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Abstract : This article presents a study that aims to achieve an increase in the efficiency of 
the Rankine cycle with cogeneration by studying the influence of the variation of the turbine 

inlet pressure after leaving the boiler, taking into account the maximum and minimum 

pressures that could actually occur. For this purpose, a spreadsheet with thermodynamic tables 
was used to determine the thermodynamic states and to create case studies to analyze the 

behavior of the power developed by the turbine and the cycle utilization factor. An exegetic 

study of the cycle was also made with the variation of the mentioned parameter in order to 

find the levels of exergy destroyed by component at the moment of varying the input 
parameter. Once all the corresponding calculations had been made, it was observed that as we 

increased the value of the turbine inlet pressure, both the utilization factor and the power 

delivered by the turbine increased, on the other hand, the heat input to the boiler decreased as 
the boiler outlet pressure increased. From this it is possible to draw several conclusions and 

among these it stands out as the work and the utilization factor increases with pressure, it is 

possible to make a Rankine cycle with cogeneration more efficient if we manage to control the 
output pressures of the boiler. 

Keywords: Cogeneration, Exergy, Exergy destroyed, Utilization factor, spreadsheet, cycle 

Rankine, efficiency. 
 

 

1.Introduction 

The study on how to improve steam power cycles for electric power production is becoming 

increasingly important. To carry out these studies where large numbers of variables are handled, programmed 
spreadsheets are needed to facilitate this task. However, once we understand the importance of the use of 

programs that facilitate the study of cycles and numerical methods, we should say why we should study power  
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cycles, the study of these cycles is of great importance due to the fact that fossil fuels are becoming less and less 
available and the need to create electrical energy from other types of fuels arises

1
, as is the case of R. E. Barber 

on the use of solar energy and its conversion to mechanical energy
2,3

 from these power cycles, The use of sea 

waves for conversion to electrical energy
4,5

.  

But with these power cycles there are also drawbacks, as an example we have the simple Rankine cycle 

which wastes heat on the condenser which still has high quality energy that can be used by a process heater and 
be used for productions such as steel making, oil refining, among others

6 
 this is how the Rankine cycle with 

cogeneration was born, which is the object of study in this article, from the engineering point of view it is more 

economical to use the useful work potential or (Exergy) to produce electrical energy while covering the heat 

requirements of certain industrial processes, we can also use it for the production of ethanol
7
. 

 Other studies and improvements in the Rankine cycle with cogeneration focused on the use of these 

cycles for domestic applications without high demands on energy or work with all types of fuels for operation 
and these advances were called the domestic Rankine cycle

8-10
. Similarly, in recent years special attention has 

been paid to the use of renewable energy, but some negative features of these sources (low power density and 

unpredictable availability) cause significant difficulties in economic recovery. For this reason, incentives are 
offered in many countries to promote energy conversion plants powered by these sources. Such incent can 

influence not only the design of new plants, but also their operating straivestegy
11-13

. In addition, thermo-

economic studies have also been very helpful in realizing that it was necessary to start looking for different 

options to further increase the efficiency of the power cycles taking into account all the parameters that 
influence

14
. 

 Considering the great importance of looking for improvements in power cycles, this article will show 
the results of a study of a Rankine cycle with cogeneration, which by means of a parameter variation shows us 

that this increase in efficiency or utilization factor is possible, in accordance with the above the main objective 

of the research is to provide a cumin to achieve an increase in the efficiency of an electric power plant by means 

of a steam power cycle using a Rankine cycle with cogeneration with mathematical demonstrations of 
variations simulating real operating conditions, the results obtained are in line with the power and factor 

equations found in the literature
6
.    

 

2. Materials and Methods 

Next, a description will be made of the process carried out by a Rankine cycle with cogeneration, its 

components and their function in the cycle, as well as the fundamental equations that govern the calculation of 
the outstanding parameters of the cycle, such as net power, heat of entry to the cycle and others.   

2.1 Process description 

The Rankine cycle with cogeneration is a steam power cycle consisting of a boiler which supplies the exergy to 

the system by means of heat (inlet heat), once the mass flow exits the boiler there is a throttling valve which can 
divide the flow by carrying a part for a process heater when needed, if continuous flow is not necessary until a 

steam expanding turbine is encountered, before the turbine expands all the steam, it is extracted and directed to 

the process heater which uses the useful energy of the steam for a process that requires heat; the other part of 
the flow continues the expansion, once it leaves the turbine the flow is met with a condenser which removes the 

heat from the turbine until it completely saturates it to a pump which will increase the pressure of the saturated 

liquid to be in a mixing chamber with the extraction of the steam to go to the process heater; the flows are 

mixed and led to the boiler to continue with the thermodynamic cycle as shown in the figure 1.  
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Figure 1. Cogeneration Rankine cycle. 

