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ABSTRACT

Geothermal energy has many advantages over other renewable energy, including weather-proof, great stability, high capacity factor,
base-load abilities and less ecological effect. Nonetheless, geothermal energy presents its own particular challenges. The high initial
investment and long payback time make the geothermal power generation lag behind wind and solar energy. The binary flashing
cycle (BFC) system is supposed to be a promising technology for the recovery geothermal energy due to the full use of geofluid. The
economic performance of the system still need to be evaluated. In this paper, the thermoeconomic comparison between ORC and
binary-flashing cycle for geothermal energy has been investigated. R245fa is selected as the working fluid. With the thermal
efficiency, exergy efficiency, net power output per unit geothermal brine mass flow rate, heat exchanger area and heat recovery
efficiency as evaluation indexes, the flowsheet modeling and optimization in MATLAB simulation software were conducted. The
simulation results reveal that the BFC system sacrifices efficiency, and acquires larger net power output. What is more, the
preliminary discussion of the economic feasibility of BFC system applied in FengShun geothermal field is presented. It is indicated
that the BFC system has obvious economic benefits, especially in non-flowing geothermal well.

1. INTRODUCTION

Nowadays, renewable energy resources have received enormous attention due to the increasing consumption of fossil fuels and
massive discharge of pollutants. Among the renewable energies, geothermal is the most reliable and stable. There is a large potential
and interest in using geothermal energy all over the world. However, water dominated low-grade geothermal heat resources below
150°C account for 70% of the geothermal resources available all over the world [1]. Organic Rankine Cycle (ORC) is proved to be
an efficient technology for the low temperature geothermal energy utilization, due to simple mechanism, low pressure requirement,
compact and simple components, convenience of maintenance, and high recovery efficiency [2]. Extensive investigations have been
carried out, including working fluid screening, system design and optimization [3-6].

Nevertheless, the thermal efficiency of the ORC is less than 12% generally, which is not as high as expected [7].The low efficiency
limits the further application and development. It is not well-optimized in view of thermodynamics. The working fluid at the
evaporator exist is saturated or superheated in the ORC. The latent heat of the evaporation heat is much larger than that of sensible
heat, which is used for the temperature lift of the working fluid. As a consequence, the temperature and pressure of the vapor at the
evaporator exit are relatively low attributing to the complete evaporation, which leads to lower power output. As a modification, the
binary-flashing cycle (BFC) is proved to be an efficient technology to address such issue [8-14]. In the BFC, the working fluid is
partly evaporated, lesser heat rate is demanded in the evaporation process. As a consequence, the evaporation temperature and
pressure are higher than those in the ORC. The liquid working fluid from the evaporator is flashed to produce more steam at a lower
temperature and then produces an extra work.

Recently, the research focusing on the BFC is very limited. Michaelides and Scott [8] studied the BFC driven by geothermal energy
using freon, ammonia and isobutene as working fluids. It is demonstrated the BFC exhibited better thermodynamic performance with
respect to the ORC. More than 20% work would be produced by the BFC. Shi and Miehaelides [9] investigated the BFC with dual
flashing process employing ammonia, freon-12 and isobutene as working fluid, respectively. It is shown the BFC may produce up to
40% more power than an optimized conventional binary system. Yuan and Miehaelides [10] found the BFC may provide up to 25%
more power than the ORC under the optimum design condition. The conclusion is consistent with that of Michaelides and Scott [8].
Edrisi and Michaelides [11] compared several pure working fluids, including normal butane, isobutane, hexane, pentane, refrigerant-
114, and ammonia, for use in the BFC system. It is suggested that hexane and pentane appear to be better working fluids among the
working fluids investigated. Michaelides [12] revealed that the overall entropy production is reduced in the BFC, which is regarded
as future cycle for power generation from geothermal energy. Wang et al. [13] proposed the BFC with a regenerator to recover the
waste heat of the expander exhaust. And the working fluid selection was also conducted. Wang et al. [14] compared the
thermodynamic performance of the ORC, double-evaporator ORC and BFC. The evaluation indicators were thermal efficiency, power
output per mass unit of geothermal brine, reinjection temperature of geothermal brine.

