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ABSTRACT

Olkaria I geothermal power plant in Kenya has an installation capacity of 45 MWe. This single-flash power plant has exergy waste
of about 6 MWe in the separated brine. To maximize the geothermal resource, a binary unit using isobutene as a working fluid was
developed and optimized using Engineers Equation Solver code. The paper presents the design and energy and exergy analysis of
the proposed binary unit for the Olkaria I power plant. The designed binary plant has the potential of generating net turbine work of
2281 kW with plant efficiency of 10.81%, cycle efficiency of 9.87%, and overall utilization efficiency of 31.70%. The temperature
of brine reinjected into the reservoir was set at 85 °C with exergy of 1763 kW. A Grassman exergy flow diagram shows that exergy
destruction is greatest in the condenser (12.08%) and least in the evaporator (8.99%). Energy and exergy analysis of a plant help to
optimize available geothermal resources for maximum energy production.

1. INTRODUCTION

Geothermal energy is available around the world. A geothermal resource needs a large heat source, permeable reservoir, water
supply, cap rock, and reliable recharge mechanism to be commercially viable (DiPippo, 2014). The growth of the world population
has increased the world energy demand and thus the need to maximize the use of available resources (Jalilinasrabady, et al., 2012).
The increasing demand calls for the sustainable development of energy sources and the detailed analysis of systems (Kwambai,
2010; Jalilinasrabady, 2011).

The single-flash Olkaria I geothermal power plant is located in the Olkaria geothermal area in Naivasha, Kenya, as shown in Figure
1. The plant has three condensing steam turbine units, each with a rating of 15 MWe and generating 45 MWe in total, and is owned
by the Kenya Electricity Generating Company (KENGEN). Figure 2: Flow diagram of the Olkaria I power plant presents a diagram
of the overall flow of the plant. The detailed energy and exergy analysis of the entire power plant is presented in Table 1.

Table 2 shows that geothermal brine has potential exergy of 6 MWe and a flow rate of the brine of 67.14 kg/s at pressure of 6 bars.
The objective of the study was to investigate the technical feasibility of constructing a 2-MW commercial geothermal power plant.

Table 1: Summary of the exergy analysis of the Olkaria I power plan (Kwambai, 2005).

OUTPUT (MW) OUTPUT (MW) (MW)
SEPARATION 109 103 6 96
TRANSMISSION 103 92 11 90
TURBINES 89 49 30 10 84
CONDENSER 30 15 1 14 52
GES 1.89 0.33 1.56 - 17
COOLING SYSTEM 0.5 7 7 (desired) 11.3
OVERALL 135 447 90 34
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Figure 1: Map of Kenya showing the location of the Olkaria geothermal area (Kwambai, 2010).

Table 2: Output parameters of the Olkaria I power plant (Kwambai, 2005).

Well No | Discharge |Separator| oo pe | Steam flow | LAter .| status
OW- WHP pressure (J/kg) (kg/s) flow Quality 30/7/05
{bar-a) {bar-a) (kg's)
2 7.00 6.20 2168 464 1.81 0.72 On
5 7.05 6.40 2313 12.39 339 0.79 On
8 6.00 3.90 2436 6.44 0.94 0.87 Shut
10 6.35 3.80 2520 4.06 0.30 0.89 Shut
11 7.00 6.00 1941 394 1.92 0.67 On
13 6.10 3.90 2614 347 0.25 093 Shut
15 6.10 3.60 2034 5.64 294 0.66 On
16 6.00 3.80 1444 8.08 13.61 037 On
18 6.00 6.00 2663 6.50 031 096 On
19 2.50 3.80 1912 3.36 3.38 0560 On
20 6.00 6.00 2593 5.64 047 092 Shut
21 6.20 5.30 2228 383 128 0.73 Shut
22 6.00 6.10 1748 3.64 339 0.52 Shut
23 6.30 6.20 2104 422 1.39 0.69 Shut
24/28 6.30.9.0 6.30 2539 9.31 1.14 020 On
25 9.50 6.20 219 381 1.33 0.74 Shut
26 2.50 2.20 1856 2.69 773 0.36 On
27/31/33 6.5,7.5,7.0 3.10 2431 18.97 2.83 0.87 Shut
29/30 10.3,9.50 3.10 2398 3004 244 0.83 On
32 7.20 6.30 2333 36.28 0.36 0.79 On
Mean/Total 7.17 6.06 1229.8 196.36 67.14 0.75
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Figure 2: Flow diagram of the Olkaria I power plant (Kwambai, 2005).

