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The present study is aimed to develop an integrated solar combined cycle 

power plant in which steam generator gets its energy by recovering the 

wasted heat of a gas turbine unit. The plant included also a concentrating 

collector field to heat the water coming from condenser replacing the 

regenerative process in Rankine cycle. In such a way, the extracted steam 

used for regenerative cycle can be used in other applications such as, 

heating process, desalination,…etc (Co-generation cycle). Producing 

saturated steam and superheating process are taken place in steam 

generator via recovering the wasted heat accompanying the exhaust gases 

of the gas turbine. An auxiliary heater is used at lower or less solar 

radiation times. 

A simulation mathematical model has been developed for each component 

of the plant and the components are matched together. This model is used 

to predict the temperatures, mass and heat transfer within the system 

under various operating and design conditions. The influence due to 

extracting a variable amount of steam for heating process is studied in the 

paper. The studied parameters included the contributions of the solar as 

well as the wasted energy with the products of the gas turbine. An exergy 

analyses for the main components of the plant are considered in the study. 

The final results showed that the solar energy can contribute by about 27 

% from the total energy supplied to Rankine cycle whereas the energy 

recovery from the wasted energy of the gas turbine can contribute by 

about 64 %. The remaining part is covered by an auxiliary heater. The 

values of the efficiencies reached to about, 54 % for the solar collector, 

46 % for the gas turbine, 43 % for the utilization factor of the steam 

turbine and 45 % for overall efficiency of the solar integrated combined 

cycle power plant. Also, the most exergy destruction in the plant occurred 

in the solar concentrator (about 33 % of the incident radiation), and the 

combustion chamber of the gas cycle (about 39 % of the input heat). 

Other components such as, compressor, gas turbine, steam turbine, and 

condenser, having an exergy destruction ranges from 1 % up to 5 % from 

the corresponding energy input to each component. 

KEYWORDS: solar concentrating collector, Gas turbine, Steam 

turbine, Solar contribution, Exhaust gases contribution, Efficiency, 

Utilization factor 
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NOMENCLATURES 

Q     heat (W) 

FR   heat removal factor 

A    area (m
2
) 

S     absorbed radiation (W /m
2
) 

F      collector efficiency factor 

T       temperature (K) 

Mw   mass of water in solar loop,  

         (Kg/s) 

M      mass of extracted steam for  

          process heating, (Kg/s) 

Cp     specific heat (J/Kg.K) 

D    diameter (m) 

hfi    inside heat transfer coefficient  

                (W/m
2
. K) 

hw    wind coefficient  (W/m
2
 K) 

tc     glass cover thickness (m) 

Kc     glass cover thermal  

                 conductivity (W/m.K) 

N     number of concentrators 

R     gas constant (J/Kg. K) 

P     pressure (Pa) 

h     enthalpy (Kj/Kg) 

Symbols 

a aperture, ambient 

ab absorber 

aux. auxiliary 

c cover, cold 

cw cooling water 

D.A dry air 

f saturated liquid 

fi fluid inlet 

in input 

g saturated vapor 

h hot 

i inner 

o outer 

sup superheated 

sat saturated 
u useful 

r relative 

 

INTRODUCTION 

Conventional combined cycle power plants are a very attractive configuration in recent 

years. Gas turbine cycle typically operates at considerably higher temperatures than 

steam cycle where the maximum temperature in steam turbine is nearly 620 
o
C while 

the corresponding value is over 1150 
o
C in gas turbine [1]. Because of the higher 

average temperature at which heat is supplied in gas turbine, its efficiency is greater 

than the steam cycle. On the other hand, the gas turbine has some disadvantage where 

the exhaust gases leave the gas turbine at high temperatures (about 500 
o
C) which 

erases any potential gains in the thermal efficiency. Thus, an energy recovery from the 

heat of the exhaust gases will enhance the overall efficiency via combining gas cycle 

by steam cycle. This can be occurred by transferring the wasted heat to the steam by 

using steam generator that serves as the boiler resulting a combined gas–steam cycle. 

