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Escalating concerns over dwindling energy resources and environmental issues 
from unsustainable use and external energy dependence highlight the need to opti-
mize existing energy sources. Harnessing renewable energy is crucial for minimiz-
ing environmental impact and reducing reliance on external suppliers. Integrat-
ing renewable energy technologies into existing systems offers a promising path 
to sustainable and efficient energy use. This study presents a solar-assisted ORC 
system designed for Mardin Province, based on long-term solar radiation data. 
The system uses parabolic collectors to capture solar thermal energy, stored using 
Therminol VP-1. This stored energy drives the ORC system throughout the day, 
using R-365mfc as the working fluid. The study integrates exergy and economic 
analyses to evaluate the system’s performance and cost-effectiveness, providing a 
framework for similar renewable energy systems. The solar-assisted ORC system 
is designed to harness solar energy efficiently, contributing to sustainable ener-
gy solutions in high solar potential regions like Mardin Province. Extensive data 
analysis evaluates the system’s energy, exergy, and exergoeconomic performance, 
and determines optimal turbine inlet and condenser pressures. The system’s net 
power output ranges from 29.927-201.597 kW, with efficiencies from 3.74% to 
16.079% and exergy efficiencies from 4.627% to 18.977%. These results confirm 
the system’s suitability for sustainable energy generation in Mardin Province.
Key words: solar energy, Rankine cycle, solar assisted ORC, exergy analysis, 

