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Plinske turbine in plinske elektrarne
Gas Turbines and Gas Cycle Plants

MATIJA TUMA

Prednosti plinsklh postrojev

Plinske elektrarne postajajo pomembnejée Zcle
v novejSemn &asu, potem ko so bill razvitl ma-
teriall za visoke temperature, katerim je iz-
postavljen predvsem prvi venec turbinskih lopat,
Plinske elektrarne ne morejo nadomestiti fosil-
nih In jedrskih, pat pa jih zelo dobro dopolnju-
jejo, na primer pripokrivanjudnevaih in letnih
primanjkljajev elektriéne energije. V posebnih
okollZtinah: ob pomanjkanju vede, cenenem go-
rivu all slabermn elektriénem prenosnem omre?ju
so sodobnl plinskl postrojl povsem konkurenénl
parnim postrojenjem. V' Slovenijl Imamo v
Brestanicl trl plinske postroje in dva v Trbovljah.
Znatilnost plinskega postroja  je, da potrebuje
za vsak wvgrajeni kW elektriéne mo&l - v na-
sprotju z elektrarnami na fosilna goriva ali je-
drekiml elektrarnami - majhna investicljska In
vellka obratovalna sredstva.

Flinsk! postrojl Imajo v primerjavl s parnimi
postrajenjl nekaj vellkih prednostl:

— kratek rok dobave,

— majhen potrebnl prostor za postavitev
(plinski postroji: 10 do 20 m*/MW, parna po-
strojenja enake moéi: 50 do 80 m*/MW],

— nizka specifitna cena v ECU/KW, ki je le
0.5 do 0,3 specifiéne cene parnega postroja,

— ne potrebujejo hladilne vode,

= ni pepela,

— kratek zagonski éas (normalni ¢as zagona
do polne mo¢i: 14 do 20 minut, v posebnih primerih
le 5 minut),

= majhna lastna raba energije (pod enim
odstotkom, ¢e ne upostevamo energije za kom-
presor),

= preprosto upravljanje in

— majhno &tevilo zaposlenih,

Plingkl postrojl pa Imajo v primerjavl s par-
nimi postrojenjl tudi nekaj pomanjkljlvosti:

— terjajo zelo dobra In draga goriva, npr.: ze-
meljski plin ali lahke kurilne ol je,

— imajo slabsl toplotni izkoristek in s tem
slabsi skupni Izkoristek, od parnih postrojenj,

= zaradl visoklh temperatur imajo ne-
kateri deli plinskega postroja omejeno dobo tra-
janja.

Advantages of Gas Turblnes

Gas cyele plants have only recently become
more important with the development of materials
for very high temperatures appearing in the first
stage of turbine blades. Gas cycle plants cannot
replace power plants fired by fossil or nuclear
fuel but they can be very useful, for example, for
covering dally or seasonal peak power demand. In
special cases, such as a shortage of cooling water,
cheap fuel or a deficient network., medern gas
cycle plants are quite competitive with steam
power plants. In Slovenla, there are flve gas tur-
bines: three at Brestanica and two at Trbovlje.
(Gas turbines, in contrast to conventional or nuc-
lear power plants demand small capital and large
operating costs.

In comparison to steam power plants, gas
turbines have a number of considerable advanta-
ges:

— ghort dellvery time,

— small bullding area (gas turbines: 10 to
20 m°/MW, steam power plants: 50 to 80 m®/
MW),

= low specific cost ECU/KW is only 05
to 0.3 of the specific cost for a steam power
plant,

— no need for cooling water,

— no ashes,

— short starting time [normal time for
reaching full load: 14 to 20 minutes, in special
cases only 5 minutes),

= small consumption of energy (less than
1 %, not counting the energy for the compres-
sor),

= simple control,

= small number of employees.

