE TURBOGENERATOR
INSTALLATION COST EFFECTIVENESS

SAZETAK

U radu su prikazani rezultati provedene simulacije i
istraZivanja isplativosti ugradnje turbogeneratora na
brod. Analiza je provedena primjenom NOR Contro-
lovog simulatora za simulaciju brodskog postrojenja
tankera za prijevoz sirove nafte. Simulirana je proi-
zvodnja elektricne energije s turbogeneratorom ili s di-
zelskim generatorom. Analiza pocetnih investicijskih
troskova provedena je anketom s proizvodacem brod-
skih generatora pare te s dobavljacima turbo i dizel-
skih generatora pri cemu su se koristile trenutne cijene
teskog i lakog dizelskog goriva na svjetskom trZistu.
Izracunate su ustede u slucaju kada se za proizvodnju
elektricne energije koristi turbogenerator u paralelnom
radu s osovinskim generatorom. Rezultati istraZivanja
pokazuju znacajne ustede i neupitnost isplativosti
ugradnje jednog takvog uredaja na brod, kao i oprav-
danost njegovog maksimalnog koristenja, ako je na
brodu instaliran.

Kiljuéne rijeci: turbogenerator, isplativost, iskoristivost,
potrosnja elektricne energije

SUMMARY

Results of the simulation of and research into the cost
effectiveness of mounting the turbogenerator on board
a ship are dealt with in this paper. The analysis was
performed by using the Konsberg NorControl crude oil
carrier engine room plant, where the situations of the
electrical power generation with turbo generator as well
as with diesel generator were simulated. The initial
cost analysis was carried out by a questionnaire with
the exhaust gas boilers manufacturers, turbo generator
and diesel generator suppliers. For the bunker price
calculations, the present heavy fuel oil and diesel oil
prices on the world market were used. The fuel savings
were calculated by comparing the electrical power pro-
duction situation with two diesel generators and the si-
tuation when a turbo generator was paralleled with a
shaft generator. The results were additionally verified
by using the computer aided program for the economi-
cal prediction of the project. The research results have
arguably confirmed the thesis that mounting the turbo-
generator on board a ship has great benefits and, if it is
already mounted, it should be used as much as possi-
ble. The research results also confirm a great influence
of planning the bunkering — choosing the bunkering
ports, as well as the importance of the engine plant op-
timization and exploitation optimization on the final
exploitation costs.

Key words: turbogenerator, cost effectiveness, bunker
price, electrical energy consumption, optimization
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1. UVOD

Turbogenerator je sklop koji se sastoji od ge-
neratora elektricne energije i njegovog pogon-
skog dijela koji Cini parna turbina s redukto-
rom. Za pogon parne turbine Kkoristi se
pregrijana para proizvedena u loZenom genera-
toru pare ili u utilizatoru, odnosno generatoru
pare, koji iskoriStava toplinu sadrzanu u ispus-
nim plinovima (najc¢esce) glavnog motora, ali
moze i iz pomocnih motora. Kod novijih gene-
racija motora, koji imaju znatno vecu iskoristi-
vost od starijih serija, toplina sadrzana u ispus-
nim plinovima je znatno manja. U svrhu
dobivanja potrebne energije na pogonima s ta-
kvim motorima, preko izmjene topline u izmje-
njivac¢ima koji se nalaze u utilizatoru, povrsina
izmjenjivaca mora biti znatno veca Sto posku-
pljuje i njegovu cijenu.

U radu se analizira isplativosti ugradnje tur-
bogeneratora na brod. Napravljena je kompa-
racija troskova ugradnje turbogeneratora umje-
sto jednog dizelskog generatora ili osovinskog
generatora, te usporedba krajnjih troskova jed-
nog takvog postrojenja. Tu su uracunati pocetni
troskovi ugradnje, troSkovi odrzavanja te tros-
kovi potrosnje goriva.

Pocetni investicijski troskovi su dobiveni di-
rektno od proizvodaca doti¢ne opreme za kon-
kretan primjer postrojenja pribliznih snaga,
dok je potro$nmja goriva simulirana na NOR
Controlovom simulatoru i predstavlja realne
vrijednosti za brod koji je simuliran.

Krajnji su troSkovi goriva, odnosno ustede,
izracunati na osnovi potrosnje goriva, uzimajuci
u obzir trenutne cijene goriva na trzistu, te vri-
jeme provedeno u plovidbi u razdoblju jedne
godine, a koje je procijenjeno na osnovi dugo-
godiSnjeg iskustva na brodu, te trenutnih tren-
dova u pomorstvu.

