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Abstwadf —PLTMG*Balai Pungut-Duri is one of the
I&gest FaS engine Igpe power plants in Riau with a
cgpgitgowxle MW. The efficiency produced by the
Hdilat PEngut-Duri PLTMG is 38% with the standards
s&t i RT.-PLN Efficiency in this type of generator is
45-4&.%.&0% of the factors that causes a reduction
i@’t@v%! of efficiency in power plants is that energy
is, comVBrted into work and some is wasted, one of

v@ui&a i @ergy from flue gas. The purpose of this
s@;%iﬁoéxamine the potential for utilizing flue gas
Ui “the Srganic Rankine Cycle (ORC). The method
uged:irfgth§ study is the law of thermodynamics 1 to
dBtermige Zhe parameter values needed to determine
tge eﬁgcigncy and power generated using the
Engineering Equation Solver software. From the
results §>f3the calculations carried out, the Balai
F%ngut%’Lg'MG préfuces an efficiency of 38.49% and
a3 OWER ab 14,530 kW under excited conditions. In
L@fl)izin& ije gas uSing an organic rankine cycle it
producés ai efficieney of 19.97% with a power of 4,556
K. thgcqinbined gfficiency that can be produced by
RRTMG Balai Purigut-Duri is 50.56% with a total
pewer Bf $9,086 kW, with an efficiency increase of
]iO?"/% THe resultge')f the study show that the use of
fhe ga® energy ca@increase efficiency according to
Ig;.N sfgndards. o
>

N @
Keyworgs: PLTM&; Organic Rankine Cycle, EES,
T‘gé\l,rvm@ynamics. =
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. l. = INTRODUCTION

2 The dema'@ for electrical energy in Indonesia is
currentfy increasingevery year. Based on data from the
Ministr§ of Energy @at Mineral Resources (ESDM) in 2021,
the amdiint of electrigity consumption in Indonesia rose from
84,958.25 GWh to 94,441.84 GWh. Based on data from the
Ministr§g of Energyz‘and Mineral Resources in 2021 in
Indone@a, current thermal power plants still dominate
around 90.49% of th;eaiotal national plants of 74,532.94 MW
in meeting nationaﬁ_f electricity needs. The capacity of
electrical energy that has been successfully generated based
on the type of generation is at PLTU by 43.88%, PLTU MT
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by 3.05%, PLTU-M / G by 2.76%, PLTG by 7.18%, PLTGU
by 16.65%, PLTMG by 4.3%, PLTD by 6.69%, PLTBm by
2.84%, PLTP by 3.07%, PLTSa by 0.04%[1]

Riau Province is one of 7 provinces that have the
largest installed power plant capacity in Indonesia. The total
installed capacity is 2,517.13 MW with various types of
plants including PLTBm with a capacity of 1,249.44 MW,
PLTU 363 MW, PLTMG 363.20 MW, PLTD 214.86 MW,
and PLTG 165.80 MW [1]. Based on the ESDM metrical
data, PLTMG is the third largest type of power plant in Riau.

The number of PLTMG units available in Riau is
currently 17 units. Among them are 6 units at PLTMG Teluk
Meranti, 2 units at PLTMG Siak, 2 units at PLTMG Rokan,
and 7 units at PLTMG Balai Pungut-Duri. PLTMG Balai
Pungut is a gas engine power plant with the largest number
of units in Riau. PLTMG Balai Pungut-Duri is one of the
providers of electrical energy within the scope of the
Pekanbaru Power Plant Control Implementation Unit
(UPDK Pekanbaru) from PT. PLN (Persero). This PLTMG
has been operating since 2013 with a capacity of 7x16 MW
and is the PLTMG with the largest capacity in Riau.

PLTMG Balai Pungut supplies electrical energy to
the Sumatra region from Aceh to Lampung
(interconnection). The fuel used in this PLTMG is diesel
(HSD) and natural gas. During its operation, PLTMG Balai
Pungut is more dominant in using gas mode than diesel
mode. As long as it operates in gas mode, the fuel
requirements used are 99% gas and 1% diesel. The 1% diesel
was used as the initial starting engine before operating [2] .

