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Abstract - The main objective of this paper was to acquire the necessary thermodynamic 
knowledge in order to perform a thermodynamic and economic analysis of a solar ORC system of 
capacity of 10KW. For this, a model and computer program were developed in Matlab R2008a, 
version 7.6.0, which analyses the efficiency of the collector based on the gross solar radiation 
introduced and the efficiency of the ORC cycle against the power of the respective radiation. Based 
on the behaviour of the collector and the ORC cycle, the program returns as outputs the area and 
quantity of manifold required for the desired power.  
Through this study it can be concluded that for the best scenario, the collector area required is 
1044.1 m2 and collector 590 respectively. The annual profit is 48360€/ year and an 8 year payback 
for the initial investment with the vacuum tube collectors. 
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1. Introduction 

 
The main subject of this work is the study of the 
behaviour of an Organic Rankine thermodynamic 
cycle of a solar thermal unit with a capacity of up to 
10 kW. To this end, global solar radiation data 
referring to the island of Terceira - Açores is used, 
provided by Mr. Paulo Fialho [1].  
 The system consists of a vacuum tube solar 
collector coupled to an organic Rankine cycle.  
 The vacuum tube solar collector receives the 
solar radiation, and the power charged by it is 
transmitted to the boiler. The fluid that serves as the 
conductor of the respective heat is the water, which 
always circulates in a liquid state. For the study, the 
characteristics of a collector marketed by the 
company RenovaSolar were used, taking into 
account its proposal.  
 The basic Rankine cycle is an ideal cycle for 
steam power cycles, consisting of a boiler, a turbine, 
a condenser and a pump. The water, conventional 
working fluid, is heated in the boiler and 
subsequently expanded isoentropically in the 
turbine, responsible for energy production. Heat 
rejection at constant pressure occurs in the 
condenser, which is useful for outdoor heating. In 
the pump an isentropic compression occurs up to the 
operating pressure of the boiler.  
 The Organic Rankine cycle differs in the 
conventional cycle only in the working fluid. The 
system takes advantage of the expansive and 
regressive potentialities of its vaporization and 
condensation. It uses an organic medium, in this case 

study R-245fa, which has a slope in the positive 
steam saturation curve, which characterizes it as a 
dry fluid and goes to the gaseous state at low 
temperature. In this type of fluids, the specific 
vaporization of the fluid is smaller, which promotes a 
low fall of the enthalpy in the turbine.  

The whole process works at low pressure and 
does not require the use of high pressure 
technologies, which means a high cost. The great 
advantage lies in the fact that the temperatures 
required to make the method efficient are relatively 
low.  
 The use of Rankine Organic cycle is broad in the 
area of energy, namely in the production of 
electricity from energy from biomass, geothermal 
and solar. It is used as support for other processes or 
as a means of saving waste.  
 For small scale applications, the high 
temperatures used in thermal plants based on the 
conventional Rankine cycle are not economical. The 
organic Rankine cycle (ORC) is a substitute 
technology, applicable in small applications such as 
residential and commercial buildings, reverse 
osmosis (RO) desalination processes, utilization of 
industrial waste heat, water pumping, steam 
compression chillers, among others.  
 The authors Nafey & Sharaf, in 2010 [2] and the 
authors in [3] are of the opinion that ORC solar 
systems have great potential in remote areas, in the 
face of development, where sunshine is high and 
abundant. 
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Figure 1: The ORC solar system scheme used in 

this study 
 

In order to facilitate the study of the behaviour 
of the system against global radiation variation, a 
program was developed in Matlab R2008a [4], 
version 7.6.0. Through this, a numerical method of 
the system was created in order to facilitate the 
numerical calculations. For this, several 
thermodynamic equations were used. The program 
facilitates the study of the system in terms of 
execution time and calculations, given the various 
working conditions imposed by the user.  

The main objective is to perform a sensitivity 
analysis of the system, at the level of the collector 
and the ORC cycle, against a given solar radiation 
(w/ m2) and determine the best conditions for the 
system to operate, in order to optimize the thermal 
efficiency of the ORC cycle. This is done by using the 
developed model and program, with which the area 
and the quantity of collectors required for the 
desired power are obtained. 

