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ABSTRACT

Reusing heat dissipation in thermodynamic cycles is an exciting
proposal to increase efficiency. In this paper, a two-stage ORC
(Organic Rankine Cycle) is proposed to recover and reuse wasted
energy from an SFGC (Single Flash Geothermal Cycle). The
working fluids studied for the recovery system include R227ea
and R116 and R124 and R125. The effect of the main elements
of system performance is investigated using sensitivity analyses.
Exergy degradation of various components is also calculated. For
working fluids R227ea and R116, the thermal efficiency improved
by 7.66%, from 0.2023 to 0.2178. The system's thermal efficiency
is improved from 0.2023 to 0.2177 by 7.61% using R124 and
R125. The exergy efficiency of the initial working fluid improves
by 15.04%, from 0.5044 to 0.5803. Further, the second pair of
working fluids from 0.5044 to 0.5852, which indicates a 16.01%
system efficiency improvement. 85% of the system exergy is
eliminated through the expansion valve, turbine 3, heat exchanger
2, and mixer. Including the recovery phase in the base, SFGC will
positively affect the power plant's performance.
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RESUMEN

La reutilizacion del calor disipado en los ciclos termodinamicos es una
propuesta interesante para aumentar la eficiencia. En este trabajo se propone
un ORC (Organic Rankine Cycle) de dos etapas para recuperar y reutilizar
la energia desperdiciada de un SFGC (Single Flash Geothermal Cycle). Los
fluidos de trabajo estudiados para el sistema de recuperacion incluyen
R227eay R116 y R124 y R125. El efecto de los principales elementos del
rendimiento del sistema se investiga mediante un analisis de sensibilidad
y también se calcula la degradacién de la exergia de varios componentes.
Los resultados indican que los fluidos de trabajo R227ea y R116 tienen una
la eficiencia térmica mejorada en un 7,66%, pasando de 0,2023 a 0,2178;
mientras que para R124 y R125 la eficiencia térmica del sistema mejora en
un 7,61%, pasando de 0,2023 a 0,2177. La eficiencia exergética del fluido de
trabajo inicial mejora en un 15,04%, de 0,5044 a 0,5803. Ademas, el segundo
par de fluidos de trabajo pasa de 0,5044 a 0,5852, lo que indica una mejora
de la eficiencia del sistema del 16,01%. EL 85% de la exergia del sistema se
elimina a través de la vélvula de expansion, la turbina 3, el intercambiador
de calor 2y el mezclador. Ademas, si se incluye la fase de recuperacion en la
base, el SFGC afectard positivamente al rendimiento de la central eléctrica.
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INTRODUCTION

Inthe face of a paradigm change in the political and social framewaork
that increasingly seeks renewable and sustainable energies, the oil
industry faces a difficult situation [1]. Renewable energy generation
has a lower environmental impact than fossil fuel generation, making
it a viable choice for reducing climate change [2]. Ground heat may
be collected and used for various applications. This type of resource
is called Geothermal energy. A geothermal resource (GER) is a
form of renewable energy. GER is an excellent alternative vis-a-vis
other renewable energy sources given its consistent production and
consumption. The geothermal working fluid may enter the thin and
fragile crust, allowing for this type of energy source [3].

Over the last few decades, environmental concerns have evolved
into a worldwide crisis, including linked groups, diverse businesses,
and research initiatives [4,5]. Most energy issues, such as resources,
demand, supply, and applications, have always been global issues.
Nations all over the world, particularly wealthy countries, have set
aside significant funds to conduct current energy assessments.
Around the world, operational strategies are being established
that offer opportunities for innovation and growth. The demand
for energy and electricity in industry, commerce, and services has
grown inrecent years, resulting in increased fossil fuel use, pollution,
and energy shortages. Heat recovery systems with joint and
independent cycle configurations are constantly being researched
and enhanced in the industry seeking to increase energy efficiency.
Geothermal energy is popular among renewable energy sources
as it can be used all year long, 24 hours a day, and releases few
harmful emissions. Due to the extensive generation of renewable
energy outside of power transmission systems, effective rules for
using various fuel types, independent of development barriers, are
difficult to establish [6].

Due to its worldwide availahility and increased dependability,
geothermal energy is a viable alternative energy source. Additionally,
geothermal energy systems do not emit substantial volumes of
CO2 during electricity generation. Electricity generation is the most
widely utilized and successful geothermal energy worldwide. In
operations, geothermal energy systems mainly use single flash, and
flash-binary cycles. Different power cycles have been researched
by producing electricity from geothermal energy, including low-
temperature heat sources like the organic Rankine cycle (ORC) and
supercritical Rankine, Kalina, Goswami, and trilateral flash cycles.
One of the most promising geothermal energy-generating cycles is
the ORC cycle [7]. ORC technology has a track record of improving
the efficiency of low-temperature thermal sources [8]. The organic
Rankine cycle [9] used the same basic architecture as the steam
Rankine cycle although using low-boiling-point organic compounds
as working fluids. The working fluid characteristics influence greatly
the thermal efficiency of ORC systems. Based on their vapor
saturation curves in the temperature-entropy diagram [10], dry,
isentropic, and wet fluids were categorized as dry, isentropic, and
wet fluids in ORC.