Svrha i cilj rada je dokazivanje isplativosti
ugradnje turbogeneratora na brodove ¢iji pogo-
ni (glavni motor(i)) omoguéuju takvu izvedbu,
odnosno pogoni koji proizvode dovoljnu kolici-
nu ispusnih plinova odredene topline za proi-
zvodnju pare. Ustede koje Ce biti opisane do-
voljno govore same za sebe. Premda one mogu
biti znacajne, neke brodarske kompanije i dalje
nisu pristalice takvih izvedbi, ve¢ kombiniraju
dizelske generatore s osovinskim generatorom
ili ugraduju samo dizelske generatore. Razloge
ovakvih stavova opravdavaju sloZenijim postro-
jenjem koje zahtijeva kvalitetnije kadrove, Sto u

1. INTRODUCTION

The turbogenerator is the assembly of a gen-
erator, steam turbine and gearbox. For steam
turbine running, the superheated steam is used.
The steam is produced in an auxiliary boiler or
exhaust gas boiler. The exhaust gas boiler uti-
lises the main engine or the auxiliary engines
exhaust gas heat. Since the new generation of
the marine diesel engines have a higher effi-
ciency as regards the old ones, the available ex-
haust gas heat is significantly reduced. Due to
this fact, the exhaust gas boiler heat exchangers
areas should be enlarged, which considerable
increases the exhaust gas boiler price.

The paper analyzes the cost effectiveness of
installing the turbogenerator on board a ship.
The initial cost comparison of installing one
turbogenerator instead of one diesel generator
or one shaft generator has been done. The final
exploitation savings for a period of 20 years
were calculated. The installation costs, mainte-
nance costs and fuel costs were considered in
this calculation.

The installation costs for a particular engine
plant, with approximately the same electric
generator power, were obtained directly from
the equipment manufacturers. The fuel con-
sumption for each case was simulated on the
Konsberg NOR Control Simulator and repre-
senting the real values for the simulated ship

type.

The final fuel expenses, i.e. savings, were cal-
culated taking into account the simulated fuel
oil consumption, current world market heavy
fuel oil and diesel oil prices and the annual tur-
bogenerator running hours. The turbogenera-
tor running hours were estimated according to
the authors’ long-time experience on board the
ships and to the present maritime transport
trends.

The aim of this paper is to determine the
cost effectiveness of installing the turbogenera-
tor on board a ship whenever there is enough
main engine power to produce a sufficient
amount of heat from exhaust gases to produce
steam for running the turbogenerator. The pre-
sented savings are in favour of the turbogenera-
tor installation, and, although, the savings could
be considerable, some shipping companies are
still reserved for this kind of electricity produc-
tion source and still use the diesel generator or
a combination of the diesel generator and shaft
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stvarnosti ne stoji jer upravljanje turbogenera-
torom nije niSta sloZzenije nego upravljanje di-
zelskim generatorom ili osovinskim generato-
rom, pogotovo kod tankera za sirovu naftu i
derivate gdje se Cesto koristi para za pogon tur-
bopumpi tereta.

2. POCETNI INVESTICILJSKI
TROSKOVI

Pocetni investicijski troSkovi dizelskog i tur-
bogeneratora, utilizacijskog generatora pare te
pripadajuce neophodne opreme dobiveni su di-
rektno od proizvodaca na osnovi pretpostavlje-
ne instalirane snage. Potrebna snaga elektri¢ne
energije broda u plovidbi je definirana na osno-
vi iskustva i statisticke obrade postrojenja veceg
broja brodova za prijevoz sirove nafte, rasutih
tereta i brodova za prijevoz kontejnera. Snaga
je na taj nacin odredena na 750 <+ 1.000 kW, §to
zadovoljava vecinu danasnjih brodova u plovid-
bi, izuzev brodova za prijevoz kontejnera koji
trebaju nesto vise elektri¢ne energije kod prije-
voza rashladnih (frigo) kontejnera.

Nabavne cijene dizelskog generatora snage
750 + 1000 kW se krecu 250.000 =+ 300.000
USS [2].

Cijena jednog turbogeneratora sli¢ne snage
zajedno sa svom pripadaju¢om opremom krece
se u rasponu 350.000 + 400.000 USS$ [4]. Ovdje
je uracunat i vakumski kondenzator, te sva pri-
padajuca oprema za pogon jednog takvog po-
strojenja (pumpe, ventili i ostalo). U cijene oba
slucaja uracunat je pogonski sklop zajedno s
elektricnim generatorom (motor s generatorom
ili turbina s reduktorom i generatorom).

Na osnovu analize viSe prikupljenih podata-
ka vidi se da razlika u pocetnim investicijskim
troSkovima samih generatorskih sklopova nije
velika.

Generator pare na ispusne plinove (utiliza-
tor) na brodu s turbogeneratorom mora imati
nesto veci kapacitet kako bi zadovoljio potros-
nju pare, koja se krece od 9 +10 t/h. Na brodu
bez turbogeneratora, s klasi¢nim postrojenjem,
ona se krece 2 + 3 t/h. Tankeri za prijevoz siro-
ve nafte koriste nesto viSe pare za grijanje tere-
ta. Ta potreba za ve¢im kapacitetom, kao i po-
treba za pregrijanom parom nosi sa sobom vece
dimenzije (povrSinu izmjenjivaca), pa samim
time i vecu cijenu.

generator. The reasons for their beliefs are that
ship power plants with turbogenerators are
much more complex and require a more quali-
fied and educated crew. This statement is
wrong because the complexity of the turbogen-
erator operation is almost the same as for the
diesel generator or shaft generator, especially
on board crude oil carriers, where steam is con-
tinually used for running the cargo turbo pumps
and for cargo tanks heating.