2. Literature Review 

 
Alternative applications based on renewable 
energies (solar, wind, biomass and geothermal 
energy) in electricity production are becoming 
increasingly important and with greater attention as 
a consequence of the fossil fuel crisis.  
 In recent years, many researchers have been 
working on developing new thermodynamic solar 
cycles or improving the performance of existing 
ones.  
 Projects of high enthalpy systems based on 
solar energy have been proposed and developed, 
such as parabolic trough, linear single-axis Fresnel 
compact reflector and parabolic dishes and tower 
systems distributed in two different areas of axis 
technologies. However, these complex systems 
require high costs and high temperatures of solar 
thermal systems and are not yet viable especially in 
developing countries. At the same time, technologies 
based on the same principle but low-mid enthalpy 
have been developed and with improvements in the 
results obtained [5].  

 Solar ORC cycles for combined production of 
electricity and heat have enormous potential to 
become competitive with fossil fuels, especially 
natural gas [5]. 
  Ultimately, there is a growing concern about the 
use of waste heat in order to reduce its 
environmental impact. The availability of geothermal 
resources and solar energy is increasing. These are 
classified as low enthalpy sources. As a consequence, 
their use in the recovery of waste heat and its 
potential to reduce the consumption of fossil fuels 
and to soften environmental problems has become 
increasingly important.  

Conventional steam cycles do not have the best 
performance for this task. The use of the ORC cycle 
in the use of waste heat is more advantageous, has 
an economic use of energy sources, leads to small 
systems and reduces emissions of CO, CO2, NOx and 
other atmospheric pollutants [6]. 

The ORC cycle can be characterized as the only 
technology that has proven to produce ranges from a 
few KW up to 1MW. Although it is related to low 
efficiencies, new applications of this technology have 
been the subject of study, due to its possibility of 
using low level residual heat from other processes 
[7,8].  

The combination of the ORC cycle with heat 
recovery processes from biogas or micro-CHP offers 
promising low-cost solutions in decentralized 
applications. The high cost and fuel shortages make 
these applications even more attractive [7, 8].  

The introduction of the ORC process into a 
reverse osmosis desalination system from solar 
energy provides a solution to areas where there is a 
shortage of potable water [3].  

Another aspect to be considered, referred by 
several authors, is the type of fluid and the different 
working conditions to which the cycle is subject, 
which results in improved performance.  

According to the author in [9] the highest 
system efficiency is related to the choice of means of 
organic adequate communication and depends on 
the application of the ORC cycle (level of heat source 
temperature), and the parameters on which the 
medium operates.  

The selection of the working fluid for the 
Organic Rankine cycle is an important factor to 
consider and is very dependent on the target 
application, the working conditions and even the 
criteria taken into account [10, 11].  

In the research developed by the author in [12, 
13] the vacuum tube manifold proved to be efficient 
in low-mid enthalpy systems. On the other hand, R-
245fa has been shown to be a viable, acceptable 
performance type for low-mid enthalpy ORC solar 
cycles. In this type of applications, the R-245fa 
exhibits good thermodynamic properties favourable 
to good conversion efficiency [14]. A computational 
tool developed by the authors in [15] allows the user 
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to get the desired results, obtain optimum solutions 
and perform a sensitivity analysis in a short time.  

3. Problem Description 

 
In order to study the behaviour of an ORC System of 
10kW capacity, a global solar radiation database was 
used for Terceira Island - Azores, 2010.  

Some formalisms and tools can be used for 
developing safe software for critical systems [16-23].  

In this study, a mathematical modelling and a 
computational program were developed in Matlab 
R2008a, version 7.6 [4], in order to simulate several 
cases for different operating conditions of the 
collector and the ORC cycle, and to evaluate the 
respective efficiencies, power outputs of the turbine 
and capacitor, as well as the area and quantity of 
collectors required. In order to carry out an 
economic analysis, to determine the payback of the 
investment.  
 

 Model and Computational Program  
The developed program provides a sensitivity 

analysis and optimizes the time in obtaining results 
for the ORC solar system. In addition, it minimizes 
calculation errors.  

The computational tool was developed in 
Matlab environment - version 7.6.0 (r2008a) [4]. The 
code was written in an M-file is a text file that adds a 
code instruction set [24] and the GUI created the GUI 
(Graphical User Interface).  

The following figure shows the graphical 
interface of the program developed for ORC solar 
system analysis. It allows the user to enter the 
necessary parameters, called inputs, and in the same 
environment to obtain the results, the outputs.  

