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ABSTRACT 

A particular arrangement applicable to open or 
closed recuperative gas cycles and consisting of a 
heat generator partly by-passing the low pressure side 
of the recuperator is proven to enhance advantages of 
gas cycles for energy production. 

In this way, the cogeneration of both power with 
a high efficiency owing to the recuperator and high 
temperature process heat becomes possible and econo
mically attractive. Furthermore, additionnai possibi
lities appear for power generation by combined gas and 
steam or ammonia cycles. In any case the overall utili
sation coefficient of the primary energy is increased 
and the combined production of low or medium tempera
ture heat can also be improved. 

The great operation flexibility of the system for 
combined energy generation is worth being emphasized ; 
the by-pass arrangement involves no significant change 
in the operation conditions of the main turbocompressor 
•s the heat output varies. 

Applications of this arrangement are made to : 
- open and closed gas cycle power plants, 
- fossil, nuclear and solar energies. 
The overall heat conversion efficiency is tenta

tively estimated in order to appreciate the energy 
conversion capability of the investigated power plants. 
NOMENCLATURE. 
T,t - temperature 
Y « power, pressure 
CT-HTCR - gas turbine-high temperature gas-cooled 

rearcor 
SC-HTCR " «team cycle-high temperature gas-cooled 

reactor PWR » pressurized water reactor 

LKFBR • liquid metal fast breeder reactor 
SC • steam generator 
LP,MP,HP • low, medium, high pressure 
MUe, t • megawatt e l e c t r i c a l , thermal 
•c - degree centigrade 
MPa - megapascal 
K g / s e c . - kilogram per second 
KJ • kilojoule 
KWhr • kilowatt hour 
Btu • bri t ish thermal unit 

1 INTRODUCTION 

Among the various aspects in connection with the 
energy problem, one of them should not be neglected. 
It concerns energy conversion systems and the related 
primary fuel utilization. A deep concern could be 
shown about the latter for the next decade on account 
of the going on and on energy crisis. 

The purpose is to make the best use of a heat 
source of whatever nature it may be. In order to achieve 
this aim, it is highly desirable and even necessary to 
meet several retirements such as : 

- * reasonably high thermal efficiency of power 
conversion systems ; 

- a recovery of a significant amount of the waste 
heat ; 

- a multiplicity of the energy forms supplied by 
a given system, or, in other words, the availability 
of the generated energy in different forms able to 
meet various need* ; 
and, last but not least, 

- for a more extensive use of combined or total 
energy plants, a great operation and production flexi
bility, achieved without a significant complexity in 
equipment or technology, and also without disturbing 
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the operation of the nain turbogenerator. 
According to their present design, open or closed 

cycle gas turbine plants can already offer attractive 
solutions for an efficient, coabined energy supply. 
This paper is devoted to a particular arrangenent 
applicable to open or closed "ecuperative gas cycles 
and likely to enhance the advantages, for energy 
production, of the gas cycle systems which certainly 
have not yet reached their ultimate development, 
contrary to stean cycle stations practically. 

The concerned arrangement is not entirely new in 
its principle (I), but it was no store mentioned since 
many years when it would have been worthy of more 
investigations and applications. It basically consists 
of a heat generator, either a steam generator or a 
heat exchanger, partly by-passing the low pressure side 
of the recuperator. Preliminary description and appli
cation, restricted to gas turbine-high temperature gas 
cooled nuclear reactors (CT-HTCR) and to combined power 
and heat generation, were already presented (2). 

The present study deals with a refined statement 
of this cycle development, an extended assessment for 
both power generation by combined gas-steam cycles and 
combined power-heat generation, and a diversified 
application to fossil, nuclear and solar energies. 
Both open and closed cycles are studied as far as 
fossil and solar energies arc concerned. 

For the main investigated cases, the heat source 
utilization is estimated and a tentative assessment 
of the overall heat conversion efficiency, in other 
words the energy conversion coefficient of the system 
with reference to the exergy notion, is made. 

2 PRINCIPLE OF THE BY-PASS ARRANGEMENT 

The proposed by-pass or parallel arrangement can 
be applied to open or closed gas cycle power systems 
provided with a recuperative heat exchanger. It does 
not depend upon the nature of either the heat source 
or the working fluid. It only implies a heat source 
variable in thermal rating or a combination of a not 
adjustable heat source, a solar receiver for instance, 
with an adjustable one. 

2.1 Cas Cycle Considerations 
The basic principle of the arrangement is shown 

in Fig. 1. A Brayton closed thermodynamic cycle is 
illustrated, but it could be an air open cycle. There 
is no intercooling during compression. The main tempe
ratures are : T. (turbine inlet), T- (turbine outlet), 
T, (recuperator outlet - low pressure), T, (compressor 
ihlet), T. (compressor outlet / recuperator inlet-
high pressure), T, (heat source inlet). Let us consider 
a working gas derivation in parallel with the low 
pressure flow of the recuperator corresponding to a 
thermal power P.. The resulting decrease in the quanti
ty of heat transferred in this component involves a 
fall of T., not down to T! which should square with the 
by-passed, that is to ssy not transferred, thermal 
power P., but only down to TV (TV > T'), given a reap
praisal of the heat transfer conditions, including 
transfer coefficients, inside the recuperator. This 
results in an additional thermal power the heat source 
has to supply equal only to P,. proportional to T,-T" 
and significantly smaller than P.. On the low prersure 
side, this also results in a fall of T. down to Ti in 
such a way that the thermal power P", proportional to 
T.-T', is equal to P.-I*, in principle. 

Thus, a part of the low temperature heat transfer
red inside the precooler is valorized, being recove
red for the benefit of the high quality heat P.. 
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Fig. I Principle of the gas cycle by-pass 
arrangement 

THtSKAL BOWC* 

Fig. 2 Steam generation in parallel 
with the recuperator 
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As far AS the latter is concerned, there is a heat 
recovery or a gain granted by the system on behalf of 
the heat generated in parallel with the recuperator 
and this recovered part amounts to about 35-45 per 
cent of Pi with which it varies inversively. The theo
retical limit of this partial compensation of the 
increase of the heat source thermal rating is reached 
as the temperatures T' and T., or T" and T c, become 
equal. 3 5 6 5 

As pictured by the dotted derivation in Fig. I, 
only the low temperature part of the recuperator can 
be by-passed if •nedium and not high temperature heat 
is needed. The quality of the generated heat is lower 
but the recovery factor is higher. Details about this 
arrangement version can be found in (2). A particular 
application could concern ammonia (NH.) bottoming 
cycles. 