thermodynamic analysis, exergoeconomic analysis 

Introduction

In recent years, the surge in industrialization driven by rapid population growth has 
significantly escalated the energy demand, primarily met by the utilization of fossil fuels. How-
ever, the consequential environmental degradation and the looming specter of fossil fuel deple-
tion within the foreseeable future have propelled a notable shift towards embracing environ-
mentally sustainable RES. This transition is evident in the burgeoning popularity of solar 
energy, geothermal energy, wind energy, and ocean energy, all of which are witnessing increas-
ing trends. Turkey stands out as geographically endowed with abundant renewable energy re-
sources, positioning the nation favorably in the global transitionward sustainability. The coun-
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try’s exceptional solar energy potential, in particular, has spurred extensive research and 
development efforts in this domain. Today, amidst the backdrop of finite energy resources and 
the compounding economic and environmental challenges stemming from their indiscriminate 
exploitation, there exists an imperative to optimize the utilization of available energy reser-
voirs. To address these pressing concerns, the integration of renewable energy technologies into 
existing energy systems emerges as a paramount strategy. This integration not only fosters 
sustainable energy practices but also enhances energy efficiency, thus aligning with broader 
environmental and economic objectives. Recent advancements in renewable energy technolo-
gies have significantly improved the efficiency and economic viability of various energy sys-
tems. This study focuses on the integration of solar-assisted ORC (S-ORC), a promising tech-
nology for harnessing solar energy. The state of the art in this field highlights several key 
developments and research findings. The literature abounds with various studies exploring the 
viability and efficacy of S-ORC systems, reflecting the concerted efforts towards leveraging 
RES to mitigate the multifaceted challenges associated with energy consumption. Bou Lawz 
Ksayer [1] conducted a study on solar Rankine cycles aimed at generating hot water and elec-
tricity for conventional residences. They employed R245fa as the working fluid and reported an 
overall efficiency of 14.35% during sunny hours and 9.6% during non-sunny hours (morning, 
evening, and night). Zhang et al. [2] introduced a solar Rankine cycle concept featuring the 
utilization of supercritical CO2 for the simultaneous generation of electricity and thermal ener-
gy. Their system design incorporated several key components, including vacuum tube solar 
collectors, a power-generating turbine, high temperature heat recovery mechanisms, low tem-
perature heat recovery components, and a feed pump. Through experimental investigations, 
they demonstrated the system’s capability for stable operation within a non-critical region, 
showcasing the viability and potential of employing CO2-based solar Rankine cycles for effi-
cient energy production. Ango et al. [3] focused their study on the design and testing of a 3 kW 
radial turbine. Laboratory tests showed an isentropic efficiency of around 40% and a cycle ef-
ficiency of around 5%. Their research showed that the S-ORC system, heated at medium tem-
peratures and combined with thermal energy storage (TES), is a promising approach for decen-
tralized and sustainable cogeneration. Li et al. [4] introduced a novel hybrid energy generation 
system that integrates a solid oxide fuel cell, an internal combustion engine (ICE), and ORC. 
The system, which uses methanol as its fuel source, underwent thorough analyses in terms of 
energy, exergy, and exergoeconomic. Their research provides significant insights into optimiz-
ing hybrid power systems for sustainable energy applications. Wang et al. [5] designed a low 
temperature solar-powered Rankine cycle employing R245fa as the working fluid. Their exper-
imental set-up incorporated a vacuum tube collector, a flat collector, and a rotary piston expand-
er. They reported an average power output of 1.73 kW and an average isentropic efficiency of 
45.2%, affirming the feasibility of R245fa in low temperature solar energy Rankine cycles. 
Desai et al. [6] associates integrated a parabolic slotted collector with the Rankine cycle, inves-
tigating the impact of turbine inlet pressure and temperature variations, design irradiance, plant 
size, and Rankine cycle on average efficiency. They determined that the turbine inlet pressure 
range for a 1 MW plant is approximately 3.5-7.5 MPa. Zhu and Huang [7] combined a collector 
with the ORC, exploring various configurations including single-stage and two-stage set-ups. 
They utilized R245fa and R134a as working fluids, concluding that the two-stage ORC yields 
higher efficiency than the single-stage when using R245fa. Conversely, with R134a, the two-
stage ORC exhibited lower efficiency compared to the single-stage counterpart. Mitrovic  
et al. [8] conducted a detailed exergy and exergoeconomic analysis to identify and quantify the 
sources and magnitudes of irreversibility within the steam boiler and other components in a 
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348.5 MW thermal power plant. Their findings highlight the critical areas for efficiency im-
provements and cost reductions in thermal power plant operations. Marques et al. [9] presented 
a detailed thermo-economic analysis of a micro cooling, heating, and power (CHP) unit with an 
ICE and a single-effect NH3-water absorption chiller. The theory of exergetic cost method was 
used to evaluate both monetary and energy costs, as well as exergy efficiency, to identify areas 
for improvement within the energy system. Unal et al. [10-14] have extensively utilized energy, 
exergy, and exergoeconomic analysis in their research on power plants, thermal systems, and 
solar-assisted hybrid systems. Their various studies have focused on optimizing system perfor-
mance and identifying opportunities for cost reduction. By applying these comprehensive 
analytical methods, they have been able to pinpoint inefficiencies and suggest improvements 
that enhance both economic and environmental sustainability. Boydak et al. [15] examined the 
utilization of resources in generating electricity through power turbine cycles. Despite the ad-
vantages of compact design and cost-effectiveness, they highlighted a persistent challenge with 
thermal efficiency in low temperature Rankine cycles. They proposed the ORC, which employs 
organic fluids with boiling points lower than water, as a viable solution. Nevertheless, they 
observed that its efficiency is typically 10% to 20%, influenced by the temperature conditions 
and the availability of the working fluid. Gao et al. [16] studied a seasonal solar combined CHP 
(CCHP) system using evacuated flat plate collectors and an ORC. They noted that the system 
they examined used heat collected by collectors to power an ORC unit during the cool seasons 
and a double-effect lithium bromide absorption chiller during the summer months. They ob-
served that system performance varies between locations. Zhao et al. [17] addressed the chal-
lenge of selecting the most suitable ternary refrigerants for cooling systems by proposing a 
mechanism model in their study. In the model, they applied to an ORC-VCR-CCHP system for 
university campuses for energy demands aimed to simultaneously optimize the refrigerant com-
position and process parameters. In the model they used, they prioritized exergoeconomic effi-
ciency while ensuring economy, environmental friendliness, thermodynamic stability, and low 
toxicity. They stated that the optimization results showed a peak exergoeconomic efficiency of 
42.49% [18] by the optimum compositions determined for the ORC and VCR systems. Quoilin 
et al. [18] focused on designing an ORC tailored for electricity generation in rural Lesotho. 
Their system comprised a small-scale ORC, a parabolic collector, and a storage tank. They de-
veloped a model facilitating component sizing, performance evaluation, comparison of work-
ing fluids, and simulation of single and double-stage configurations.