During the PLTMG operation of this collection
hall, the resulting thermal efficiency was 38% but this result
was still below the efficiency standard set by PLN, which
was 44 — 47,3% [3], [4] . One of the factors that affect the
reduction in efficiency is the energy wasted during the
operation of the plant, because of the fuel used there will be
electrical energy and wasted energy.[5]

In increasing efficiency, steps were taken by
PLTMG Balai Pungut-Duri by carrying out preventive
maintenance and a major overhaul. And based on research
conducted on related objects, the compression ratio affects
the efficiency of the Balai Pungut PLTMG, the higher the
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compression ratio, the higher the efficiency that can be
producgeh[6].
0

d on the results of an interview with Mr.
pe of energy wasted during the electricity
cess carried out can be in the form of flue gas,
and engine output gas. From this type of wasted energy, flue
gas is a gas d;rived@rom combustion which is the largest
sguree Bf éxhaust heat in a generation system. Based on the
résufts df &8 igterview conducted with Mr. Naufal, PLTMG
la® Rengut-®uri pfoduces flue gas with a temperature of
apuBd 295°G O
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63
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W8e ofgxhaust heat generated from flue gas

b%d@_\e to avoid environmental pollution resulting
gsgln adé,tion, this flue gas can also be used to
kihg fluid in the generation system.
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(IIK:as‘gd on ¢esearch [7] that has been carried out
ﬁe@tilizaﬁon of flue gas exhaust heat at power
h@e Flue with a temperature of 1300C can
C eat“ﬁotent?ﬁl of 6034, kW. to produce additional
5 @ [ .
icel @ower forssteam power plants (PLTU) with an
onal Eapacity %r747.3 kw.

o3

gccordingxp Mr. Ruli as SPV HES PLTMG Balai
ugrently PLLTMG Balai Pungut still has not utilized
a@sed of design factors from equipment at the plant
nfit support the reuse of flue gas which is currently
ig:hﬁrged into the environment. However, this does
eBuBthe possibility that flue gas from PLTMG can be

@Eoking at the potential that exists now.
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S 3 B e utilization of flue gas can be done using
varigusay$tems such as turbo-compounding, thermoelectric
ﬁn@at@isf—’g and organic Rankine cycle [8]. What
c%ti'ng&is s the three systems is that the turbo
cgmpodndiyg is solid with limited efficiency, the
thermo@lectric generator is solid with high cost but low
eHiciengy,Swhile the organic Rankine cycle system has
s@ortcoﬁii@s in thg level of complexity, safety and

rabilify actors bythas the highest efficiency among the
thyee sgt&s [8]. Qther advantages of using this organic
Iﬁnkin‘é ;Cycle system compared to other conversion
téshnolégits are bett:e;f system output, thermal efficiency and

sfable ogetgtion [9].5

o) =23 P

8 @ganic Rankine Cycle is one system that can
ge.neratg e'fectricitygby using a heat source with low
peraures and ustng organic fluids or refrigerants as its
viorkingfluid. ®

N >
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dge

u

% Several stl;g'iies have discussed the use of flue gas.
I%rese@ch [7], the*6rganic Rankine cycle is used in steam
powver pfants for theTtilization of flue gas exhaust heat. The
parposézof this studyis to determine the power generated
from the right evapdrator configuration in ORC installation

.designing and cafEulating the exhaust gas pressure. The
nfethodSused with=the calculation of the first law of
thermo@namics. &

Q

V)

3 The study F10] discusses the utilization of exhaust
gases figm a PLTG %/th the GE type organic rankine cycle
using "clopentane orking fluid. This study compares
several f/pes of GE das turbines that are expected to find out
which tipe of GE gaSturbine has higher efficiency and extra
electricBy with the Zalculation method of thermodynamic

laws. =
o

The study [11] aims to determine energy
efficiency and exergy of heat utilization generated from

chimney fluid of a single geothermal flash power plant using
a two-stage organic Rankine cycle. The calculation method
used is a thermodynamic mathematical model. As well as
analyzing economic calculations with the Levelized Energy
Cost (LEC) method.