2. INITIAL INVESTMENTS

The initial investment costs of a diesel gen-
erator, turbogenerator, exhaust gas boiler and
the necessary associated equipment are re-
ceived directly from the producer or represent-
atives. The estimated electric power demand
has been taken as the initial comparison pa-
rameter. This value has been estimated by ex-
perience and by using the statistical evaluation
data of crude oil carriers, bulk carriers and
2000 TEU and larger container ships. By this
method, the electric power demand was deter-
mined to 750 to 1,000 kW per ship. This power
is sufficient for most of the present researched
ships during navigation, except for large con-
tainer ships that need more electrical power
when carrying frigo containers.

The initial cost for a diesel generator with
the power of 750 to 1,000 kW is approximately
USS$ 250,000 to 300,000 [2].

The initial price of a turbogenerator with the
same power and all associated equipment is
about US$ 350,000 to 400,000 [4]. The price in-
cludes the vacuum condenser and all necessary
pumps, valves, pipelines, etc. In both the cases,
complete generator sets are included (diesel en-
gine with generator or steam turbine with gear
box and generator). When comparing the infor-
mation from practice, it can be seen that the ini-
tial generator cost differences are not so great.

The ship electric power plant with a turbo-
generator must be equipped with a exhaust gas
boiler with sufficient capacity to provide
enough steam for service (9 to 10 t/h). The
steam consumption on board a ship without a
turbogenerator is approximately 2 to 3 t/h and
there is no need for an exhaust gas boiler of
that capacity. Steam consumption on board oil
tankers is increased due to cargo heating. The
increased steam production capacity, as well as
the demand for a superheated steam, increases
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Te se cijene krecu za generator pare 2 + 3 t/h,
70.000 <+ 80.000 USS$, dok za generator pare ka-
paciteta 8 + 10 t/h cijena iznosi oko 150.000 US$
[3]- Vidi se da je razlika u pocetnoj investiciji
oko 70.000 USS.

Kada se uzmu u obzir cijene generatorskih
sklopova i cijene utilizatora, ukupna razlika u
pocetnim investicijskim troSkovima, za uzeti
primjer, je oko 150.000 -+ 200.000 USS$. Na prvi
pogled velika razlika u pocetnim investicijskim
troskovima pokazat ¢e se zanemarivom u odno-
su na usStedu ostvarenu smanjenom potro$njom
goriva.

3. USTEDA NA POTROSNJI
GORIVA

Razlika u potro$nji goriva najbolje se vidi iz
priloga simulacije, ovisno vozi li brod s ili bez
turbogeneratora.

Radi se o brodu za prijevoz sirove nafte i naf-
tnih derivata (tanker), s glavnim motorom snage
15.000 kW i potrebnom snagom za proizvodnju
elektri¢ne energije 750 -+ 800 kW (u plovidbi).

Usporedbom simuliranih vrijednosti ukupne
potros$nje goriva za doti¢ni pogon, oznacenim
na slikama 1. i 2. te ako se pretpostavi da brod
u plovidbi godisnje provede 10 + 11 mjeseci,
kada je moguce i isplativo koristiti pregrijanu
paru za pogon turbogeneratora, razlika u po-

tro$nji goriva Am, je 0,15 m*h, odnosno:
o o 3
Am,, =i, —rit,, =3,65-3,50=0,15[ m’ / .
Am, o =Am, -1, ,
gdje je m,, potrosnja u prvom slucaju (Slika
1), m, potrosnja u drugom slucaju (Slika 2),
Am, razlika u volumenskom protoku u [m3/h] ,

t . je ukupno vrijeme koje brod godiSnje prove-

de u plovidbi, a Am, ;. je ukupna razlika u po-
troSnji goriva.

Za razdoblje od 11 mjeseci;
Am, e =0.15-7920=1188 [m” |

Prema danasnjoj cijeni teSkog goriva C (IFO
380 cSt) 540 + 600 US$/MT, i pretpostavku da
je priblizna gustoca teSkog goriva oko 1000
[kg/m?], godiSnja usteda S iznosi:

the heat exchanger dimensions (areas) and
price. For the exhaust gas boiler with the steam
production capacity of 2 to 3 t/h, the initial
price is about US$ 70,000 to 80,000, while for
the exhaust gas boiler with a capacity of 8 to 10
t/h, the price is more than doubled (approx.
US$ 150000).

As it can be seen, when comparing the prices
of the generator sets and exhaust gas boilers in
this example, the difference in the initial invest-
ment cost is around US$, 150,000 to 200,000. In
the following chapters it will be pointed out
that this large difference in the initial invest-
ment cost can be neglected when comparing to
the fuel oil savings.

3. FUEL OIL SAVINGS

The difference in fuel economy can be seen
from the contributions of simulation, depend-
ing on the ship run with or without a turbogen-
erator (figures 1 and 2).

The simulation has shown the crude oil and
product oil carrier fuel oil system with the
MCR main engine of 15,000 kW and the elec-
tricity production demand of 750 to 800 kW (in
navigation).