In this study, a departure from the conventional Rankine cycle for electricity gener-
ation was made by integrating the working fluid with parabolic collectors, utilizing the high 
molecular R365mfc fluid, which boasts a lower boiling point compared to water. Within this 
framework, the S-ORC was meticulously designed, drawing upon long-term solar radiation 
data specific to Mardin Province. This investigation presents a novel S-ORC designed to oper-
ate in Mardin Province, leveraging its specific solar radiation profile. The system continuously 
supplies thermal energy to the ORC throughout the day via a dedicated TES unit. Parabolic 
collectors efficiently capture solar radiation, transferring the collected heat to the TES system, 
where Therminol VP-1 acts as the working fluid. This stored thermal energy then drives the 
ORC cycle, utilizing R365mfc as the working fluid. Notably, this research distinguishes itself 
from prior studies by meticulously tailoring the system design to the unique solar radiation 
characteristics of Mardin Province. Furthermore, the study employs a comprehensive analytical 
approach, encompassing energy, exergy, and exergoeconomic analyses of the entire system and 
its components. This multi-faceted approach aims to provide a profound understanding of the 
system’s performance and economic viability, ultimately assessing its suitability for energy gen-
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eration in Mardin Province. This study is expected to make significant contributions to the field 
of renewable energy systems by providing a comprehensive framework for the exergoeconomic 
analysis of S-ORC. The application of this analysis to a case study in Mardin, Turkey, offers 
valuable insights into the practical benefits and feasibility of such systems in similar climates. 
The methodological advancements presented in this study enhance the accuracy of performance 
evaluations, leading to important implications that support informed decision-making in energy 
policy for policymakers and planners. Furthermore, the study identifies future research direc-
tions, such as the optimization of system components and integration with other renewable 
resources, paving the way for further advancements in renewable energy technologies.

Material and ethod

The methodology used in this study follows a structured approach, starting with prob-
lem definition, where the research problem and objectives are identified, and the scope and 
limitations are defined. A comprehensive literature review is carried out to understand the cur-
rent research on S-ORC systems and identify research gaps. The system design and modelling 
phase involves the design of the S-ORC system, the development of a detailed model using 
appropriate software tools, and the definition of system parameters and assumptions. Relevant 
data specific to the case study location, Mardin, Turkey, were collected, including weather data, 
solar radiation data, and economic data. The exergoeconomic analysis integrates energy and ex-
ergy analysis, which evaluates thermodynamic performance, and economic analysis, which as-
sesses cost-effectiveness, to provide a comprehensive assessment of the system’s performance. 
The results from the exergoeconomic analysis were then analyzed and compared with existing 

literature, and the discussion highlighted the 
practical applications and policy implications 
of the findings. Finally, the study concludes 
with a summary of key findings and recom-
mendations for future research and practical 
implementation, ensuring that the research 
contributes to the advancement of knowledge 
and provides guidance for further studies. The 
flow chart of the study is given in fig. 1.

In the system tailored for Mardin Province, a TES tank serves as a pivotal component 
for integrating solar energy into the ORC. The primary objective is to ensure a continuous ener-
gy supply to the ORC by storing the solar energy accumulated during daylight hours within the 
TES. This strategic utilization of TES enhances the system’s resilience to fluctuations in solar 
radiation and enables sustained operation beyond daylight periods. Therminol VP-1 has been 
specifically chosen as the working fluid within the TES, offering optimal thermal properties 
and efficiency for the storage and retrieval of solar-derived thermal energy. This integrated 
approach not only maximizes the utilization of renewable solar resources but also enhances 
the overall effectiveness and reliability of the ORC system tailored to the unique conditions of 
Mardin Province. Figure 2 presents a flow diagram of the S-ORC. A TES tank plays a crucial 
role, integrating solar energy captured during the day and providing continuous power to the 
ORC throughout the day. Therminol serves as the working fluid in the parabolic collectors, 
transferring heat to molten salt stored within the TES. This heated salt then circulates through a 
heat exchanger, efficiently transferring its thermal energy to the ORC's dedicated working fluid. 
Finally, the ORC's working fluid expands in the turbine, generating electricity.