Specific objectives were to conduct an exergy analysis of the Olkaria I power plant, to propose and design a binary plant for the
Olkaria I power plant, and to carry out energy and exergy analysis of the binary plant using Engineers Equation Solver (EES) code.

2. BINARY POWER PLANT

A binary geothermal power plant has a working fluid that undergoes a closed cycle. The selected working fluid receives heat from
the geothermal fluid, evaporates, expands through a turbine, condenses, and completes its cycle in the evaporator via the use of a
feed pump (DiPippo, 2014). Most flash-steam plants are currently adding binary units to maximize the available energy and thus
improve the utilization efficiency of geothermal resources. Low-temperature geofluids are also used for binary units and direct
uses. Binary units can use heat more effectively than a single flash in terms of the enthalpy of the waste geothermal fluid (Sadiq &
Moon, 2014).

Candidates for the working fluid vary according to thermodynamic properties, health, safety, and environmental impacts. Table 3
shows relevant thermodynamic and health and environmental properties of working fluids. The properties of the fluids can be
compared with those of pure water (DiPippo, 2012; Jalilinasrabady, 2011).
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Table 3: Thermodynamic and environmental properties of potential working fluids.

Fluid Formula T.(°C) P. (MPa) Toxicity Flammability ODP GWP
Propane C5Hg 96.95 4.236 low Very high 0 3
i-Butane i-C4Hjo 135.92 3.685 low Very high 0 3
n-Butane C,Hio 150.8 3.718 low Very high 0 3
i-Pentane i-CsHi» 187.8 3.409 low Very high 0 3

n-Pentane CsHi, 193.9 3.240 low Very high 0 3
Ammonia NH; 133.65 11.627 toxic Lower 0 0
Water H,O 374.14 22.089 Non-toxic Non-flammable 0 -

The ozone depletion potential (ODP) is normalized at 1.0 for banned refrigerant R-11 and the global warming potential (GWP) is
normalized at 1.0 for carbon dioxide (DiPippo, 2014).

3. LAWS OF THERMODYNAMICS

The first law of thermodynamics quantifies energy (Kumar, et al., 2016) and states that energy is conserved during any process as it
is transformed from one form to another (Jalilinasrabady, et al., 2010; DiPippo, 2012). Any system that is not in equilibrium with
its surroundings owing to differences in temperature, pressure, or chemical composition has the potential to do work (Kwambeai,
2005).

The first law of thermodynamics for a system is given as:

Q—W =m[(h, — hy) +1/2(v3 — v}) + g(z; — 21)] (1)

By ignoring the kinetic and potential energy differences related to the enthalpy difference, Eq. (1) is expressed as:
Q — W =ni(hy — hy) )

The second law of thermodynamics for a given system and its surroundings is given by

6 =m(s; —s1) —Q/To 3)

Entropy production is zero for an ideal reversible operation. From Egs. (2) and (3), the maximum work is obtained as

Winax = m[(hy — hz) — To(s1 — s2)] 4)

4. METHODOLOGY

4.1 System Description of the Proposed Binary Power Plant for Olkaria I

Figure 3 illustrates schematic flow diagram of the proposed Olkaria I binary unit. The brine separated by the separator enters the
evaporator in Step 1 indicated in the diagram as 1 and goes through the evaporator in Step 2 to flow to reinjection wells. Working
fluid (Step 8) passes through the evaporator and is converted to vapor (Step 3). The saturated vapor of working fluid expands in the
turbine from high pressure P3 to low pressure P4 to generate electricity (Steps 3 and 4). Steps 4 and 5 are preheating the working
fluid to its boiling point for use in Steps 7 and 8. The exhaust vapor is condensed to liquid in the condenser in Steps 5 and 6, and
then pumped to high pressure P3; through the regenerator and evaporator by the feed pump, State 6. For the thermodynamic
analysis; Figure 4 shows the T—s diagram of the cycle.

