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Abstract— In this paper, the author attempts to assess the optimization of geothermal power generation using
a monoblock system in Dieng. Considering the losses of pressure and temperature along the steam above
ground systems (SAGS) caused by friction and heat loss, the author conducts modeling and simulation to
enhance the electricity output of the geothermal power generation system using ASPEN HYSYS software.
This assessment is carried out using a thermodynamic approach. This research indicates that by
implementing improvements using the monoblock system, geothermal power generation can optimize
electricity production by 12.4 MW. By compensating for steam losses along the piping route from the farthest
well to the power plant, which spans 8.5 km, the monoblock system offers opportunities to minimize steam
losses ranging from 8.8 t/h to 53.86 t/h, equivalent to 1.22 MW to 8.8 MW.

Keywords— Dieng Geothermal Power Plant, Exergy & Energy Analysis, Optimization, Steam Loss

I. INTRODUCTION

One of the Geothermal Working Areas (GWA) Dieng in Central Java has a geothermal potential of about 200
Mwe and a reserve of about 580 Mwe [1]. The exploration has since 1970 and has 47 total wells completed drill,
27 wells drilled by Pertamina in 1977 - 1993 and 20 others drilled by Himpurna California Energy (HCE) in
1995 — 1998 [2]. Now, GWA Dieng operates five wells of production in the Sikidang Area and three injection
wells in the Sileri Area. Characteristics of production wells have reservoir temperatures of 300 — 335 °C. In
2019 PT Geo Dipa Energi (Persero) renewed the reservoir data and got the temperature reservoir in Area Sileri
at 280 — 330 °C [3]. Dieng Working Area has water-dominated steam characteristics and a high SiO, dissolved
concentration. The total installed capacity is about 60 Mwe or 7.7% of Geothermal sources' total potential and
reserve [1]. Gross production has been about 45 to 50 Mwe for the last five years, caused by declining well
production due to silica precipitation along the wellbore area. Periodic intervention wellbore is done to manage
the sustain of well production using several methods (ex, Mechanical reaming, tie back/casing repair, feed zone
cleaning, acidizing, zone plugging, etc) [4].

The present research assesses the potential of monoblock geothermal power plant systems with small-scale
designs spread over several areas to reduce energy loss along SAGS and maximize utilization of geothermal
sources. Utilization of this system will absorb more energy from the well production while minimizing the
energy loss throughout SAGS. It can change the wasted heat to generate electricity by about 75% [5]. ASPEN
Hysys's modeling and simulation are used to analyze the model of these monoblock systems.
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Il. OVERVIEW AND METHODS
A. Dieng Geothermal Working Area

The location of well production is a long distance from the power plant area, which needs a main steam
piping system or Steam Above Ground System (SAGS) of approximately 8.5 Km with variable elevations. The
problem is that piping systems cause steam loss by changing the steam fraction due to friction and heat loss
caused by piping system arrangements. Dieng Geothermal Working Area's installed capacity is 60 Mwe. It
adopted single flash systems with multiple water separators at the well field and power plant area. The power
plant area has a higher elevation than well production. Seven well productions are active to produce steam, and
there is in well pads 1, 2, 3, 4, and 5. The differences of elevation of each well production influence energy loss
along SAGS. Figure 1 shows the distribution of steam from well production through the piping until power plant
with variate elevations of well production and SAGS. It shows that the power plant from the farthest well
production has a total elevation of about 114 meters above sea level. It means that the total head that steam
needs to flow into the turbine is approximately 11.4 bar. However, in actual conditions, pressure decreases in
inlet parameters in turbine systems by about 7.9 to 8.4 bar. This situation is caused by friction loss from design
diameter piping SAGS and fitting and heat loss by pipe insulation.