Previous studies of the BFC were focused on thermodynamic analysis and revealed the BFC outperform ORC from the viewpoints
of thermodynamics. However, none of the previous investigation report the performance of BFC from the view in combination of
thermodynamic performance and economic factors. To fill up this research gap, one of the objectives of the present study is the
thermoeconomic comparison between the ORC and BFC for geothermal energy recovery. Furthermore, the preliminary economic
feasibility of the BFC system applied in FengShun geothermal field is also discussed. Due to the excellent thermal performance and
zero ozone depletion potential (ODP), R245fa is selected as the working fluid recommended by Ref. [15].The thermophysical
properties is list in Table 1.
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Table 1: Thermophysical Properties of R245fa

Fluid Fluid Molecular mass  Critical Critical Normal
type (kg/kmol) temperature (°C) pressure boiling point
(kPa) 0
R245fa Dry 134.05 154.01 3651.00 15.14

2. SYSTEM MODELING
2.1 System Description

The principle of ORC is simple, as shown in Fig. 1, and the system description can be referred in Ref. [7]. The schematic diagram of
the BFC is depicted in Fig. 2.The BFC mainly consists of two preheaters, a vapor generator, a separator, a high-pressure expander, a
flash drum, a low-pressure expander a condenser, two working fluid pumps. The geothermal brine flows into the vapor generator and
heats up the saturated liquid working fluid. The working fluid is in a two-phase state at the exit of the vapor generator. The mixture
of liquid and vapor is sent to the separator, where the working fluid vapor is separated from the mixture and is fed to the high-pressure
expander to produce work. The remaining liquid working fluid in the separator is sent to the flash drum, in which it is flashed at a
lower temperature and pressure. An additional quantity of vapor is produced and fed to the low-pressure expand to produce more
work. The remaining liquid working fluid released from the flash drum is pumped to preheater II and is heated by the geothermal
brine from the vapor generator. The working fluid from the high-pressure and low-pressure expand is driven towards the condenser
to be condensed to liquid state by rejecting heat to the cooling water. Subsequently, the working fluid is pumped to preheater I, where
absorbs the heat of the geothermal brine from preheater II. Then the left geothermal brine is re-injected to the reservoir. Finally, the
working fluid from preheater II is sent to vapor generator to continue cycle operation.
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Figure 1: Schematic Diagram of the ORC
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Figure 2: Schematic diagram of the BFC

2.2. Thermoeconomic Model

A steady state thermodynamic model of the BFC is developed, from which the thermodynamic model of ORC can be easily
established. To simple the system model, several assumptions are listed as follows [16]:
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(1) Pressure loss and heat dissipation of each component and the pipelines are negligible except for the turbine and pump;
(2) Friction losses, as well as the kinetic energy and potential energy of operating process are neglected;

(3) The working fluids at the condenser exit and expander inlet are supposed to be saturated state;

(4) The irreversibility related to the separator can be ignored;

(5) Counter-flow heat exchangers are adopted in this model;

(6) The geothermal brine has the properties of pure water;

(7) The pinch point temperature difference is set at 10 K and 5 K for the evaporator and condenser, respectively.

2.2.1 Thermodynamic Model

The plate heat exchanger is preferred, due to the advantages of compactness, high efficiency, easy maintenance, less fouling and
flexibility [23]. The evaporator contains three components, i.e. preheater I, preheater II and vapor generator.