By comparing the simulated values of the to-
tal fuel consumption for the facility, indicated
in figures 1 and 2, and assuming that the ship
spends at sea 10 + 11 months per year, when it
is possible and profitable to use the superheat-
ed steam to drive turbo generators, the differ-
ence in fuel consumption is 0.15 m3/h or, re-
spectively:

Am,, =i, — it =3,65-3,50=0,15[ m’ / ].
Amg,UK =Amg 1,

where 11, is the consumption in the first case
(Fig. 1), m,, is the consumption in the second

case (Fig. 2), Am, is the difference in the vol-

ume flow in [m3 /h], t, is the total time a ship

spends at sea per year, Am, , is the total dif-
ference in fuel consumption.

For a period of 11 months:

Am, e =0.15-7920 =1188 [m’ |
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S=Am, - C, odnosno

S=1 188[t]-550[UTS$:| =653400[US$]

Uz pretpostavku eksploatacijskog vijeka bro-
da od 20-tak godina, usteda koja Ce se ostvariti
na kraju tog razdoblja je oko 13 mil. US$. Na-
ravno da uSteda prvenstveno ovisi o kretanjima
cijena goriva na svjetskom trziStu. Usporedbe
radi, kada se radila slicna analiza 2002. godine,
s tadas$njim cijenama teSkog goriva gradacije
IFO 380, 150 + 160 US$/MT, usteda za razdo-
blje od 20 godina bila je oko 3,56 mil. USS$.

Kod starijih postrojenja, a i nekih novijih
gradnji za pogon dizelskih generatora, umjesto
teSkog goriva izgara se lako dizelsko gorivo
(MDO - Marine Diesel Oil), ¢ija se cijena da-
nas kreée od 830 do 900 US$/MT. Za simulirani
slucaj i razdoblje od 20 godina ta uSteda iznosi
preko 20 mil. USS. Godine 2002., uz cijenu od
240 US$/MT i razdoblje od takoder 20 godina,
usteda je iznosila 5,7 mil. USS.

Kad brod nije u plovidbi, potrebno je koristi-
ti dizelske generatore koji mogu koristiti teSko
gorivo i lako dizelsko gorivo, ovisno o izvedbi.
Moguce je koristiti i turbogenerator, ako po-
mocni (loZeni) generator(i) pare ima(ju) ugra-
dene pregrijace pare. Postoje i izvedbe turbina
s materijalom lopatica koje mogu podnijeti mo-
kru paru, tako da je mogué pogon i s generato-
rima pare bez pregrijaca pare. Inace, zbog sa-
mog procesa ekspanzije, mokra para do ulaska
u turbinu prelazi u pregrijano podrucje, pa nije
potreban poseban pregrija¢ pare. Ovakva raz-
matranja i analize koje uzimaju u obzir pogon
turbogeneratora uz pomo¢ loZzenog generatora
pare nemaju prioritet, jer u tim slucajevima tre-
ba izgarati gorivo bilo u dizelskim motorima
bilo u generatorima pare. Analiza se odnosi, te
ima svrhu samo kod iskoriStavanja otpadne to-
pline sadrZzane u ispuSnim plinovima glavnog
motora.

Na slici 1. oznacena je ukupna potrosnja tes-
kog dizelskog goriva u plovidbi broda koja izno-
si 3,5 m'h. Elektri¢nu energiju proizvode tur-
bogenerator i osovinski generator, Sto je za
doticni brod i najpovoljniji slucaj. Konstrukcij-
ski se moglo izvesti da kompletan pogon ‘drzi’
samo turbogenerator uz utilizator neznatno ve-
¢eg kapaciteta i neznatno vise cijene. Tada bi se
dodatnih cca 200 kW snage elektri¢ne energije
koju proizvodi osovinski generator proizvodilo

According to present heavy fuel price C (IFO
380 cSt) of US$/MT 540 + 600 and the assump-
tion that the approximate density of heavy fuel
is about 1,000 [kg/m3], the annual savings are:

S=Am,,, -C,or

S=1 188[t]-550|:UTS$] =653400[US$]

If we assume that the ship exploitation peri-
od is about 20 years, the saving at the end of
that period is about US$ 13 mil. The fuel oil
savings are mainly dependent on fuel oil prices
on the world market. For comparison purposes,
when the same analysis was done in 2002, with
the fuel oil price at that time (US$/MT 150 =+
160), the calculated saving for the period of 20
years was US$ 3.56 mil.

The older plants and some newer ship build-
ings too have diesel generator sets driven with
MDO or MGO at the current market price of
US$/MT 830 to 900. For the simulated case for
the 20 year period, the saving is US$ over 20
mil. In 2002, with the MDO price of US$/MT
240, the saving was US$ 5.7 mil.

When the ship is not sailing (main engine is
not working), it is necessary to use the diesel
generator set which can run on HFO or MDO
(MGO) depending on the type of engine. The
turbogenerator can also be used if the super-
heated steam is produced in the superheater
section(s) of an auxiliary boiler(s). The turbo-
generator can also work if the boiler(s) produce
saturated steam, but in such cases, special types
of turbine rotor blades must be used. Normally,
there is no need for a superheater because of
the expansion process of steam in which the
saturated steam is superheated.

This analysis, which takes into account a tur-
bogenerator running on steam produced in the
auxiliary boiler, has no economical validity be-
cause of the inevitable burning of the fuel oil in
a diesel generator or in auxiliary boilers. The
analysis refers to and can be applied only when
the main engine exhaust gas heat is utilized.