Figure 2 shows the process flow diagram of single flash systems of geothermal power plants systems. The
pressure, temperature, and flow data were measured using a transmitter connected to Distribute Control Systems
(DCS). [6] Recently, energy and exergy analyses of the Dieng Geothermal Power Plant were conducted in 2021.
It shows the temperature values measured in well production at 100 — 190 °C, pressure at 9 — 10 bars, and flow
rate of steam range at 20 — 150 tons/hr. In the inlet of the turbine, it recorded a flow range of 250 — 350 tons/hr,
pressure at 8 — 9 bars, and temperature at 170 — 180 °C.
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Figure 1. Well production and Steam Above Ground Systems (SAGS) flow diagram
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Figure 2. Single Flash Dieng Geothermal Power Plant flow diagram [7]

Analysis Methods
Thermodynamic Power Plant Analysis

Geothermal power plant performance generally consists of Net Plant Heat Rate (NPHR), Specific Steam
Consumption (SSC) and overall plant efficiency. Commonly geothermal power plant efficiency ranges from 10
—20,7% [8], it depends on whats systems adopt. Energy efficiency can be defined by the energy output divided
by the energy input. In the geothermal power plant, energy efficiency is output energy from the generator
divided by the total mass flow into the turbine multiplied by average production enthalpy as shown below:

n= % x 100 1)

Where W is the electricity that is produced from the generator (kWe), 1 Is the total mass flow rate (kg/s), and
h is the reservoir enthalpy (kJ/kg).

Net plant heat rate is used to calculate the energy to generate electricity in units of time. It can be found in the
total flow rate of steam compared to the electricity generated by the generator by multiplying flow with enthalpy
in inlet conditions. Equation (2) shows how to calculate it.

NPHR = Mx36002hin 36;:: Pin )

Steam-specific consumption (SSC) was used to generate 1 kWh of electricity to know the cost of production
electricity generated by geothermal power plants. It compares the steam flow rate that is used for generating
electricity. SSC in geothermal power plant ranges from 1.8 — 2.22 kW/s per MW [9]. At mathematics form SSC,
write in equation (3) [10]:

SSC = —Mmeas 3)

Whett—meas

By thermodynamics analysis by T-s diagram, geothermal fluid is discharged from the reservoir with liquid
saturated condition and single-phase form shown in Figure 3. Liquid saturated transfer to the well head in well
pad and flashing in the separator. Compressed water on the reservoir geothermal fluid is assumed to have an
isenthalpic condition on the wellhead. During the flow path, fluid flashing before reaching the wellhead led to
decreased temperature and pressure. In terms of this, fluid changes to two phase conditions. The process in
separator two-phase conditions is separated between steam and brine. Brine will transfer to the injection well,
and steam transfer through the pipe to the power plant systems.
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Figure 3. T-S diagram for Geothermal Power Plant [5]

The first laws of thermodynamics are used for describing energy analysis from the law of energy conservation
in systems when the equation for energy conservation is shown by equation (4) [11]:

dE
Ein — Eoue = ar 4
Q=W + %, (hy +3VZ + ghy) = By (h +3 V2 + ghy) = 5 (5)

At steady state conditions, the form, kinetic energy, and potentlal were ignored, so the mass and energy for
each system were defined by equation (6, 7 & 8).

E;n - E<;ut =0 (6)
. . . 1 . 1

Q =W+ S, (h+ 37 + ghi) = Sig (ho + 5V +gho) = 0 )
Q + X Myhy = W+ 2 Mouehout (8)

Where Q is the heat rate, W work rate, 71 Flow rate, and h is the enthalpy for each condition.

The net power of a generator can be evaluated by calculating the difference between the gross output power
produced by the generator and the power of the auxiliary components or the power itself (parasitic load). The
following equation (9) can be used to calculate the net power of the generator [12].

Whetto = Wgen = Waux = ([M(hin — hisen)] x ef f. Gen) — Woyyx )
Generator efficiency is about 0.98 (98%) [8].
Second Laws Thermodynamic Analysis

In other ways, it used the second laws of thermodynamics to understand better evaluate energy in geothermal
power plant. These laws state that energy not only forms as a quantity of energy in the systems but also has a
quality. Energy changes from one form to another without changing the amount of energy. In actuality, the
quality of energy decreases during the process of changing energy. This quality what we call the exergy.