The saturated liquid mixtures enter into the vapor generator, and leave with a predetermined dryness fraction. The heat balance in the
evaporator yields the following expression:

For the preheater [

Oprer = My Co ne (Tp,z ~ it ou ) = m; (hé - hs)

Q)
mS = ml (qugcn + (1 - qugcn ) qufsh )

2
Opr = My Co g (7;,1 - 7;3,2) =My (h9 - hx) 3)
m2 = mlqugen (4)
Qgen = My Cone (]Lf,in - 7111,1) =m, (hl - h9) )
Qevp = QPrel + QPreZ + Qgen (6)

where Q is the heat transfer rate, kW; m is the mass flow rate, kg/s; ¢p is the specific heat capacity, kJ/(kg-K); T is the temperature,
°C; h is the specific enthalpy, kJ/kg; the subscripts “hf”, “wf”, “Prel”, “Pre2”, “in”, “gen” and “fsh” denote the heat source fluid,
working fluid, preheater I, preheater II, vapor generator and flash drum, respectively; the subscripts “in”” and “out” represent the inlet
and exit, respectively. The subscript numbers of the equations presented in this section represent the working state points in the cycle,

showing in Fig. 1.

For the separator

m =m, +m10

O]
For the flash evaporator
my, =my, +m, ®)
my = mqu g, +m,, ©)
where qu is the dryness degree of the working fluid.
For the high-pressure expander
The power output in the high-pressure expander is given by:
Wep =M, (hz —h ) +my (hu —h ) =m, (hz —h, )nexp +my, (hu _hll,s)nexp (10)

For the condenser
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Qcon = mcfcp,cf (T;f,out - T;f,in ) = m3 (h3 - h4) (1 1)

m3 = mZ + mll = mwfqugen + mwf (1 - 'xgen )xfsh

(12)
where the subscripts “con” and “cf” indicate the condenser and cooling water, respectively.
For the pump I

The power consumption of the pump I is expressed by:

W =m5(h5—h4)=m5(h4gs—h4)/77pp (13)

mS :m4 :m3 (14)

For the pump II

Similar to pump I, the power consumed by the pump II is calculated by:

prz =my, (h7 - hlz): m, (hIZ,s —h, )/npp (15)

where the subscript “pp” denotes the working fluid pump.

Then, the power output of the BFC can be calculated as follows:

W, =W _-W_—-W

net exp ppl pp2 ( 1 6)

where the subscript “net” represents net power output.

The thermal efficiency is expressed by:

nlh = VVneI /Qtot (17)

The second law efficiency is given by:

The input exergy of heat source fluid is defined as:

E, = L. ~T,. )T In| 2o
in = MurConr | Lngin ~ Lhtout o 0

hf,out (1 8)
Considering the inherent qualitative difference between heat and mechanical power, the second law analysis is applied as an additional

tool to analyze the quality of energy or the potential of thermal energy to produce work. The exergy efficiency is defined as the ratio
of the net output power to the total input exergy:

nex = I/Vnet/Ein (19)
The heat recovery rate is used to indicate the utilization degree of geothermal water, as given by:
UR _ T}zw,in - 7-;1w70ut
msTs +m,T;
hwin ( + ppeva )
ms +m, (20)

where UR is the heat recovery rate; ppeva is pinch point temperature difference, °C.

2.2.2 Heat Exchanger Area Calculation

The evaporator contains three components, i.e. preheater I, preheater I and vapor generator. And the heat transfer area is calculated
sectionalized.

The total heat transfer rate of each region is given by:
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where U is the overall heat transfer coefficient of each region, W/(m?-K); 4; is the heat transfer area of each region, m?; ATnis the
log mean temperature difference between the hot and cold fluid, K.

The log mean temperature difference is expressed by:

_ AL, -AT,
! ln(ATmax/ATmin) (22)
where ATmax and ATmin are maximum and minimum heat transfer temperature difference, respectively, K.
The overall heat transfer coefficient is given by:
11, o U
U ay 4 a 23)

where aips is the heat transfer coefficient on the hot fluid side, W/(m?:K). ¢ is the fin thickness, mm. A is coefficient of thermal
conductivity, W/(m-K). ais is the heat transfer coefficient on the cold fluid side, W/(m?-K).