Several researchers have attempted to create and apply ORC
technology to recover heat that has been dissipated in various
industries [11]. Lion et al highlighted the use of ORC technology to
heat dissipation in heavy-duty diesel engines, focusing on vehicles
on and off the highway, as an introduction to the technology. For
building a waste heat recovery system, it is essential to look at the
engine's operating characteristics to determine the best system

design point [12]. The performance of a waste heat recovery system
based on the organic Rankine cycle using working fluids R-12, R-123,
and R-134a was studied by Roy et al. [13]. Under test conditions,
the organic Rankin cycle with R-123 yielded the best performance
to produce power from low-grade heat sources (flue gas at 140° C
and 341.16 kg / s). Using a 60° C hot water source and a continuous
heat source temperature of 200° C, a combined ORC-based heat
and power system (CHP) was proposed to create at least 2 kWh of
electrical power, and 25 kW of thermal energy [14]. With a 60° C
hot water source, and a pre-set heat source temperature of 200° C,
the system was expected to produce at least 2 kWh of electricity,
and 25 kW of thermal energy. Lastly, it was found that improving
the CHP system's volume expansion ratio and isentropic efficiency
is a potential technique for enhancing its performance.

As evidenced, ORC technology is one of the most promising
technologies for recovering wasted energy in geothermal power
plants, and one of the most cost-effective methods to increase
the overall performance of a geothermal power plant. Several
investigations on waste heat recovery from geothermal power
facilities have been conducted in recent years, with promising
results. The study gap in waste heat recovery from the two-stage
ORC geothermal power plant was based on previous research in
the area. This research suggests a two-stage ORC (Organic Rankine
Cycle) for collecting and reusing heat lost at a flash geothermal
power plant's low-temperature output. Working fluids R227ea
and R116 are tested once each in the two-stage recovery cycle,
whereas working fluids R124 and R125 are checked twice each.
Using thermodynamic mathematical models of thermal and exergy
efficiency as objective functions, it was possible to investigate the
relationship between input temperature parameters, ambient
temperature, and system performance. As demonstrated, ORC is
one of the most promising technologies for recovering energy wasted
in geothermal power plants, and one of the most cost-effective
methods to increase system efficiency. Several investigations on
residual heat recovery from geothermal power stations have been
conducted in recent years. Previous studies identified waste heat
recovery from the two-stage ORC single flash geothermal power
plant as aresearch requirement. A two-stage ORC (Organic Rankine
Cycle) is proposed in this study to collect and utilize low-temperature
waste heat from a single flash geothermal power plant's exhaust
fluid. The operating fluids for systems are R227ea & R116 and R124
& R125. The influence of crucial design elements such as system
intake temperature and ambient temperature percentages on
system performance is studied using thermodynamic mathematical
models with thermodynamics and exergy as the target function.
Exergy destruction has also been examined in numerous system
components.

A low-temperature heat source was used in this experiment (a
re-injected fluid stream with a single flash geothermal power
plant cycle). On the other hand, the heat source is not confined
to geothermal energy. Using this technology, waste heat, and
renewable energy sources such as industrial effluent hot water,
fossil fuels, and solar panels may also be recycled. The following
are the study's key objectives:

A two-stage Organic Rankine Cycle was designed and explored
to recover excess heat dissipation from single flash geothermal
power plants.
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A thorough comparison of the primary cycle's performance
indicators with those recovery cycles discussed previously.

This study assesses the impact of system input temperature and
ambient temperature changes on energy efficiency and exergy
efficiency in both operating modes.

- A performance comparison of the various working fluids on the
market.

- The destruction of exergy in several suggested system components
is investigated.

After the introduction, the rest of the work is structured as follows:
The materials and methods are introduced in the second section,
which includes thermodynamic and underlying equations in the
third section; the proposed recovery power plant's energy and
exergy analysis is mathematically demonstrated in the third section,
and the research on the recovery power plant is presented in the
fourth section. The simulation results are plotted in the fifth part
to show how the fundamental elements impact the power plant's
performance. The study's most important findings are presented
in the last section.

Nomenclature T Turbine
Latin v Specific volume [m?/s]
E Exergy [kW] 0 Dead State
e Specific Exergy [kW/kg] cr Critical
h Specific Enthalpy [kJ/kg]  cond Condenser
m Mass flow rate [kg/s] ex Exergy
P Pressure [MPa] en Energy
Q Heat flow rate [kW] d Destruction
s Specific Entropy [kd/kgK]  E Geothermal Stream
T Temperature [*Celsius] f Fluid
w Power output [kW] g Gas
X Quality[-] DD Pinch Point
Greek Letters geo Geothermal
n Efficiency net Network
AT Temperature Difference P pump
Subscripts sep Separator
0 Dead State