We can use the exergy balance equation for each mass balance, energy, and exergy of equipment in the
geothermal power plant, which expresses the mathematics for the second law of thermodynamics. It explains
that exergy is destroyed, and that impossible maximum work potential can be utilized in irreversible conditions

(10) [13].
Y Ex;, = + Y Expye + Exy (10)

S 1+ (1 - DO =T ToueW + 100 + (1 =DQ — Py + Exg (12)

When, ¢ = (h— h,) - T, (s s, ) is a total specific rate of exergy that |gnored the chemical exergy, kinetic

energy, and potential energy. Substitute the equation (11) to the steady state conditions (dt = 0), so the equation
will change to,

Sin W 4100 + (1 =)0 = Loue W + 1190 + (1 =90 + Exg (12)

If the equation (12) simplified with W =¥ Wy =X Wi, Q =X Qin — X Qour » X Exp =1, S0 the
equations change to,

E - ExW - Z Exf in Z Exf.out + E;xd ) (13)

From the equatlon above, the first and second form is an exergy from heat and work, Ex; Is the form for

exergy flow, and Exg,, Is a form of exergy destructive. For calculation of the exergy flow for the liquid and

dExsys
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gas phase by ignoring the chemical exergy and also the kinetic energy and potential energy, we use the equation
(14) below [14],

Exp = m[(h— hy) = To(s = 5,)] a7
Pressure and Heat Loss Analysis

All piping systems are installed with different technologies for the application of each industry, such as valves,
elbows, reducers, etc. Those components gain the friction loss to the fluid through it along piping systems. It is
usually called minor losses. At shorter installations, the minor losses can be ignored, causing the friction loss in
the fluid to be too small.

Darcy-Weisbach is used to understand the effect of minor losses against the major head loss or pressure drop
in piping systems due to the friction loss along the pipe with a velocity of fluid that through. The Darcy
equations can be written as equation (18) [15] below,

2
A,= (f%+z1<)% (18)

Where f is the friction factor, K is the fitting coefficient. The fitting coefficient can also be used to calculate
the amount of each fitting by the equivalent length of pipe or Ly/D.

This research uses the approximate conduction and convection heat transfer model to determine the heat loss
from piping systems. The fluids inside the pipe transfer heat to the surface of the pipe using the conduction
model. After that, the heat transfer to the surface of the pipe insulation is also done by the conduction model,
and then the heat transfer from the pipe insulation to the surroundings is done by the convection model. The
illustration of the heat transfer model is shown in Figure 4.

Equation (19) below is used for calculating the temperature drop against heat loss along the pipe [16],

AT = (T; - T,) [1 — exp (— CP;R)] +T, (19)
Where T;is the Temperature fluids at inlet conditions, T, is the temperature surrounding, L is the length of the

pipe, R is thermal resistance along the pipe. The thermal resistance can be computed using equation (20),

__ In[(D+6)/D]
R = o (20)

D is the diameter of the inner pipe, § is the thickness of the insulation pipe, and A 4 thermal conductivity type of
insulation pipe. The insulation's thermal conductivity depends on the type of insulation used in the piping
system. The smaller the insulation's thermal conductivity, the better heat isolation from environmental
conditions.

I11.RESULT AND DISCUSSION
It is known from Figure 4 that the most significant pressure drop at 100% load condition (60 MW) occurs in
the piping system in sections 4 and 6. The pressure drop at 80% load condition (50 MW) occurs in section-4 and
section-6. The pressure drop at 70% load condition (40 MW) occurs only in section 6. This is influenced by the
extreme piping construction in section 4 and section 6, as shown in Figure 18.