The combined cycle power plant having widespread commercial applications due to 

[2]: 

1. High cycle thermal efficiency or low heat rate. 

2. Reduction in need for cooling water since only the steam turbine of the cycle 

needs cooling   water. 

3. Ability to be built in stages. The gas turbine can be installed initially and 

operate as a simple cycle gas turbine. At a later date, the steam turbine can be 

added and then operated as a combined cycle power plant. 
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4. Ability to operate the gas turbine with the steam turbine idle if a diverter valve 

was installed so that the gas turbine exhaust gas can bypass the heat recovery 

steam generator. 

5. Smaller unit size. 

6. Water and air are used as working fluids in combined cycle which are 

available, inexpensive and nontoxic.  

Solar thermal systems based on distributed fields of the concentrating 

collectors can also be used as promising technologies in combined cycle. Hence, the 

extracted energy from solar systems can be integrated with combined cycle plant to 

enhance the overall efficiency and decrease the already low emissions. But, due to 

some limitations of using solar energy, the solar system should satisfy the following 

requirements [3]: 

A. Continuous operation during periods of variable insolation of solar energy, 

B. Extended operation to non-solar periods such as cloudy days and night times, 

C. Availability of power in emergency periods, and 

D. Avoidance of potentially harmful transients arising from abrupt changes in 

insolation. 

Based on the previous discussions and the reality of the solar combined cycle 

power plant, a computer program has been developed to formulate the problem where 

it satisfied a flexibility to change input data and also some design conditions. The 

calculations are based on the effect due to using of the solar energy and the gas turbine 

wasted energy on the whole thermal efficiency of the plant s' components. 

 

DESCRIPTION OF THE PROPOSED POWER PLANT 

The proposed plant is mainly composed of three units including: solar field, gas turbine 

unit and steam turbine unit as seen in Fig.1. Solar field consists of a number (M) of 

rows of the concentrating collectors. These collectors are a cylindrical type with an 

aperture area of 3 m
2
 for each one. Each row contains a number (N) of the collectors in 

series connection where the working fluid is assumed to be distributed uniformly 

through the rows. The drop in efficiency due to the series connection of the 

concentrators is considered in the calculations. The heating fluid used in the solar 

concentrators is Therminol VP1, which is similar to that used in SEGs plants in 

California [4]. 

The gas turbine unit consists of a compressor, combustion chamber where the 

fuel is burned with the air which results the maximum combustion temperature in the 

cycle. The products of the combustion are expanded adiabatically in the turbine where 

a part of the developed work is used to drive the compressor (compressor turbine), 

while the other part is the output from the unit (power turbine). Actual combustion 

processes and variable specific heats for the compression and expansion processes are 

considered in the calculations. An isentropic efficiency of 87 % is assumed for the air 

compressor and the gas turbine in the gas cycle.  
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Figure (1). Schematic of the main components of the proposed solar integrated 

combined cycle power plant 
 

C: compressor, CC: combustion chamber, CT: compressor turbine, PT: power 

turbine, SHE: solar heat exchanger, ST: steam turbine, PH: process heating, cond.: 

condenser, SG: steam generator, MC: mixing chamber, Aux: auxiliary heater.  

 

Steam turbine unit is working with Rankine cycle with high pressure of 90 bars 

while the condenser pressure is fixed at 10 Kpa. The extracted steam for heating 

process is condensed and mixed in mixing chamber with the coming hot water from the 

solar heat exchanger as seen in the figure. However, in order to assure a steady power 

generating from the steam turbine, an auxiliary heating system is added in order to 

raise the temperature of water coming from the mixing chamber up to saturated 

temperature corresponding to the pressure of the steam generator. This occurred at 

times of less or absence of solar radiation. Then, the steam generator is used to saturate 

and superheat steam from saturated liquid to the final state which is a superheating at 

inlet to the steam turbine. An isentropic efficiency of 87 % for the steam turbine is 

considered in the calculations. 

 

MATHEMATICAL MODELING 

Each component of the integrated solar combined cycle power plant is treated 

separately and their models are developed in detail in the following sections. 
 