To these conditions propitious to the overall 
efficiency of the system, a complementary factor has 
to be added, as illustrated by Fig. 2 in which the 
Brayton cycle, represented closed, is associated with 
the temperature diagram of the primary Clow pressure 
gas fljk) »nd secondary (steam) fluids. A steam gene
rator SC is supposed heated by the by-passed primary 
gas. The steam is superheated up to the temperature 
t and the feedwater enters the steam generator at the 
temperature t-> relatively high in general, for instan
ce I50*C or more. Usually this feedwater has to be 
preheated from a much lower temperature t, up to t-. 
In the present case, this feedwater prcheatjgg, equi
valent to 15 per cent or more of the total SC thermal 
rating, is naturally achieved from the precooler in a 
totally free manner, that is to say without any increase 

TMIIWML *WM Of Thf STUN KMMTM 
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Fig. 3 Helium temperatures and mass flows as a function 
of the amount of heat generated in parallel with 

the recuperator (not intercooltd CT-HTCR) 

in the heat source thermal power. Thereby, the overall 
efficiency or. more accurately, the heat source utili
zation of the plant is furthermore improved. 

Another basic feature of the arrangement appears 
clearly in Fig. 2 : high quality process heat is easily 
produced, for instance single pressure steam at 
3.8 MPa/450*C or dual pressure steam at 6 MPa/450'C 
and about I MPa/220*C. Temperature, pressure, flow 
conditions and this heat generation are quite well 
matched. 

2.2 Operation Conditions 
Another important basic feature of the arrangement 

has to be mentioned in addition to the above efficiency 
considerations. It is related to the operation and 
generation flexibility of the system. This flexibility 
results from the parallel arrangement of the additional 
heat generator and is expressed by the fact that neither 
turbine and compressor inlet and outlet temperatures, 
pressure ratios nor mass flows are modified as the 
amount of the heat generated through the derivation 
varies from sero up to its nominal value. Only the 
recuperator high pressure outlet temperature, i.e. the 
heat source inlet temperature, changes but in an accep
table way owing to the concerned moderate temperature 
level. As a matter of fact, the decrease of thi* tempe
rature is favourable on the whole from a technological 
point of view. At an example, the variation of the main 
operation parameters as a function of the amount of 
heat generated in parallel is given in Fig. J for a 
CT-HTGR. 

Over a wide range, a variation of the turbocom-
pressor load has a limited effect on the heat genera
tion in parallel with the recuperator. 

3 SIGNIFICANCE OF THE ARRANGEMENT 

3.1 Performance, Operation Aspects 
Most typical performance features cf the by-pass 

heat generator arrangement are worth being emphasized 
again in a somewhat extended manner. 

Owing to the gas flow by-passed at the turbine 
exhaust temperature, high quality process heat and 
particularly 3 to 6 KPa/450*C ste.m is generated in 
coubination with an efficient power generation system, 
namely a recuperative gas cycle plant. Heat at this 
temperature level is widely use,! as process heat. That 
is also the steam conditions of most of the combined 
gas-steam cycle power plants. 

The characteristics of Lhe heat recovered from the 
precooler csn be improved by this heat available at a 
higher temperature, and they can be easily adjusted to 
required values. 

This parallel arrangement offers well matched 
temperature, pressure, flow ratio values and, not at all 
of little account, easy connection condition* for heat 
generation from the primary circuit. This point is in 
good accordance with the high cogeneration reliability 
and flexibility attainable by the system. 

Thanks to the capability of the proposed system of 
supplying and valorizing free medium temperature waste 
heat by means of the heat generated in parallel with 
the recuperator, the plant overall efficiency for 
combined power and heat generation i* a» high a* possi
ble and, all thing* considered, higher than the other 
usual system*. The tentative estimate of the energy 
conversion coefficient or efficiency made in next 
chapter A for several application* will confirm thi* 
point. 

That it also valid for combined power generation 
by gas and steam cycles, that is to say in case the 
produced steam is usedfor an additional power production , 



An improvement in eff ic iency over current combined 
cycle plants can be obtained. 

All the above mentioned aspects are appreciable 
but probably the most spec i f i c , valuable advantage of 
the arrangement consis ts in i t s actual f l e x i b i l i t y . 
The quaei- invariabi l i ty of the operation conditions 
of the turbocompresscr as the amount of the by-pass 
generated heat varies i s a fundamental advantage for 
the plant operation aud the e l ec t r i c i ty generation. 
I t i s not indeed the only basic feature of the system 
in this f i e l d and what is worth being pointed out can 
be expressed as follows : 

- process heat can be kenerat*d to the amount of 
about 30 to 50 per cent or more of the thermal rating 
of the heat source, without disturbing the operation 
conditions of the main turbocompressor ; 

- in case the steam generete-1 in paral le l i s used 
for driving an additinual steam turbine, the e l e c t r i c 
power of the lat ter can vary from sero to SO per cent 
or more of the nominal e l ec t r i c power of the main gene
rator, which can be maintained constant ; thus a s i g n i 
ficant pare of the load variations of the plant can 
be achieved through the conbined, conventional, smaller 
steam plant ; 

- in a plant having a combined steam generation 
for both process hear and power production, process 
heat requirements can be met with a great f l e x i b i l i t y 
and an u t i l i z a t i o n factor of the heat source as high 
as possible -

- the system offers a great f l e x i b i l i t y for the 
process heat conditions and characterist ics ; 

- in case process heat and additional power are 
not required that i s to say paral le l steam cogeneration 
i s no more e f f ec t ive and no primary gas flows through 
the by-pass arrangement, the recuperator again trans
fers the maximum amount of heat and the thermal e f f i 
ciency of the system i s Vspt high. 

A load following heat source i s indeed required 
but the range of thermal power variation is> rather 
small. This can be eas i ly achieved in most cases . 

3.2 Economics 
A comprehensive evaluation of the system ought 

to include cost estimates of both investments and 
operation. This importa.it aspect is not discussed 
within this paper and the work remains to be done. 
However some remarks can be put forward in this field. 

A by-pass heat generate* added to a recuperative 
gas cycle plant certai ly involves a somewhat compli
cation in equipment, but the following considerations 
have to be taken into account : 

- the additional equipment is conventional, of 
moderate temperature, pressure conditions, and size ; 

- related connections to the main circuit are 
quite simple because only low pressure, accessible 
sections arc concerned ; 

- no intercooling during the ga» compression is 
required for a very satisfactory efficiency, particu
larly 1er closed cycles, so that the primary gas cycle 
is kept simple, quite an importent point indeed. 