Pressure Drop At 100%, 80%, & 70% Load
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Figure 4. Distribution diagram for pressure drop at each pipe section
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Figure 5. Alignment Sheet of the Piping System, a) Section-4 and b) Section-6

The number of pipe loops in the piping system of section 4 causes a significant pressure drop. This is because
the number of pipe loops increases the friction losses in the fluid flow. It is known from equation (18) that the
more fittings in the piping, the greater the pressure drop in the fluid flow. Meanwhile, in section 6, the
significant pressure drop is caused by the elevation difference between the production wells and the sizeable
total steam flow from each production well passing through the piping system of section 6. Bernoulli's equation
is affected by the elevation difference between the fluid entering and exiting, plus the impact of friction losses
caused by the numerous pipe fittings.
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Figure 6. Modeling and simulation using ASPEN HYSYS at a) well-production, b) existing geothermal power plant systems
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According to the modeling and simulation using ASPEN HYSYS Figure 6, each load condition is 100% load
or 60 MW, 80% load or 50 MW, and 70% load of 40 MW. Steam loss at condensate drain pot (CDP) and
scrubber ranges from 8.88 t/h to 53.86 t/h or equivalent with power about 1.22 MW to 8.55 MW, as shown in
Table 1. It is caused by the pressure drop at several pipe sections that change the vapor fraction steam to the

saturation condition and force the steam to change to the liquid phase.

Table 1. Steam flow rate equivalent to power in MW at Existing Geothermal Power Plant Systems

Power Equivalent Existing Power Plant

At 100% Load At 80% Load At 70% Load

Ton/h MwW Ton/h MW Ton/h Mw
Steam Outlet Separator 438,37 60,05 390,08 56,53 307,05 48,74
Brine Outlet Separator 573,95 78,62 614,92 89,12 612,98 97,30
Steam Loss CDP + Scrubber 8,38 "1 4275 7 620 53,86 8,55

2,03% 10,96% 17,54%
Gross Power Plant 429,48 58,83 347,33 50,34 253,18 40,19
Steam Inlet Turbine 411,48 r 56,37 330,12 r 47,84 236,23 37,50
Steam Inlet Ejector 18,00 2,47 17,21 2,49 16,95 2,69

By that condition, the author assesses power output improvement by minimizing steam loss during transfer in
piping systems due to friction and heat loss. With modeling and simulation using HYSYS, as shown in Figure 7,
steam no longer uses the long piping systems from each well production. So that the friction and heat loss
caused by the piping systems can be minimized. By the location, we divided the monoblock geothermal power
plant into 5 blocks, where block 1 steam supply from well-4, block 2 steam supply from well-1, well-2 and well-

3, block 3 steam supply from well-6 and well-7, and block 4 steam supply from well-5.
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Figure 7. Modeling and simulation monoblock geothermal power plant

Tables 1 and 2 compare optimization opportunities for power generation using the existing and monoblock
systems, showing that the total average optimization opportunity for electricity production from each load
condition is 12.4 MW. This indicates that compensating for the non-use of long piping systems to transport
steam from production wells to the power plant can enhance the optimization of electricity production.

Table 2. Steam flow rate equivalent to power in MW at Monoblock Geothermal Power Plant Systems
Power Equivalent Monoblock Power Plant