In comparison to steamn power plants, gas
turbines also have a few disadvantages:

= they require expensive high quality
fuel such as natural gas  or light fuel
oil,

— lower thermal efficlency and therefore
lower overall efficiency than steam power
plants,

— limited life time for some parts, due to
extremely high temperatures,
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Plingka turbina In okolje

Izpusni plini 1z plinske turbine Imajo visoko
temperaturo in jih je zato mogote koristno upo-
rabiti:

— delno ekspandirani plinl so lahko namen jeni
za komprimirani in predgreti zrak pri zgorevanju
fozlinih goriv v parnih kotlih, ki delujejo pri atmo-
sferskem tlaku ali pri vigjih tlakih: ta moznost je
zanimiva, na primer, Za parne kotle na zgarevanje
v lebdeei plasti pod tlakem, kar znanstvenikl zelo
pospeeno raziskujejo;

— ekspandiranl plinl imajo visoko tempera-
turo, zato se lahko uporabljo za proizvodnjo pare
za pogon parne turbine v posebnem prencsniku
toplote — uparjalniku (utilizatorju); v tem pri-
meru je mod parne turbine 1/3 do 1/2 moél plin-
ske turhine.

Flinskl postroji so tisti, kil so od vseh toplot-
nih postrojev najbolj sprejemlilvi za okolje, zato
so zelo perspektivnl. Prvi plinski postroj na svetu
je bil postavijen v kraju Neuchatel v Svici leta
1939 in zadovoljivo deluje e dandanes, po ved
ko 30 letih! V drugi svetovni vojnl so se 1z teh
prvih plinskih postrojev razvill letalski potisniki —
— reakeljskl motorjl in doZivell v letlh po vojnl
nesluten razmah. Pri zgorevanju fosilnih goriv:
¢rnl premog, rjavli premog, nafta, zemeljski plin,
se spro3tajo na enoto prolzvedene energlje kolicine
CO, v razmerju 100:121:88:58. Pri plinskem
postroju, ki je kurjen z zemeljskim plinom, se
torej sprodta pribliZno dvakrat manj ogljikovega
dvokiza kakor pri enake moénem parnem postro=
Jenju, kI je kurjeno z rjavim premogom. Stro-
kovnjaki trdijo, da je prav ogljikov dvokis glavnl
povzrotitelj »tople grede«. Prav tako je s plinskim
postrojemn z vbrizgavanjem pare all vode v vroce
pline pred vstopom v turbino mogoce dose¢l nizke
vrednost! dusikovih oksidov NO, 40 do 100 ppm;
te vrednostl so niZje kakor pri fosilnih elektrarnah
enake mo¢l. Ce v plinskem postroju kurijo tekote
gorlvo, potem Je treba rafunati s SO,, ¢e pa gre
za zemeljski plin, je delez Zveplovega dvokisa v
izpusnih plinth praktiéno zanemarljiv.

Plinsko- parna postrojenja

lzpugni plinl iz plinskega postroja imajo po
navadi temperaturo nekaj nad 500 °C, to pa je prav
temperatura, primerna za parni proces. Zato Je ra-
zumljivo, da prinasa povezava plinskega procesa =
parnim v kombinirani plinsko-parnl proces obéutno
izboljganje celotnega izkoristka. Tak kombinirani
plinsko-parnl proces doseZe povpretni letnl izkorl-
stek postrojenja ve¢ ko 50 %. Z druglml besedami:
ved ko polovica v postrojenja dovedene energlje v
obliki toplote se spremeni v elektri¢no energijo.

A Gas Turbine and the Environment

Exhaust pases from a gas turbine can still be
utilized due to their high temperature:

— partly expended gases can be used Instead
of compressed and preheated air for fossil fuel
combustion In steam bollers, working at nor-
mal or elevated pressure; this possibility Is
convenient for steam bollers on [(luidized bed
combustion, which Is now being intensively re-
saarched.

— exhaust gases can be used for the produc-
tion of steam for a steam turbine in a special heat
exchanger (utilizer); in such a case, the steam
turbine power is 1/3 to 1/2 of the gas turbine
power.

Gas turbines are the most environmentally
acceptable of all thermal power plants, and are
therefore very promissing for the future. The
first gas turbine was built in the town of
MNeuchatel, Switzerland In 1938 and is still run-
ning satisfactorily today after 30 years.