The assumptions made are:

e saturated liquid of the working fluid at the condenser outlet;

e isentropic pump and turbine efficiencies of 75% and 85% respectively.
4.2 Turbine

Figure 4 shows that the vapor undergoes isentropic expansion in the turbine (Steps 3 and 4). P-h diagram of isobutene, Figure 8
illustrates the critical pressure of the working fluid and the corresponding enthalpy.

S =5 &)

With fixed pressure P4 and entropy s4 after the turbine, the enthalpy of the working fluid is calculated using EES code. With the
enthalpies of Steps 3 and 4, the turbine power output, Wt, is obtained as:

Wt =(hs — h4)mwf77t (1)
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Figure 3: Schematic diagram of an ORC plant (modeled using EES code).
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Figure 4: T—s diagram illustrating the flow process of working fluid

4.3 Heat Exchangers

Thermal energy in the heat exchangers is transferred from one fluid to another. Three heat exchangers (evaporator, preheater
condenser) are analyzed. It is assumed that all heat exchangers are well insulated so that all heat is transferred between the fluids
(DiPippo, 2012). Geothermal brine transfers some of the energy, Q;;, to the working fluid in the evaporator. Considering a steady
flow, the governing equations are:

Qin = 1 C, (T — T3) (2)

(hs — hg)m,r = 1, Cp(T; — T,)

3)

m — Qin
W (hs — hg) C))

where Cp, (kJ/kg K) is the specific heat capacity of the geothermal fluid, T; and T, are respectively inlet and outlet temperatures of
separated brine in the evaporator, and 1, is the mass flow rate of the brine.

The preheater transfers heat from exhaust vapor of the turbine to cold liquid of the feed pump. For the preheater, the heat transfer
Qpy is given by:

Qpy = My, (hy — hs). (5)
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A water-cooled condenser is used to condense the low-temperature exhaust vapor from the preheater. The condenser temperature
was set to 46.5 °C (DiPippo, 2012; Jalilinasrabady, et al., 2011; Yajing & Jianfeng, 2016). The heat rejected from the working fluid
to the cooling water from the cooling tower is:

Q.= mwf(hs —hg) (6)

The relationships of the flow rates of the working fluid rh, s and cooling water m,, are:
(hS - h6)mwf = mcw(hll - th) (7)
(hs — he)rhy, s = ey Cow (T1g — Tio) ®)

where C,,, is the specific heat capacity of the cooling water. From Eq. (13), the mass flow rate of the cooling water for the
dissipation of the waste heat can be determined for a cooling tower with a temperature range of T;; — Tyq, (DiPippo, 2012).

4.4 Pump of the system
Power imparted to the working fluid (Steps 6 and 7) by the feed pump is:
. (h7 = he)m,,
Wyyr =———
v M ®

while cooling water pump power (Steps 9 and 10) is:

) (hyo — ho)tigw
Wpcw= L Tng (10)

where 1,, is the efficiency of the isentropic pump (DiPippo, 2012). The pump power is referred to as parasitic loads and reduces the
turbine work to obtain the net work (Eq. 16) of the plant.

Wnet = Wt - (prf + Wpcw) (1 1)

4.5 Plant efficiency
According to the first law of thermodynamics, the cycle performance is assessed in terms of thermal efficiency as:

Nen = Whet/Qin (12)

The thermal efficiency is the difference between the thermal input power and thermal rejected power of the system, and Eq. (17) is
thus rewritten as (DiPippo, 2012):

9
Men = 1= 5 (13)

For commercial purposes, the plant efficiency and utilization efficiency need to be calculated and presented to investors and other
interested business partners for decisions to be made according to the return of investment.