At 100% Load At 80% Load At 70% Load
Ton/h MW Ton/h MW Ton/h MW
Bllock-1
Steam Outlet Separator 79,81 12,87 125,13 19,30 130,72 20,50
Brine Outlet Separator 2,13 0,34 9,32 1,44 9,32 1,46
Steam Loss CDP + Scrubber 0,00 " 000 0,00 " 000 0,00 0,00
0,00% 0,00% 0,00%
Gross Power Plant 79,81 12,87 125,13 19,30 130,72 20,50
Steam Inlet Turbine 75,82 12,23 118,87 18,34 124,18 19,47
Steam Inlet Ejector 3,99 " 064 6,26 " 097 6,54 1,02
Bllock-2
Steam Outlet Separator 87,40 13,36 65,62 9,89 94,47 14,63
Brine Outlet Separator 189,53 28,98 148,99 22,46 148,99 23,07
Steam Loss CDP + Scrubber 0,29 o004 0,00 " 000 0,00 0,00
0,33% 0,00% 0,00%
Gross Power Plant 87,11 13,32 65,62 9,89 94,47 14,63
Steam Inlet Turbine 82,76 12,65 62,34 9,40 89,75 13,90
Steam Inlet Ejector 4,36 " 067 3,28 " 049 4,72 0,73
Bllock-3
Steam Outlet Separator 198,65 31,20 92,17 14,29 116,96 18,43
Brine Outlet Separator 146,74 23,05 48,22 7,48 57,80 9,11
Steam Loss CDP + Scrubber 0,00 r 0,00 0,00 ” 0,00 0,00 0,00
0,00% 0,00% 0,00%
Gross Power Plant 198,65 31,20 92,17 14,29 116,96 18,43
Steam Inlet Turbine 188,72 29,64 87,56 13,58 111,11 17,51
Steam Inlet Ejector 9,93 " 156 4,61 " o712 5,85 0,92
Bllock-4
Steam Outlet Separator 72,52 11,55 106,86 16,99 42,46 6,80
Brine Outlet Separator 235,55 37,51 291,22 46,30 317,74 50,92
Steam Loss CDP + Scrubber 0,00 " 000 2013 7 320 0,00 0,00
0,00% 18,84% 0,00%
Gross Power Plant 72,52 11,55 86,73 13,79 42,46 6,80
Steam Inlet Turbine 68,89 10,97 82,39 13,10 40,34 6,46
Steam Inlet Ejector 363 7 058 43¢ 7 089 2,12 0,34
Total Steam From Separator 438,38 68,98 389,78 60,47 384,61 60,36
Total Brine From Separator 573,95 89,88 497,75 77,67 533,85 84,56
Total Steam Loss 0,29 0,04 20,13 3,20 0,00 0,00
" 0,07% " 516% " 0,00%
Gross Power Plant 438,09 68,94 369,65 57,27 384,61 60,36
Total Steam In Turbine 416,19 65,49 351,17 54,41 365,38 57,34
Total Steam In Ejector 21,9 3,45 18,5 2,86 19,2 3,02
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Table 3 shows that the average net plant heat rate of the monoblock system is smaller than that of the existing
generation system at 100% load conditions. This indicates a positive trend that the monoblock system is more
efficient in generating 1 kW of electricity, with the total energy from the steam entering the power generation
system ranging from 18,950.32 to 19,975.81 kJ/kWh compared to the existing plant at 20,990.37 kJ/kWh. This
is consistent with the specific steam consumption for each power generation system, where the monaoblock unit
has a lower specific steam consumption compared to the existing plant (existing plant SSC 7.2 t/hMW;
Monoblock system average SSC 6.5 — 6.9 t/hMW). Similarly, the Plant Efficiency of the monoblock system
units is higher than that of the existing units, with the monoblock units having plant efficiencies ranging from 19%
to 20%, while the existing units are at 18.4%. The total electricity production for Unit-1 is 60 MW, whereas for
the monoblock system, it is 65.92 MW. This shows an increase in electricity production of 5.92 MW when
using the monoblock system.

Similar trends are observed at 80% load conditions, where the monoblock system's average net plant heat rate
is smaller than that of the existing generation system. The specific steam consumption for each power
generation system follows a similar pattern, with the monoblock system having lower specific steam
consumption than the existing plant. However, at 70% load conditions, the average net plant heat rate of the
monoblock system is greater than that of the existing generation system, indicating that the monoblock system is
less efficient in generating 1 kW of electricity with the total energy from the steam entering the power
generation system ranging from 18,510.92 to 19,720.02 kJ/kWh compared to the existing plant at 18,901.08
kJ/kWh. This is consistent with the specific steam consumption for each power generation system, where the
monoblock unit has a higher specific steam consumption than the existing plant. However, the Plant Efficiency
of the monoblock system units is still higher than that of the existing units, with the monoblock units having
plant efficiencies ranging from 19.2% to 20.5%, while the existing units are at 20.7%. The total electricity
production for Unit-1 is 40 MW, whereas, for the monoblock system, it is 58.37 MW. This shows an increase in
electricity production of 18.37 MW when using the monoblock system.