In Fig 1, the total fuel oil consumption of
3.5m%h is marked in the case when the ship is in
navigation. The electric power is produced by a
turbogenerator and a shaft generator and that is
the most efficient case for the simulated type of
ship. The engine plant could be constructed in
such a way that the complete electric power de-
mand is covered by a turbogenerator in combi-
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Slika 1. Prikaz potro$nje goriva u scenariju kada elektri¢nu energiju proizvode osovinski i turbogenerator
Figure 1 Fuel oil consumption in the case when electricity production is done by TG and SG

na turbogeneratoru, Sto ne bi imalo isti uc¢inak
na smanjenje potrosnje kao u slucaju kada se
koriste dizelski generatori, ali bi smanjilo po-
troSnju goriva glavnog motora ili za istu potros-
nju povecalo brzinu broda.

Na slici 2. oznacena je potro$nja goriva u slu-
¢aju kada se cjelokupna potreba za elektricnom

nation with a proportionally larger exhaust gas
boiler, but that type of a plant is much more ex-
pensive. At such a scenario, the additional 200
kW will be produced with a turbogenerator.
That will additionally reduce the fuel oil con-
sumption and, for the same fuel oil consump-
tion, increase the ship speed. In the simulated
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Slika 2. Prikaz potrosnje goriva u radu dva dizelska generatora
Figure 2 Fuel oil consumption in the case of electric power production with two DG

energijom dobavlja preko dva dizelska genera-
tora koji za doti¢nu namjenu koriste tesko gori-
vo. Potrosnja goriva je za 0,15 [m?/h] veca s ob-
zirom na uvjete prikazane na slici 1.

Ako se napravi ekonomska analiza isplativo-
sti ovakvog projekta vidi se neupitna isplativost
ugradnje turbogeneratora, a isplativost se pove-

“full speed ahead” scenario, the turbogenerator
produces 500 to 600 kW, according to the availa-
ble steam pressure that is around 14 bar.

In Fig 2, fuel oil consumption is marked in
the case when the electric power is produced by
two diesel generators running on HFO. By
comparing Figl and Fig 2, the difference in the
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Tablica 1. Primjer izracuna uStede kod primjene turbogeneratora
Table 1 A calculation example of savings when using a turbogenerator on board a ship

USPOREDBA TROSKOVA DIZELSKOG GENERATORA I TURBOGENERATORA
Diesel generator (DG) and turbogenerator (TG) expenses comparison

Potrebna snaga generatora

TG amortization for 20 years (0.05)

A kW 1000
Required generator power
Jedini¢na potrosnja goriva za dizelski generator
Diesel generator SFC g/kWh 175
Jedini¢na potroSnja goriva za turbogenerator
Turbogenerator SFC g/kWh 0
Cijena goriva
Heavy fuel oil price S 230
Godisnja potrosnja goriva za dizelski generator
Yearly DG fuel oil consumption t/god 1,386
Godisnja potrosnja goriva za turbogenerator t/eod 0
Yearly TG fuel oil consumption &
Amortizacija za dizelski generator 20godina (0,05)
DG amortization for 20 years (0.05) %/100 0.05
Amortizacija za turbogenerator 20 godina (0,05) %/100 0.05

Average yearly DG maintenance costs

Prosjecni godi$nji troskovi odrzavanja dizelskog generatora

$/god | 57,000.00

Average yearly TG maintenance costs

Prosjecni godi$nji troskovi odrzavanja turbogeneratora

$/god 55,000.00

Godisnji troskovi goriva za dizelski generator
DG yearly fuel oil costs

$/god 762,300

Godisnji troskovi goriva za turbogenerator

Additional equipment initial expenses (IG+EGB)

TG yearly fuel oil costs $/god 0
Troskovi ulaganja u opremu (DG + utilizator) $ 380.000
Additional equipment initial expenses (DG+EGB) ’
TroSkovi ulaganja u opremu (turbogenerator + utilizator) $ 550,000

¢ava povecanjem cijene goriva. U tablici 1. i na
slici 3. prikazan je izracun isplativosti jednog
ovakvog projekta.

Na slici 3. se vidi uSteda u gorivu tijekom ek-
sploatacije pogona koji ima mogucnost koriSte-
nja TG-a s cijenom teskog goriva od 550 $/t.
Uodljivo je da se pocetno veca investicija vrati
za manje od godinu dana.

Na slican nacin moze se napraviti usporedna
analiza za doti¢ni primjer u slucaju uzimanja
teSkog goriva u razli¢itim lukama. Prema cije-
nama goriva IFO 380 na dan 25. 02. 2011. dobi-
veni su rezultati prikazani u tablici 2.

Ono $to joS treba naglasiti je i ekoloski as-
pekt promatranog slucaja. Naime, pogon koji
iskoriStava toplinu ispusnih plinova za stvaranje
potrebne koli¢ine pare za pogon, bilo turboge-
neratora, bilo za grijanje tankova tereta, ne tre-
ba ili treba znatno manje dodatnog izgaranja
goriva za iste potrebe. Kao rezultat imamo

HFO consumption of 0.15 [m?/h] can be seen.
If an additional economic analysis is made, it
can be noted that mounting the turbogenerator
on board a ship has great benefits and that the
cost effectiveness is higher as the fuel oil price
increases. Table 1 and Fig 3 present the cost ef-
fectiveness analysis of the simulated case.