4.6 Selection of working fluid and system optimization

In conversion of geothermal heat source for electricity generation using ORC cycles the working fluid selection is a major design
choice to maximize the plant performance (Manente & Lazzaretto, 2012). A number of working fluids can be selected from Table
3. The critical temperatures of propane, isobutene, n-butane, ammonia, and isopentane are 96.95, 135.92, 150.8, 133.65, and
187.8°C respectively. According to the data available, the geofluid temperature after separation is 157°C. Among the five potential
organic fluids, isobutane, propane, and ammonia are the most suitable. Owing to its toxicity, ammonia is excluded on
environmental considerations. Propane and isobutene have approximately the same heat transfer coefficients but different critical
pressures, Pc (DiPippo, 2012). Isobutane was selected as the working fluid with consideration of the pressure and overall plant
efficiency.

Plant optimization involves the input of various parameters, namely the turbine isentropic efficiency, working fluid flow rate,
turbine and condenser operating pressures, and reinjection temperature of the brine.

The reference environment for the analysis is the Olkaria area with ambient temperature To of 20°C and Po of 0.86 bar. Exergy
analysis of the Olkaria I power plant by Kwambai gave condenser mean temperatures of 25°C and 38°C for the inlet cooling water
and outlet water flowing to the cooling tower, respectively (Kwambai, 2005). The main constraints considered in the optimization
of the plant are a brine flow rate of 67 kg/s, reinjection temperature of 85°C, and condenser temperature Ts of 46.5°C. The objective
function is maximum net work generated by the turbine. The maximum work was achieved by varying the high pressure Ps to get
the optimum pressure to run the isobutane ORC cycle.
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5. ENERGY AND EXERGY ANALYSIS OF THE SYSTEM
Exergy is a powerful concept in the assessment of the performance of power plants (Anon., 2010). Exergy is considered by

applying the second law of thermodynamic analysis to gauge the performance of, and compare geothermal power plants with other
conventional plants (Kwambai, 2005; Jalilinasrabady, 2011).

Exergy is the maximum power output that can be theoretically obtained from a substance at specified thermodynamics conditions
relative to its surroundings (DiPippo, 2012).

Various parameters were investigated to optimize the proposed model for maximum possible power output. Input variables
included the working fluid flow rate and turbine inlet and outlet pressures (P3 and P4) (Jalilinasrabady, et al., 2011). The preheater
temperature Ts was optimized in EES software by fixing the working fluid flow rate and reinjection temperature, T2. For the Olkaria
geothermal field, no major cases of scaling have been reported and the waste brine temperature was set to 85°C.

By designing a system such that the final geofluid state is identical to the ambient surroundings, the exergy for a given initial state
is:

E =1i[hy — ho — To(s1 = 5o)] (14)

For system components, exergy input is the sum of exergy output and exergy destroyed. Each component of the plant was analyzed
in terms of the available and destroyed exergy.

5.1 Evaporator
The exergy input to the heat exchanger is the summation of the brine exergy in State 1 and the working fluid in State 8. Meanwhile,
the exergies leaving the heat exchanger are the exergies of States 2 and 3 for the geothermal fluid and working fluid respectively.
Geofluid exergy in State 1 is the total available exergy for the binary plant and is fixed depending on the brine temperature as it
exits the separator. The other exergies in the evaporator depend on the turbine high and low pressures (for States 3 and 8) and the
reinjection temperature T2. Exergy equation is:

EIZEZ +E3_ E8+EE:1IX (15)

where E; is the brine exergy (i.e., total available energy), E, is the exergy of the brine water reinjected into the reservoir, E3 is the
exergy of isobutane exiting the evaporator into the turbine, Eg is the exergy of isobutane entering the evaporator, and Eg,y is the
exergy destroyed in the evaporator.