- the expenditure for the recuperator is compen
sated by the increase in efficiency, the significantly 
smaller compression and expansion ratios required for 
the tur'oomachine which has fewer stages, and the higher 
temperature frailable at the turbine exhaust, which is 
propitious to the cogenerated heat conditions ; 

- the combined steam plant is similar to that of 
conventional conbined cycle plants. 

As a natter of fact, the clinching factors in 
economics probably are : 

- the high o-ersll heat source utilization and 
energy conversion coefficient or efficiency ; 

- the actual plant flexibility both in operation 
and in power or heat production. 

4 A??LICATIOSS 

4.1 General Conditions 
Among the main possible applications of the propo

sed arrangement, the first one to be presented is natu
rally related :o the more widely used gas turbine pover 
plants, i.e. fossil-fired open cycle power plants. The 
second application refers to the fossil-f-red closed 
cycle power and heating plants. A next section is devo
ted to the closed cycle helium cooled high temperature 
nuclear reactor. Finally thermodynamic conversion of 
solar energy by gas cycle is briefly discussed, with 
regard to both open and closed cycles. In this way, 
recuperative gas cycles with a by-pass heat generator 
can be appreciated almost in all their aspects. 

In each case, estimations concern cogeneration of 
power and process/domestic heat as well as power gene
ration by combined cycles. 

From a principle point of view, recuperators are 
sized taking into consideration the electricity gene
ration only. For a priority htat generating plant, the 
dimensions of this component could be reoptimized and 
slightly reduced. 

Main conditions chosen for each application are 
illustrated by both a thermodynamic cycle and a thermal 
power-temperature diagram for primary (gaa) and secon
dary fluids (water-steam or intermediate liquid) rela
ted to recuperators and coolers. They correspond to 
values which are commcnly adopted, considered as 
reasonable at present and corresponding to a well pro
ven technology. Nevertheless, jptimum conditions have 
still to be determined for each case. 

The efficiency and output of the system have not 
been assessed as a function of the thermal rating of 
the by-pass heat generator in this paper. Data on this 
subject were given in (2) for GT-HïCRs. This time a 
given load has been considered on the derivation accor
ding to the application. 

The best use of the heat generated on the deriva
tion or recovered from the cooler results in dual pres
sure steam cycles for most cases, which is an usual 
practice 'or industrial gas turbine combined cycle 
power plants and C0--cooled nuclear reactors. 

As far as the system performance appraisal is 
concerned, the amount* of generated power and heat and 
the corresponding utilization coefficients of the heat 
source are given. In addition, a more basic estimate 
from a thermal or thermodynanical point of view would 
be useful. Notions in this field are becoming more 
clearly defined (3), (4), (5). In sections 4-2 to 4-6 
only a tentative approach of this question is made. 
This amounts to determine a plant thermal efficiency 
by assuming that all the cogenerated heat could be 
converted into power. This so-called "energy conversion 
coefficient" which would correspond to a reference to 
the notion of exergy, is slightly lower for the coge
neration of power and heat than for the generation of 
power by combined cycles because the feedwater bottom 
temperature and the power need for auxiliaries are 
somewhat higher. In every application, all losses and 
power needs for station auxiliaries are t;.nen into 
account. 

4.2 Fossil-Fired Open Cycle Gas Turbine Power Plants 
As shown by the thermodynamic cycle of Fig. 4, 

selected main characteristics are representativa of 
present industrial open cycle recuperative gas turbine 
plants : inlet turbine temperature : 1000'C ; inlet 
compressor temperature : 27*r ; compressor pressure 
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Fig. 4 Fossil-fired open cycle gas turbine ,K>wer 
plants.Gas cycle and cogenerated heat conditions. 

ratio : 7.5 ; recuperator effectiveness : 0.83 ; net 
reference electric power : 60 HUe. 

Contrary to the general practice, an additional 
heat recovery boiler is arranged downstream the recu
perator on the low pressure flow. For fuel considera
tions, the exhaust temperature to the atmosphere is 
not lower than I20*C. 

TWo by-pass heat generator thermal ratings are 
investigated : a snail one for a production of medium 
pressure (y 4 MPs) steam or a more efficient combined 
power generation, and a larger one for a production 
of higher pressure (t> 8 MPa) steam or a somewhat larger 
power output. The two corresponding thermal power-
temperature diagrams are given in Fig. 4 in relation 
with the thermodynamic cycle. 

The main performance data are given in Table I. 
The total net plant efficiency for exclusive power 
generation is about 47.7 per cent for the small ieriva-
tr'on version, which corresponds to a net hea>. .at» at 
low as 7548 KJ/KWhr (7155 Btu/KWhr). It is somew*at 
higher than the efficiency reached by che largei deri
vation version. The significant stear superheating 
through the derivation plays a part in the efficiency 
increase. 

Another feature to note is the ability of the 
system to supply a significant amount of high pressure 
and high temperature steam in spite of the use of a 
recuperative heat exchanger. By taking account alto of 
the additional supply of intermediate or low pressure 
steam, *-jch a system is proven very valuable for combi
ned power and process heat supply. 

The great adaptation flexibility to various kinds 
of energy demand ia emphasised by the two studied 
versions of by-pass heat generation. 

The energy conversion quality of the system results 
from the probably unprecadented combination, for indus
trial gaa turbines, of the two ways of improving the 
thermal efficiency : the heat recuperator and the combi
ned gas-steam cycle. Moreover, it it particularly taken 
advantage of the relatively high temperature at the 
compossor outlet for the latter. 

Fig. 5 also illustrates the aatisfactory efficiency 
and the flexibility of the plant. It gives the varia
tion of both the total electricity output and the 
combined electricity - process steam production as a 
function of the additional steam cycle electric power. 
If less additional electricity is generated, much sore 
process steam ia available. The thermal rating of the 
by-pass steam generator ia 35 HUt. 

Additional hot water production could be investi
gated. 