The first jet engines were developed [rom
these gas turbines during the second world war
and experienced great evolution in the following
vears. The amount of CO, per unity of energy
produced during the combustion of the fossil
fuels, black coal : brown coeal : oll : natural gas,
is in the proportion 100: 121: 85; 58. A pas tur-
bine fired by natural gas produces only half of
the amount of CO, produced by a steam power
plant of the same power fired by brown coal.
It is =tated by expertz that carbon dioxide Is
responsible for the formation of the =hot beds.
Low values for nitrogen oxides NO, concentra-
tion of 40 to 100 ppm can also be achleved by
the Injectlon of steam or water Inte the stream
of hot gases entering a gas turbine; these values
are lower than those achieved by power plants
of the same power fired by fossil fuels. If gas
turbine is fired by fuel oil, the production of S0,
must be taken into account while in the case
of natural gas the content of SO, Is practically
negligible.

Combined Cycle Power Plant

The temperature of the exhoust gases from
a gas turbine is usually a little above 500°C,
which Is exactly suitable for a steam cycle. It
iz therefore evident that a combination of a pas
and steam cycle conslderably Improves the
overall efficlency. The annual efficlency of such
a comblned cycle exceeds 50 %. In other words:
more than a half of the energy supplied to the
plant In the form of heat Is transformed to
electricity. No other thermal machine is capable
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Tako dobre predelave toplote v elektriéne energljo
ne dosefe noben drug toplotni stroj! Slovenija se
lahko pohvali, da je bilo prvo tako kombinirano
plinsko-parno postrojenje postavljeno 2e skoraj
pred 20 leti, to je v ¢asu, ko se tudl v razvitem
svetu e niso povsem zavedall pomembnosti takih
kombiniranih postrojen). Zasluge za postavitev
takega sodobnega plinsko-parnega postrojenja ima
prav gotovo prof. Borls Cernigoj, tedanji profesor
za parne in plinske turbine na Fakultetl za stroj-
nidtvo v Ljubljani.

Konferenca o plinskih turbinah in
plinskih elektrarnah na Bledu

0 nastetih problemih in lastnostih plinskih
turbin In plinskih elektrarn je b!l govor na med-
naradni konferenci na Bledu 27. In 25. maja letos.
Konferenco je organizirala Fakulteta za stroj-
nistvo Univerze v Ljubljani. Ceprav je slo za do-
kaj speclalizirano posvetovanje, se ga Je udeleZilo
okrog 120 strokovnjakov 1z Slovenlje. lz wveé
druglh evropskih drzav In 1z Kanade. Referatl na
konferenci so bili razdeljeni na 6 tematskih sku-
pin: energetika Slovenije. plinske turbine, nove
tehnologlje. smerl razvoja glede na varstvo okolja,
plinsko-parna postrojenja, hkratna prolzvodnja
elektricne energije In toplote ter posodobitev se-
danjih postrojev,

V uvoednem delu so konferenco o plinskih
turbinah in plinskih elektrarnah pozdravill Boris
Sovié, drzavni sekretar za energetlko v Mi-
nistrstvu za gospodarske zadeve; dr. Milod Komac,
vodja Oddelka za znanost pri Ministrstvu za
znanost in tehnologljo, prof. dr. Peter Novak,
dekan Fakultete za strojnlitvo In JoZe Kelneri¢
z Zveze strojnih  inZenirjev  In  tehnikov
Sloveni je.