 

A programmed spreadsheet was used which includes the data corresponding to enthalpy and entropy of 
the thermodynamic tables found in the literature, in order to facilitate the calculation of the thermodynamic 

states in each of the points of the Rankine cycle with cogeneration, to then proceed to calculate the data 

corresponding to turbine work, net work, input and output heat, utilization factor, to observe and discuss the 
behavior of the utilization factor vs. the pressure change at the turbine inlet, as well as the behavior of the power 

developed by the turbine when the inlet pressure is increased while maintaining the other parameters constant 

and to make the corresponding exegetical balances for the purpose of observing and discussing the results on 
the exergy destroyed by each component. 

For the operation of the program it was necessary to enter initial data of the cycle, the turbine inlet 

pressure (Press.1) was varied from 3Mpa to 10Mpa for study purposes to observe how the pressure in question 
influences the utilization factor of the cycle. The following input values have been chosen, it should be noted 

that the numbers following the input data correspond to the thermodynamic states found in figure 1. 

 

Table 1. Input data for the cycle 

Tem.  1 Pres. 5 Pres. 6 Ext 4. Ext 5.  ̇   pump   turbine 

500°C 0.5Mpa 0.005 10% 70% 15 kg/s 80% 80% 
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2.2 Fundamental equations 

For a plant with cogeneration, there is a hot spotlight with an input heat (1), in this case a boiler, a cold 

spotlight with output heat or condenser (2), and an output acquired by the passage of steam between the blades 
of a turbine (3),  

 ̇     ̇         ̇  (      )               (1) 

 ̇      ̇            ̇ (     )          (2) 

 ̇      ̇          ̇ (     )    ̇ (     )   (3) 

 

This power is used for the power consumed by the pumps in operation and we can determine a net 

power (4) that will be 

 ̇      ̇          ̇        ̇                 (4) 

Where, 

 ̇        ̇ (     ) , y       (5) 

 ̇        ̇ (      ).       (6) 

 

As it is a Rankine cycle with cogeneration, the need arises to determine the total energy use including both the 
net power delivered by the plant and the heat used in the process heater and a utilization factor (7) was reached 

given by 

   
 ̇     ̇ 

 ̇  
            (7) 

where,  

 ̇    
 ̇   

 ̇  
 .            (8) 

 

For the calculation of the destroyed exergy, the exergy balance sheet (9) for systems with stationary flow given 

by  

∑(   
  

  
)  ̇    ̇  ∑  ̇    ∑  ̇       ̇                                (9) 

This equation was used for each component studied to determine the exergy destroyed by component when the 

boiler outlet pressure varied. 

 

3. Results and Discussion 

To analyze the turbine power performance and utilization factor, the turbine inlet pressure was varied 

for different boiler outlet temperatures at 400, 500 and 600°C as shown in Figure 2. 
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Figure 1. Turbine power and Utilization factor as function of the pressure P1. 

 

In this graph we can see the incremental tendency of the power developed by the turbine turbine and the 

utilization factor of the cycle as the boiler output pressure increases. At the 3 different  temperatures measured, 
this tendency behaves in the same way, if we also study the equations of turbine power and utilization factor we 

can confirm this direct proportionality. We can also observe that the boiler output temperature did not influence 

the incremental trend of both the power developed by the turbine and the utilization factor, but if it did 
influence the increase in the minimum and maximum values of the power and utilization factor, only in the 

change from 400 to 500°C at a constant pressure of 6 Mpa the power developed by the turbine increased by 

13.41%, and the utilization factor by 6.71%, now we can see how the boiler output temperature influences two 
very important factors of the cycle.  

On the other hand, the same analysis was carried out for the heat input to the cycle provided by the 

boiler and the utilization factor vs. the turbine input pressure (Press. 1), which was also varied at different boiler 

output temperatures, from which it was possible to obtain the results shown in figure 3. 

 
Figure 2. Input heat (Qin) and Utilization factor as function of the pressure P1 
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In this figure we can already find an inverse proportionality between the heat input to the cycle through 
the input and the pressure P1, as the pressure increases the pressure P1 the heat of the boiler decreases to keep 

the cycle running, the factor has the same behavior seen in figure 1, likewise we can corroborate this data 

through the equations to see that the expected results are congruent with those obtained. 

For the exegetical analysis of the main components of the cycle and the determination of the destroyed 

exergy by component as the inlet pressure p1 is increased or decreased, with the entropy data of each 
thermodynamic state being taken out of the software, an exergy balance was made for the turbine, boiler, 

condenser, and process heater which is presented in figure 4.  

 

 

From this figure we can deduce the behaviour of the components of the cycle by varying the output 

pressure of the boiler P1, as a first part we can see that the turbine in between increases the pressure the turbine 
destroys more useful energy potential, but on the other hand the boiler does the opposite, Continuing with this 

analysis we can see that the condenser is the component that destroys more useful energy as is to be assumed 

because the heat with energy capacity the condenser destroys it and the higher the pressure the less exergy 
destroys; finally the process heater has a behaviour like that of the boiler and condenser that as we increase the 

pressure destroys less potential useful energy.   