MATERIAL AND METHODS

The most common way to extract this energy is using the convection
of the earth's natural spa. In this system, cold water is sent into the
earth's crust and, afteritis heated, it returns to the earth's surface;
then, hot water is drawn to the earth's surface, so most of the work
is done. Next, the heat energy from the hot water vapor is simply
used to generate electricity. Geothermal power plants create a
hole in the core of the rocks to provide better access to steam.
Geothermal power plants are currently being built in three common
ways. In all three methods, hot water and steam are drawn from
the heart of the earth; then, hot water is returned to the system
to keep the heat source alive. In the most straightforward designs
available, known as dry steam system, steam enters the turbine
directly, then enters the distillation apparatus. Here, water vapor
is converted to water during distillation. In another approach, the
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hot water pressure is reduced, and the water is converted to steam.
This steam circulates the turbine in the next step. There is anaother
method known as the binary circulation system. In this system, hot
water passes through a heat exchange chamber. In this chamber,
water heats another liquid, such as isobutane. This cycle is entirely
closed. Isobutane boils at a temperature below the boiling point
of water, so it is easier to convert from water to steam and turn
turbines. The resource type determines the choice between these
three systemsconsidered.. If the water evaporates from the heart of
the earth, it will be used directly, as is the case of the first design. If
water returns to the earth's surface at very high temperatures, this
water is converted to steam and used to run the turbines. Otherwise,
the water is transferred to a heat exchange chamber, and circulates
the turbines by producing steam from a liquid that reaches the
boiling point earlier than water.

SYSTEM DESCRIPTION

Figure 1 depicts a single flash geothermal power plant with two-
stage Organic Rankine Cycle recovery, including the expansion valve,
separator, steam turbines, condensers, pumps, and the expansion
valve and wall. The geofluid (clean water) from the production well
passes through the expansion valve as a saturated liquid, lowering
pressure and temperature in the well, and causing a two-phase flow.
A two-phase current (mode E2) enters the adiabatic separator at
the steam separation point and is sent to the steam turbine through
atwo-phase current transformer. Steam expands and condenses in
state E4, then decreases in condition E5, resulting in a one-phase
scenario. The condenser output enters the pump after condensation
and is pushed to the mixing point, where it is combined with the
separator exit fluid (see image) (E8). The liquid that remains in the
separator (Mode E7), which might be used as a waste heat source,
could help with low-temperature applications in this scenario.

It has two stages: a top cycle that utilizes R227ea/R124 as the
working fluid and a bottom cycle that uses R116/R125 as the
working fluid. The top cycle is the more efficient of the two phases.
The number 1234561 denotes the beginning of the top cycle. Pump
1 increases the R227ea/R124 cold liquid pressure to the required
level (mode 2), absorhing heat from the output fluid of the single
flash geothermal cycle. Because of the significant temperature
difference, the first heat exchanger saturates, while the second
overheats. Turbine 1 converts the enthalpy of steam R227ea/R124
into electricity using heat. During the liquefaction process, low-
pressure steam passes through the third heat exchanger before
being sent to condenser 1. The bottom cycle may be identified by
the numbers 7-8-9-10-11-12-13-7. The bottom cycle is powered
by the exhaust vapor from turbine 1, and the geothermal waste
fluid stream (E10). In the bottom cycle, the regenerator is used to
recover thermal energy from the turbine 2 effluent, then used in the
top cycle. In this work, a geofluid released from a combined cycle
power plant was used as a low-temperature heat source. Unlike
residential and commercial heat loss, industrial heat loss is not the
only heat source. This cycle can use industrial hot water losses, other
geothermal resources, waste heat, and renewable energy sources
like solar energy.

The following hypotheses have been used in the calculations and
in subsequent studies:

1. All processes are performed in a steady-state and steady flow.
2. Kinetic energy and potential energy are negligible, and there is
no physical or chemical reaction.
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Figure 1. Schematic of a two-stage ORC recovery SFGC

3. Heat transfer and refrigerant pressure drop in the joints of the
components and along the pipes (due to their shortness) are
considered insignificant and negligible.

4. Airis anideal gas with constant specific heat.

5. Dead state in the heating phase is considered at atmospheric
pressure (LOOKPa) and temperature.

6. Based on the conditions and materials of the building, the
ambient temperature inside- 20 degrees Celsius is considered.

ORC WORKING FLUID

The use of water as a heat transfer fluid implies the following issues:
Very low pressure is required to liquefy water vapor around ambient
temperature. For example, a condensing temperature of 45 °C
requires a pressure below 0.1 bar, which increases the length of
the last rows of steam turbine blades and increases the size of the
condenser. The use of organic fluids compared to water / water
vapor has the following advantages:

+  Qrganic fluids in an ORC system can operate at lower
evaporation temperatures and pressures than water.

There is no need to superheat if organic fluids are used.
Obviously,, in practice, a little superheat is produced.

The heat of vaporization of organic fluids is about one-tenth
that of water.

+  The foregoing leads to the need for lower temperature levels
in heat sources. Therefore, lower-temperature industrial
waste heat sources can be used as a heat source in the ORC
system. The minimum temperature used as heat sources
in an ORC system is about 55 degrees Celsius. Of course,
the cycle efficiency is strongly dependent on the difference

between evaporation temperature and density, so reducing this
temperature difference leads to a decrease in cycle efficiency.