The next study [12] examined the utilization of
exhaust heat using the organic Rankine cycle to increase
EPG value. This study used thermodynamic analysis
methods by testing six different refrigerants.

The research [13] examines the use of exhaust heat
waste from PLTU. This research is related to a combined
system based on the organic Rankine cycle to recover heat
waste with moderate to low temperatures from flue gas
power plants with energy analysis and exergy and further
exergy.

Based on some of the research above, it discusses
the use of flue gas in several types of thermal plants such as
PLTU and PLTG. However, there has been no discussion
regarding the use of flue gas at PLTMG. With flue gas
produced from PLTMG, it is necessary to reuse the exhaust
heat generated from the flue gas. Therefore, this study aims
to determine the potential of electrical energy that can be
generated through heat from flue gas at PLTMG Balai
Pungut Duri.

This research uses the first law method of
thermodynamics with the help of Engineering Equation
Solver (EES) software to calculate the output power and
efficiency generated from the Balai Pungut PLTMG in its
existing state. Then, calculate the output power and
efficiency produced by PLTMG Balai Pungut by utilizing
Flue gas using the Organic Rankine Cycle and find out the
efficiency and combined power of the two energy cycles.

1. METHODS

This research is quantitative research with a
descriptive approach supported by several sources from
related journals, the collection of data related to power
plants, and operations at PLTMG Balai Pungut. This study
discusses the potential utilization of flue gas produced by
PLTMG Balai Pungut for electrical energy. The following is
the flow of implementation carried out in this study as
follows.

!

Data Collection

1. PLTMG unit5 Logsheet data
2. Fuel data properties
3. Flue gas data properties

'

Calculation of power and efficiency
of PLTMG in its existing state

!
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Selection of working fuid Vo _ 1 1)
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process in which in this process to determine the
temperature value at condition 3 (T3) equation (3)
is used. The value of Cv can be determined from
the property table in Table A-2 using the
interpolation method

Figure 1. Research Flow Chart

(XLHV) fyel

HEAS NIN Jelem BueA uebunuaday ueyibBniaw yep)

V1= State Specific Volume 1
Calculation of power and Efficiency V,,= State Specific Volume 2
of PLTMG using the Organic r = Compression ratio
N Rankine Cycle method
9 ¢ == = And to determine the value (T2) of the temperature
3 ALAL g T o ¢ of the second condition, equation (2) is used by the
ar = interpolation method which refers to the
3| Calculation of total efficiency of PLTMG thermodynamic properties table Table A-17.
9 after utilizing flue gas
«Q
c b OO < ) _ Viz=Vrx _
HEEE nene (e @
332097 _ .
83 2831 Analysisof results Keterangan:
a s T, = temperature state 2 (K)
> ey g 2 = T, = upper-value temperature (K)
3~388 < v T, = lower-value temperature (K)
3 25 ° . V.= upper — value spesific volume
%S a3 conclusion Vo= i
@28 ¢ -»= lower — value spesific volume
c2oe
3 o 7 o 3 N ) i )
S oA ¢ b. Calculation of process 2-3, which is an isochoric
< aJ A
g2 s
gCBE
Q5”@
g g, 3.
% =
g23 2
12 Dila
c
=%
oy
<
QO