Table - Fossil-Fired Open Cycle Cas Turbine Power Plants 
Conditions and Performances 

Cycle Top Temperature, *C 1000 

without 
Cas 

Derivation 

Reference Heat Source Thermal Power, HWt 
Reference Net Electric Power, HWe 
Net Electrical Efficiency, per cent 
Combined Cycle Net Electrical Efficiency, per cent (1) 

158 
60 
38 

•v 46 

With 
Cas 

Derivation 

A : small 

B : Large 

By-pass Steam Cenerator Thermal Power, MWt 
rieat Source Thermal Power, MWt 

Priority Pcoer Generation (2) 
Net Steam Cycle Electric Power, MWe (3) 
Net lotal Electric Power, MWe (3) 
Net Total Electrical Efficiency, per cent (4) 
energy Conversion Coefficient, per cent (4), (5) 
Net Heat Rate,(HHV)(7), KJ/KWhr ; Btu/kwhr 

Power + Process Heat Generation 
Steam Output anl Conditions, MWt (MPa/'C) 

Total Procets Heat Output, MWt 
Overall Energy Supply, MW(e+t) 
Overall Heat Source Utilization, per cent 
Energy Converaion Coefficient, per cent (4), (6) 

- A -
8 

162.5 
17.5 
77.5 
47.7 
47.7 

7548 ; 7155 

40(4/490) 
25(0.55/250) 

65 
124 
76.3 
47 

- B -
35 
182.5 
25 
85 
46.6 
46.6 

7726 ; 7324 

53(8/490) 
33(0.6/280) 

86 
144.5 
79.2 
46 

(i) - Theoretical estimate for comparison purpose 
(2) - Seve.al gat turbinet can be combined with one tteam plant - (3) - Considered per gat turbine 
(4) - All lottst and station auxiliary power are taken into account. 
(5), (6) - All the available heat is assumed converted into power down to a gas temperature of I20*C with steam 

aa a working fluid cooled down to 35*C (5) o.' 55*C (6). 
(7) - High Heating Value. 
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Fig . 5 Foss i l - f ired open cycle gas turbine cogeneration 
plant . 

Pover/heat output as a function of the combined 
steam cycle electric power. 

4.3 Fossil-Fired Closed Cycle Power Plants 
Several fossil-fired closed cycle power and heat 

generating plants of medium range under air pressure 
and another larger one (SO MUe) under helium pressure, 
the E.V. Cberhausen station, are in operation in 
West Germany (6). New plants are being studied, one 
undur air pressure for the town St Callen, Switzerland, 
another, of a much larger power level (2x350 MUe) and 
heated by a fluidized bed combustor within the coal 
utilization prograa, in the U.S.A. 

Three applications to concrete examples are 
briefly presented and compared in this section. They 
successively concern the existing intercooled E.V. 
Oberhausen station for an additional process steam 
generation and two not intercooled SO MWe and 350 MWe 
plants, respectively air and helium pressurized. 

Main gas cycle and combined heat generation 
characteristics are shown in Fig. 6a,b,c similar in 
presentation to Fig. 4 for each case. 

Inlet turbine temperature is 750*C for the exis
ting Oberhausen plant and is limited to 775*C for the 
two other ones. It is indeed lower than in the case of 
open cycle turbines mainly because of gas heater consi
derations. In compensation, waste heat can be recove
red down to a much lower temperature tiom the cooler, 
so that an additional hot water production is made 
possible. 

For each investigated example, only one thermal 
power of the by-pass steam generator is considered : 
it does not probably correspond to an optimum value, 
like for some other parameters. 

The main performance results are collected in 
Table 2. 

As far as the Oberhausen plant is concerned, th* 
by-pass steam generation improves the heat source uti
lisation (49 MWe • 32.4 MUsteem, i.e. 46 per cent 
instead of respectively SO HUe or 31.4 percent) and 
the energy conversion coefficient (33 per cent instead of 
31.4 per ctnt) if the hot water production is not 
taken into account, that is to say for kinds of energy 
required all the year round. By considering the hot 
water production, the overall heat source utilization 
is improved (48.5 per cent in comparison with 65 per 
cent) but the energy conversion coefficient does not 
change practically (35.7 per cent), which is not sur
prising, given the intercooling. As a matter of fact, 
the additional generation of good quality process 
steam (4.5 MPa/4IO*C • 0.6 MPa/260*C) gives a better, 
more valuable, flexible ability for a total energy 
production to the plant. 

The 50 MWe not intercooled plant under air pressure 
can be compared to the E.V. Oberhausen plant. Without 
a gas flow derivation, the net electrical efficiency 
is almost the same, 31.3 per cent. In case of a combi
ned steam cycle power generation, a net electrical 
efficiency of 37 per cent is obtained. An extra amount 
of hot water is available (32 MUt for 120-40*C water), 
wich results in an overall energy conversion ^officient 
of 39.1 per cent. As far as the cogeneration of power 
and process heat is concerned, the steam output is 
43.5 MWt (4.7 MPa/460*C) plus 29.3 MUt (0.4 MPa/260*C), 
which corresponds, for cogeneration of power and steam 
only, to a hear source utilization of 65 per cent and 
an cuergy conversion coefficient of 36 per cent. By 
taking into account the additional hot water production 

„ , _ ( J ) - , x OSMxtoiStn P<m* (I*..»») 

*m. Not InMrtooW* Plant 
(Coal FUdiMd Bad CombutlBr) 

3S0MW. (•llbW»»)..-J.-1T 
MO 

too 
NO 

m 
.«M 

0 
empare «ce so o u n 

TMCRM*. POWtR , MWI 
(i) Stock l w « « M 'Mo «count 

Fig. 6 (a,b,c) Fossil-fired closed cycle power plants. 
Gas cycle and cogenerated heat conditions. 
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Table 2 - Fosail-Fired Cloaed Cycle Power Plants, 
Conditions and performances 

Working Fluid Hélium Air Helium 
Cycle Top Temperature, *C 750 775 775 
Intercooling Yes(E.V.O-) No No 

Without Reference Net Electric Power, HWc 50 50 350 
Cas Reference Heat Source Thermal Power, MWt (1) 159 160 1080 

Derivation Reference Net Electrical Efficiency, per cent (2) 31.4 31.2 32.4 

By-pass Stean Generator Thermal Power, HUt 50 40 250 
Heat Source Thermal Power, MWt (1) 

Priority Power Generation 
177.5 IS7 1260 

Net Steam Cycle Electric Powe*. MWe 19.2 116 
Total Net Electric Power, MUe 69.2 466 
Total Net Electrical Efficiency, per cent (2) 37 37 
Hot Water Production (l20-40*Ci MWt (3) 32 260 
Power • Hot Water Output, MW(e*t) 101.2 726 
Overall Heat Source Utilisation, per cent 54.1 57.6 