Table 3. Comparison of the performance of existing geothermal power plants with the monoblock system

At 100% Load Plant Unit-1 Existing Block-1 Block-2 Block-3 Block-4
Gross Power 60,00 MW 12,87 MW 13,32 MW 31,20 MW 11,55 MW
Own Use 4,20 MW 0,90 MW 0,93 MW 2,18 MW 0,81 MW
Netto Power 55,80 MW 11,97 MW 12,39 MW 29,02 MW 10,74 MW
NPHR 20990,37 kI/KWh 18389,96 kI/KWh 19385,12 kI/KWh 18854,68 kI/KWh 18604,43 kI/KWh
SSC 7,2 T/hMW 6,2 T/hMW 6,5 T/hMW 6,37 T/hMW 6,28 T/hMW
1,99 kg/sMW 1,72 kg/sMW 1,82 kg/sMW 1,77 kg/sMW 1,74 kg/sMW
Plant Efficiency 18,4% % 21,0% % 20,0% % 20,5% % 20,8% %
Isentropic Turbine Efficiency 81,3% % 83,2% % 80,0% % 83,3% % 79,7% %
Effectiveness Cooling Tower 0,0% % 63,8% % 59,2% % 64,2% % 64,7% %
At 80% Load Plant Unit-1 Existing Block-1 Block-2 Block-3 Block-4
Gross Power 50,00 MW 19,30 MW 9,89 MW 14,29 MW 13,79 MW
Own Use 3,50 MW 1,35 MW 0,69 MW 1,00 MW 0,97 MW
Netto Power 46,50 MW 17,95 MW 9,20 MW 13,29 MW 12,82 MW
NPHR 20479,60 kJ/KWh 19170,49 kJ/KWh 19630,37 kJ/KWh 19078,66 kJ/KWh 15924,46 kJ/KWh
SSC 6,9 T/hMW 6,5 T/hMW 6,6 T/hMW 6,45 T/hMW 6,29 T/hMW
1,93 kg/sMW 1,80 kg/sMW 1,84 kg/sMW 1,79 kg/sMW 1,75 kg/sMW
Plant Efficiency 18,9% % 20,2% % 19,7% % 20,3% % 24,3% %
Isentropic Turbine Efficiency 86,0% % 83,1% % 80,6% % 83,3% % 164,7% %
Effectiveness Cooling Tower 0,0% % 34,3% % 55,3% % 53,5% % 61,1% %
At70% Load Plant Unit-1 Existing Block-1 Block-2 Block-3 Block-4
Gross Power 40,00 MW 20,50 MW 14,63 MW 18,43 MW 6,80 MW
Own Use 3,20 MW 143 MW 1,02 MW 1,29 MW 0,48 MW
Netto Power 36,80 MW 19,06 MW 13,61 MW 17,14 MW 6,33 MW
NPHR 18901,08 kI/KWh 18908,99 ki/KWh 19136,95 kJ/KWh 18809,64 kJ/KWh 18496,75 kJ/KWh
SSC 6,3 T/hMW 6,4 T/hMW 6,5 T/hMW 6,35 T/hMW 6,24 T/hMW
1,76 kg/sMW 1,77 kg/sMW 1,79 kg/sMW 1,76 kg/sMW 1,73 kg/sMW
Plant Efficiency 20,7% % 20,5% % 20,2% % 20,6% % 20,9% %
Isentropic Turbine Efficiency 86,7% % 82,2% % 81,7% % 83,1% % 80,0% %
Effectiveness Cooling Tower 0,0% % 60,3% % 59,9% % 64,8% % 64,2% %

The Grassmann diagram for the existing geothermal power generation system is shown in Figure 8 to simplify
the exergy flow available from the production well entering the geothermal power plant and exiting the plant, as
well as the exergy losses. Under 100% load conditions, the available exergy is 121.46 MW, and the electricity
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produced is 58.62 MW. The remaining exergy from the production well constitutes system losses and brine
production at the production well. The exergy losses for each leading equipment and brine are as follows: inter-
condenser 23.37 MW, after-cooler 24.66 MW, condenser 8.11 MW, brine 6.53 MW, and scrubber 0.1 MW.