Each parameter is identified objectively, 
followed by the respective field, where the user must 
enter its value, and the corresponding unit. 
 

 
Figure 2: Graphical interface of the computational 

tool of the ORC solar system. 
 

All of the input fields have the enable feature in 
the "on" state and outputs, in the "inactive. This 
ensures that the input fields are available to enter 

values and the output fields are only for visualization 
of the results.  

The graphical interface consists of six main 
panels, of which three have two secondary panels, 
one for the respective inputs and another for the 
outputs. The panel titled "Fluid Type" contains a 
popup menu, where you can select the fluid you 
want to operate in the ORC cycle. The "Output" panel 
returns the most relevant results from the ORC solar 
system.  

The user clicking the button popup menu is 
shown three types of fluids: H 2 0 R-245fa organic 
fluids and the R-134a.  

Once the user is selecting the type of fluid, the 
units of the thermodynamic properties change. This 
is due to the fact that the properties in the respective 
thermodynamic tables are in different units.  

When the R-245fa fluid is selected, the pressure 
appears in (KPa) and the entropy in (kJ/ kg.⁰C).  

The first cycle in the program's M-file, when the 
"Calculate" button is pressed, is that of the solar 
collector.  

The temperature and operating pressure values 
are read. If they are not within the intended limits, 
the user is approached with an error message.  

The temperature at the inlet of the manifold 
should be less than the outlet temperature and the 
operating pressure should vary between 0.04 and 
220.9 bar so that the values can be read in the 
respective table.  

The efficiency of the collector is calculated 
based on formula 20, mentioned in the previous 
chapter. If the efficiency value is negative, it means 
that the manifold does not work. The user is alerted 
with an error message.  

Subsequently, the program checks whether the 
water, which operates in the manifold, is in the liquid 
state. For this, it uses the saturation temperature 
reading for operating pressure. If the water is not in 
the liquid state, an error message appears.  

The saturation temperature is calculated in the 
sub-computation “Temp_sat”. Based on the result, 
the program compares the temperature at the outlet 
of the manifold therewith. Calculation of the mass 
circulating in the manifold is done taking into 
account the enthalpy property related to its inlet and 
outlet temperatures. The main function uses a sub-
function to thereby obtain the enthalpies inherent to 
the collector temperatures.  

The program uses the equations mentioned in 
the previous chapter to calculate the parameters 
considered as outputs of the collector.  

In order to perform the calculation of the 
desired parameters as outputs, it is necessary to 
read, according to the values of the parameters 
entered, in the thermodynamic tables of the selected 
fluid. To do this, each fluid has sub-functions with 
the cycles appropriate to the respective reading for 
the different tables existing for the same fluid.  
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In state 1, the saturation pressure for the 
respective introduced fluid is calculated in a sub-
function. The program checks whether the fluid is in 
the gaseous state, based on the saturation pressure, 
and the pressure within the limits of the table 
pressures. If any of these cases do not occur, the user 
is alerted with an error message.  

The values for the specific volume, enthalpy and 
entropy are returned by a sub-function appropriate 
to the selected fluid type. This sub-function has the 
code for reading the table appropriate to the state of 
the fluid. The reading is made based on the boiler 
outlet pressure and the temperature. The variables 
used to read the tables are the pressure at the input 
of the capacitor and the state 1 entropy. The sub-
function returns the temperature, the specific 
volume and the enthalpy. In state 3, the program 
checks if the temperature at the output of the 
capacitor, inserted by the user is lower than the 
temperature obtained for state 2. The user will be 
notified with an error message in case the condition 
is not checked.  

The specific volume, enthalpy and entropy are 
returned to the main function by their sub-function. 
The above properties are read based on the outlet 
temperature and the inlet pressure of the condenser. 
In state 4, the pressure at the boiler output and the 
entropy at state 3 are the properties used for reading 
the tables. The respective sub-function of state 4 
returns the specific volume, temperature and 
enthalpy to the same state. With the necessary 
properties, the outputs for the ORC cycle, boiler and 
condenser present in the graphical interface are 
calculated, based on the formulas mentioned in the 
previous chapter. After the calculations have been 
carried out, the program will print them on the 
screen. 
 

 
Figure 3: Types of fluids presented to the user. 