+ Given the increase in the steam turbine's outlet and inlet
pressure ratio, a more complex turbine design and multi-stage
turbines are required.

+  Toavoid water droplets in the final stages of the steam turhine,
steam must be superheated at higher temperatures. These
higher temperatures affect the design and selection of turbines
and heat exchangers.

Water also has a high evaporation temperature, and therefore, it
needs a heat source that can deliver heat energy at high-temperature
levels. Hence, water or water vapor as a heat transfer fluid is
limited when an industrial waste heat source is available at low
temperatures.

In such case, a more appropriate option is to use Rankin cycles based
on ORC principles. The ORC cycle works thermodynamically as a
typical steam cycle. As such, its components include heat exchanger,
steam turbine or expander, condenser, and feed pumps; the
difference is that the heat transfer fluid is different. This technology
uses organic fluids including refrigerants such as R245Fa, Toluene,
pentane, or silicone oil.

Some advantages of using organic fluids compared to water / water
vapor are:

+ Organic fluids in an ORC system can operate at lower
evaporation temperatures and pressures than water.

+ There is no need to superheat, if organic fluids are used.
Obviously, in practice, a little superheat is produced.

+ The heat of vaporization of organic fluids is about one-tenth
of that of water.
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The foregoing leads to the need for lower-temperature levels in heat
sources. Thus, lower temperature industrial waste heat sources
can be used as heat sources in the ORC system. The minimum
temperature used as a heat source in an ORC system is about 55
degrees Celsius. Of course, the cycle efficiency is strongly dependent
on the difference between evaporation temperature and density, so
reducing this temperature difference results in less cycle efficiency.

It is worth noting that the thermodynamic characteristics of
working fluids affect the system's efficiency, performance, and
environmental issues. The combination of (R227ea-R116) and
(R124-R125) causes one of the most surprising effects among
the many varieties, according to Xiaodi et al. [15]. Due to the
numerous working fluids and combinations that must be checked,
(R227ea-R116) and (R124-R125) are not suggested. This study
intends to look into a new way of recovering energy from geothermal
power plant losses. The functions of various working fluid mixtures
are basically the same. The test findings have been represented
by the combination of (R227ea-R116) and (R227ea-R116) in the
absence of a full comparison of working fluids (R124-R125).

Table 1. The ORC working[ fluid]s' physical characteristics
15-17].

Suggested R227ea&R116 RI24&R125
Couple
Cycle TopCycle BottomCycle TopCycle Bottom Cycle
Working fluid R227ea R116 R124 R125
Chemical  GF3CHFCF3  CFSCF3  CHCIFCF3  CHF2CF3
Ter (K) 3749 293.03 395.35 339173
Per (MPa) 2925 3.042 3.574 3.6177
ASHRAE Class Al Al Al Al
ODP 0 0 0.02 0
GWP 3500 11900 608 3400

The systems will be simulated using the Engineering Equation
Solver (EES) program. The whole simulated thermodynamic analysis
approach for the geothermal power plant is depicted in Figure 2. A
flowchart is a map that computer programmers draw before writing
a program in the original programming language. By reviewing the
flowchart, the program's execution process, steps, details, and the
input and output of each stage of the program are determined.
Using a flowchart to solve any problem is helpful and makes writing
the program easier, regardless of the programming language. In
addition, the flowchart is a valuable component of any program
documentation, making it easy to interpret, troubleshoot, and use
the program by anyone other than the programmer. To draw a
flowchart, it is necessary to know and master the required steps, and
arrange them to obtain the desired result using the input data to the
algorithm for which the flowchart is drawn. Learning algorithms as
a set of computational steps that lead to solving specific problems
is the first and most crucial step to becoming a programmer.
When you introduce yourself as an expert, knowing a tool such
as a programming language is not enough, and it is necessary to
build specialized algorithms. Because the primary profession of
a programmer is problem-solving and analysis, rather than just
implementation with a programming language. Therefore, as a
programmer, the priority should be strengthening problem-solving
skills and teaching correct and principled algorithm and flowchart
design. In this process, the work steps must be described in an
accurate, thorough manner. The order of the steps, and the condition
for termination of the operation, are to be specified accurately. The
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algorithm is not a specific calculation, but an analytical method. For
example, if you want to calculate the average of two numbers, you
can use a simple algorithm.
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Figure 2. Diagram of the Workflow

GOVERNING EQUATIONS

The system's mass flow rate balance equations are as follows:

Mgy = M= Mpg = Mgy = Mgy = Mpqq (1)
Mgz = Mpy = Mps = Mge = Xgp Mg (2)
g, = (1 = Xgp ), (3)

Where x., is the vapor quality at state E2. The formulae for ORC
mass flow rate in two stages are as follows:

My =m, = my = 1M, = mg = Mg (4)

m; = Mg = Mg = Myg = Myq = My = My3 (5)
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Energy balance

The energy rate balance equation for a certain enthalpy related
system instrument is written as follows:

Expansion valve:

hg1 = hg, (©)

Which

hgy = hy (Tgq) 7)

The steam quality in state E, can be characterized as follows:

X = hgz —hg ®)
E2 hfg

Estimate the mass flow rates of saturated vapor and saturated
liquid exiting the separator and report it.