4 gollectlon _ _ _ =Tt @)
t2hig data collection stage, it was carried out by
edl igferiew method with PLTMG Balai Pungut. Keterangan:
=8 ; ) Ty = temperature state 3 (K)
= Fable 1. PLTMG unit 5 Logsheet data Mfuel = mass flow rate fuel (kg/s)
L 8Data OVaIue LHVjye; = Low heating value fuel (ki/kg)
§$tart!_g empere (1) 32°C = 08L& air = mass flow rate air (kg/s)
& A'EI\@SS Floglisete 70 kgfs Gy = Spesific heat in constan volume
= Cgmﬁressmn rdtio 9 (KI/Kg-K)
3 T 'S o
g S o o .
O <& Table 2. Fuel data Properties After getting the value of T3, the rate of energy
Data Value entering the system (Qin) is calculated with
o HV 8f Buel S 49868,07 kj/kg equation (4)
E’empgraﬁhre = 81,05F
Press@e @ — 682,69 PSIG Gy = Mgir X Cy X (T3 — T3) 4)
#low Rate Mass o 2726 kg/h = 0,757 kg/s
2 5 (2:; Keterangan :
N oSrable 3. Flug Gas data Properties PLTMG Balai Gin = laju energi masuk ke sistem (kW)
= % =5 Pungut Mgy = mass flow rate air (kg/s)
Data Value Cy =Spesific heat in constan volume
o ;’:I’emperaturgx 494°C (kI/Kg-K).
Ay 4
% g. :T c. Calculation of processes 3-4, namely the
X Caigulation of @_TMG Electric Power and Efficiency isentropic_expansion process which occurs to

determine the temperature value of flue gas (T4),

usfhig Otto Energy Cycle using EES Software the equation (5) is used

A@his stage ofx:alculation, the output produced is the
value ofthe output nger and the efficiency of the plant in T v\l -1
its exisﬁng state. Thg stages of calculation that need to be T (V:) = (;) ()
done arg as follows:

‘ Keterangan :

[V} —
a. £ Conditionss 1-2 are adiabatic processes, where
5 - : v = laplace’s constant (1,307)

 during thezprocess there is no heat entering and
exiting. TQ"determine the value of the specific
volume oftate 2 (\Vr2) equation (1) is used. The
value of Vrl can be determined from the
properties table in Table A-17 [14].

d. Calculation in process 4-1, namely the isochoric
process occurs and in this process can be
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calculated the amount of energy rate that comes

out using equation (6)
pig

o | .
%h ‘é Qoye = Mgir X Cy X (T, — Ty) (6)
=08
eterangan:

‘Zeum = flow rate of heat transfer out of system
o W)

Fmass flow rate of air (kg/s)

=Spesific heat in constan volume

&J/kg-K)

©
obt%ing the value of the outgoing energy
t
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can_pe determined the net work value with
on (

1beqad
=
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Wnet = Gin — Gout @)

un-buep

P@ue
@
S
«
g

o
(=
4= thegate of energy transfer by work (kW)
= flow rate of heat transfer in the system
W) w

22
w¢= flowrate of heat transfer out of system
Py

&)

e

)
nd to find out the efficiency produced by the
ant can use equation (8)

@1 e

Nen = “:f (8)

g‘;ew edue)

terangan:
= efficiency thermal
<= the rate of energy transfer by work (kW)
= flow rate of heat transfer in the system (kW)
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Fhen to calculate the electrical power generated
at the plan(tn can use the equation (9)

@
= | -
< .
ol ~ P= Whnet X Ngen €)
c (4]
@eterangaii.
£ Power (kW)

iefﬁciency of generator (%)
z=the rate of energy transfer by work
=

=By
§§§§

AT

)
Ingialculating the value that will be found in this Otto

erlergy gycle using the help of Engineering Equation Solver
(EES) s8ftware. In this software will be inputted parameters
that wilbe used to Galculate efficiency and also the power
{ = —
generatgs at the plarg.)
D (V)

1z edue) undede ynjuag wejep 1ul sin} eAley yninas neje ueibeqes yeAueqiadwaw uep ueywnwnbusw Buele|q 'z

X Tr@' first stepgtaken in using this software is to
(ﬁtermige the systemunit to be used, then start by inputting
Known'‘Parameters, Writing equation algorithms, correcting
errors iDthere are ekrﬁ)rs, then get the results of the desired
calculatéons ;'\

)
—_
c

A

3. Segection of WOEI_(ing Fluid

Bafed on reseatch [15] has examined good working
fluids &d suitable #or use in ORC. the study compared
several types of fluids such as R113, R134a, R11, R12,
benzene, and ammdnia the study concluded that the most

suitable fluid used to utilize exhaust heat at low temperatures
with isentropic characteristics.