Figure 1. The flow chart of the methodology
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Figure 2. The flow diagram of the S-ORC 

The R365mfc was chosen as the working fluid for the S-ORC system. Its thermody-
namic properties were obtained using REFPROP software [19]. The design incorporates vari-
ous turbine inlet pressures and temperatures based on the chosen fluid’s specific characteristics. 
Table 1 summarizes the key system parameters. The parameters in tab. 1 are primarily sourced 
from the real equipment specifications. These include manufacturers' data sheets and techni-
cal manuals for solar collectors, ORC components, and other system elements. Using the real 
equipment data provides a realistic basis for the system modelling and analysis, ensuring that 
the system design reflects practical and achievable performance characteristics. The significant 
variations in turbine inlet and outlet pressures observed in tab. 1 are attributed to changes in 
flow rates and operational conditions. These variations are critical for ensuring the reliability 
and efficiency of the system. The pressure values P3a and P3b mentioned in tab. 1 are absolute 
pressures, considering the reference pressure is defined at 101.325 kPa. Notably, the design 
considers Mardin province's average solar radiation of 6.0271 kWh/m2. 

Table 1. System parameters
T1a [K] 478.15
T1b [K] 353.15
T2a [K] 473.15
T2b [K] 348.15
T3a [K] 468.15

P3a [kPa] 3200-3000-2800-2600-2400
P3b [kPa] 100-200-300-400-500-600-700-800-900-1000
T3c [K] 310.15
T4a [K] 288.15
T4b [K] 298.15

Thermodynamic analysis

In the thermodynamic analysis, it’s imperative to establish a reference state, which is 
defined as 25 °C and 101.325 kPa. Additionally, the temperature of the Sun is assumed to be 
4800 K, providing a crucial parameter for evaluating the system’s performance. It is noteworthy 
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that kinetic and potential energy effects are considered negligible within this analysis, stream-
lining the focus on other significant factors. Moreover, the efficiencies of the various units com-
prising the system are detailed in tab. 2, offering essential insights into their respective contri-
butions to overall performance. This comprehensive approach ensures a thorough examination 
of the system’s capabilities and provides valuable data for optimization and further refinement.

Table 2. The system units' efficiencies [20-24]
TES, ηtest 0.98
Isentropic efficiency of turbine, ηt 0.85
Generator, ηg 0.99
Isentropic efficiency of pump, ηp 0.90
Heat exchanger, ηhe 0.98
Collector heat loss coefficient, UL 3.82 W/m2 °C
Thermal conductivity of receiver, k 16 W/m °C
Transmissivity of cover glazing, τc 0.90
Effective transmissivity of PC, τpc 0.94
Absorptivity of the receiver, αar 0.87
Incidence angle modifier, κ (θ) 0.89
Intercept factor, γ 0.95

Energy analysis

The governing energy equations for the S-ORC were derived through the following 
procedures. The calculation of the net solar energy gained by the parabolic collector can be 
conducted as elaborated [25]:

( )pc 1 0pc R a r L bQ NF IA A U T Tη = − − 
 (1)

where N is the number of collectors, I – the solar radiation, Aa – the aperture area, T1b – the 
receiver inlet temperature of the therminol, and T0 – the ambient temperature. Additionally, the 
efficiency of the parabolic collector is also taken into account:

( )pc r pc pc α τ κ θ τη = (2)
where ηpc is the efficiency of the parabolic collector. The calculation of heat transferred from 
the sun can be determined:

Sun aQ IA N= (3)
The mass of the terminol can be calculated:

( )
pc

1
1 1 Terminola b

Q
m

T T c
=

−



 (4)

The turbine power:
( )3 3t wf a bW m h h= −

 (5)
The electrical power output of the generator can be calculated:

g g tW Wη=  (6)
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The power consumption occurring in the pump:
( )p 3 3 3d cW m h h= −

 (7)
The heat is transferred at the heat exchanger:

( )he 2 3 3 hea bQ m h h η= −

 (8)
The net power output:

net g pW W W= −   (9)
The energy efficiency of the system:

net
S-ORC

Sun

W
Q

η =




(10)

Exergy analysis

The exergy balance equation for steady systems is provided:

heat work , , destm i m oEx Ex Ex Ex Ex− + − =    (11)
The exergy flow, ψ, is given:

( ) ( )0 0 0h h T s sψ = − − − (12)
where h is the enthalpy, s – the entropy, and the subscript zero indicates properties of fluids at 
the dead state. The calculation of the exergy of mass-flow is conducted:

mEx mψ=∑

 (13)
The exergy of solar radiation is determined as described in reference [22]:

4
0 0

Sun
Sun Sun

41
3

1
3a

T T
Ex A NI

T T

   = + − 
   

 (14)

The exergy balance of the parabolic collector is computed:

Sun dest,pca bEx Ex Ex Ex+ − =    (15)
The exergy balance of the TES tank is determined:

1 2 1 2 dest,testb b a aEx Ex Ex Ex Ex+ − − =     (16)
The exergy balance of the heat exchanger is computed:

2 3 2 3 dest,hea d a aEx Ex Ex Ex Ex+ − − =    (17)
The exergy balance of the turbine is computed:

3 3 t dest,ta bEx Ex W Ex− − =   (18)
The exergy balance of the condenser is computed:

3 4 3 4 dest,b a c b cEx Ex Ex Ex Ex+ − − =     (19)
The exergy balance of the pump is computed:

3 3 p dest,pc dEx Ex W Ex− + =    (20)
The exergetic efficiency of the system components is determined using:

dest,component

inlet
1

Ex
Ex

ε = −




(21)
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The reference state is defined as 101.325 kPa and 293.15 K. The exergy efficiency of 
the system is calculated accordingly:

net

Sun
S ORC

W
Ex

ε − =




(22)

Exergoeconomic analysis

The investment costs of the system components are determined using the Module 
Costing Technique [23, 24]. The data utilized for calculating the purchase costs of equipment 
were sourced from the literature in 2001 [24]. These costs were subsequently adjusted for 
the year 2022 using the chemical engineering plant cost index (CEPCI) [26]. To calculate the 
equipment costs for 2022, this procedure is employed:

02022
eq BM

2001

CEPCI
C F C

CEPCI
= (23)

where FBM is the bare module cost factor, C 0 – the purchase cost of equipment, and CEPCI2001 – 
the CEPCI in 2001, which is 397 [23]. The purchase cost of equipment is calculated using [24]:

( )20
1 2 3log log logC K K X K X= + + (24)

where K is the constants determined based on the equipment and X – the parameter related 
to the equipment. These parameters include the heat transfer area for the heat exchanger and 
condenser, power consumption for the pump, and power output of the turbine. The bare module 
cost factors can be calculated [24]:

BM 1 2 M pF B B F F= + (25)
where B is the constants based on equipment types, FM – the material factor and FP – the pres-
sure factor. The pressure factor of the pump can be calculated using the method outlined in [24]:

( )21 2 3 plog log logP pF C C P C P= + + (26)

where Pp is the design pressure of the pump. The constants of the cost equations corresponding 
to the equipment are provided in tab. 3.

Table 3. The constants of the cost equations [24]

Equipment
Constant

K1 K2 K3 B1 B2 FM FBM FP C1 C2 C3

Heat 
exchanger 4.6656 –0.1557 0.1547 0.9600 1.210 2.450 – 1.0000 0.0000 0.0000 0.0000

Condenser 4.6420 0.3698 0.0025 – – – 3.000 0.0000 0.0000 0.0000 0.0000
Turbine 2.6259 1.4398 –0.1776 – – – 11.600 – – – –
Pump 3.3892 0.0536 0.1538 1.8900 1.350 2.200 – – –0.3935 0.3957 –0.0023

The investment cost of the TES system and parabolic collector is initially estimated 
at 32.5 $/kWhth [27] and 170 $/m2 [28] for the years 2013 and 2015, respectively. These costs 
are then adjusted for the year 2022 using the CEPCI [26]. The investment cost of the parabolic 
collector is taken as 32.5 $/kWh. Furthermore, in systems, both mass and energy transfer can 
be viewed as exergy transfer. While a portion of the transferred exergy constitutes the system's 
output, some is inevitably lost due to irreversibility within the system. If the unit exergy price 
is denoted by c, the total exergy price can be expressed:
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C cEx cmEx= =  (27)
When computing the exergy cost, each component within the system is considered 

individually. The exergy cost balance equation for the kth component of a system can be ex-
pressed:

, , , ,e k w k q k i k kC C C C Z+ = + ∑ +∑ (28)
where Zk is the Levelized monetary value, encompassing the investment, operation, and main-
tenance costs associated with the kth component. This Z-value is determined based on parame-
ters such as annual operating time, system lifespan, interest rate, and escalation rate. It can be 
expressed:

Initial investment cos Electricity expenses Maintenance expenses
System life  annual working hours Annual working hours

tZ A
x

 +
= + 

 
(29)

where A is the Levelized value factor and can be expressed [29]:

1 i

CELFA
r

=
+

(30)

where ri is the interest ratio and CELF – the fixed escalation correction factor and is computed:

( )1

1

nk k
CELF CRF

k

−
=

−
(31)

where k is the value contains the levelized price correction factor, n – the value indicates the 
foreseeable lifetime for the system or system component, and CRF – the capital recovery factor 
and is computed:

( )
( )
eff eff

eff

1

1 1

n

n

i i
CRF

i

+
=

+ −
(32)

where ieff is the repayment ratio. Evaluations of a component’s performance are provided by the 
thermoeconomic factor (exergoeconomic) defined for each component. The exergoeconomic 
factor for the kth component of the system can be calculated as eq. (33) [30]: 

k

Zf
Z cEx

=
+ 

(33)

The values used in the exergoeconomic analysis of the system are given in tab. 4. 
The parameters in tab. 4 are derived from both literature sources and real-world cost data. The 
literature provides benchmark values and ranges for various economic factors such as initial in-
vestment costs, maintenance costs, and operational expenses. These values were supplemented 
with data from actual projects and market surveys to ensure that the economic analysis reflects 
current market conditions and realistic cost estimates.

Table 4. Values used in exergoeconomic analysis of the system 
r [%] n [year] t [hour] rn k IEFF CRF CELF A
0.158 20 8400 0.04 0.981 0.06 0.087 1.436 1.241

The study utilized MATLAB, EES, REFPROP, and MICROSOFT EXCEL software. 
The combination of these computational platforms provided a comprehensive approach to the 
research. The MATLAB and EES offered robust numerical computation and equation-solv-
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ing capabilities essential for accurate thermodynamic and exergoeconomic analysis. The REF-
PROP ensured precise calculation of fluid properties, enhancing the reliability of the modelling 
process. The MICROSOFT EXCEL complemented these tools by facilitating data organization 
and visualization. By leveraging these platforms, the study delivered a robust and reliable anal-
ysis, offering valuable insights into the performance and economics of S-ORC systems.

Results and discussions

This section provides a detailed explanation of the methodology implemented in this 
study, outlining the systematic approach taken to achieve the research objectives. It begins with the 
identification of the research problem and the establishment of the study’s scope and boundaries. A 
thorough literature review follows, highlighting existing research on S-ORC systems and identify-
ing gaps that this study aims to address. The system design and modelling phase includes developing 
a detailed model of the S-ORC system and defining the necessary parameters and assumptions. 
Data collection focuses on gathering relevant information specific to Mardin, Turkey, including 
weather, solar radiation, and economic data. The core of this section is the exergoeconomic analysis, 
which integrates exergy analysis to evaluate thermodynamic performance and economic analysis to 
assess cost-effectiveness. The results are then analyzed and discussed in comparison with existing 
literature, emphasizing practical applications and policy implications. The section concludes with a 
summary of key findings and recommendations for future research and practical implementations.

Figure 3 illustrates the net power values 
obtained from energy analysis results for the 
S-ORC system, varying with different turbine 
inlet and outlet pressures. These analyses were 
conducted based on parabolic collectors specif-
ically designed for Mardin Province.

Upon examination of fig. 3, it is evident 
that the net power output varies between 46.894 
kW and 201.597 kW depending on the turbine 
inlet and outlet pressure values. The maximum 
power output from the system was observed at 
the turbine inlet pressure of 3200 kPa and the 
turbine outlet pressure of 100 kPa. This signif-
icant variation in power output highlights the 
importance of optimizing turbine pressures to 

achieve maximum efficiency and performance of the ORC system. Variations in flow rates 
directly affect irreversibility within the system, thus influencing power output. Therefore, the 
relationship between power output and pressure variations has been carefully analyzed. The 
data suggests that careful adjustment of inlet and outlet pressures can lead to substantial im-
provements in power generation, making the system more effective for practical applications in 
Mardin Province. Figure 4 illustrates the variation in energy efficiency of the system obtained 
from different system designs, as derived from the energy analysis results. 