 
 Simulated Cases  

 The following table presents the parameters 
used in the program to simulate the several cases 
presented below.  
  
 

The parameters relating to the manifold were 
selected based on technical manual provided by the 
company RenovaSolar (test collector according to EN 
12975 to 1.2: 2006) [25].  
 The calorific value at constant water pressure 
was calculated by interpolation of the author's table 
A-9 [26,27] and the efficiencies presented by the 
authors in [28].  
 The remaining parameters were consistently 
assumed based on studies carried out on the same 
theme.  
 A temperature at the outlet of the collector of 
95 ° C was assumed taking into account the 
maximum operating temperature of the manifold 
and the temperature at its inlet at. In the technical 
manual of the manifold, it is mentioned that the 
maximum stagnation temperature of this is 200.3 ⁰C 
and is not mentioned in it, damage of the material if 
the working liquid reaches values between the 
maximum operating temperature and the maximum 
stagnation temperature, and in some cases below, a 
temperature at the outlet of the collector of 158 ° C. 
 

Table 1. Fixed parameters used in the simulation of 
the various cases presented. 

 
 

The critical point of R-245fa according to the 
authors in [29] is reached at a temperature of 154 ° C 
and a pressure of 3634 KPa. Based on this and the 
phase to which the liquid must be for the different 
states of the ORC cycle, the values mentioned for the 
various cases are assigned for the temperature at the 
exit of the boiler and the condenser and the 
respective pressures. The output tables do not have 
all the outputs obtained from the simulation of the 
various cases, only the most relevant ones are 
presented. 
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Case 1 
 

Table 2. Inputs used in case simulation 1. 

 
 

Table 3. Outputs obtained from simulation of case 1 

 
 
Case 2  
 

Table 4. Inputs used in case simulation 2.  

 
 

Table 5. Outputs obtained from case 2 simulation. 

 
 
 Case 3  
 

Table 6. Inputs used in simulation of case 3.  

 

 
 

 Table 7. Outputs obtained from case simulation 3.  

 
 
Case 4  
 

Table 8. Inputs used in case 4 simulation  

 
 
 

Table 9. Outputs obtained from case 4 simulation 

 
 
Case 5  
 

 Table 10. Inputs used in simulation of case 5  

 
 

Table 11. Outputs obtained from simulation of case 5  

 



Mathematical and Computational Modelling in Matlab for the study of an ORC Solar System 

 

 

International Journal of Mechatronics and Applied Mechanics, 2017, Issue 1  254 

Case 6  
 

 Table 12. Inputs used in simulation of case 6  

 
 

Table 13. Outputs obtained from the simulation of 
case 6. 

 
 

 The first day of January does not present 
results for the cases where the temperature at the 
entrance of the collector is 158 ° C, because the 
radiation is not enough to activate the operation of 
the same. For cases 3,4,5 and 6, the program alerts 
the user of such a situation with an error message 
(Figure 4).  
 

 
Figure 3: Error message occurred at January the first. 

 

4. Results Analysis 

 
Case 2 is a situation of optimization of the 

efficiency of the manifold based on the decrease of 
the pressure in the condenser of case 1. There was 
an increase in the efficiency of the manifold from 
5.07% to 7.60% as consequence of a decrease in the 
temperature of the steam. If the temperature at 
which the heat is discarded and an increase in liquid 
work and heat consumption.  

The required area and the number of collectors 
decrease significantly.  

In cases 3,4 and 5,6 the same situation occurs. 
The collector efficiency varies between 8.94% and 
11.23% and between 8.95% and 11.26%, 
respectively.  

From case 3, the increase in temperature at the 
exit of the boiler implies increasing the temperature 
at the outlet of the collector in order to obey the 2nd 
Law of Thermodynamics.  

The optimization of the efficiency of the 
manifold affected by the increase in boiler pressure 
is done in case 3, 4 with respect to case 1, 2. For the 
introduced pressure, the working fluid only reaches 
the gaseous state at higher boiler outlet 
temperatures. Raising the boiler operating pressure 
increases the boiling temperature and, in turn, the 
average temperature at which the heat is transferred 
to the steam, which is reflected in the increased 
efficiency of the manifold. With this optimization, 
efficiency varies between 5.07% and 8.94% in case 1 
and 3, and in case 2 and 4, efficiency is 7.60% and 
11.23%, respectively. In this way, a significant 
reduction in the area and number of collectors 
required is observed.  