V raziirjenem delu konference »Energetika
Slovenl je« je bilo prikazano stanje energetike v
Sloveniji, njen pretekli in prihodnji razvo). Pre-
davanja so bila izbrana tako, da so poslusalci dobili
zaokroZeno slike razvola energetike v Sloveniji. Iz
prikazanega je bilo razvidno, da bo zemeljski plin
igral pomembno vloge v prihodnjem energetskem
razvoju drzave, ki se po ocenah strokovnjakov
lahko naslanja le na premog in zemeljski plin. Pri
spreminjanju kemi¢no vezane energije primarnih
energijskih virov v elektriéno energijo in toploto —
to sta namred tistl vrsti energije, ki ju élovestvo
potrebuje za vsakdanje Zivljenje — je zemeljski
plin dale¢ najbolj prijazen okolju. Prl zgorevanju
zemel jskega plina se spro&ta na enoto proizvedene
energlje najmanj ogljlkovega dvokisa, zanemarljivo
malo Zveplovega dvokisa In razmeroma malo du-
Slkovlh oksidov. Vsl drugl primarni virl energlje
s0 v tem pogledu okolju manj prijazni.

a7
of a such efficient transformation. [t is note-
worthy that the first combined cyecle power

plant was bullt in Slovenia almost 20 vears ago
at a time when even experts In the developed
world were not quite aware of the Importance
of thiz type of power plant. The major credit
for the construction of this modern combined
eycle plant goes to Prof. Boris Cernigoj,
then professor for pas and steam turbines at
the Faculty of Mechanical Engineering of
Ljubl jana.

The Symposium on Gas Turblnes and
Gas Cycle plants at Bled

The mentioned problems and characteristics
of gas turbines and gas cycle plants were the
theme of an international symposium held at Bled,
May 27 to 25, this year. The Symposium was
organized by the University of Ljubljana, Faculty
of Mechanical Engineering. Although 1t was quite
a speclalized meeting, It vas attended by approxi-
mately 120 experts from Slovena, other European
countries and Canada. Papers were divided Into
6 sections: Energy and Power in Slovenia, Gas
Turbines, New Plant Technelogies, Environmental
Trends, Gas-Steam Power Plants and Cogenera-
tion and Plant Improvements.

In the introductory part, the Symposium on
Gas Turbines and Gas Cycle Plants was welcomed
by Boris Sovié, State Secretary of the Department
of Energy at the MInistry of Economic Affairs,
Dr. Miloé Komac, the Head of Department of
Science at the Ministry of Sclence and Technology,
Prof.Dr. Peter Novak, Dean of the Faculty of
Mechanlcal Engineering of Ljubljana and Joze
Kelnerid, of the Soclety of Engineers and Techni-
clans of Slavenia.

In the plenary part of the Symposium, »Energy
and Powerin Slovenia« the present situation was
presented, together with past and future develop-
ment. Presentations were chosen so that the audi-
ence received a rounded picture of te development
of energy and power in Slovenla. It was evident
from the presentations that natural gas will play an
important role in the future development of this
field in a country which can rely only on coal and
natural gas. In the process of transformatlion of
primary energy resources to electricity and heat—
these are the most important forms of energy ne-
eded by mankind for daily life - natural gas Is eco-
logically of the highest quality. Minimum amounts
of carban dioxide, a negligible amount of sulphur di-
oxide and relatively small amount of nitrogen oxi-
des are emitted during the combustion of natural
gas. All other primary energy resources are less
enviranmentally acceptable from this point of view.
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Tematska skupina » Plinske turbine« je bila
najobdirnej3a In je obsegala 8 referatov: 4 domale
in 4 tuje. Med drugim so v njlh poroéall o rezul-
tatih ved doktorskih del (Institut za mehaniko
Univerze v Hannovru, Nem&kl In&titut za letalsko
in vesoljsko tehniko |1z Kélna, Tehniika fakulteta
Univerze v Mariboru).