With Energy Conversion Coefficient, per c»nt (2) (4) 39.1 39.4 
Cas Power * Heat Cogeneration 

H.P. Steaa Output and Conditions, MWt (MPa/*C) Derivation 
Power * Heat Cogeneration 

H.P. Steaa Output and Conditions, MWt (MPa/*C) 25.6(4.5/410) 43.5(4.7/460) 270(3.6/460) 
L.P. Steam Output and Conditions, MWt (MPa/'C) 7(0.6/260) 29.3(0.4/260) 160(0.45/240) 
Power * Steam Output, MW(c+t) (6) 81.6 121.5 775 
Heat Source Utilisation for Power+Steam, per cent(6) 46 65 61.5 
Hot Water Production (I20~40*C). MWt (3) 40 32 260 
Overall Plant Output, MW(e*t) 121.6 153.5 1035 
Overall Heat Source Utilisation, per cent 68.5 82.1 82.3 
Energy Conversion Coefficient, per cent (2) (S) 

SH, Bottoming Cyale (7) 
Heat Source Thermal Power, MWt 

35.7 38.7 38.9 Energy Conversion Coefficient, per cent (2) (S) 
SH, Bottoming Cyale (7) 

Heat Source Thermal Power, MWt 170 1150 
Net NH Cycle Electric Power, MWe 
Net Total Electric Power, MWe 

21.4 140 Net NH Cycle Electric Power, MWe 
Net Total Electric Power, MWe 71.4 490 
Net Total Electrical Efficiency, per cent 42 42.6 

(I) - Including Stack Losses (2) - All Losses and station auxiliary power are taken into account. 
(3) - E.V. Oberhausen hot water conditiona. 
(4) (5) - Ail the available heat is assumed converted into power and steam used as a working fluid down to 

35*C (4) or 55'C (5). 
(6) - Permanent energy supply (7) - Partial derivation. 

(y 32 MWt for 120-40'C) water), the heat source utili
sation is as high as 82 per cent and the energy conver
sion coefficient is equal to 38.7 per cent. 

In comparison, for the third application, the 
values of the net electrical efficiencies and the 
energy conversion coefficients are not very different 
and slightly better in general. In this connection, 
the slightly lower thermal efficiency due to helium is 
offset by the sise factor and better turbomachine effi
ciencies. The energy conversion coefficient of the 
system exceeds 39 per cent. A large amount of process 
steaa is available : 270 MWt (3.6 MPa/460*C) plus 
160 MWt (0.45 MPa/240*C) ; in addition, 260 MWt of hot 
water (I20-40*C) are supplied. Such a large closed 
cycle plant could be designed with a combined ammonia 
(NHj) bottoming cycle and the related net total elec
trical efficiency would lie between 42 and 43 per cent. 

4.4 Cas Turbine, Helium Closed Cycle Nuclear Reacfcr» 
This application should be an important one, 

given the high power rating attainable by a closed 
cycle system and the satisfactory heat souree solution 
offered by the grsphite nuclear core. Helium as a 
working fluid ia consistent with this high temperature 
refractory core and the acceptable dimensions of heat 
exchangers. Furthermore, nuclear closed gas cycle 
plants suffer no efficiency penalty due to stack 
losses. 

Details in this field and informations about the 
selection of parameter» can be found in (2). Only main 
conditions are specified in this paper, particularly 
in Fig. 7 of a now familiar kind. There ia no inter
ceding during compression so that the primary gas 
circuit is the simplest one. For the reference study, 
the turbine inlet temperature is limited to 775*C, a 
value already available for high temperature reactors, 
the Fort Saint Vrain reactor now in operation for 
instance. The improvement possibilities of the system 
are nevertheless estimated thanks to an extrapolation 
to 850*C. The helium high pressure is equal to 7 MPa 
and the recuperator effectiveness does not exceed the 
reasonable value of 0,89. The compressor inlet tempe
rature is as high as 35*C, which makes the plant dry 
cooling easier. The sensitivity of the system to this 
temperature is indeed «mailer than in the caae of an 
exclusive gas cycle concept. 

System estimates are made for only one value of 
the thermal rating of the by-pas» heat generation, 
namely 600 MWt, in connection with a core (heat source) 
thermal rating of 2275 KWt. The»» parameter value» do 
not certainly square with the optimum selection which 
is still to be determined. 

Given the nuclear heat source, intermediate cir
cuit» are provided with for the heat generation part. 
A» *hown in Fig. 7, there are intermediate water 
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|§) BY-MSS STEAM GENERATOR 
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TurWw «U» prauur* t ? HfW (g) PRECOOLER 

Fig. 7 Cas Turbine - Helium Closed Cycle Nuclear Power Plant -
Gas cycle and cogeoerated steam/heat conditions. 

circuits for the hot water and the low pressure steam, 
and a steam to steam exchanger for the high pressure 
steam used for a process heat purpose. In order to 
improve steam conditions Che helium flow by-passing 
the recuperator transfers its heat to two sections 
successively : a main high pressure steam generator 
and a relatively smaller intermediate hot water heater. 

The basic arrangene.it of the plant is that of a 
combined helium-steam cycle. For priority power gene
ration, the net rated electric power is distributed 
as follows : 700 MWe for the gas turbine and 300 MWe 
for the steam turbine, i.e. 1000 MWe for the whole 
plant. This is a particularly favourable di tribution 
which makes it possible to take advantage of the gas 
cycle preponderance for the benefit of the thermal 
efficiency, of the acceptable turbocompressor po-'er 
level, the standard rating for a main 3000 r.p.m 
generator, and of the moderate size of tht steam tur
bine which is liable to largely share in load changes. 
This additional mean of load variation could result in 
a decrease of the helium storage tank volume needed for 
load changing by variation of the helium inventory. 
Dimensions of recuperator and precooler units are kept 
in reasonable limits. 

An important feature to be emphasized is that the 
system suits very well with a not intercooled turbo-
compressor, that is to say a quite simple turbomachine 
of moderate length and with only two journal bearings. 
It follows that the primary circuit, without an inter-
cooler nor connecting ducts, is simple also. 

Integrated prestressed concrete reactor vessel 
(PCRV) arrangements were proposed in paper (2) for 
similar power plants. This time only a suitable version 
of the developed vertical view of the reactor is shown 
in Fig. 8. For a simple? PCRV design, the by-pass heat 
(steam) generator is arranged below the as*.ciated 
recuperator unit in a lower vertical extension of the 
sane cavity. The hot helium inlet is common to these 
two components. The outgoing helium flows from the 
steam generator bundle downwards through a cold bottom 
control valve and a vertical central duct upwards to 
the top of the recuperator where the low pressure gat 
mixing takes place. 