Overheating steam at higher temperatures is 
another method of optimizing cycle efficiency. This 
method is applied between cases 2, 5 and 4, 6 in 
which efficiency varies between 8.94% and 8.95% 
and between 11.23% and 11.25%, respectively, and 
there is a small difference between the areas and the 
number of collectors Is not very significant.  

With this method, the average temperature at 
which heat is transferred to the steam, the liquid 
work and the heat consumption increase. The 
increase of these parameters translates into an 
increase in the thermal efficiency of the cycle.  

The best operating conditions of the cycle are 
verified in case 4 and 6, because they have higher 
efficiencies than the other cases Therefore, within 
the operating limits of the collector and based on the 
solar radiation supplied, the ORC solar system must 
be subject to the respective input parameters 
mentioned in Tables 14 and 15.  

In case 4, the temperature at the inlet of the 
collector is 158 ° C and the relative efficiency 
depending on the incident solar radiation varies 
between 25.8% and 35.2%. The temperature at the 
boiler outlet is 153 ° C and the respective pressure is 
1650 KPa. In the condenser, the temperature at its 
outlet is 30 ° C and the pressure is 200 KPa. The 
thermal efficiency obtained is of 11.23%, the back 
work ratio of 6.73%, the network of 33.14 kJ/ kg, the 
power output by the turbine and condenser are of 
0.027 kW and of 0.2 kW, respectively. The required 
area collectors’ incident radiation varies between 
233.01 m 2 - 1044.10 m 2 and the related amount 
between 132-1371.  
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The remaining inputs are the same as those for 
the previous case. The thermal efficiency is 11.26%, 
the back work ratio of 6.85%, the network of 
32.52%, the power delivered by the turbine and the 
condenser are very close to those of case 4. It is 
noted that the parameters referred to differ little 
those of the previous case. The required area and the 
quantity of collectors suffer a minor decrease.  

It is important to note that cases 1 and 2, 
although they have a lower thermal efficiency than 
the other cases, the efficiency of the solar collector is 
higher than the incident solar radiation, which is 
constant between the scenarios. In addition, the 
manifold operates at lower radiation levels.  

According to Decree-Law no. 363/2007 of 
November 2, 2007 [30], the process under study can 
be considered as a micro-cogeneration, since it has a 
maximum capacity of less than 50 kW. The ORC solar 
system is covered by the subsidized scheme as 
described for article 9, paragraph 2 of Decree-Law 
no. 118 - A/ 2010, of October 25, 2010 [31].  

Taking into account the cases with the best 
performance in terms of thermal efficiency, the 
outputs are used in relation to turbine power, 
condenser power, total area and the number of 
collectors required, for January 2 and July 6, for the 
economic analysis of the ORC solar system under 
study. The price of 0.40 €/ kW.h (Decree-Law nº 118 
-A/ 2010) [8] for the sale of electricity and the price 
of a SunPro collector with 10 Heat-Pipe vacuum 
tubes of 413.13 €/ unit (TZ58 -1800, 2007)  

According to Resolution nº01/ 2011 [10], 
issued by the regulatory authority for energy 
services, the sale tariff to end customers of social 
Lusitaniagás applied to step 2 holders clients (221-
500 m2/ year) is 0.0598 €/ kW. In turn, this market 
at a unit cost of 0.0614 €/ kW.h.  

The economic analysis is carried out for one 
year and, based on the total obtained; the payback of 
the investment in relation to the collectors is 
calculated.  
 

Table 14. ORC solar system data required for 
economic analysis  

 
 

The following table shows the days considered 
for each month of the year and the total number of 
days for the two stations considered, the "Winter/ 
Autumn" season and the "Spring/ Summer season".  

 
 
 
 
 

 Table 15. Months, respective days and seasons 
considered in the economic analysis  

 
 

The daily monetary value in relation to the 
power output from the turbine and condenser is 
calculated on the basis of the following formulas [32-
36]:  
  Turbine (€/ day) = Power is INSTANCE turbine 
(kW) * rate (€/kW.h) * collector operating time (h) * 
a necessary area of the Ria collectors (m2)  
  Condenser (€/ day) = Power is INSTANCE 
condenser (kW) * rate (€/kW.h) * collector 
operating time (h) * a necessary area of the Ria 
collectors (m2)  

The total gain per year is calculated based on 
the daily income and the number of days for each 
season of the year considered in the study.  