Upon examining fig. 4, it becomes apparent that the energy efficiency of the system 
fluctuates between 3.74% and 16.079%. The highest energy efficiency achieved from the sys-
tem was observed in the configuration utilizing a turbine inlet pressure of 3200 kPa and a turbine 
outlet pressure of 100 kPa. This indicates a strong correlation between turbine pressure settings 
and system efficiency. The minor discrepancies (~1%) observed in efficiency values are due to 
inherent uncertainties in the calculation methodology. These uncertainties have been carefully 

Figure 3. Net power values obtained from the 
system for different turbine pressures (for color 
image see journal web site)
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analyzed to enhance the reliability and consis-
tency of system performance. The substantial 
range in efficiency values underscores the crit-
ical impact of precise pressure optimization on 
the overall performance of the ORC system. 
The data reveal that specific configurations can 
significantly enhance energy conversion, mak-
ing the system more viable for practical use. 
Moreover, these findings highlight the potential 
for further research and development to refine 
these pressure settings, thereby maximizing the 
efficiency and sustainability of S-ORC sys-
tems in applicable regions. Figure 5 depicts the 
variation in the exergy efficiency of the system 
across all configurations.

Upon examination of fig. 5, it is evident 
that the exergy efficiency of the system var-
ies across all configurations, ranging approxi-
mately from 4.627% to 18.977%. Notably, the 
highest exergy efficiency was observed at the 
turbine inlet pressure of 3200 kPa and the tur-
bine outlet pressure of 100 kPa, mirroring the 
conditions for maximum energy efficiency. 
This variability underscores the importance of 
system design and parameter optimization in 
achieving optimal performance. The data sug-
gest that fine-tuning the turbine pressures can 
lead to significant improvements in exergy effi-
ciency, highlighting the critical role of detailed 
system analysis and targeted adjustments. These findings emphasize the potential for enhanced 
energy conversion and greater sustainability in S-ORC systems through meticulous design and 
optimization efforts. Furthermore, fig. 6 provides insights into the exergy destruction values 
of the components for the most efficient sys-
tem configurations. This detailed analysis aids 
in identifying areas for potential improvement 
and optimization within the system design.

Upon reviewing fig. 6, it becomes appar-
ent that the highest exergy destruction among 
the system components was observed in the 
heat exchanger, totaling 632.466 kW, whereas 
the lowest exergy destruction was attributed 
to the turbine, amounting to 29.927 kW. This 
significant disparity in exergy destruction un-
derscores the importance of targeting the heat 
exchanger for efficiency improvements. By fo-
cusing on optimizing the design and operation 
of the heat exchanger, it is possible to achieve 

Figure 4. Variation of energy efficiency  
of the system for different turbine  
pressures (for color image see journal web site)

Figure 5. Variation of exergy efficiency of  
the system for different turbine pressures  
(for color image see journal web site)

Figure 6. Exergy destruction values  
of system components
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substantial reductions in energy losses and enhance overall system performance. This disparity 
in exergy destruction emphasizes the significance of optimizing component efficiency and de-
sign to minimize energy losses within the system. Additionally, these findings suggest that even 
components with relatively low exergy destruction, like the turbine, can contribute to over-
all system efficiency if further refined. Therefore, a holistic approach to system optimization, 
considering both major and minor components, is essential for achieving maximum exergy 
efficiency. Furthermore, as a result of the exergoeconomic analysis conducted for the system, 
the values pertaining to the system and its individual components are provided in tab. 5. This 
comprehensive analysis offers valuable insights into the economic viability and performance 
optimization of the system, facilitating informed decision-making and further refinement of the 
design.

Table 5. Values used in exergoeconomic analysis of the system 
Component Z C F yky [%]

Parabolic collector 25.293 16.163 61.012 28.437
TES 0.609 12.771 4.554 22.470
Heat exchanger 7.289 53.394 12.012 41.175
Turbine 9.186 8.416 52.185 1.948
Condenser 9.712 160.163 5.717 5.869
Pump 0.565 0.294 65.802 0.101

Upon examination of tab. 5, it is observed that the highest levelized total cost for the 
system components amounted to 25.293 $ per hour, while the lowest levelized total cost was 
attributed to the parabolic collectors at 0.565 $ per hour for the pump. This indicates a signif-
icant variation in cost distribution among the components, highlighting the need for targeted 
cost optimization strategies. Additionally, the highest exergy cost value was determined for 
the condenser, totaling 160.163 $/kW, whereas the lowest exergy cost value was associated 
with the pump at 0.294 $/kW. These exergy cost values reflect the economic impact of ineffi-
ciencies within each component, suggesting areas where cost-effective improvements can be 
made. Moreover, the analysis revealed that the components with the highest exergy loss rates 
in the system were the heat exchangers, parabolic collectors, and TES with rates of 41.175%, 
28.437%, and 22.470%, respectively. These findings underscore the significance of optimizing 
the performance and efficiency of these components to minimize exergy losses and enhance 
overall system efficiency. By focusing on reducing exergy losses in the most critical areas, the 
overall sustainability and cost-effectiveness of the system can be significantly improved. Fur-
thermore, fig. 7 presents the exergoeconomic factor values of system components across dif-
ferent turbine inlet and outlet pressures. This comprehensive analysis aids in understanding the 
economic implications of system design parameters and facilitates informed decision-making 
for optimizing system performance while considering economic factors.