Fig 3 clearly shows the fuel oil savings during
the exploitation of the electric power plant,
with the possibility of using a turbogenerator,
with the current fuel price of US$/t 550. It can
be seen that the initial higher investment is re-
covered in the period of less than one year.

A similar parallel analysis can be made, com-
paring the fuel oil price savings dependent on
the ports where fuel oil was bunkered. Accord-
ing to the HFO prices on 25" February 2011,
the following results were calculated:

A very important environmental aspect of the
analyzed topic should be also mentioned. The
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Slika 3. Graficki prikaz uStede kod primjene turbogeneratora
Figure 3 Yearly savings in the case of the TG application
Tablica 2. Usporedba ustede ovisno o luci ukrcaja teSkog goriva za ispitivani primjer
Table 2 HFO savings comparing different bunkering ports
IFO 380
Grad - luka Cijena Nakon 1. god Nakon 5 god. Nakon 10 god. Nakon 20 god.
Port price After st year After 5 years After 10 years After 20 years
US3/t
550 -239,700% 2,665,500 $ 6,297,000 $ 13,560,000 $
Singapore 638 -117,732 3.275,340 $ 7,516,680 $ 15,999,360 $
Rotterdam 618 -145,452 § 3,136,740 $ 7,239,480 $ 15,444,960 $
Fujairah 710 -17,940 § 3,774,300 $ 8,514,600 $ 17,995,200 $
Busan 693 -41,502 $ 3,656,490 $ 9,203,478 $ 17,523,960 $

znatno manje emisije NOx-a, SOx-a, CO, i kru-
tih Cestica. Uzimajuc¢i u obzir nove propise
(Tier II), koji su stupili na snagu pocetkom
2011., te znatno stroze propise (Tier III) koji
dolaze pocetkom 2016., ugradnja turbogenera-
tora u kombinaciji s ‘pojacanim’ utilizatorom 1
pripadaju¢om opremom ima velike prednosti.

Takoder, treba spomenuti i utjecaj buke koji
je kod primjene turbogeneratora znatno manji
nego kod slucaja kada elektri¢nu energiju proi-
zvode dizelski generatori.

4. TROSKOVI ODRZAVANJA

Stvarnu cijenu troSkova odrzavanja tijekom
cijelog eksploatacijskog vijeka broda je tesko
izracunati s obzirom na veliki broj ¢imbenika
koji na nju utjecu. Troskovi odrzavanja se mogu
procijeniti ili pokuSati predvidjeti. Oni ukljucu-
ju potro$nju ulja za podmazivanje i rezervne di-
jelove. Tvornica ih procjenjuje na 10000 do
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exhaust gas heat recovery plant, for producing
steam that is used either for cargo tank heating
or electric power production, consumes much
less fuel oil than an electric power plant with a
set of diesel generator or shaft generator. The
environmental benefits are: less NOx, SOx, CO,
and PM emissions. By considering the newly ap-
plied Tier II regulation (in use from the begin-
ning of 2011) and much more rigorous Tier I1I
regulation (comes into use at the beginning of
2016.), mounting the turbogenerator together
with the corresponding exhaust gas boiler on
board a ship has huge advantages. It should be
also mentioned that noise effect is much lower
in the case of using a turbogenerator.

4. MAINTENANCE COSTS

Since there are a huge number of parameters
influencing the maintenance costs, it is very diffi-
cult to determine the final maintenance expenses.
The maintenance costs are therefore estimated
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Usteda u gorivu ovisno uzima li se u Rotterdamu ili Fujairah [US$]
Fuel oil savings comparing fuel oil bunkering in Rotterdam or Fujairah [US$]

$3.000.000,00

$2.550.240,00
$2.500.000,00 -

$2.000.000,00 +

$1.500.000,00 -

Usteda [US$]
Savings [US&]

$1.000.000,00 -

$1.275.120,00

$637.560,00
$500.000,00 -
$127.512,00
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Slika 4: Prikaz ustede na cijeni goriva ovisno o luci ukrcaja goriva te viemenu eksploatacije
Figure 4 Fuel oil savings comparing bunkering port and exploitation period

15000 US$/godisnje, bez posade. Za troskove
posade se moze pretpostaviti da su isti bez ob-
zira o kojem se sustavu proizvodnje elektricne
energije radi, te stoga ne utjecu na razliku u ci-
jeni.

Predvidanje kvarova — otkaza i njihovo vrije-
me trajanja vrlo je sloZzen problem i zahtijeva
matematicko-statisticku obradu za svaki pojedi-
ni brod i vrstu pogona.

Iskustvo je pokazalo da uz pravilnu upotrebu
i odrzavanje generatora pare, sustava napojne
vode te ostalih sustava cjevovoda i ventila, tur-
bina za pogon generatora zahtijeva znatno ma-
nje odrzavanja nego dizelski motor.