The single-phase heat transfer coefficient in the evaporator is calculated using the correlation by Chisholm and Wanniarachchi [17].

4 0.646
N — al,hs//{s h_ 0.724(6ﬂj Ro%58 pjul/3 24)
7

where Nu is the Nusselt number; dh is the hydraulic diameter, m; £ is the corrugation angle on the surface of a plate; Re is the Reynolds
number; Pr is Prandtl number.

Re=Gd,/ u (25)

where G is the mass velocity through the plate channels, kg/(m?'s); p is the viscosity, Pa-s.

Pr= (26)

The correlation proposed by Ref. [18] is employed to estimate the convection heat transfer coefficient on the cold side in the two-
phase region of the evaporator.

0.5

o . d
Nu===2 =1.926Pr'* Re; Bo; | 1-x, +x, L

Py
@7
where Reeqand Boeq are the equivalent Reynolds and boiling number; xm is the vapor quality.
The heat released by the working fluid in the condenser is equal to the heat absorbed by the cooling water.
Qcon = mcfcp,cf (TZ:f,oul - T(':f,in ) = mwf (h6 - hl ) (28)

where the subscripts “con”, “cf” denote the condenser, cooling water, respectively.

The condenser is divided into three regions as well, i.e. a superheated region, a two-phase condensation region and supercooling
region.

The single-phase heat transfer coefficient in the condenser is also calculated by Eq. (4).The convection heat transfer coefficient on
the hot side in the two-phase region of the condenser is expressed as:

a...d
Nu = % =4.118Re™ Pr'?

(29

2.2.3 Economic Model
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The cost of the heat exchangers is given by [19]:

— CEPC]ZO 17

= xFxC’x(B,. +B, xF . xF
hx CEPC12001 S hx ( Lhx 2,hx

m,hx p,hx )

(30)

where Chx is the capitalized cost of the heat exchanger, USD; CEPCl2001 and CEPCl2017 are the Chemical Engineering Plant Cost
Index for years 2001 and 2013; Fs is an additional factor for overhead cost; Ch’ is the basic cost, USD; B, Bahx are the constants
for the certain type of heat exchanger; Fmnx is the material factor; Fpnx is the pressure factor.

logC,. = K, + K, x(log 4,)+ K, x(log 4, )
logC,. = K, + K, x(log 4, )+ K, x(log 4, )

log F;),hx =Cp TG X(log B, )+ G, x(log B, )’

(€L

(32)

(33)

where Kinx» Kahx, Ciies Caixs Capx are the constants; Anx is heat exchanger area, m?; Phx is the pressure of heat exchanger, bar.

The cost of the working fluid pump is obtained by:

_ CEPCL,,

= xFxC'x(B _+B, xF xF
e CEPCI,, S (

Lpp 2,pp m,pp p.pp

logC), =K, , +K, , x(logW, )+K; , x(logW, )’

Lpp 2,pp
log E),pp = Cl pp + CZ,pp X (log Ppp) T C3,pp X (log pr )2

)

(34

(35)

(36)

where Cyp is capitalized cost of the working fluid pump, USD; Fumyp is an additional factor; Fppp is pressure factor; Cpp is the basic
cost, USD; B1.pp, B2,pp, Ki,pp, Ko,pps  K3.pp, Ci.pp, C2,pp, C3,pp are the constants; Ppp is the pressure, bar; Wpp is the power consumption,

kW.

The cost of the expander is given by:

= %XF xC° xF
exp C E P C 12001 S exp m,exp

l0gCo, =K, oy + Ky o X l0g W, )+ K, x (I0g W, )’

T MLexp

(37)

(3%

where Cexp is capitalized cost of the expander, USD; Fmexp is pressure factor; Cexp® is the basic cost; Kiexp, K2exp, K3exp are the

constants.
The parameters of the economic model are list in Table 2.