1. Solar Concentrating Collector 

The simulation of the solar concentrator is carried out on the basis of the data input to 

the model as well as the given values for the collector parameters. The calculated 
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parameters for the concentrator included: heat losses factor (UL), collector efficiency 

factor (F
'
), and heat removal factor (FR).  

Thus, the absorbed heat from the solar concentrator can be expressed by [5]: 

                              

(1) 

          

 

 

Where: 

 

                              

(2) 

 

                              

(3) 

 

A semi-empirical expression for the overall heat loss coefficient UL for the 

solar concentrator has been developed [6, 7] following the basic procedure of Hottel 

and Woertz [8]. This expression was modified by Mullick and Nanda [9] and given by: 
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Where the constant ( C ) in Eq. (4) is given by: 

                                   
   75.075.04.0

..

74.17
 


cababcab DDDTT

C                                     (5)    

                

The cover temperature in Eq. (4) as a function of the absorbed temperature 

with a maximum error of 2 % was developed and given by [9]: 
 

            .100/3132.163.0 67.04.0
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Hence, the simulation procedure starts by assuming an approximate value for 

the absorber temperature (Tab). Based on the assumed temperature with the other given 

design and ambient data, collector parameters (UL, F, and FR) can be calculated, where 

they are used to calculate the useful heat from the concentrator. Then, an iterative 

procedure to check the absorbed temperature was performed by the following relation 

[10]: 
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The iterative procedure is continued until an acceptable convergence for the 

concentrator parameters is reached. 

However, for collector modules in series connection, the increase of the inlet 

temperature along the connection line causes a decrease in efficiency. Consequently, 

for a combination of (N) identical collectors, the average parameters are given by the 

following relation [11]:  

                             
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Where FR1UL1 and FR2UL2 are the parameters for the first and second collector, 

respectively. Finally, the efficiency of the solar concentrator is expressed by: 

                                
I
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Where Aa represents the aperture area of the solar concentrator. 
 

2. Simulation of the Gas Turbine 

The thermal processes through the gas turbine unit include a compression process 

through the compressor, combustion process through the combustion chamber, and 

finally expansion process through the gas turbine. The air temperature after the 

compressor is calculated on the basis a variable specific heat. This requires calculating 

the relative pressures across the compressor as a function of the compressor pressure 

ratio (P2/P1), which is given by [2]: 

                                          









R

STexpPr                                                         (12) 

                            
1

2

1

2

Pr

Pr


P

P
                                                              (13) 

 

Thus, the exit temperature of the compressor as a function of Pr2 is determined 

(Table A.1, in Ref. 2) where it is used to calculate the enthalpy of air with variable 

specific heats by the following relation: 
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Where the constants a1-a6 are given in the same reference. 

Applying combustion equation for one mole of octane (C8H18) which is used in 

the present case with dry air yields [2]:  
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       222188 5.12.98. OADXOHCOADXHC                (15) 

Where X is the total number of moles of dry air supplied per one mole of fuel. 

Accordingly, for adiabatic combustion, the enthalpy of reactants in Eq. (15)) is equal to 

that for the products where the products temperature is calculated by trial and error. 

Finally, the products of combustion are expanded through the gas turbine giving the 

power needs to drive the compressor while the remaining part is the developed power 

output from the turbine.  
 

3. Simulation of the Steam Turbine 

The main states of the steam in Rankine cycle may be saturated liquid, wet steam or 

superheated steam, Fig. (1). Also, the main calculated properties of steam included, 

entropy and enthalpy due to the necessity through the calculations. The net power and 

the input heat for the steam turbine can be expressed by: 
 

                               )()()( 3221 hhmMhhMW wwnet                               (16) 
 

                                                 )( 72 hhmQp                                                       (17) 
    

                                           sgauxsolarin QQQQ                                                 (18) 
 

                                         )()( 56 hhmMQ wsolar                                            (19) 
 

                                              )( 910 hhMQ waux                                                   (20) 
 

                                              )( 101 hhMQ wsg                                                     (21) 
 