Sto se ti¢e vremena otkaza (vremena potreb-
nog za otklanjanje kvara) na parnim turbinama,
ono je nesto duze nego kod dizelskih motora,
ali to opet ovisi o vrsti i opsegu kvara (otkaza).
Vrijeme potrebno za otklanjanje otkaza duze je
kod slucajeva vecih havarija kao $to su ostece-
nja lopatica, labirintnih brtvi, lezajeva i sli¢nih
kvarova kad je potrebno otvarati kuciste turbi-
ne. To vrijeme nije toliko ni vazno ako elektric-
na centrala ima mogucnost napajanja s dizel-
skih ili osovinskog generatora ili kombinirano.
U tom slucaju brod i dalje obavlja svoju osnov-
nu funkciju prijevoza robe, dok je otkaz turbo-
generatora u fazi popravka.

or predicted. Those expenses include lubrication
oil consumption and spare parts. They are esti-
mated, by the equipment manufacturers, at US$
10,000 to 15,000 a year, without crew salaries.
The crew salaries are assumed to be the same, re-
gardless of the electric power plant, so that they
have no effect on the overall savings.

Anticipating failures and the duration of the
breakdowns is a very complex problem that re-
quires a mathematical and statistical analysis
for each particular ship and engine plant.

Practice has shown that a steam turbine gen-
erator drive requires less maintenance than die-
sel generator electric power plants, if the regular
maintenance procedures for steam boiler, boiler
water quality, pipelines and valves are followed.

The required failure maintenance period on
electric power plants with a turbogenerator is
longer, but this mainly dependents on the type
and range of the breakdown. The repair time is
longer in the case of turbine blades damage,
labyrinth seals or bearings damage, etc., when
the turbine casing should be disassembled. This
repairing time is not so important, if the elec-
tric power plant has redundancy with an addi-
tional diesel generator, shaft generator or a
combination of them. In this case, the ship still
keeps her basic task of shipping operation,
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Treba naglasiti i velike ustede u rezervnim di-
jelovima dizelskih generatora. Naime, kako su
znatno manje u pogonu, njihovo vrijeme perio-
di¢nih pregleda moze se bez veCih problema
produZiti na viSe od 4 godine, odnosno na sva-
ko drugo, trece ili Cetvrto dokovanje. Osim
uStede na rezervnim dijelovima povecava se
fleksibilnost i sigurnost samog pogona, odno-
sno jedan ili dva dizelska generatora rade samo
u luci, Sto je 10-tak % ukupnog vremena. Po
tom modelu i pretpostavkama, oni rade oko
1000 sati godiSnje. Ako se zna da se kod danas-
njih dizelskih motora veliki pregled radi nakon
10.000 do 15.000 radnih sati, lako se izracuna
razdoblje u kojem se u dizelske generatore ne
treba ulagati veéi novac.

Postavlja se pitanje povecane potrosnje na-
pojne vode? Ova potrosnja je povecana, ali su
te koliine zanemarive, naravno uz pretpostav-
ku da je armatura generatora pare, cjevovodi,
ventili, pumpe i ostala oprema u adekvatnom
stanju, odnosno da nema vecih propustanja.
Drugim rijeCima, ugradnja turbogeneratora ne
zahtijeva znatno veci generator slatke vode koji
bi dodatno poskupio pocetnu investiciju.

Ono §to je bitno na takvom postrojenju, ali i
na svakom drugom, je odrzavanje kvalitete na-
pojne vode. Strojarski kadar na brodu je obave-
zan raditi svakodnevnu analizu vode (ponekad i
dva puta dnevno), kako bi se na vrijeme dija-
gnosticiralo mijeSanje napojne vode i mora, $to
dovodi do stvaranja taloga (kamenca) na stijen-
kama cijevi generatora pare, te uzrokuje oste-
¢enje lopatica i smanjuje iskoristivost turbine.

5. ZAKLJUCAK

Ugradnja turbogeneratora na brodove ¢iji po-
goni svojom instaliranom snagom to omoguca-
vaju, zasigurno pridonosi ukupnoj eksploatacij-
skoj iskoristivosti broda, bez obzira na nesto
vece pocetne investicijske troSkove. USteda na
gorivu koja je ovdje analizirana nije mala i mjeri
se u milijunima dolara. Ta su uStedena sredstva
svakako dovoljna za odrzavanje nesto “slozeni-
jeg pogona”, a pokrivaju ¢ak i viSestruku zamje-
nu kompletnog generatora novim uredajem.

Ne stoji tvrdnja da je pogon s turbogenerato-
rom slozeniji i da zahtijeva kvalitetniji kadar.
Stovise, dokazano je, da je uz pravilno odrzava-
nje kvalitete napojne vode i periodi¢no odrzava-
nje, pogon s turbogeneratorom sigurniji i fleksi-
bilniji od onog sa samo dizelskim generatorima.

while the turbogenerator breakdown is in the
repairing procedure.

It should be emphasized that in the case of us-
ing the combined electric power plant (shaft
generator + diesel generator + turbogenerator
or 2 diesel generators + shaft generator), there
is a substantial diesel generator spare parts sav-
ing. In this case the diesel generators are less in
the operation mode and their overhauling peri-
od can be extended to more than four years that
is every second, third or even fourth docking.
Besides spare parts saving, the complete power
plant flexibility as well as the safety increases,
that is when only one or two diesel generators
run in the port, which is about 10% of the com-
plete running time. According to this model and
premises they run about 1,000hrs/year. Consid-
ering that the overhaul of a modern diesel en-
gine is done approximately every 10,000 to
15,000 working hours, the period in which there
is no need to invest greater amount of money
into a diesel generator can be easily calculated.