5.2 Turbine Analysis
The steam flow is converted into useful work in the turbine (Kumar, et al., 2016). During expansion, the available exergy in State 3
is converted to mechanical work by rotating the generator to generate electricity. The exergy balance in the turbine is given as:

E3=Ey + Ewrurbine + Erx (16)

where E; is the exergy of isobutene vapor entering the turbine, E, is the exergy exiting the turbine, Evyrurbine iS the turbine gross
work, and Erty is the exergy destruction rate in the turbine.

5.3 Preheater
The preheater transfers heat from the isobutane vapor to the isobutane fluid as the flow passes from State 4 to State 8:

E4=E5+E8_ E7+EP‘HX (17)

where E, is the exergy exiting in the turbine, Es is the exergy of the isobutane vapor entering the condenser, Ej is the exergy of
saturated isobutane exiting the preheater, E; is the exergy of isobutane entering the preheater, and Epyy is the exergy destroyed in
the preheater.

5.4 Condenser
Water-cooled condenser of the ORC cycle is used. The two-phase mixture entering the condenser is steam corresponding to the
pressure at a temperature of 46.5 °C (DiPippo & Marcille, 1984; DiPippo, 2012). The exergy flow in the condenser is:

Es = Eg + E11 — Exo + Ecx (18)

where Es is the exergy of the isobutane vapor entering the condenser, E; is the exergy of isobutane liquid exiting the condenser,
E,o is exergy of cold water entering the condenser, E;; is the exergy of cooling water entering the cooling tower, and E.y is the
exergy destroyed in the condenser.

5.5 Working Fluid Pump
The work of a pump in any power plant is categorized as a parasitic or auxiliary load. Work has to be done in the system. The
exergy of the working fluid pump shown is expressed as:
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E¢=E; + Ewpump + Epx (19)

where Ej is the exergy of isobutane liquid exiting the condenser, E; is the exergy of compressed isobutane, Ewpump is the gross
work of the pump, and Epy is the exergy destroyed in the pump.

6. RESULTS AND DISCUSSION

The energy and exergy of the proposed binary power plant for Olkaria I were analyzed using EES code. The optimum conditions
achieved for the maximum net work of the turbine were an evaporator pressure of 3123 kPa, condenser pressure of 627.3 kPa, and
reinjection temperature of 85 °C. These conditions gave maximum net power of 2281 kW and a working fluid mass flow rate of
63.38 kg/s, with cycle, plant, and utilization efficiencies of 9.865%, 10.81%, and 31.70%, respectively (Table 4).

The optimized cycle parameters are presented in Table 5. The two pressures of the system are P3 for Steps 3, 7, and 8 on the high-
pressure side and P4 for Steps 4, 5, and 6 on the low-pressure side. To arrive at the optimized value of P3, low pressure was
maintained at 627.3 kPa according to the condenser temperature Ts. Figure 5 shows the relationship between the turbine inlet
pressure and the net work of the isobutane cycle. The optimum pressure is 3123 kPa, producing net turbine work of 2281 kW as
illustrated in Figure 6.

2281 kW S .
2280 T
2270 /
2260

2250

Net Work, Wyt [kW]

2240

3123 kPa

2230
2800 2900 3000 3100 3200 3300

Turbine Inlet Pressure, P53 [kPa]

Figure 5: Relationship between the turbine pressure and net power.

Another critical parameter of the system is the reinjection temperature T2, which is important in determining the working fluid flow
rate in the ORC. With geothermal fluid in Olkaria having a low concentration of dissolved solids, the selected reinjection
temperature requires a flow rate of 63.38 kg/s. The flow rate is calculated using EES code and a heat and mass balance in the
evaporator with a pinch point of 5 K (DiPippo, 2012).
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Figure 6: Optimization of the proposed ORC model using EES code.