V tematskl skupini »Nove tehnologije« so
billi 4 referati: 3 iz tujine in 1 iz Slovenije. Poro-
¢all 20 o tehniénl novosti v svetovnem merilu:
plinski kroZni proces 2 vmesnim Krogom, v Kate-
rem je delovna snov zmes tekofega natrija in ka-
llja NaK78 (sl. 1). Vmesni krog 2 tekofo Kovino,
pri delovnem tlaku nekaj vet ko 1 bar, je zaprt,
pri tem je tudl elektromagnetna érpalka popolnoma
Zaprta in nima gibajotih se delov. Bistvena pred-
nost postroja 2 vmesnim krogom na tekote ko-
vine je zelo visok izkorlstek In njegova odliéna
prilagodl jivost trenutnim potrebam po toplotl. Z
elektromagnetno ¢rpalko je namred mogofe zvezno
spreminjatl pretok zmesl natrija in kalija v vmes-
nem krogu; s tem se tudi zvezno spreminja toplot-
ni tok, ki je namenjen ogrevanju, na raéun toplot-
nega toka za regeneraci jo In nasprotno. V referatih
Je bil podrobneje obdelan plinski postro) elektritne
mocl 10 MW, ki pri ¢lsti proizvodnji elektriéne
energlje dosega Izkoristek 33 % . 7 izkoriscanjem
toplote dimnih plinov za ogrevalne namene pa je
mogote koristno pridobitl Ze 13 MW toplote: pri
tak! hkratnl prolzvodnji elektri¢ne energije in to-
plote se izkoristek povzpne na 82 odstotkov. Zarad
regeneraclje je tlak za kompresorjem samo 6 bar,
kar Je precej manj, kakor so tlaki v danasnjih plin-
skih postrojih. Prl tem se spreminja temperatura

The sectlon »fas Turbines« was the larges
and consisted of 8 presentatlons, 4 domestic, 4
forelgn. They included reports of the results of a
number of disertations (University of Hannover —
Institute of Mechanics, Germany; DLR — [nstl-
tute for Propulsion, Kiln, Germany; University
of Maribor, Faculty of Technical Sciences,
Slovenial.

The section =»New Plant Technologles«
consisted of 4 presentations, 3 foreign and 1 from
Slovenia. A world technical innovation was repor-
ted: a gas cycle containing a mixture of liquid
natrium and kallum NaK78 ( Figure 1). The Inner
cycle, with liguid metal and a working pressure a
little above 1 bar, Is closed; even the electromag-
netic pump is completely closed and has no mo-
ving parts. The main advantages of the cycle with
an inner cycle are very high efficlency and excel-
lent adaptability to momentary need for heat. The
alectromegnetic pump allows the mass flow of
the natrium-Kalium mixture to be smoothly va-
ried; this causes a variation of the heat flow for
heating at the expense of the heat flow for rege-
nerative heating of working air and vice versa.
One of papers presented In detall a gas turbine
with electrical power of 10 MW, achleving 35 %
efficiency only by producing electricity. Using the
heat of the exhoust gases for heating purposes, an
additional 13 MW of heat can be obtalned; such
simultaneous production of power and heat leads
to an everall efficieny of 52 #%. Due to regenera-
tion, the pressure on the exit from the compres-
sor 15 only 6 bar, which 18 rather less than In
other modern gas turbines. The temperature of

Zemeljski plin
Natural gas

o Tekoa kovina
Liguid metal

SI. 1. Plinski postroj z vinesnim krogom na tekoce kovine.
Fig. 1. Gas turbine with an inner cycle containing liquid metal.
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lzpuinih plinov za prenosnikom toplote plin/tekota
kovina od 330 do 537 °C. Pri takih plinskih postro-
jih z regeneracijo =o dosegljivi Izkoristkl do 40
odstotkov, kar je precej vet od lzkoristkov danas-
njih obi¢ajnih plinskih postrojev brez regeneracije.
WV tem skupnem projektu sodelujejo RWE Essen,
ki podpira projekt finanéno, Slemens Bergisch
Gladbach, ki daje znanje o tekoéih kovinah, EGT
Essen. ki prispeva modificirani plinski postroj, in
Fakulteta za stroinistvo Ljubljana, ki je racunal-
nisko obdelala in optimirala predelavo kompresorja
plinske turbine. Prav gotovo je ta del predavanj,
ki dozlej e ni bil nikjer objavljen, najpomembnejsi
doseZek konference.

V tematskl skupini »Smeri razvofa glede
na varstvo okofja« je bilo zbranih 5 referatov:
4 Iz tujine In 1 Iz Slovenije. £ aplikativnega In
razvonega vidika Je bilo porotano o tehniénem
napredku zgorevanja v gorilnikih plinskih postrojev
In moZnostl za nadal jnje zmanjéevanje delea NO.,
v izpuznih plinth plinskih turbin.