Tuaaac N wuvairt WITH M T A M HOT «MTCM \ 
TMI «CU«CMM0R \ 

Fig. 8 G.T.-Helium Closed Cycle Nuclear Power Plant. 
Developed vertical view of the reactor, 

A gas turbine combined cycle power plant designed 
with a by-pass heat generator can be used for two pur
poses : a priority power generation by expanding 
through a turbine as much cogenerated steam as poss'ble, 
or a combined generation of power and process/domestic 
heat. These two cases are investigated and separate 
estimates are given, on the understanding that the 
plant concept is particulirly convenient to multipur
pose applications. 

Priority Power Generation. Table 3 gives main 
performance data for priority electricity production 
and, with a view to a more actual appreciation, in 
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Table 3 - Comparison between a By-Pass Gas Turbine-HTCR and Other Nuclear Reactors 
for ELECTRICITY GENERATION 

Reference in Text 

Wet Cooling Dry Cooling (1) 

Reference in Text 

PWR 

- A -

HTCR/LMFBR 
Steam Cycle 

-B-

GT-HTGR 
single gas cycle 

-C- (2) 

GT-HTGR By-Pass Heat 
Generator, Combined Cycle 

-D- (3) 

Net e l e c t r i c Power, HWe 

System Top Temperature, *C 
Core Thermal Power, Mbt 
Net Electrical Efficiency, per cent (4) 

Hot Water Production, KUt 
Power • Heat Output, MW(e+t) 
Heat Source Ut i l i za t ion , per cent 
Energy Conversion Coefficient, per cent (9) 

NH2 Bottoming Cycle (10) 
Heat Source'Thermal Power, Mit 
Net NH. Cycle Electr ic Power, MWe 
Net Total Electr ic Power, HWe 
Net Total Electrical Efficiency, per cent 

900 

320 
2730 

33 

33 
33 

1170 

700/560 
3000 

39 

39 
39 

1240 

850 
3000 

41.3 

480(7) 
1710(8) 

57 
45.7 

1000 
[- 700(gas)*300(st«am)] 

Net e l e c t r i c Power, HWe 

System Top Temperature, *C 
Core Thermal Power, Mbt 
Net Electrical Efficiency, per cent (4) 

Hot Water Production, KUt 
Power • Heat Output, MW(e+t) 
Heat Source Ut i l i za t ion , per cent 
Energy Conversion Coefficient, per cent (9) 

NH2 Bottoming Cycle (10) 
Heat Source'Thermal Power, Mit 
Net NH. Cycle Electr ic Power, MWe 
Net Total Electr ic Power, HWe 
Net Total Electrical Efficiency, per cent 

900 

320 
2730 

33 

33 
33 

1170 

700/560 
3000 

39 

39 
39 

1240 

850 
3000 

41.3 

480(7) 
1710(8) 

57 
45.7 

775 
2278 

43.9(5) 
43.4(6) 

115(7) 
1115 

49 
44.8 

1785 
130 
830 

46.5 

850 
2170 

46(5) 
45.5(6) 

110 
1110 

51 
46.7 

1720 
130 
830 
48.2 

(I) - Dry tower air inlet temperature : I0*C (2) - Intercooled gas cycle 
(3) - intermediate heat exchangers for low and medium pressure steam. 
(4) - Net values ; all losses and station auxiliary power are taken into account 
(5) - Sophisticated steam cycle acceding to recent industrial projects (6) - More conventional steam cycle 
(7) - Hot water for district heating (I20-70*C) - Official data for (C). 
(8) - A small decrease in electrical efficiency is taken into account. 
(9) - All the available heat is assumed converted into power and steam used as a working fluid aown to 35*C 

(including the intcrcooler for (C)) - It is a theoretical value for (C) because this power plant is not 
designed for a combined cycle. 

comparison with some other well-known nuclear plants 
which are : 

- (A) : a standard pressurized water reactor 
(PWR) ; 

- (B) : a steam cycle high temperature gas-cooled 
reactor (SC-HTCR) together with a liquid metal fast 
breeder reactor (LMFBR), on account of similar steam 
cycie and thermal efficiency ; 

- (C) : a gas turbine HTGR (GT-HTGR) of a more 
common design, in the present case an integrated, 
intercooled, exclusive gas cycle project. 

The combined cycle reactor with a by-pass heat 
generator (D) is studied for two turbine inlet tempe
ratures : the reference 775*C temperature and the 
higher value, 850*C, adopted for the HHT project 
(Cermany) and the CT-HTGR developed by the General 
Atomic Company (C.A.C*), U.S.A. 

By taking into account a dry cooling tower as the 
plant heat sink, the net plant electric efficiency of 
the reference design (775*C) reaches 43.9 per cent 
with a suitable steam cycle similar to the one studied 
in the industry for a combined gas-steam cycle version 
of a GT-HTGR, and 43.4 per cent with a simpler combi
ned steam cycle, in comparison with 33 per cent for 
the PUP, 39 per cent for both thi SC-HTCR and the 
LKFBR (wet cooling) and 41.3 per cent for the inter
cooled, exclusive gas cycle plant (dry cooling ; 
850*C). In case of a turbine inlet temperature as high 
as 850*C, the corresponding net efficiencies are 46 
and 45.5 per cent respectively for the by-pass heat 
gencrttot, combined cycle power plant. The energy 
conversion coefficient, which assumes that all the 
heat would be converted into power, is as high as 
44.8 per cent for the 775'C by-pass, combined cycle 

(10) By-pass of the recuperator lower temperature part 

system, to be compared to 45.7 per cent for the inter
cooled, exclusive gas cycle project which is designed 
for 850*C instead of 775*C as cycle top temperature. 
The value of 45.7 per cent for the intercooled, exclu
sive gas cycle system is purely theoretical, because 
the latter plant is not designed for a combined cycle. 
A combined cycle version of a CT-HTGR recently studied 

(2) «ICUPIIMTS» 

@ PHICOOLf» 
(flti) *r-r«»t raTiitnio>«Ti HIAT M O M M A * 

m'c 

• t » ie»(M« 

I n l l l U , PAvH , NW> 

Fig. 9 GT-Helium Closed Cycle Nuclear Power Plant. 
NH3 bottoming cycle-Thermodynamic conditions 
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in the industry, of more standard design without a 
recuperator nor a by-p*ss steam generator, haa a net 
e l e c f i c ef f ic iency of 40.5 per cent only for a cycle 
top temperature of 850*C. 