Hence, for Co-generation cycle, the performance of the steam turbine is expressed by 

utilization factor (instead of efficiency) which is defined by the following relation [1]: 
 

                                                     
in

pnet

Q

QW
E


                                                      (22) 

 

The states of the main points in Rankine cycle can be defined from the 

following procedure: The inlet condition of steam turbine i.e. point (1), is obtained 

from an energy balance to the steam generator as a function of temperature of exhaust 

gases from gas turbine. Isentropic expansion from P1 to P3 can define the state of point 

(3). State of point (2) is defined at the extraction pressure, P2. States (4) and (5) are 

defined on basis of condenser pressure and the work of pump. State (6) is known from 

an energy balance of solar heat exchanger while state (7) is saturated liquid at P2. Point 

(8) is known from an energy balance of mixing chamber. Point (10) is known by 

saturated liquid at P1 to assure constant conditions to the steam turbine. Also, through 

the simulation procedure, the properties of steam are given by Bejan [12] as: 
 

                                                         tCh pwf                                                          (23) 
 

                                              )()( ofgfg ThTh                                                      (24) 
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The constants a1- a6 in Eq. (25) for water are given in Ref. (12). The 

temperature in Eq. (23) in 
o
C, while in Eq. (25) it is given in terms of the reduced 

temperature (Tr) and the critical temperature (Tc) by:  t = (Tc-T)/Tc = 1-Tr , Tc = 647.27 

K   for water. Also, hfg (To) in Eq. (24) is the latent heat at 273.15 
o
 K. 
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Thus, the properties of the different points in Rankine cycle can be calculated 

using the developed equations. The calculated properties are used to calculate the 

parameters in Eqs. (16) to (22). 
 

4.  Exergy Analyses for the Main Components of the Combined 
Cycle Power Plant 

The second law efficiency or exergy analyses are carried out for the main components 

of the combined cycle in this section. The exergy destruction takes place in 

components of both, gas and steam cycles beside solar concentrator. The general 

equation of exergy destruction for a steady flow system can be expressed by [1, 13]: 
 

                      









  

inb

in

ii

outb

out

eeOgen
T

Q
sm

T

Q
smTSToEXD

,,

               (29) 

 

Where Tb, out and Tb, in are the temperatures of the system boundary where heat is 

transferred out and into of the system, respectively. In other words these temperatures 

mean the maximum and minimum temperatures of the system. Based on the developed 

equation, the exergy generated (the exergy destruction is the product of exergy 

generated by the surrounding temperature To) for the whole components of the solar 

combined cycle is given below [1, 13]: 
 

4.1. An Adiabatic Air Compressor & Gas Turbine 
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CmssmS                        (30) 

 

Where the mass flow rate (m) in Eq. (30), represents (ma) in the compressor while it is 

(mf + ma) in the gas turbine, respectively. 
 

4.2. An Adiabatic Combustion Chamber 
 

                                     rrPPreactprodgen SNSNSSS                        (31) 
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Where the air and product gases are at a total pressure (pressure after compressor) and 

the entropies in Eq. (31) are to be calculated at the partial pressure of the constituents 

which is equal to: Pi = yi Ptotal, for a constituent i where yi is the mole fraction of the 

component i in the mixture. 
 

4.3. An Adiabatic Steam Turbine 
 

                                                      )( iesgen ssmS                                               (32) 

Where ms is the steam mass flow rate while se and si are, the actual entropy at exit and 

inlet sections of the steam turbine, respectively. 
 

4.4. Condenser of Rankine Cycle 

                                               )(
O
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iesgen
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q
ssmS                                           (33) 

Where qcw is the rate of heat rejected to the cooling water per Kg of steam and the sink 

temperature is assumed to be To. 
 

4.5. An adiabatic heat exchanger  

For steam generator, solar- Rankine heat exchanger: 

                                      )()( ,,,, cicechihehgen ssmssmS                               (34) 

 

4.6. Solar concentrator:  
The entropy generating (irreversible) process through the solar concentrator assuming 

that the absorbing plate is at a uniform temperature and steady state conditions is given 

by [14-18]: 
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Where it is assumed that the concentrator is working between a maximum temperature 

Tab, and a minimum temperature To. 