V tematskl skupinl »Plinsko-parni po-
strofl ter hkratna prolzvodnja elektri¢ne
energije in toplote« so bill 4 referati: 3 iz tuji-
ne in 1 1z Slovenije. Predstavljen je bil napredek
s tehni¢nega In z gospodarskega vidika na podroc-
ju, ki je v svetu In prl nas zelo aktualno In omo-
gota najvisjl skupni Izkorlstek spreminjanja pri-
marne energlle v sekundarno.

V tematskl skuplnl =»Posodobitev sedanjih
postrofev« so bill z Industrijskega vidika prika-
zanl dosezkl, ki omogotajo ekonomsko upraviceno
posodobitev In podaljsanje dobe trajanja sedanjih
plinskih postrojev. Tematska skupina je obsegala
9 referatov: 3 1z tujine (Siemens -Erlagen, MAN
Gutehoffnungshutte - Oberhausen, Westinghouse
Canada - Hamilton/Ontario) in 2 iz Slovenlje.

Referatl so bill izdanl v zborniku z naslovom
#Proceedings of The International Symposium
»Gas Turbines and Gay Cycle Plants«, ki obsega
430 strani. Konferenca je v tehnitnem pogledu
dosegla uspeh, prav tako se je posrecila tudi pred-
stavitev Slovenlje. Po oceni nekaterth tujih stro-
kovnjakov, ki so prizli na Bled naravnost s podob-
ne konference v ZDA. je konferenca o plinskih
turbinah in plinskih elektrarnah na Bledu po stro-
kovni in po organizacijski plati povsem primerljiva
z amerliko.

Avtorjev naslov: prof. dr. Matija Tuma, dipl. inZ.
Fakulteta za strojnistvo
Univerze v Ljubljani

Askerceva 6
Ljubljana
Prajoto
ook o 31.5.1993

metal varies from 330 to 537 °C. This type of gas
turbine with regeneration can achieve an effi-
clency of 40 %, which Is much more than the
efficlencles of other modern gas turbines with
no regeneration. This project was financlally
supported by RWE - Essen, knowhow about
liquid metals was provided by Siemens - Bergisch
Gladbach, European Gas Turbines - Essen
supplled the modifled gas turbine and the
Faculty of Mechanlcal Engineering of Ljubljana
performed the computer optimization of the
modified compressor for the gas turbine. This
package of papers, which had never been pre-
sented elsewhere, Is certainly the most important
achlevement of the Symposium.

The section, =Environmental Trendse,
consisted of 5 papers, 4 foreign and 1 from Slove-
nia. Technical progress in the applicability and
development of combustion In burners for gas
turbines and the possibility of further minimiza-
tion of NO. content In the exhaust gases of gas
turbines were reported,

The section, »Gas—Steam Fower Flants,
Cogeneration«, consisted of 4 papers, 3 forelgn
and 1 from Slovenia. Technical and economic
progress was presented in a very topical field in
the world, results which allow the highest overall
efficiencies in the transformation of primary
ENergy to secondary.

The section, =»Plant [mprovementse«
consisted of 3 papers, 3 forelgn (Siemens-Erlan-
gen, MAN Gutehoffnunggshitte - Oberhausen,
Westinghouse Canada - Hamilton/Ontario) and
4 from Slovenla, presenting the achlevements
permitting economically justified renewal and
the prolongation of the lifetime of existing pas
turbines.

The papers were published in the Proceedings
of The International Symposium =Gas Turbines
and Gas Cycle Plants«, consisting of 430 pages.
The symposium was a success from a technical
point of view and as a promotion of Slovenia.
Some of the forelgn experts coming to Bled
directly from a similar symposium held In USA,
pointed out that the contents and the organization
of the Symposium »Gas Turbines and Gas Cycle
Plants« was directly comparable to the one in
LSA.
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