Table 2: Parameters of Economic Model [19-20]

Parameter Value Parameter Value
CEPClao01 394 Fpp 2.20
CEPClao17 623.5 Kipp 3.389
Fs 1.70 Kopp 0.536
Bl.hx 0.96 Bl,pp 1.89
B2.hx 1.21 BZ,pp 1.35
Fopix 2.40 Cipp -0.3935
Kinx 4.66 C2pp 0.3957
K2,hx -0.1557 CS,pp -0.00226
K},hx 0.1547 Fm,exp 3.50
Cl,hx 0.00 Kl,exp 2.2659
C2,hx 0.00 K2,exp 1.4398
Cs 0.00 Kiep -0.1776
Ks.pp 0.1538
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The cost of separator and flashing tank can be estimated by [21]:

C,.,(Ciy) =(2.25+1.82x3.2)x10”

(39)
sf =3.4974+0.4483logV +0.1074logV’ 40)
where V is the volume, m’.
The cost of water pump is given by [22]:
_ 04
Cwatpp - 630VVWath 41)
Wwatpp = mwat gHwatpp / (1 Ooonwatpp ) (42)

where Wuwapp is the mechanical power of the water pump, kW, kW; g is the acceleration of gravity, m/s?; Hwaipp is the hydraulic head,
m; fwatpp 1s the efficiency of the water pump.

The total investment cost can be estimated by:

Ciot =Chn T C, +C,, +C, + G, +C o, +C

hex watpp well 43)
where Cwen is the mining rights cost, USD.
The operation and maintenance cost is given by [23]:
C,, =6%*C,, w
The operation cost of the water pump is given by:
Copr = Wwatpp C,TPY 5)

Where Cele is unitary cost of the electricity, USD/kW; TPY is the annual operating time, h.

In consideration of time value of money, the payback period is calculated by:

w

net

TPYC, -C,, -C,p( (1+IntRate)””- 1/ (IntRate) ) = C,, (1+IntRate) ”*™" )

where pb is payback period, year; TPY is annual operating time, year.

Based on the thermoeconomic model established, all codes were developed by MATLAB software. The properties of R245fa is
referred to NIST REFPROP 9.0 [24]

3. MODEL VALIDATION

The thermal efficiency (#t) and power output per ton of geothermal brine (PRW) against generation temperature (7gen) are calculated
by the present model and compared with the research conducted by Wang [14] under the same working condition with R245fa as
working fluid. The comparison result is depicted in Fig. 3. The maximum deviations of #m and PRW between the present solutions
and results from Ref. [14] are less than 3.8% and 2.5%, respectively. It is indicated there is good agreement between the present work
and Ref. [14]. That is to say the present model can be applied to predict the BFC system performance within the acceptable error
range.
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Figure 3: Validation of the Simulation Model

4. RESULTS AND DISCUSSION
4.1 Thermoeconomic Comparison between ORC and BFC

Based on the model developed above, the thermoeconomic comparison between ORC and BFC are conducted. The typical input
parameters and boundary conditions under consideration are list in Table 3. Note that given efficiencies of expander and pump are
significantly lower than those assumed in the literature [25-26], which is more realistic. The variations of Whaet and Ahex for the ORC
and BFC with generation pressure (Pgen) are displayed in Fig. 4. As can be seen, with the rising of Pgen, the Whet and Anex of the ORC
are decreased, while the Waet and Anex of the BFC first increases and then decreases. The variation of Whet for the BFC is mainly due
to that for a specific condensing temperature, an increase in Pgen leads to the specific enthalpy drop in the expander increasing, but
meanwhile it will decrease the mass rate of working fluid. With the interaction between these two effects, an optimum Pgen 0ccurs
and makes Whet maximized, which is well in conformity with Ref. [11]. The optimal Pgen is 870 kPa, at which Whet and Anex achieve
the maximum. As can be seen the Whet and Anex of the BFC are always higher than those of the ORC. With the rising of Pgen, the ratio
of Whet of the BFC to that of the ORC increases basically linearly. The Wnet of the BFC is 32 percent larger than that of the ORC with
Pgen of 1400 kPa. Nevertheless, the ratio of Anex of the BFC to that of the ORC first rises then declines, after reaching the peak value
(1.8) at 870 kPa. To sum up, the BFC produces more work compared with the ORC. In the meantime, the heat exchangers investment
cost of the BFC is much larger.