Separator:

Meyhgy = Megshgs + Mezhg; 9
Which

hes = hy (Tsep) (10)
and

hgz = hy (Toep) (11)
Steam turbine:

Wr_3 = s (hgs — hgs) (12)

The following formulae can be used to determine the specific
enthalpy of condition E:

Xgs = % (13)
Spas = Sg3 = Sy (Tsep) (14)
hgas = hs + Xpashyeg (15)
hgy = hgs = Nr3(hgs — heas) (16)

In this equation, 1+, is the isentropic efficiency of the steam turbine
3, and s represents the isentropic state of the system.

Condenser:

Qcs = Mpa(hpy — hgs) a7)
where hgs = hy (Peonas)-

Pump:

Pump work may be calculated using the following formulas:

SE6s = SEs (18)
hges — hgs = vps(Pge — Pgs) (19)

Np—3 =~ (20)

which 1,5 is the isentropic efficiency of the pump and v is the
specific volume at state E;.

Wps = mgs(hge — hgs) (21)
EXERGY ANALYSIS

€xi = (hi - ho) —T,(si — o) (22)
The flow exergy of State “i" can be expressed as

E; = m[(h; — ho) — To(s; — 5,)] (23)

as well as the exergy rate connected with it

Each component's exergy rate balances may be expressed in flow
exergy and exergy destruction rates, with the exergy creation rate
equal to the flow exergy.

Epy = Eg, + Ed‘v (29
Expansion valve:

Epy = Egs + EE7+Ed,s (25)
Separator:

Eps = Epy + Wrs + Eq s (26)

Steam turbine:
By applying Equations (12) and (23), the exergy rate destruction of

Ed,T—S = Mg3To(Sga — Sg3) (27)
the turbine, Ed, T3, is obtained as
which T, is the ambient temperature (298.15 K).
. . . T .
Eps = Ege + Qcona-—3 (1 - 5 ) + Ed,c—3 (28)
cond-3

Condenser:
The condenser exergy destruction rate may be calculated by

. . T, .

Eqr_3 = mg,T, (Sgs — Sga) + T—o Qcona-3 (29)
cond-3

combining Equations (17) and (23):

Egs + Wp_3 = Egg+Eqp_3 (30

Pump:
The following is the formula for calculating the net power output

Wnet,Geo =Wr_3 — WP_3 (31)

of various power plants:
The following is the formula for calculating energy and exergy
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Table 2.

Parameters

Equations related to different components of the system
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Power generated by the turbine

Wr_o = 1ps(hyy — hipdNr—p = Mg (hy — hs)

Equations References
Wr_1 = Mg (hy — hse)Nr_q = Mgs(hy — hs) [15]
Wp_1 = mts(hz - h1)
[15]

Consumption power of booster pump

Heat exchangers

Total Thermal efficiency, Nen

Wp_p = mys(hg — hy)
Q = Mc (hc,out - hc,in) = Mc (hh,in - hh,out) [15]

_ Wr oy +Wp g + Wp g =Wp_y —Wp_; —Wp_5

nen

Total exergy efficiency, nex

_ Wry +Wr_y + W3 —=Wp_y —Wp_, —Wp_3

hEl - hEll

nex

_ Wnet,geo
Mengeo = Sy (hg1—hrep) (32)
_ Whet.geo
nex,geo - EEl_EEB (33)
efficiency:

which h,,is the geofluid specific enthalpy at ambient temperature

Tgy +T,
Tg7.0pt = % (34)
(298.15 K) and pressure (1 bar).

According to the Equation, a single flash geothermal power plant
provides the most turbine power when the separator runs at average
producer well and condenser temperatures. It will be assumed that
the system is near a steady-state to make simulation easier. It has
also been proved that isentropic efficiency may be reached in pump
and turbine operation. Table 2 shows the mathematical model of
the planned circulation system.

Table 3 shows the parameters that were predicted from the
system simulation. Results may be obtained for a particular setup
by applying these parameters together with the simulation model
contained in the Engineering Equation Solver (EES).

According to Assad and colleagues [18], the results match properly.
To validate the current system, the findings of each sub-cycle of
a single flash geothermal cycle are compared to the impacts of
previous research. The findings are compared to those of Assad
and coworkers. Table 4 validates the results of the basic single
flash geothermal cycle simulation thanks to the work of Assad et
al. The findings appear to be reasonably similar to those of Assad
and colleagues.