Fig. 9 i s related to another concept of combined 
cycle : an ammonia bottoming cycle with superheating 
achieved by a helium derivation in paral le l with only 
a part, the low temperature one, of the recuperator. 
The net e l e c t r i c a l eff ic iency of the plant i s 46.5 
per cent for a core outlet temperature of 775*C 
(Table 3 ) . 

Power and Process Heat Cogeneration. As far as 
the combined generation of power and process/domestic 
heat i s concerned, a comparison i s ua.de between a 
plant designed according to the proposed by-pass 
arrangement (E) and four other nuclear plants 
previously studied for cogeneration, namely : 

- (A) : a PWR plant for a chemical factory ; 
- (B) : a steam generating HTCR with primary and 

secondary helium c ircui ts and supplying to a o i l 
refinery steam from • boi ler and a steam turbine, and 
high temperature heat (> 600*C) through the secondary 
helium c ircui t ; 

- (C) : a steam generating HTGR for industrial 
needs ; 

- ( D ) : a GT-HTCR consisting of two helium c i r 
cuits with, on the secondary one, a turbine for power 
generation and a heat recovery boi ler instead of a 
recuperator for process steam production. 

For the f ive compared plants, a l l the generated 
heat i s supposed used down to the return temperature 
of the process steam or domestic water. Consequently 
an additional production of low pressure steam and 
hot water i t al located to the double c i rcu i t , gas 
turbine project (D). Electric power, steam/hot water 

or tue comoinea steam cycle e lectr ic power. 

Table 4 - Comparison between a By-Pass Gas Turbine-HTGR and Other Nuclear Reactors 
for POWER-HEAT C0GENERAT1OH 

Wet Cooling Dry Cooling (1) 

PWR 
for 

Power+process 
Heat 

Generation 
-A-

HTGR 
double 

Helium Circuit 
For Process 

Heat 
-B-

HTGR 
Steam 

Generation 
For Process 

Heat 
-C-

GT-HTGR 
double 

Helium Circuit 
Power+Procest 

Heat 
-D-

GT-HTGR 
by-pass 

Heat Generate 
Pouer+Process 

Heat 
-E-

System Top Temperature, *C 
Core Thermal Power, HWt 
Net Electric Power, MWe 

Steam Output anlConditions, 
MWt(MPa/*C) 

Hot Gas (He) output and tempera
tures, MWt (*C) 
Hot Water Output and Temperatures, 
MWt C O 
Total Heat Output, MWt 
Power • Heat Output, MW(eft) 
Heat Source Ut i l izat ion, per cent (2) 
Eneigy Conversion Coefficient, per 
cent (2) (3) 

300 
2250 

370 

1235(1.8/265) 

1235 
1605 

71.3 
30.5 

725 
1080 
r 1 0 

K6.6/470) 
300 (3.6/400) 

[0 .3 /290) 

550(630-310) 

850 
860 
79.6 
30 

600 
850 
46 

750(4.5/400) 

725 
770 -v. 
90 
32.5 

800 
1950 
375 

970(3.5/350) 
115(0.5/170) 

250(140-55) 

1335 
1710 

87.7 
.16.4 

775 
2270 
700 

600(4.7/400) 
120(1/230) 

195(0.5/180) 

270(125-55) 

1185 
1885 

83 
43 

(1) - Dry Tower a ir in le t temperature : I0*C 
(2) - All losses and station auxiliary power are taken into account 
(3) - All the availeble htat i t assumed converted into power and steam used at a working fluid down to 55*C 

conditions and output are given in Table 4. The heat 
source u t i l i s a t i o n ( i 71 per cent) and steam condition*. 
are lower f„r the PWR project than for the four other 

. S V S T I H TO»* T inpte*Tuet t 775 * e 

. t V - M M MAT Clata*TM TStBMM MmCX : MO MM 

. mas Tsemm art t ac r ine n w t a • 700 »w« 
_ , r\ 

A 
, 0 0 U 

I f 

NIAT SOURCE THIKHAl PO*i« , MW, 
! t 1 

5» pee ise M O n o so: 
STtAM cms N I T fLtcTNic r a w s * . hw« 

( 2 ) . U t / i W C - 70/tfC . 

Fig. 10 CT-Helium Closed Cycle Nuclear Power Plant. 
Power * heat output as a function 
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planta (80 to 90 per cent). Concerning the energy con
version coefficient, it ia as high as 43 per cent for 
the direct cycle plant provided with a by-pass heat 
generator (E) to be compared with 30.5. 30. 32.5 and 
36.4 per cent for the projects (A). (B). (C) and (D) 
respectively. These values are slightly lower than 
these obtained for an exclusive power generation owing 
to a higher bottom return temperature (i 55*C instead 
of 35*C) and a sonewhat larger station auxiliary 
power. The secondary gas circuit is a severe penalty 
for the projects (B) and (D). 

The gas cycle plant with a by-pass heat genera
tor (E) is particularly able to sake use of the «ge
nerated steam for an additional electricity production 
as well as for process heat purpose within a wid« 
range of steam conditions. Like Fig. 5, Fig. 10 gives 
the variation of both the total electricity output and 
the combined electricity plus process steam production 
versus the additional electric power obtained fcom the 
steam cycle. The by-pass heat generator is rated at 
600 HUt. The amount of available process steam increa
ses significantly as the additional electricity gene
rated by the steam turbine decreases. 

As far as the heat source utilization and the 
quality of the energy conversion are concerned, the 
above results are unquestionably attractive. But the 
flexibility of the concept for adapting the energy 
output to various needs withoutanoticeable disturbance 
of the main turbogenerator, the equipment conditions, 
the fact that the gas cycle is designed for a satis
factory efficiency (37.7) per cent) in case of a 
standstill of the by-pass heat generation, are not at 
all leas attractive. 