Table 4: Summary of the optimized ORC cycle.
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State Fluid type Phase lee(rsil)re Tem;ecr:ture E(rlltJ];lilgp)y lr\:i:sikﬂg(;:; E(Tll(‘;;%y EX?;/%Y(k
0 Brine Dead State 86 25 83.93 - - -
O Isobutane Dead State 86 25 590.6 - - -

1 Brine Liquid 600 158.9 670.6 67 44,937 7,195
2 Brine Liquid 57.81 85 355.9 67 23,846 1,763
3 Isobutane Vapor 3123 125.8 684.7 63.38 43,407 8,703
4 Isobutane Vapor 627.3 55.79 635.6 63.38 40,296 5,100
5 Isobutane Vapor 627.3 46.5 616.9 63.38 39,098 4,985
6 Isobutane Liquid 627.3 46.49 313.8 63.38 19,888 3,339
7 Isobutane Liquid 3123 48.71 320.2 63.38 20,290 3,704
8 Isobutane Liquid 3123 60.79 351.8 63.38 22,316 3,919

Considering the waste brine and the energy used by the evaporator, the second-utilization energy of the system was 41.98%.

Geothermal fluid from the separators with a mass flow rate of 67 kg/s at 158 °C had exergy of 7195 kW, with reference conditions

of temperature of 25 °C and pressure of 86 kPa (Table 4)

Exergy destruction at different stages of the power plant is shown in the Grassman diagram of Figure 7. The exergy destroyed at

each stage was calculated as a percentage of the total available geothermal exergy.

The brine reinjected at a temperature 85 °C had energy and exergy of 23,846 kW and 1763 kW, respectively, representing 53.065%

and 24.5% of the total available energy and exergy in the geothermal fluid.
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Figure 7: Grassman diagram of exergy flow of the binary plant.

7. CONCLUSION

Exergy and energy analysis of the proposed binary unit with isobutane as the working fluid showed the maximum power output
was 2281 kW. The largest destruction of exergy was that in the condenser (12.08%) while the least was that in the preheater. The
overall second-law efficiency of the project was 31.7% and the plant efficiency was 10.81%. The summary of the EES code
simulation is illustrated in Table 5.
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NOMENCLATURE

Co specific heat capacity of water (kJ/kg K)

Einput total exergy inflow to the control volume (kW)
Edesired total desired exergy output (network output) (kW)
Evaste sum of exergy from the system other than the desired exergy (kW)
FEdestroyed sum of exergy lost in the system as a result of irreversibility (kW)
EES Engineers Equation Solver

Ein total available exergy entering the plant (kW)
GES gas extraction system

GWP global warming potential

h enthalpy (kJ/kg)

Tith brine mass flow rate (kg/s)

Titwf working fluid mass flow rate (kg/s)

ODP ozone depletion potential

P pressure (kPa)

P critical pressure (kPa)

Ps saturation pressure (kPa)

(0] heat transfer rate (kW)

s entropy (kJ/kg K)

T temperature (°C)

T. critical temperature (°C)

Wet net power output (kW)

Wy work of the feed pump (kW)

Wi power of the turbine (kW)

Nt isentropic efficiency of the turbine (-)

7Plant overall plant efficiency (-)

np efficiency of the pump (-)

6 change in entropy (kJ/K)

10
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APPENDIX
Table 5: Results of 40 simulation runs with EES code to obtain the optimum turbine pressure, P3.

E EES Academic Professional: Ci\Users\ltoi\Desktop'\ New folder\ Optimizing model for project.EES - [Parametric Table]
B3 File Edit Search Options Calculate Tables Plots Windows Help Examples