Before the research can start, the input parameters for the mass,
energy and, exergy equations must be provided first. Mode 1 mass
flow temperature, separator temperature, pump, condenser output
pressure, and steam turbine isentropic efficiency are all variables

Ep1 — Ep1q
Table 3. . Simulated process data
Sign Amount Reference

T, (Kelvin) 29815 =

Py (kPa) 101135 =
T oondceo(KELVIN) 22315 (18]
NToeo (%) 80 (18]
Nr. (%) 78 (18]
Nr2 (%) 8 [15]
Negeo (%) 80 (18]
N (%) 80 [15]
N, (%) 80 [15]
AT 5 [15]
Moeo (kO/S) 50 (18]
m, (kg/s) 27 [15]
My (Ka/s) 252 [15]
Thotgeo (KelViN) SRS (18]
Pgeo(kPa) 1500 (18]

that are tracked for reporting and monitoring purposes. The geofluid
in Method 1 has a temperature of 300°C, a mass flow rate of 50kg/s,
an isentropic efficiency of 0.85, a pump output pressure of 1.5MPa,
and a condenser temperature of 50°C. The characteristics are shown
in Tables 5 and 6 characterizing R227ea&R116 and R124&R125
operating fluids at various locations in the system.

Initially, the influence of the two-stage ORC recovery cycle on the
system's overall performance was evaluated. Table 7 shows the
results with and without the recovery cycle. According to statistics,
adding recovery to a single flash geothermal cycle improves cycle
performance. Table 7 reveals that for working fluids R227ea and
R116, the system's thermal efficiency changed from 0.2023 to
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Table 4. Validation of the results by comparing them to the outputs of Assad et al.

T(°C) P(kPa) h(KJ/Kg)

- Flud Current Azﬁ‘{igf b Current AZ??&? L Current AZ?_:’[IFS]et
El Water 300 300 8584 8584 1344 1344
E2 Water 175 175 891.8 8918 1344 1344
E3 Water 175 175 8918 891.8 2773 2773
E4 Water 50 50 12.34 12.34 2253 2253
E5 Water 50 50 12.34 12.34 209.3 209.3
E6 Water 50 50 1500 1500 211.2 211.2
E7 Water 175 175 891.8 8918 7412 7412
E8 Water 138.75 166.75 3489 352 584 584

Table 5 . Thermodynamic characteristics of R227ea and R116 as recovery section working fluids at T=3000C and T,,=1750C

St. T(°C) P(kPa) h(kJ/kg)
1 -166 100 1753
2 155 2400 3638
3 919 2400 1393
4 1337 2400 2439
5 696 100 2038
6 -166 100 82.84
7 785 100 -1705
8 771 2800 -168.4
9 78 2800 -95.44
10 646 2800 3412
1 103 2800 7156
12 31 100 2283
13 721 100 -50.15
El 300 8584 1344
E2 175 8918 1344
E3 175 8918 2773
E4 50 12.34 2253
ES 50 12.34 209.3
E6 50 1500 2112
E7 175 8918 7412
E8 1387 3489 584
E9 1255 3489 5275

E10 1082 3489 4543

E1l 1038 3489 4354

0.2178, representing a 7.66 percent improvement in thermal
efficiency. The system's thermal efficiency rises from 0.2023 to
0.2177 for working fluids R124 and R125, showing a 7.61 percent
improvement in thermal efficiency. The value of exergy efficiency
improves from 0.5044 to 0.5803 for the initial working fluids,
reflecting a 15.04 percent improvement in system exergy efficiency.
This figure increased from 0.5044 to 0.5852 in the case of the second
functional fluids, suggesting a 16.01 percent increase in the system's
exergy efficiency. Hence, adding a recovery segment to the basic
cycle considerably affects system performance. The first working

s(kJ/kg.K) (X9 x() Exergy(kilowatt)
0.006937 27 - 636.5
0.008414 27 - 675.5
0.4431 27 - 840.8
0.7217 27 - 1420
0.7554 27 - 65.86
0.3228 27 0.6151 283
-1.106 25.2 - 1951
-1.104 25.2 - 1988
-0.788 25.2 - 1451
-0.3492 25.2 - 1419
-0.2437 252 - 1574
-0.1972 25.2 - -3.874
-0.4885 252 - 3424
3.253 50 0 18931
3.436 50 0.2967 16205
6.625 14.83 1 11903
7.028 14.83 0.858 2405
0.7037 14.83 0 60.28
0.7049 14.83 - 83.04
2.091 3517 0 4302
1.725 50 - 3687
1.584 50 - 2941
1.396 50 - 2078
1.347 50 - 1875

fluids (R227ea&R116) have somewhat greater thermal efficiency
than the second working fluids (R124&R125). However, the second
working fluids have shown greater improvement in exergy efficiency.
The net power output in primary mode is 7690 kW, where with the
addition of the recovery section to the initial cycle, this amount
should be increased to 9898 kW for the first working fluids
(R227ea&R116) and 10093 kW for the second working fluids
(R125&R125), respectively, resulting in increases of 28.17% and
31.24%.
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Table 6. Thermodynamic characteristics of R124 and R125 as recovery section working fluids at T¢,=3000C and T..,=1750C