Table 5 - Solar Energy Gas Cycle Power Planta. 
Conditions and Performances 

AIR OPEN CYCLE HELIUM CLOSED CYCLE 

Cycle Top Temperature, *C 870 800 
Without 

Cas 
Derivation 

Cas Cycle Net Electric Power, MWe 
Corresponding Heat Input into the Cas Cycle, KWt (1) 
Gas Cycle Net Electrical Efficiency, per cent 

5 
16.2 
31 

12.5 
39 
32 

With 
Cas 

Derivation 

By-pass Steam Generator Thermal Power, MW.. 
Corresponding Heat Input into the Gas Cycle, MWt (1) 

Priority Power Generation 
Steam Cycle Net Electric Power, MWe 
Net Total Electric Power, MWe 
Net Total Electrical Efficiency, per cent 
Hot Water Production (120-60'C), MWt 
Heat Source Utilization, per cent 
Energy Conversion Coefficient, per cent (2) 

Power * Heat Cogeneration 
High Pressure Steam Output and Conditiona, MWt(MPa/*C) 
Low Pressure Steam Output and Conditions, MWt(MPa/*C) 
Power • Steam Output, MW(e*t) (4) 
Heat Source Utilization for Power • Steam, per cent (4) 
Hot Water Production (120-60'C), KWt 
Overall Plant Output, MW(e*t) 
Overall Heat Source Utilization, per cent 
Energy Conversion Coefficient, per cent (3) 

7 
21.5 

3.5 
8.5 
39.6 

39.6 

9.5(3.5/440) 
3.8(0.3/240) 

18.3 
85 

18.3 
85 
39 

20 
53 

7.5 
20 
37.7 
7 

51 
39 

22(2.6/410) 
6(0.35/225) 

40 
75.5 
7 

47 
88.5 
38.8 

(I) - Amount of heat transferred to the gas cycle. 
(2), (3) - All the available heat is assumed converted into power and steam used as a working fluid down to 

45*C (2) or 60*C (3) 
(4) - Permanent load. 

Fig. li Solar energy gas cycle power plants. 
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4.5 Solar Energy Can Turbine Power Plants 
Thermodynaaical conversion of the solar energy 

ia a new possible field ot application for gas cyc les . 
Givei. the interest offered by the concept of 

recuperative gas cycles with a by-pass heat generator, 
as this has been shown in Sections 4 . 2 , 4.3 and 4.4 
devoted to fo s s i l - f i r ec ind nuclear power plants, 
analogous investigations concerning the solar energy 
are vorth being made. Several points can result in 
new prospects and another paper (7) i s specia l ly 
devoted to t h i s application. In this sect ion, only 
basic features and some results are presented par
t i a l l y . 

The by-pass heat generation involves either a 
power generation by combinsd cycles or a cogeneration 
of power end process/domestic heat. Considering that 
th i s results in in improvement of the plant thermal 
eff ic iency, i t should be very valuable for solar 
s ta t ions , given the concerned very expensive équip
aient. Another notion has to be taken into account : 
the solar heat source i s basically variable within the 
whole range of the power rating and an energy s t o n g a 
oust be associated to the power conversion system. An 
energy storage can indeed be considered at the top 
temperature of a gas cycle but severe problems ought 
to be faced, particularly in case of a large storage 
capacity. It i s the reason why an alternative solution 
at an intermediate temperature could offer a great 
in teres t , and the ptoposed arrangement i s proven 
convenient to th i s . 

Contrary to the other primary energies, the solar 
heat source i s not adjustable according to power or 
heat needs and this must be considered in the design 
and management of Che system. 

loth air open cycles , for small power l e v e l s , and 
closed cycles with air, CO., helium or mixtures of 
helium with other tases as working fluids for higher 
power ratings (8), can be investigated. Restr ict ive ly , 
th i s section deals with : 

- an open cycle, the conditions of which are 
shown in Fig. Ha (turbine in le t temperature : 870*C ; 
net gas cycle electric power : 5 MWe ; net combined 
cycle e l e c t r i c power : 8.5 MWe ; derivation thermal 
rating : 7 MWt) ; 

- a closed cycle with helium as a working f lu id , 
corresponding to conditions of Fig. l i b , (turbine in le t 
temperature : 800*C ; net gas cycle e l ec tr ic power : 
12.5 MWe ; net combined cycle e lectr ic power : 20 MWe ; 
dérivation thermal rating : 20 KWt). 

In both cases intermediate c ircu i t s of convenient 
liquids including storage f a c i l i t i e s are provided 
with. Details about the relevant application are given 
in the paper (7). 

An auxiliary fo s s i l - f i red heat source, namely a 
combustion chamber, is added to the open cycle plant. 
This results in a limitation of the temperature varia
tions and the cumber of starts and stops, and, in 
connection with the above mentioned energy storage at 
intermediate temperature, in a more f lexible manage
ment of the plant operation. It ia the reason why the 
exhaust air temperature out of the heat exchanger 
downstream the recuperator i s not lower than I20*C. 

The waste heat of the closed cycle plant can be 
recovered down to a lower temperature, for hot water 
supply for instance. 

Table 5 gives main performance data for power 
generation and cogeneration of power and process heat. 
A net thermal efficiency of 40 per cent can be reached 
for the open cycle associated with a steam cycle . It 
l i e s between 37 and 38 per cent for the closed cycle , 
the heat source température of which i s lower (800*C 

instead of 870*c;. Nevertheless, according to aolar 
receiver and i.^at exchanger considerations, closed 
cycles could be preferred for re lat ive ly high power 
rat ings , of 10 MWe or more for example. 

5 CONCLUSION 

Given the importance of the energy question for 
many years, a l l related aspects have to be studied 
and, in this connection, energy converaion systems are 
worth being investigated carefully. 

In thia f i e l d , gas turbine power plants should 
play an important, increaaing part, on account of the 
extensive development they are l ike ly to, and the 
varioua configurations they of fer . They are particu
larly suitable to cogeneration of power and steam for 
either power generation exclusively by combined cycles 
or combined production of power and process/domestic 
beat. 

The paral le l arrangement presented in thia paper 
aa an improvement for recuperative open or cloaed gas 
cycles i s proven to enhance the interesting properties 
of these systems. High thermal e f f i c i e n c i e s , energy 
converaion coeff icienta and heat aource u t i l i za t ion 
factors can be reached owing to a satiafactory adapta
tion of combined gaa and steam cyc les . In this connec
tion i t can be said that the e l ec tr i ca l efficiency of 
gas cycle power planta can be improved up to a value 
closer to the possible plant eff ic iency defined accor
ding to the exergy notion. Process heat ia available 
within a wide range of characteriatics . Eut the way of 
supplying the required various kinds of energy must be 
c lose ly considered. New more favourable conditions fur 
the plant operation and the adjuatement of the heat 
characteristic» to the demand are a basic feature of 
this by-paas arrangement. 

Other attractive aspects and new optimization 
conditions can be claimed aa f«r as nuclear and solar 
energies are considered. 
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