Table 3: Input Parameters of Simulation Calculation

Parameters Value
Inlet temperature of geothermal brine (°C) 120°C
Mass flow rate of geothermal brine (kg/s) 1.0
Inlet temperature of cooling water (°C) 20°C
Efficiency of expander 0.65
Efficiency of work fluid pump 0.5
Ambient temperature (°C) 20°C
Generation pressure (kPa) 1000
Dryness degree 0.3
Condensation temperature (°C) 30°C
Flashing temperature (°C) (TevatTeon) /2
Plate thickness (mm) 0.6
Plate spacing (mm) 2
Corrugation pitch (mm) 7.2
Chevron angle (°) 45

20+ 4100

18 —o—ORC-A,; 190

—o—BFC-A, | 80

Wnet (kW)
2
Ay ()

6 T T T T T T T 30
600 700 800 900 1000 1100 1200 1300 1400
P, (kPa)

Figure 4: Variations of Whet and Anex for the ORC and BFC with Pgen
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The variations of #t and #ex for the ORC and BFC with Pgen are depicted in Fig. 5. As expected the #m of the ORC and BFC increase
with the rising Pgen, presenting the same behavior. The #ex of the ORC is increased as Pgen increases. While the #ex of the BFC first
rises and subsequently decreases, there exists an optimum Pgen 0f 950 kPa, at which the #ex obtains the maximum. The dryness degree
of the working fluid at the evaporator exist is fixed constant in the present study. The heat transfer temperature difference between
the working fluid and the geofluid is decreased with the increasing Pgen, leading to the rising of the reinjection temperature of geofluid.
As a consequence, the input exergy is decreased. The variation of Wnet has already shown in Fig. 4. With the interaction between the
two effects, an optimum Pgen exists and makes the 7ex obtain the maximum value. It is obvious that the #m and #ex of the ORC are
higher than those of the BFC. When Pgen is 1100 kPa, the #um and #ex of the ORC are 1.26 and 1.14 times as large as those of the BFC.
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Figure 5: Variations of #t and #ex for the ORC and BFC with Pgen

The heat recovery efficiency is an important indicator for the low-grade waste heat utilization. For the non-flowing geothermal energy,
the acquiring of geothermal water will require power consumption for the hot water pump. To make full use of the geothermal water
is beneficial for the system. It is of practical significance to evaluate the system performance with the heat recovery efficiency as
criteria. The variations of Tihout and UR for the ORC and BFC with Pgen are depicted in Fig. 6. As can be discovered, the Tinout of the
BFC is 15-20°C lower than that of ORC. And the UR of BFC is always much larger than that of ORC. The UR of BFC is 1.96 times
as much as that of ORC. After comprehensive consideration, the BFC system obtains the larger net power output, sacrificing its
efficiency.
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Figure 6: Variations of Tth.out and UR for the ORC and BFC with Pgen
4.2 Case Study of the ORC and BFC in Fengshun Geothermal Plant