There are questions if the electric power
plant with a turbogenerator has a greater boiler
feed water consumption? That is partially true,
but those quantities are negligible, with the as-
sumption that the boiler equipment, pipelines,
valves, pumps and other steam plant equipment
are in an adequate condition, that means there
are no significantly leaking. In other words, the
turbogenerator implementation does not re-
quire a much larger fresh water generator, in
which case the initial investment will be addi-
tionally increased.

The feed water quality control is the most im-
portant thing on the engine plants with a turbo-
generator, but also on every other engine plant.
In order to be able to notice the mixing of feed
water and sea water in time, it is very important
to analyze the feed water on daily basis (some-
times twice per day). This is a very important
task of the engine crew. The sea water and feed
water mixing leads to scale formation on boiler
pipes and causes turbine blades damages as well
as decreases the turbine efficiency.

S. CONCLUSION

The turbogenerator installation on board a
ship propelled by a main engine, strong enough
to allow such a choice, surely contributes to the
total exploitation effectiveness regardless of
some higher initial costs. The calculated fuel
savings presented in this paper are not negligi-
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Samoodrzavanje sustava, pa tako i samog tur-
bogeneratora u danasnjoj eri komunikacija ne bi
trebao predstavljati problem. Dobra logisticka
podrska s kopna moze biti “vodi¢” pri dijagnosti-
ciranju i otklanjanju bilo kakvog kvara ili zastoja.
Odrzavanje kontakta sa stru¢nim kadrom na ko-
pnu, pa i sa samim proizvodacem odredenog
uredaja, moze uvelike pomo¢i pri rjeSavanju
odredenog problema na brodu. Upravo zato nije
prikladno navoditi problem odrzavanja genera-
tora pare i parne turbine kao osnovni nedostatak
na danasnjem stupnju razvoja. PredloZene vrste
pogona zasigurno imaju prednost u odnosu na
cisto dizelgeneratorsko postrojenje.

Moze se reci da bi optimalni generatorski
sklop predstavljala kombinacija turbogenerato-
ra, osovinskog i dizelskog generatora, s time da
svaki od njih pokriva 100% potrebe za elektric-
nom energijom tijekom plovidbe broda. Ako
brod u luci ima vecu potrebu za elektricnom
energijom, imalo bi smisla ugraditi jo$ jedan di-
zelski generator Sto bi povecalo i sigurnost koja
je kod tankera narodito bitna. Ovakav vid re-
dundancije je vazan i kod drugih brodova prili-
kom prolaska kroz kanale, rijeke i opéenito u
uvjetima manevra.

Velika ucinkovitost primjene ovakvih sustava
je 1 kod kontejnerskih brodova. Oni danas ima-
ju vrlo velike instalirane snage gdje kao rezultat
imamo vrlo velike koli¢ine topline sadrzane u
ispusnim plinovima koju je moguce dodatno
iskoristiti upravo ugradnjom turbogeneratora.

Analiza je pokazala kako na ekonomsku
ucinkovitost veliku ulogu ima izbor luke ukrca-
ja goriva te se pravilnim planiranjem putovanja
mogu ostvariti znacajne ustede.
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ble and could be measured in a million of US
dollars. This money surely covers the mainte-
nance of some more “complex engine plant”,
and the savings are high enough for a complete,
multiple replacement of generator sets during
ship exploitation period.

The statement of “some more complex” en-
gine plant with turbogenerator and necessity
for a qualified engine crew is not quite true.
Furthermore, it is well proved that such a plant,
with properly maintained feed water quality
and periodic maintenance is more accident-free
and flexible, as compared to the diesel genera-
tor electric power plant.

The complete system and turbogenerator
maintenance today should not be a problem.
The good company’s technical and logistic sup-
port could help to solve any kind of failure or
breakdown. By keeping a contact with the com-
pany technical department or directly with a
particular equipment manufacturer, could
greatly help in solving any problem on board a
ship. According to the above mentioned facts,
the alluding of boiler or turbogenerator main-
tenance problem as the main disadvantage in
the present state of the technical development
is not correct. These kinds of power plants
surely have an advantage as compared with the
classical diesel generator electric power plants.

It can be said that a combination of the shaft
generator, turbogenerator and diesel generator
should be the optimal electric power plant com-
bination set, regarding that each of the genera-
tor covers 100% of the electric power demands
during the navigation period. If there are ships
with an additional power demand when in a
port, an additional diesel generator should be
installed thus increasing the safety which is very
important on board .tankers. This kind of re-
dundancy is significant on board other types of
ships too, especially when passing across chan-
nels and rivers and, generally, during the ma-
noeuvring procedure.

The high efficiency of this power system can
be utilized on board container ships. These
ships usually have high power main engines
that produce tremendous amounts of exhaust
gas heat that could be additionally utilized by
installing a turbogenerator. The presented
analysis also confirms the correlation between
the bunkering port and the final economic ef-
fectiveness, so that a properly voyage planning
could lead to significant savings.
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