 

RESULTS AND DISCUSSIONS 

The simulation results of the main parameters affecting the performance of the 

integrated solar combined cycle power plant are presented in this section. Solutions of 

the governing equations were generated using the following input data for the solar 

field and gas turbine: Mw = 1kg/s, CPR= 14, M =30, N =30, Ac = 3 m
2
, percentage of 

excess air = 200 %. 

Figure (2) shows the concentrator efficiency versus the mass ratio (MR) at 

different values of solar radiation. The presented efficiency in the figure is based on a 

series connection for the solar concentrators in one row as discussed previously. Also, 

the mass ratio (MR) means the ratio of the mass of working fluid in the solar loop to 

the mass of water in the Rankine cycle. It is seen from the figure that the efficiency 

increases as MR increases due to the decrease of the thermal losses which occurred at 

the higher mass flow rate through the solar field. Maximum efficiency of about 54 % is 

achieved in the figure. Looking at the variation of the incident solar radiation, it is seen 
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that the higher efficiency curve occurred at the higher value of the incident solar 

radiation as seen. This is interpreted by the higher increase of the incident solar 

radiation which is meeting by small increase in the inlet fluid temperature; see Eq. (11) 

where there is no energy storage. So, the figure shows that the variation of incident 

solar radiation represents a dominant influence in the concentrator efficiency as seen in 

the figure. 
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Figure (2). Concentrator efficiency versus mass ratio (MR) 

at different values of incident solar radiation. 

 

Figure (3) shows the solar contribution factor versus the mass ratio, MR at 

different values of solar radiation. The solar contribution factor is defined as the ratio 

of the amount of heat provided by the solar field to the total amount of heat supplied to 

the steam cycle i.e.Qsolar/Qin. It is shown from the figure that the solar contribution 

increases as the mass ratio increases due to the enhancement of the concentrator 

efficiency which occurred at the higher values of MR. Also, the solar contribution 

increases with increase of the solar radiation which seem to be logically. Maximum 

contribution of about 27 % is attained at MR = 36 and I = 800 W/m
2
 while the 

corresponding minimum value is 13 % at the same MR, but with I = 400 W/m
2
. Other 

factors such as, gas turbine efficiency (42 %), utilization factor of steam turbine     (43 

%), exhaust gases contribution (63 %), auxiliary contribution (10 %) are resulted from 

the simulation under these conditions. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (3). Solar contribution factor versus mass ratio (MR) at  

different values of incident solar radiation. 
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The exergy destruction in the concentrator field at incident solar radiation (I = 

800 W/m
2
) versus MR with different surrounding temperature (To), is presented in Fig. 

(4). As seen, the value of exergy destruction decreases as MR increases referring to the 

decrease of thermal losses corresponding to the higher value of MR. Also, as the 

surrounding temperature increases, the exergy destruction decreases as seen in the 

figure. Maximum exergy destruction equals about 33 % from the incident radiation 

occurred at minimum MR and lower surrounding temperature as seen in Fig. 4. 

The concentrator efficiency and solar contribution versus the number of 

concentrators i.e. area of the concentrators are shown in Figs. (5) and (6), respectively. 

From Fig. (5), it can be seen that the efficiency of the concentrator decreases as the 

number of concentrators increases due to the increase of the thermal losses resulting 

from the increase of the inlet fluid temperature in series connection. Also, the solar 

contribution increases with the increase of the number (N) due to the increase of the 

input energy to the system as seen in Fig. (6). However, the increase of the number of 

concentrators in series connection is needed only to increase the level of the 

temperature in the cycle but it is limited also by the corresponding decrease in the 

efficiency in this case. 

 

 

 

 
 

 

 

 

 

 

 

 

 

Figure (4). Exergy destruction of the solar concentrator at different  

surrounding temperatures. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (5). Concentrator efficiency versus number of concentrators 

at different values of incident solar radiation. 
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Figure (6). Solar contribution factor versus number of concentrators 

at different values of incident solar radiation. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (7). Gas turbine efficiency and overall efficiency versus compression 

pressure ratio, CPR. 
 