 
Tabela 16. Daily and annual income for the "Winter/ 

Autumn" season  

 
 
 Table 17. Daily and annual income for the "Spring/ 
Summer" season  

 
 

The area considered, for the calculation of the 
total cost per year of the following table, is the one of 
the 2 of January of the respective case considered, in 
a way to undersize the system.  
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Table 18. Total annual income and investment 
amortization time 

 
 

 The power output from the condenser and the 
"Spring / Summer" station provides greater benefits. 
The conditions imposed for the temperature at the 
outlet of the condenser and pressure influence the 
results obtained, so the heat rejection process 
presents better results than in the production of 
electricity. The benefit shown for the power charged 
by the condenser is mentioned as an exempt cost 
payable on gas.  

The gains for the season "Spring/ Summer" are 
larger in relation to the "Winter/ Autumn" season 
because its solar radiation in the collector is higher.  

Taking into account the profit from the sale of 
electricity and what is earned by the consumer does 
not have cost the gas, the investment made with the 
vacuum tube solar collectors is amortized over eight 
years.  

The method used in the economic analysis is 
simple and does not take into account a lot of detail, 
which influences the result of the payback. This is 
merely an estimate and not a concrete value.  

5. Conclusion  

 
The present work has as its subject the behaviour of 
an ORC system of 10 kW capacity, given the solar 
radiation incident on the receiver of the same.  

In order to optimize the analysis time and to 
make it more reliable, avoiding the respective 
calculation errors system, a model was developed 
and computer program R2008a in Matlab, version 
7.6 [4]. The main objective of the program was to 
simulate several cases of operating conditions for 
the collector and the ORC cycle, depending on the 
inserted solar radiation and evaluating such 
efficiencies, the power output turbine and the 
condenser. The area and the amount of required 
collectors were also studied and outputs provided by 
the same, for further economic analysis in order to 
determine the payback on investment with the 
collectors, with the best results.  

The system consists of a vacuum tube solar 
collector, a boiler, a turbine, a condenser and a 
pump. The fluid circulating in the collector, in this 
case the water always circulates liquid receives heat 
through the solar radiation collector and transmits it 
to the ORC fluid circulating through the cycle boiler. 
In turn, the body fluid is expanded in the turbine 

isoentropicamente, responsible for the production of 
electricity. The heat rejection occurs at constant 
pressure in the condenser, which is used in a 
possible application of heat. Subsequently, there is a 
isentropically compressing the pump to the 
operating pressure of the boiler. Hit such pressure, a 
new cycle starts again.  

The use of an organic fluid in the ORC cycle is 
what differs Organic Rankine cycle in a conventional 
cycle. In this study, the R-245fa is applied to the 
working fluid, the choice for this relates to the fact 
that the expanding system and regressive potential 
advantage in vaporization and condensation. Such 
fluid has a positive slope in the positive Ts diagram, 
which characterizes it as a dry fluid and passes to the 
gaseous state at low temperatures. Because of its 
specific vaporization is smaller, the decrease in 
enthalpy that occurs in the turbine is also reduced. 
Thus, the entire process occurs at low pressures 
which means a lower cost because it requires high-
pressure technology and you can get reasonable 
efficiency at low temperatures.  

According to literature review conducted on the 
subject matter, the organic rankine cycle is applied 
to innovative solutions or as an integrated process in 
existing processes to maximize or to avoid waste 
[37-43]. These studies come up with the aim of 
finding solutions subjective solve the problem that 
the increase in population and the energy crisis level 
has caused to the environment and sustainable 
development. Consequently, the application of 
renewable energy in electricity generation, heat 
recovery and cold, have become increasingly 
important and has received greater attention.  

The cycle Rankine Organic through the survey 
was applied to target geothermal solar hybrid 
systems, the author [3], in which the ORC cycle was 
designed for optimal use from a geothermal source 
intermediate and enthalpy, in order to increase 
power generation introduced a parabolic course. The 
system was analysed at four separate locations, 
Imperial, San Diego, Palermo, Pisa, where achieved 
levels of electricity before the annual insolation of 
8.5% - 9.5% and the cost of electricity level between 
145-280€/MWh, depending on the system 
implementation site.  