The first geothermal power generation station with capacity of 300 kW was established in 1970 in Dengwu village of Fengshun
county, Guangdong province, which marked that China became the eighth country using geothermal energy for power generation in
the world. The geothermal well is 800 m deep and supplies water at 91 °C. The geothermal water is pumped to the flashing tank from
the well with the mass flow rate of 63.4kg/s. The water from the river nearby is used to cooling the turbine exhaust. The power station
had retired since the last year and finished the historical mission. From the above-mentioned investigation, the BFC has the advantage
of higher utilization rate of geothermal water compared with the ORC due to lower reinjection temperature. The preliminary economic
feasibility study of BFC will be investigated based on working condition in Fengshun. The input parameters of the economic
simulation are listed in Table 4. The economic comparison of the ORC and BFC is presented in Table 5. As can be seen, the total
investment cost, maintenance cost and electric charge of water pump for the BFC are all higher than those of the ORC. Meanwhile,
with the Pgen 0f 600, 700 and 740 kPa, the Whe of the BFC is 1.26, 1.41 and 1.68 times as large as those of ORC, and compared with
the ORC, the payback period of the BFC is shortened by 1.9, 3.5 and 7.4 years, respectively. The payback period of BFC is just 6.0
years under the Pgen of 600 kPa. It is indicated that the BFC exhibits better economic benefits.
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Table 4: Input Parameters of Economic Simulation

Parameter Value
Inlet temperature of geothermal water (°C) 91
Mass flow rate of geothermal water (kg/s) 63.4
Inlet temperature of cooling water (°C) 14.4
Condensation temperature (°C) 30
Efficiency of expander 0.65
Efficiency of working fluid pump 0.5
Efficiency of water pump 0.8
Interest rate 0.1
Annual operation time (h) 8000
Life time (year) 30

Table 5: Economic Comparison of the ORC and BFC

Parameters ORC BFC

Generation pressure (kPa) 660 700 740 660 700 740
Condensation temperature (°C) 30 30 30 30 30 30
Pinch point temperature 5 5 5 5 5 5
difference (°C)

mining rights cost (million yuan) 8 8 8 8 8 8
Total investment cost (million 1.55 1.53 1.50 2.12 2.36 2.93
yuan)

Maintenance cost (thousand yuan) 93 92 90 127 141 176
Electric charge of water pump 0.29 0.28 0.28 0.32 0.32 0.33
(million yuan)

Net power output (kW) 372 328 281 470 461 473
Power output per unit geothermal 1.63 1.44 1.23 2.06 2.02 2.07
water (kWh/t)

Payback period (year) 7.9 10.0 14.3 6.0 6.5 6.9

5. CONCLUSIONS

In the present paper, the thermoeconomic comparison between the ORC and BFC for geothermal energy is conducted. The main
contribution is the contrast from the viewpoint of economic and the preliminary discussion of the economic feasibility of BFC system
applying in FengShun geothermal field. According to the investigation, several conclusions can be drawn as following:

(1) With the rising Pgen, the Wnet and Anex of the ORC are decreased, while the Wnet and Anex of the BFC first increase, and then
decrease after reaching the peak point at 870 kPa. The Whet and Anex of the BFC are always higher than those of the ORC.

(2) The #ex of the BFC first rises and subsequently declines, the optimum Pgen is 950 kPa. The 7t and #7ex of the ORC are higher than
those of the BFC. The 7 and #ex of the ORC are 1.26 and 1.14 times as large as those of the BFC, with the Pgen of 1100 kPa.

(3) The Tinout of the BFC is much lower than that of the ORC, approximately 15-20°C. The UR of the BFC is always much larger
than that of the ORC. The UR of BFC is 1.96 times as much as that of the ORC. After comprehensive consideration, the BFC obtains
the larger net power output, sacrificing its efficiency.

(4) The total investment cost, maintenance cost and electric charge of water pump for the BFC are all higher than those of the ORC.
In the meantime, with the Pgen of 600, 700 and 740 kPa, the Whet of the BFC is 1.26, 1.41 and 1.68 times as large as those of the ORC,
and compared with the ORC, the payback period of the BFC is shortened by 1.9, 3.5 and 7.4 years, respectively. The payback period
of BFC is only 6.0 years under the Pgen of 600 kPa. It is indicated that the BFC exhibits excellent economic benefits, especially in
non-flowing geothermal well.
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