Upon reviewing fig. 7 and tab. 5 concurrently, it becomes evident that the highest 
exergoeconomic factor values are attributed to the pump, parabolic collector, and condenser, 
respectively. This analysis highlights the substantial economic impact of certain components 
compared to others, emphasizing the need for a balanced approach in system design. Converse-
ly, the lowest exergoeconomic factor values are associated with the turbine, TES, and heat 
exchanger. This comparison highlights the varying economic impacts of different system com-
ponents and underscores the importance of considering both exergy and economic factors in 
system design and optimization processes. By identifying components with higher exergoeco-
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Figure 7. Exergoeconomic factor values of system components for different turbine  
inlet and outlet pressures; (a) P3b = 100 kPa, T3a = 468.15 K, (b) P3b = 200 kPa,  
T3a = 468.15 K, (c) P3b = 300 kPa, T3a = 468.15 K, (d) P3b = 400 kPa, T3a = 468.15 K,  
and (e) P3b = 500 kPa, T3a = 468.15 K
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nomic factor values, decision-makers can prioritize optimization efforts, focusing resources 
on areas that will yield the most significant improvements in system efficiency and economic 
performance. This integrated approach ensures that both technical and economic aspects are 
addressed, leading to a more sustainable and cost-effective system.

Conclusions

In this study, the S-ORC was meticulously designed utilizing long-term solar radia-
tion data specific to Mardin Province. Through comprehensive analysis, the net power output 
from the system ranged between 29.927 kW and 201.597 kW. The system’s efficiency exhibited 
variability ranging from 3.74% to 16.079%, while the exergy efficiency spanned from 4.627% 
to 18.977%. 

The analysis pinpointed the heat exchanger as the component with the highest exer-
gy destruction, reaching 632.466 kW. A lower exergoeconomic factor for any system element 
suggests potential savings through minimizing exergy losses in that component. Conversely, a 
higher exergoeconomic factor indicates that the initial investment cost outweighs the exergy ef-
ficiency, warranting a focus on reducing the initial investment for that element. In this context, 
the components identified with the highest exergy losses in the system were the heat exchanger, 
parabolic collectors, and TES, respectively. This indicates a significant opportunity for opti-
mizing these components to reduce energy losses and improve overall system efficiency. Fur-
thermore, the analysis revealed that specific configurations of turbine pressures could lead to 
substantial improvements in both energy and exergy efficiencies, highlighting the critical role 
of precise parameter optimization in enhancing system performance. Furthermore, the pump, 
parabolic collectors, and turbine emerged with the highest exergoeconomic factor values, while 
the TES, condenser, and heat exchanger were associated with the lowest exergoeconomic fac-
tor values. This implies that while the pump and parabolic collectors require a higher initial 
investment relative to their exergy efficiency, there is considerable room for cost reduction and 
efficiency improvement in these components through targeted optimization strategies.

Based on these analyses, it is evident that a holistic approach to system optimization is 
essential. This includes focusing on components with high exergy destruction minimize losses 
and enhance efficiency, as well as addressing economic factors to ensure cost-effectiveness. 
The integration of conventional systems with renewable energy sources, as demonstrated in 
this study, not only improves energy sustainability but also offers a viable pathway for reducing 
dependence on fossil fuels.

The designed system demonstrates suitability for deployment in Mardin Province and 
serves as a promising model for integrating conventional systems with renewable energy sys-
tems, paving the way for sustainable energy practices in the region. Future research should 
focus on further refining the optimization of system parameters, exploring advanced materials 
and technologies for key components, and assessing the long-term economic benefits of wide-
spread adoption of S-ORC systems in similar climatic regions.

Nomenclature

Ėx 		  – exergy, [kW]
f 		  – exergoeconomic factor
yky 		  – exergy loss rate

Greek symbols

ε 		  – exergetic efficiency

η 		  – efficiency

Acronyms

S-ORC 	– solar assisted organic Rankine cycle
TES 		  – thermal energy storage
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