Figure (7) presents the gas turbine efficiency versus CPR in case of burning 

one kmole of octane (C8H18) with excess air ratio of 200 % and ambient temperature of 

298 
o
K. The overall efficiency is presented also in the figure. As seen in Fig. (7), the 

gas turbine efficiency increases as CPR increases due to the higher output of the 

turbine which occurred at the higher combustion temperature at the end of combustion 

process. But, this temperature is limited also by the metallurgical conditions that the 

turbine blades can withstand. The trend of efficiency increasing with increasing of 

CPR is agreed with the calculated values using the air standard cycle of gas turbine 

(Brayton cycle) in Refs (2 &13): 
 

                                                   /1)/(11  CPRgt                                           (36) 
 

A simple comparison between the values presented in Fig. (7), and calculated 

by Eq. (36) yields that the maximum efficiency is nearly 47.5 % at CPR = 26 in the 

figure, while the corresponding value is 60.57 % at the same CPR from Eq. (36). Also, 
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the minimum value in the figure is 37 % at CPR = 8, while the value calculated from 

the given equation is 44.79 %. The deviation between the values calculated in the paper 

and that calculated from the given equation is referred to the following considerations 

in the present model: variable specific heat; actual combustion processes; actual 

compression and expansion processes. These factors may be interpreted the deviation 

between the calculated values from the present model and that calculated from the 

corresponding air standard cycle. 

The overall efficiency is presented versus CPR also in Fig. (7), where its value 

increases as CPR increases due to the increase of power output from gas turbine with 

higher value of CPR. But, one can find from the figure that there is a convergence 

between the gas turbine and overall efficiencies up to CPR =19 as seen in the figure. 

This trend is because the overall efficiency is a function of gas turbine efficiency and 

utilization factor (instead of steam turbine efficiency in Co-generation cycle) where the 

later decreases as CPR increases, Fig. (8). The decrease of utilization factor with 

increase of CPR is related to the lower contribution of exhaust gases which occurred 

with increase of CPR as seen in the figure. Consequently this trend decreases the 

superheating condition of steam entering the steam turbine giving a lower utilization 

factor. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (8). Utilization factor of steam turbine and exhaust gases contribution 

versus compression pressure ratio, CPR. 
 

Figure (9) presents various temperatures concerning the gas cycle versus CPR. 

It is clear from the figure that the temperature of air entering the combustion chamber 

(exit compressor temperature) increases as CPR increases leading to increase the 

maximum temperature in the cycle. On the other hand, the exit temperature of the 

products from the turbine decreases as CPR increases due to the lower heat rejected in 

case of the higher efficiency conditions which occurred at higher CPR, Fig. 7. The 

maximum temperature in the gas turbine i.e. inlet turbine temperature is presented in 

the figure where it increases as CPR increases due to the increase of the inlet air 

temperature as discussed previously. Maximum temperature of 1550 
o
K at CPR = 24 is 

attained in the figure. Accordingly, it is important to decrease the maximum 

temperature for metallurgical reasons via passing an excess air with combustion 

process. 
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Figure (9). Various temperatures of gas turbine unit versus compression 

pressure ratio, CPR. 

Figure (10) shows the inlet and outlet temperature of gas turbine versus excess 

air ratio. The figure shows that the inlet temperature to the turbine decreases as excess 

air ratio increases due to the larger amount of air in combustion products. Of course, 

the same trend occurred at exit of the turbine where the temperature decreases as seen 

in the figure. It is important also to select an appropriate value for the maximum 

temperature in gas turbine cycle. This value may be taken between 1300 K and 1400 K 

which is more closed to the values in different literatures. So, the corresponding excess 

air ratio corresponding to this range of maximum temperature lies between 200 % – 

300 %.  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (10). Inlet and outlet gas turbine temperatures versus excess air ratio. 
 