=2 % B RMEE EEMEE EBEEREEEE REELE M| 2
comprehehensive table lTame 2 ]
“H= 1 = - . = ] 4 = (b [ =7 |z = ™ 10 ]
- Py Myt Wiet T, Ty E; Mplant Mth U By
[kPa] [kals] (kW] [C] [C] kW] [kPa]
Run 1 627.3 63.61 2274 85 123.2 1763 0.1078 0.09755 0.316 3000
Run 2 627.3 63.6 2275 85 123.3 1763 0.1078 0.0976 0.3161 3005
"Run3 | 627.3 63.59 2275 85 1234 1763 0.1079 0.09765 0.3162 3010
“Rund | 627.3 63.58 2275 85 1236 1763 0.1079 0.0977 0.3163 3015
“Runs | 627.3 63.57 2276 85 123.6 1763 0.1079 0.09775 0.3163 3021
"Runé | 627.3 63.56 2276 85 123.7 1763 0.1079 0.0978 0.3164 3026
Run 7 627.3 63.55 2277 85 123.8 1763 0.108 0.09785 0.3164 303
"Rungs | 627.3 63.54 2217 85 123.9 1763 0.108 0.0979 0.3166 3036
"Run9 | 627.3 63.53 2278 85 124 1763 0.108 0.09795 0.3166 3041
"Run10 | 627.3 63.52 2278 1763 0.108 0.098 0.3166 3046
"Run11 | 627.3 63.51 2278 1763 0.108 0.09505 0.3166 3051
Run 12 627.3 635 2279 1763 0.108 0.09309 0.3167 3056
"Run13 | 627.3 63.49 2279 1763 0.108 0.09814 0.3167 3062
Run 14 627.3 6348 2279 1763 0.1081 0.09819 0.3168 3067
"Runt1s | 627.3 6347 2279 1763 0.1081 0.09823 0.3168 3072
"Run16 | 627.3 63.46 2280 1763 0.1081 0.09528 0.3168 3077
Run 17 627.3 63.45 2280 1763 0.1081 0.09832 0.3169 3082
"Run18 | 627.3 63.44 2280 1763 0.1081 0.09836 0.3169 3087
Run 19 627.3 6343 2280 1763 0.1081 0.09841 0.3169 3092
"Run20 | 627.3 63.42 2280 1763 0.1081 0.09845 0.3169 3097
“Run21 | 627.3 63.41 2280 1763 0.1081 0.09849 0.3169 3103
"Run22 | 627.3 63.41 2280 1763 0.1081 0.09853 0.3169 3108
“Run23 | 627.3 63.4 2281 1763 0.1081 0.09857 0.317 3113
Run 24 627.3 63.39 2281 1763 0.1081 0.09861 0.317 3118
“Run2s | 627.3 63.38 2281 1763 0.1081 0.09865 0.317 3123
"Run26 | 627.3 63.37 2281 1763 0.1081 0.09869 0.317 3128
“Run2r | 627.3 63.36 2281 1763 0.1081 0.09873 0.317 3133
"Run2s | 627.3 63.35 2280 1763 0.1081 0.09877 0.3169 3138
Run 29 627.3 63.34 2280 1763 0.1081 0.09881 0.3169 3144
"Run30 | 627.3 63.33 2280 1763 0.1081 0.09584 0.3169 3149
Run 31 627.3 63.32 2280 1763 0.1081 0.09388 0.3169 3154
“Run3z | 627.3 63.31 2280 1763 0.1081 0.09891 0.3169 3159
"Run3z | 627.3 63.3 2280 1763 0.1081 0.09895 0.3169 3164
"Run34 | 627.3 63.29 2280 1763 0.1081 0.09398 0.3168 3169
"Run3s | 627.3 63.28 2279 1763 0.1081 0.09902 0.3168 3174
Run 36 627.3 63.27 2279 1763 0.1081 0.09905 0.3167 3179
“Run3r | 627.3 63.26 2279 1763 0.108 0.09908 0.3167 3185
"Run3s | 627.3 63.25 2278 1763 0.108 0.09911 0.3167 3190
"Run3g | 627.3 63.24 2278 1763 0.108 0.09914 0.3166 3195
"Run40 | 627.3 63.23 2278 85 127 1763 0.108 0.09917 0.3166 3200
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Figure 8: Pressure versus enthalpy of the optimized ORC cycle.