The POWERSOL project is the production of 
mechanical energy from solar energy, financed by 
the European Commission under the research 
program developed by the authors [43]. This was 
intended to optimize the cycle to produce the 
desired type of low energy-media enthalpy and this 
was carried out experimental tests on different types 
of working fluids and three solar collectors’ 
prototypes in a possible application in 
Mediterranean areas, where the lack of electricity 
and the shortage of drinking water is scarce. With 
this study, the author concluded that PV systems are 
not the most suitable to meet the most basic needs of 
small communities in remote areas, as they are high 
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cost technologies, low efficiency and typically use 
batteries for energy storage.  

The authors [3,28,44] study the ORC cycle 
combined with the reverse osmosis desalination 
process. In the opinion of these authors, this 
combination offers an alternative source for the 
production of drinking water in remote areas, where 
pollution and scarcity are accentuated. Ways to 
optimize the process with regard to the working 
fluid and the same operating conditions are studied.  

The authors in [3] studied operating conditions 
of the solar system ORC that minimizes the opening 
area required per unit power for each type of fluid 
and the solar collector, into two types of 
configurations: direct production of steam and ORC 
regenerative cycle. It concludes that the dried fluids, 
regenerative cycle and the compound parabolic 
collector offer the best process efficiency.  

According to the author [6], heat from the 
engines and from industrial processes can be utilized 
by using an ORC cycle, a suitable working fluid. 
Improved efficiencies are obtained and low decrease 
of enthalpy in the turbine promotes a simple design. 
Suggests this type of application to supply the 
demand of remote villages in developing countries 
and can still support geothermal energy or be the 
primary power source for vehicles.  

The authors in [7,8] pointed out in his work, 
that the combination of ORC cycle with heat recovery 
processes from biogas or micro - CHP, offers low cost 
promising solutions in decentralized applications.  

The high cost and scarcity of fuel, makes these 
applications are even more attractive.  

Taking into account the quotes from various 
authors, further improvement in the performance of 
this type of system under consideration is the type of 
fluid and working conditions to which it is subject. 
According to the author [9] the greatest system 
efficiency is related to the choice of means of organic 
appropriate communication and depends on the 
application of the ORC cycle (level heat source 
temperature), and the parameters the medium 
operates.  

The selection of the working fluid for the 
organic rankine cycle is an important factor to 
consider, and is very dependent on the target 
application, the working conditions and even the 
criteria taken into account [10,11]. 

In the research conducted by the authors in 
[12,13,45], the vacuum tube collector showed to be 
effective in low-medium enthalpy systems. On the 
other hand, the R-245fa has proved a feasible type of 
fluid and acceptable performance, solar cycles ORC 
medium-low enthalpy. In such applications, the R-
245fa exhibits good thermodynamic properties 
favourable to good conversion efficiency [14]. 

The formulas used to calculate the parameters 
taken as outputs of the developed program were 
explained by the authors [26-28, 46]. The main 
parameters to evaluate the performance of the 

system mentioned by the first two authors were the 
thermal efficiency and the back work ratio. However, 
the sensitivity analysis was only referred to the 
former, because the latter varies in the same order 
as the previous one.  

Taking into account the main irreversibilities 
that occurred in the system, according to the authors 
in [46], that influence their performance, states 2:04 
of the system were affected by the isentropic 
efficiency of the turbine and the pump, respectively.  
The authors referred in the previous two 
paragraphs, refer several ways to optimize the 
efficiency of Rankine cycle [28, 46]. However, 
sensitivity analysis performed on only the following 
were used: decreasing the pressure in the condenser 
to increase the pressure in the boiler and the 
superheat steam turbine inlet at higher 
temperatures.  

To study the collector according to the incident 
solar radiation performance, it used the 
characteristics of a vacuum tube solar collector sold 
by the company RenovaSolar. These types of 
collectors have a system Heat Pipe the Sunrain, high 
yield [28,46]. In the economic analysis applied the 
proposed amount of € 413.13/ unit in the calculation 
of the investment with the collectors.  