St. T(°C) P(kPa) h(kJ/kg) s(kJ/kg.K) m(‘;—g) x(-) Exergy(kilowatt)
1 =128 100 186.6 0.95 27 = 685
2 -11.4 2400 1886 0.9515 27 - 7255
3 100.4 2400 3243 1379 27 - 951.7
4 1337 2400 446 17 27 - 1650
5 49.4 100 3982 1743 27 - 1419
6 -125 100 2952 1.366 27 0.6539 266
7 -785 100 -170.5 -1106 252 = 7758
8 -771 2800 -168.4 -1104 252 - 7795
9 -89 2800 -97.01 -0.7939 252 - 7263
10 444 2800 1337 -0.4126 252 - 7180
11 101 2800 69.63 -0.2494 252 - 7371
12 29 100 21.26 -0.2029 252 = 5803
13 721 100 -5015 -0.4885 252 = 6150
El 300 8584 1344 3.253 50 0 18931
E2 175 891.8 1344 3.436 50 0.2967 16205
E3 175 891.8 2773 6.625 14.83 1 11903
E4 50 12.34 2253 7.028 14.83 0.858 2405
ES 50 12.34 209.3 0.7037 14.83 0 60.28
E6 50 1500 2112 0.7049 14.83 = 83.04
E7 175 891.8 7412 2.091 3517 0 4302
E8 1387 3489 584 1725 50 - 3687
E9 1255 3489 527.5 1584 50 - 2941
E10 108.2 3489 4543 1.396 50 = 2078
E1l 1038 3489 435.4 1347 50 = 1875
Table 7. Comparison of the operating conditions with and without the suggested recovery system.
ORC working fluids Cycle Bficenty  Effcenty  oupat(oW)  Heafk)
- Basic single Flash Geothermal cycle ([2)02 gg% (gg 22;) 7690 38003
R227ea&R116 Geothermal cycle with a two-stage ORC recovery (212%;30 ) (385[?9?52 ) 9898 45438
R1248&R125 Geothermal cycle with a two-stage ORC recovery (812 %;07/0 ) (285 ggéj ) 10093 46372

Figure 3 shows variations in the system's energy and exergy
efficiency in both basic and recovery operating modes as a function
of the system input temperature, which ranges from 490 to 640 K.
For both pairings of suggested working fluids, the recovery mode
is tested (R227ea&R116 and R124&R125). The thermal efficiency
of the basic cycle, the recovery cycle with R227ea and R116, and
the recovery cycle with R124 and R125 all increase as the system's
intake temperature rises. Consequently, it is determined that
increasing the entrance temperature to the system will enhance the
thermal efficiency of systems in each circumstance. In the recovery
phase, the thermal efficiency of both pairs of working fluids is
practically identical. However, the situation is different when it comes
to exergy efficiency. The primary cycle's exergy efficiency improves
as the system input temperature rises, whereas the recovery cycle's
exergy efficiency drops. Many types of equipment in the recovery

cycle and an increase in exergy destruction in various components
can be attributed the decline in exergy efficiency.

Figure 4 shows variations in energy and exergy efficiency in both
basic and recovery modes as a function of ambient temperature
from 0 to 30°C. For both pairings of suggested working fluids, the
recovery mode is tested. The thermal efficiency of the basic cycle,
the recovery cycle with R227 and R116, and the recovery cycle
with R124 and R125 remain constant when the system's ambient
temperature rises. Thus, it is argued that variations in ambient
temperature do not affect the thermal efficiency of systems.
However, the situation is different when it comes to exergy efficiency.
The exergy efficiency of the basic and recovery cycles increases as
the ambient temperature rises (approximately a 7 percent increase).
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—=— System Energy Efficiency (without Recovery)

—o— System Exergy Efficiency (without Recovery)

—a— System Energy Efficiency (with Recovery R227ea&R116)
—— System Exergy Efficiency (with Recovery R227ea&R116)
—e— System Energy Efficiency (with Recovery R124&R125)
—o— System Exergy Efficiency (with Recovery R124&R125)
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Figure 3. Variation in energy and exergy efficiencies as
a function of the cycle's intake temperature in basic and
recovery modes.

[t may be concluded that the systems will function better in places
with greater temperatures in terms of exergy.
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Figure 5. Pareto diagram of exergy destruction of various
system components with R227ea and R116 as recovery
working fluids

Figures 5 and 6 prove the exergy destruction of the critical
components of the single flash geothermal cycle and the two-stage
ORC recovery with working fluids R227ea and R116, respectively, ina
Pareto diagram and pie chart. As shown in the graphs, the expansion
valve is the source of the most exergy degradation (about 40 percent
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—o— Exergy Efficiency (without Recovery)

—a4— Energy Efficiency (with Recovery R227ea&R116)
—— Exergy Efficiency (with Recovery R227ea&R116)
—e— Energy Efficiency (with Recovery R124&R125)
—o— Exergy Efficiency (with Recovery R124&R125)
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Figure 4. Variation of energy and exergy efficiencies in
basic and recovery modes as a function of cycle ambient
temperature

of the overall exergy destruction of the system). On the other hand,

pumps, separators, condensers 2 and 3, have a comparatively
modest amount of exergy destruction. The four components of the
expansion valve, turbine 3, heat exchanger 2, and mixer, contribute

to nearly 85 percent of the system's exergy destruction, and the

recovery portion of the exergy destruction is negligible (Except for
heat exchanger 2).