Under 80% load conditions, the total available exergy is more significant than at 100%, amounting to 153.81
MW. This total exergy from the production well can produce 49.87 MW of electricity. The most significant
exergy loss occurs at the production well, amounting to 61.09 MW. This is due to the pressure drop on the
production well side, causing the steam saturation exiting the production well to be wetter. The exergy losses for
each leading plant equipment are as follows: after-cooler 21.11 MW, inter-condenser 19.49 MW, condenser
3.17 MW, and scrubber 0.09 MW.

Compared to the 100% and 80% load conditions, the available exergy at 70% load is more outstanding,
amounting to 222.48 MW, and the electricity produced is 48.87 MW. As with the 80% load condition, the most
significant exergy loss occurs with the brine in the production well, amounting to 83.64 MW. The exergy losses
for each equipment are as follows: after-cooler 21.11 MW, inter-condenser 19.49 MW, condenser 3.17 MW,
and scrubber 0.09 MW.

At 100% load At 80% load
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Figure 8. Grassmann Diagram for exergy flow and loss in the existing geothermal power plant system

Figure 9 depicts the exergy flow rate when the well parameters are known at 100% load. The total available
exergy from the production wells is 445.26 MW, with a total electricity production of 67.67 MW. The largest
exergy flow rate losses occur in brine production at the production wells, where the brine's total exergy flow rate
value amounts to 284.81 MW. This is because the production volume of brine from each production well is
quite significant. For the main monoblock system power plant equipment, the exergy flow rate losses occur in
the condenser equipment, totaling 68.16 MW, intercondenser 19.75 MW, and seal water tank 4.62 MW.

At 100% load PR i1 At 70% load
] At 80% load :

At 100% load
At 70% load
At 80% load

At 70% load

At 100% load

At 80% load o
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Figure 9. Grassmann Diagram for exergy flow and loss in the monoblock geothermal power plant system
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At 80% load, the total available exergy from the production wells is 392.5 MW, with a total electricity
production of 63.86 MW. The largest exergy flow rate losses occur in brine production at the production wells,
where the brine's total exergy flow rate value amounts to 179.01 MW. This is because the production volume of
brine from each production well is quite significant. For the main monoblock system power plant equipment, the
exergy flow rate losses occur in the condenser equipment, totaling 82.68 MW, intercondenser 23 MW, and seal
water tank 8.89 MW. And at 70% load, the total available exergy from the production wells is 393.36 MW, with
a total electricity production of 56.98 MW. The largest exergy flow rate losses occur in brine production at the
production wells, where the brine's total exergy flow rate value amounts to 200 MW. This is because the
production volume of brine from each production well is quite significant. For the main equipment of the
monoblock system power plant, the exergy flow rate losses occur in the condenser equipment, totaling 93.61
MW, intercondenser 28.35 MW, and seal water tank 14.41 MW.

IV.CONCLUSIONS

Total pressure drop from the furthest production well to the power generation system is 3.49 barg at 100%
load well parameters, 2.81 barg at 80% load well parameters, and 2.32 barg at 70% load well parameters. From
each condition of production well parameters at 100% load, the total steam loss in the piping system is 8.8 t/h, at
80% load it is 42.75%, and at 70% load it is 53.86%. Monoblock in the Dieng geothermal area can optimize
electricity production from each monoblock generator. The increase in electricity production with the
monoblock system can average 12.4 MW from each condition of well parameters at 100%, 80%, and 70% load.
This is because the steam from the production wells does not experience pressure and temperature reductions
due to fluid friction losses and heat losses due to the length of the steam pipes.
Comparison of production loss opportunities from steam losses along the pipeline between the existing
generation and monoblock systems, if using the existing generation system, steam losses range from 8.8 t/h to
53.86 t/h, equivalent to 1.22 MW to 8.8 MW. Meanwhile, steam losses range from 0.29 t/h to 20.3 t/h,
equivalent to 0.04 MW to 3.2 MW if using the monoblock steam system.
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