To determine certain thermodynamic 
parameters, such as temperature, pressure, specific 
volume, enthalpy and entropy is necessary to take 
into account certain criteria to use the correct table, 
where one must extract the same. In the model of 
programming and computer program these were 
considered and modelled after the author's theory 
[26,27]. If the values are not in the respective table, 
refers to the interpolation method. The supplied data 
of the year 2010 for the month of January and July, 
the incident radiation on Terceira Island were 
treated appropriately for the study. Was selected the 
most relevant days, which are the days 1, 2 and 6 
January and the 6th and July 11th. The temporal 
resolution of such data corresponds to average 
values for a period of 5 seconds and with units in 
mV. Subsequently, they were affected by a 
conversion factor 0.00525 MVM 2/ W [5]. To 
facilitate data analysis, based on a weighted average 
of the converted temporal resolution of 1 minute and 
removed if not all values that created value for the 
study.  

The model and software developed within the 
respective theme, allows the user to perform a 
sensitivity analysis, optimizes time on results for the 
ORC system and minimizes miscalculations. A 
software tool was developed in Matlab R2008a- 
version 7.6.0 environment [4]. The code was written 
in an M-file is a text file that adds a code instruction 
set [24], and the GUI created the GUI (Graphical User 
Interface). 

A sensitivity analysis of the data provided to the 
incident solar radiation was performed in the third 
island, the solar collector vacuum tube 10 SunPro 
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heat-pipe tube and ORC system for solar simulated 
with said program. Finally, the economic analysis 
was based on the calculation of an average annual 
income for the system under study and obtained the 
repayment time period for the investment.  

With performed a sensitivity analysis, it was 
found that the temperature in relation to the 
collector outlet temperature is the parameter which 
has the greatest influence on its efficiency. When the 
ambient temperature increases, the operating time 
of the collector is increased and the minimum 
radiation necessary for such decreases. On the other 
hand, the temperature at the collector output affects 
the yield of crescent-shaped manifold, that is, when 
this parameter is increased, the efficiency decreases.  

Of cases and methods presented for optimizing 
the efficiency of the system, case 4 and 6 were what 
we had better results in terms of thermal efficiency 
of the system (11:23% and 11:25%) and in which 
the steam super-heater method was applied to 
higher temperatures at the entrance of the turbine. 
The difference between their efficiency is not very 
significant since the difference between the 
temperatures is only 10⁰C.  

The results for the day January 2 and July 6, 
Case 4, were used in the economic analysis. The first 
day represented the season "Winter/ Autumn" and 
the second "Spring/ Summer" season. Income from 
heating proved to be higher than those from the sale 
of electricity, and with the season "Spring / Summer" 
superior to the station "Winter/ Autumn", because 
its solar radiation in the first season, the collector it 
is higher, with the intention of not under sizing the 
system, scaled to the area and the amounts of 
collectors required to 1044.2 m2 and 590 collectors. 
The total income obtained was estimated at 48 360 
€/ year and the total investment value with 
collectors in 243746.7 €. Taking into account the 
profit from the sale of electricity and what is earned 
by the consumer does not have cost the gas, the 
investment made with the vacuum tube solar 
collectors is amortized over eight years.  

This work contributes to assimilation and 
deepening of theoretical concepts related to the 
thermodynamics and acquired throughout my 
academic career to the schedule. With this 
knowledge, I fulfilled a model and computer 
program for the study of a solar system ORC, with 
which any user can perform a simple analysis at the 
level of behaviour of a solar thermal collector, over 
the inserted gross solar radiation input and the 
desired operating characteristics of the collector. On 
the other hand, can also be checked the 
thermodynamic performance of the system in 
relation to the desired power output of the turbine, 
the fluid type and operating conditions. In this way, 
the user is lucid for the best operating conditions to 
be subject the system, the amount and area of 
collectors’ necessary, a possible actual 
implementation.  

In short, with the model and computer program 
developed, I provide the possibility for the user, free 
of charge; conduct a quick pre-analysis, without loss 
of time and which can distinguish what is feasible 
from what is not feasible to their study without the 
need to purchase the equipment.  
With analysis on the type of solar systems studied in 
this work, I found that the impact of the provided 
radiation and the parameters that affect the 
performance of the solar heat collector vacuum tube 
used. For the desired power of 10 KW and making 
the cycle operating with the fluid type R-245fa, 
including the best operating conditions, the area and 
the number of collectors necessary and what is the 
payback investment with their collectors by its 
implementation. 
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