Figure (11) shows the variation of exergy destruction in the main components 

of gas turbine and steam generator units. The exergy destruction of combustion 

chamber decreases as CPR increases as seen. This is related to the increase of air 

temperature entering the combustion chamber compared to the increase of the 

maximum temperature in the cycle. For example, the air temperature increases by 

about 56 K when CPR increases from 12 to 16, while the maximum temperature 

increase by about 46 K only for the same increase of CPR (see Fig.9 and Eq. 31). 
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Figure (11). Exergy destruction in combustion chamber and steam generator versus 

compression pressure ratio, CPR 

Maximum exergy destruction with value of 39 % occurred at CPR = 8 as seen 

in Fig. (11). However, the exergy destruction for steam generator increases as CPR 

increases as seen in the figure which is related to the decrease of product temperature 

entering the steam generator i.e. the entropy change in the product gases side increases 

with the decrease of the product temperature. Maximum exergy destruction of 17 % 

from the input heat to gas turbine in steam generator occurred at minimum CPR as 

seen in Fig. (11). The exergy destruction for the other components of the integrated 

combined power plant are not presented here where their values are not significant and 

ranges from 1 % to 5 %.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (12). Utilization factor of steam turbine versus steam generator 

pressure at different values of steam extracted for process heating. 
 

Finally, Fig. (12) presents the utilization factor of steam turbine versus the 

pressure of steam generator at different amount of steam extracted for heating process. 

It is seen from the figure that the utilization factor increases as amount of extracted 

steam increases. This is related to higher utilization of heat from the extracted steam 
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from superheating to saturated conditions (state 2 to state 7 in Fig. 1), while it not 

satisfied in the expansion in the turbine.  

 

CONCLUSIONS 

Based on the developed mathematical model and previous discussions of the 

simulation results, the following items can be concluded: 

 The contribution of solar energy and wasted heat from gas turbine could play 

an important role in raising the efficiency in solar integrated combined cycle 

compared to the efficiencies of gas cycle and steam cycle if they are working 

separately. 

 Mass ratio between the water in Rankine cycle and the working fluid in the 

solar loop is an important performance factor in solar combined cycle. The 

concentrator efficiency increases as mass ratio increases due to the decrease of 

heat losses. Also, the exergy destruction of the solar concentrator decreases 

with increase of the mass ratio due to the lower heat loses. 

 Gas turbine efficiency increases with increase of compression pressure ratio, 

but the exhaust gases contribution decreases with increase of CPR due to the 

decrease of the heat rejected from the turbine. Maximum exergy destruction in 

the gas turbine unit occurred in combustion chamber where its value is about 

39 % at CPR = 8. For other components of the gas and steam turbine units, the 

exergy destruction ranged from 1 % up to 5 %. 

 The maximum temperature in gas turbine could be reasonable at excess air 

ratio ranged from 200 % up 300 %. 

 The utilization factor of steam turbine increases with increase of the pressure 

of steam generator as well as the amount of steam extracted for process 

heating. 
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 تقيم ااداء و تحليل ااƂسرجى ƃمحطة توƃيد قدرة تƂاملية باƃطاقة اƃشمسية
 
ش حددددديإ تن دددددد رة دددددط  سةددددددتا   إتهددددددر سةداسحدددددإ سةتطةيدددددإ مةدددددل ت دددددتيا لدس   ت دددددإ تتةيدددددد  ددددددا  ت ط  يددددد 
شددددتا إ تيددددو يتاددددد  تةددددد سةر ددددطا   ددددل  ط تدددد   ددددة سحددددتا ط  سة ط ددددإ سة   ددددتد   ددددة تتددددد  تددددتارية سة 

غددددددطمل  تشدددددد د سة ت ددددددإ ليسددددددط   ددددددل ت ددددددد ش حدددددد  ةتحدددددد ية سة ددددددط  سة ددددددطد   ددددددة سة   ددددددر ةيحددددددتني  
  ددددددطة سةدددددددتا  س حددددددتا ط يإ ادددددد  دتا  اسة ددددددة سةر طايددددددإ  رهدددددد   سة اي ددددددإ يحددددددتن د سةر ددددددطا سة حددددددت    