EXERGY DESTRUCTION

sHXE1l mHXE?2 =mHXE 3 =HXE 4 mHXE 5
® Turbinel = Turbine2 = Turbine3 mCondenser 1
= Mixer m Expansion Valve m Other

Expansion HXE 3

Valve

HXE 5
Turbine 1
Turbine 2

Turbine 3

Mixer
Condenser 1

Figure 6. Pie chart of exergy destruction of various system
components with R227ea and R116 as recovery working fluids
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Figure 7. Pareto diagram of exergy destruction of various
system components with R124 and R125 as recovery working
fluids
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Figure 8. Pie chart of exergy destruction of various system
components with R124 and R125 as recovery working fluids

Figures 7 and 8 show the Pareto diagram and pie chart of exergy
destruction of the significant components of the single flash
geothermal cycle, as well as the two-stage orc recovery with working
fluids R124 and R125, respectively. Like the previous system, the
expansion valve has the maximum exergy destruction (almost 40%
of total exergy destruction). In contrast, pumps, condensers, and
separators have minor exergy destruction. Approximately 85 percent
of the system's exergy destruction occurs in the four components
of the expansion valve, turbine 3, heat exchanger 2, and mixer, and
the recovery part of the exergy destruction does not have much
except for heat exchanger 2.

CONCLUSIONS

Organic fluids are those containing carbon in their chemical formula.
Accordingly, the only difference between the Rankin organic cycle
(ORC) and the steam cycle is the type of working fluid used in the

Ecopetrol

cycle; however, this small difference makes a significant difference
in the behavior and application of the cycle.

Vapor saturation of organic fluid for use in turbines occurs at much
lower temperatures than water. Thus, the temperature range of the
organic Rankin cycle is lower than that of the steam Rankin cycle,
and the organic Rankin cycle can be used for heat recovery.

Choosing the right gas fluid in an ORC cycle is a very effective
parameter, witha great impact on the efficiency of the unit. Due to
the low temperature of the heat source, which is the temperature of
the dissipated heat, the heat transfer efficiency in heat exchangers
decreases, causing a negative effect on the overall efficiency of the
cycle. The extent of this reduction in efficiency is greatly influenced
by the thermodynamic properties of the working fluid.

This study includes a two-stage ORC cycle for heat dissipation
in a single flash geothermal power plant, as well as energy and
exergy studies. The power production, energy efficiency, exergy
efficiency, and suggested recovery strategy of the primary single
flash geothermal power plant were explored. The top and bottom
cycles used R227ea and R116, R124 and R125, and R124 and R125,
respectively. Numerous adjustments to the performance parameters
were tried to see how they affected anideal cycle performance. The
following are the most important findings of the study:

The system's thermal efficiency increased from 0.2023 to 0.2178
for working fluids R227ea and R116, representing a 7.66 percent
increase in thermal efficiency. Working fluids R124 and R125 rise
from 0.2023 to 0.2177, indicating a 7.61 percent increase in thermal
efficiency.

- For the first working fluids, exergy efficiency rose from 0.5044
to 0.5803, indicating a 15.04 percent increase in system exergy
efficiency. In the second working fluids instance, this value increased
from 0.5044 to 0.5852, indicating a 16.01 percent improvement in
the system's exergy efficiency.

Consequently, it was concluded that increasing the system's input
temperature will enhance its thermal efficiency in all scenarios. As
the system's intake temperature rises, the thermal efficiency of
the basic cycle, the recovery cycle with R227ea and R116, and the
recovery cycle with R124 and R125 all improve. The basic cycle's
exergy efficiency improves as the system input temperature rises,
while the recovery cycle's exergy efficiency decreases.

-When the ambient system temperature rises, the thermal efficiency
of the basic cycle, the recovery cycle with R227 and R116, and the
recovery cycle with R124 and R125 stay constant. Consequently, it
is concluded that ambient temperature has no bearing on system
thermal efficiency. When it comes to exergy efficiency, though, the
situation is different. As the ambient temperature rises, the exergy
efficiency of the basic and recovery cycles increases. In terms of
exergy, it can be concluded that the systems will perform better in
places with higher temperatures.

- The expansion valve, turbine 3, heat exchanger 2, and mixer account
for approximately 85 percent of the system's exergy destruction,
and the recovery portion of the exergy destruction is minor, except
for heat exchanger 2.

Humans have long used geothermal energy as a source of heat
production, but scientists and industries have increasingly turned
to this renewable energy with the danger of consuming fossil fuels.
Geothermal energy is used in many different forms today. It is used
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to generate electricity, heat buildings, and even for direct supply
of hot water to homes and swimming pools. Wherever you are
in the world, geothermal energy is located right under your feet.
Therefore, different uses have been considered for this energy. In

Iceland, road ice is melted using this clean energy. With the progress
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of science and human access to more advanced technologies, other
methods for extracting and exploiting this valuable energy are being
considered. We constantly witness increased acceptance of nations
and governments of this clean energy.
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