4. Conclusion 

In the study that was carried out on the Rankine cycle with cogeneration in search of improving the 
efficiency of the cycle in general, taking into account the output parameters of the boiler such as pressure and 

temperature, the results obtained by varying these parameters and their influence on the power developed by the 

turbine and the utilization factor were demonstrated and discussed; It is clear that, if we want to improve a 
thermoelectric plant operating with a Rankine cycle with cogeneration, we must consider or take into account 

what has been proposed and demonstrated in this research as a way to achieve this objective. Likewise, thanks 

to the exergistic analysis carried out on the cycle in question, we can consider this research to take measures on 

the components that most destroy useful energy potential (Exergy) in order to have an increasingly more 
efficient energy generating cycle.  As a final point, it can be stated that the objectives of the research on the 

Figure 3.  Exergy destroyed by component. 
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study of the behaviour of the components of this cycle at the moment of varying a parameter that in this case 
was the boiler outlet pressure were met. 

References 

1. R. Sánchez Dirzo and R. Silva Casarín, “Combustible hidrógeno para el ciclo Rankine,” Educ. 

Química, vol. 20, no. 2, pp. 176–181, Apr. 2009. 
2. R. E. Barber, “Current costs of solar powered organic Rankine cycle engines,” Sol. Energy, vol. 20, no. 

1, pp. 1–6, Jan. 1978. 

3. M. S. Shahin, M. F. Orhan, and F. Uygul, “Thermodynamic analysis of parabolic trough and heliostat 
field solar collectors integrated with a Rankine cycle for cogeneration of electricity and heat,” Sol. 

Energy, vol. 136, pp. 183–196, Oct. 2016. 

4. A. López, J. A. Somolinos, and L. R. Núñez, “Modelado Energético de Convertidores Primarios para el 
Aprovechamiento de las Energías Renovables Marinas,” Rev. Iberoam. Automática e Informática Ind. 

RIAI, vol. 11, no. 2, pp. 224–235, Apr. 2014. 

5. B. Twomey, P. A. Jacobs, and H. Gurgenci, “Dynamic performance estimation of small-scale solar 

cogeneration with an organic Rankine cycle using a scroll expander,” Appl. Therm. Eng., vol. 51, no. 1–
2, pp. 1307–1316, Mar. 2013. 

6. Y. a. Cengel and M. E. Boles, “Termodinamica - Cengel 7th,” Termodinamica, p. 1456, 2011. 

7. Z.-D. C. L. Margarita, P.-O. Osney, R.-R. P. Antonio, Z.-D. C. B. María, and L. Geraldo, 
“Potencialidades del bagazo para la obtención de etanol frente a la generación de electricidad,” Ing. 

Investig. y Tecnol., vol. 16, no. 3, pp. 407–418, Jul. 2015. 

8. R. Bracco, D. Micheli, R. Petrella, M. Reini, R. Taccani, and G. Toniato, “Micro-Organic Rankine 

Cycle systems for domestic cogeneration,” in Organic Rankine Cycle (ORC) Power Systems, Elsevier, 
2017, pp. 637–668. 

9. K. H. Kim and H. Perez-Blanco, “Performance analysis of a combined organic Rankine cycle and vapor 

compression cycle for power and refrigeration cogeneration,” Appl. Therm. Eng., vol. 91, pp. 964–974, 
Dec. 2015. 

10. B. Patel, N. B. Desai, and S. S. Kachhwaha, “Optimization of waste heat based organic Rankine cycle 

powered cascaded vapor compression-absorption refrigeration system,” Energy Convers. Manag., vol. 
154, pp. 576–590, Dec. 2017. 

11. A. Stoppato, “Energetic and economic investigation of the operation management of an Organic 

Rankine Cycle cogeneration plant,” Energy, vol. 41, no. 1, pp. 3–9, May 2012. 

12. M. Borunda, O. A. Jaramillo, R. Dorantes, and A. Reyes, “Organic Rankine Cycle coupling with a 
Parabolic Trough Solar Power Plant for cogeneration and industrial processes,” Renew. Energy, vol. 86, 

pp. 651–663, Feb. 2016. 

13. M. Uris, J. I. Linares, and E. Arenas, “Feasibility assessment of an Organic Rankine Cycle (ORC) 
cogeneration plant (CHP/CCHP) fueled by biomass for a district network in mainland Spain,” Energy, 

vol. 133, pp. 969–985, Aug. 2017. 

14. M. Khaljani, R. Khoshbakhti Saray, and K. Bahlouli, “Comprehensive analysis of energy, exergy and 
exergo-economic of cogeneration of heat and power in a combined gas turbine and organic Rankine 

cycle,” Energy Convers. Manag., vol. 97, pp. 154–165, Jun. 2015. 

 

***** 

 