ل ددددال   ددددد    يددددطا سةتحدددد ية ت سةتت يددددإ  مةتددددط  ر ددددطا  ادددد  مغدددداس  تاسايددددإ ة دددددتا  س حددددتا ط يإ 
 شددددرإ ت م دددداس     يددددإ سةتت ددددي  تتدددددو ادددد   تةددددد سةر ددددطا  ددددة  ايدددد  سحددددتا ط  سة ط ددددإ سة   ددددتد  ت 
سة ادددددطترإ ة دددددطمسا سةندددددطد  اددددد  تتدددددد  سةتدددددتارية سة دددددطمل   يحدددددتن د ليسدددددط  اددددددا تددددداسال ستتيددددددط   

 ب سإشنط  سةش ح  ا  لت طا سإشنط  سة ة  سإ لت غيط
لدس   ددددد تتددددد  ادددد  سة ت ددددإ تيددددو تدددد  د دددد   دددد   سةتتدددددسا  نددددط    تدددد    ددددد ة ددددت   ايطسدددد  ة تط ددددط

يحدددددتن د سةة دددددت   سةايطسددددد  ةت دددددي  دا دددددطا سةتددددداسا  ت سةت دددددطد سةتددددداسا  ت سة ت دددددإ تتدددددا  ددددداتر تاددددد ي  
سال تحددددد ية تددددددا  إت تشددددد يد   ت  دددددإ  تددددد  داسحدددددإ تدددددن يا سحدددددت      يدددددإ  ت يدددددا   دددددة سةر دددددطا ةن  يددددد

  دددددددل لدس  سةدددددددددتا   شددددددد  ا سة ت يدددددددداسا سة داتحددددددددإ  حدددددددط  إ  ددددددددد  ددددددددة سة ط دددددددإ سةش حدددددددديإ ت سة ط ددددددددإ 
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سة   دددددتد   دددددإ غدددددطمسا سةندددددطد  ة تددددددتارية سة دددددطمل  تددددد    دددددد تت يددددددد س حدددددا ل ة تتددددددسا س حطحددددديإ ادددددد  
%  دددددددة سة ط دددددددإ سة  يدددددددإ  72تدددددددطا  سةةهطايدددددددإ  حدددددددط  إ سة ط دددددددإ سةش حددددددديإ رتدددددددتسة  سةددددددددتا   ل هددددددداا سةة

%  تدددددد  ت  يددددددإ  46سةدس  ددددددإ مةددددددل دتا  اسة ددددددة  ادددددد  تددددددية ححدددددده  سحددددددتا ط  سة ط ددددددإ سة   ددددددتد  رتددددددتسة  
% ة    دددددددددإ  46سة دددددددددم  سة تر ددددددددد   دددددددددة سة اددددددددددا سةتددددددددداسال س تتيدددددددددط    تاددددددددد ا سة  دددددددددط سا مةدددددددددل 

%  64 نط ددددددددددد س حددددددددددت  د ة تددددددددددتارية سةر ددددددددددطال  ت % ة 64% ة تددددددددددتارية سة ددددددددددطمل   64سةش حدددددددددد   
   دددددددط     يدددددددإ ة  ت دددددددإ سةش حددددددديإ سةت ط  يدددددددإ   ددددددد ة   دددددددطة سة دددددددم  س  ردددددددا  دددددددة ا دددددددد س  حدددددددا ل اددددددد  

%  ددددددة سإشددددددنط  سةحددددددط  ا ت  دددددد ة  ادددددد  غااددددددإ س تتدددددداس  ةتتددددددد  سةتددددددتارية   44سة   ددددددإ سةش حدددددد   
س  ددددددمس  س  ددددددال  ددددددة سة ت ددددددإ   %  ددددددة   يددددددإ سةتدددددداسا  سةدس  ددددددإ ةتتددددددد  سةتددددددتاريةا  ل ددددددط 43سة ددددددطمل  

 %  4% مةل  1ة ةحرإ ساي إ ري ا طةا  حطاا س  حا ل ت  د