In this study, R11 was chosen as the working fluid used
in the organic Rankine cycle because of its isentropic
character and this working fluid is non-toxic. Here are the
properties of the working fluid R11.

Table 4. Working fluid properties of R11

Working Teritical P m ekspansion
Fluid | ooy | (mPa) | (Kghs)
R11 197,96 15 34,58 | isentropic

4. Calculation of PLTMG Electric Power and Efficiency
using Organic Rankine Cycle using EES Software.
At this stage, calculations are carried out to obtain the
value of power output and plant efficiency using the organic
Rankine cycle using EES software programming.

a. In processes 1-2 this adiabatic process occurs. By
using the value of mass flow rate in the working
fluid, enthalpy point 1 and enthalpy point 2 to find
out the working value of the pump used. To find
out the working value of the pump, the following
equation is used:

Roomee _ (1, — hy) (10)
Keterangan:
Whpompa = the rate of energy transfer by work on
pump (kJ/kg)
m = mass flow rate of flue gas (kg/s)
h1 = enthalpy state 1 (kJ/kg)
h2 = enthalpy state 2 (kJ/kg)

b. Calculation of processes 2-3, that is, the
evaporator with low temperature flows to the
pump to the turbine inlet condition. In this process,
the heat equilibrium value on the evaporator will
be calculated using the following equation:

qevaporator

orter — (hy — hy) (11)
Keterangan:

qd eva=Flow rate of heat transfer in evaporator (kW)
hs; = enthalpy state 3 (kJ/kg)

c. Calculation in processes 3-4, superheated steam
generated in the evaporator will pass through the
turbine to drive the blades in the turbine to produce
mechanical energy that will be channeled to the
generator. In this process, the working value of the
turbine will be found using the following equation:

Wiurbin
il

= (hy — h3) (12)

Keterangan:

Wurpine= the rate of energy transfer by work on
turbine (kJ/kg)

hy = enthalpy state 4 (kJ/kg)
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Calculation in process 4-1, on the steam condenser that
‘vgvbﬁ:ooled in the condenser so that there is a change
Ak

re and there is heat wasted. So it is necessary
Q cal
ﬁ aie

te the value of heat equilibrium on the
r using the following equation:
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@ Qkond.ensor — (h1 _ h4) (13)
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r%btaining the output power of the Otto Energy
aljj ée output power of the organic Rankine cycle, it
e %ermined the value of the combined efficiency
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In@etermining @he value of output power and also the
eﬁ‘icien_%’y of this organic Rankine cycle, assistance from a
sgftwarg engineeriné equation solver (EES) is needed with
the sam steps as ifputting the value of the Otto Energy
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1% Oranic Rankiné Cycle Scheme

X Inghe first stage, the heat from the flue gas in the
e¥haustggas will flew to the evaporator which will be
evapor@éd, in this&'\/aporator the working fluid will be
heated &nd at this sta_ge, there will be a change in the form of
the worging fluid frem liquid to superheated steam.

FL%hermore, f@?ther hot steam from the evaporator
with h@] pressure ard temperature will flow into the turbine
to rotatg the turbineBo that it can produce work to produce
electrica] energy in the generator. In the process of rotating
turbines, the pressurg of the steam will drop and there will
be a change in con@itions from saturated steam to mixed
phase

Steam from the turbine with low pressure will flow to
the condenser, where there will be a process of heat release
and phase change from steam to saturated liquid. in the next
stage, the condensation results will be flowed to the pump
and then pumped back to the evaporator along with the
working fluid.

Organic workmg fluid

Exhaust gas

Evaporator

3

Condenser

Pump >\
- TR

Figure 2. Organic Rankine Cycle Scheme [16]

2. The results of the calculation Otto Energy cycle and
Organic Rankine cycle using EES software

The following results are obtained using the calculation
of thermodynamic law 1 with the help of EES software.

Table 5. Otto Energy Cycle Calculation Result

Parameters Result
T1 305 K
T2 713,34 K
T3 1464,43 K
Ta 767 K
din 37.750 kW
Gout 23.220 kW
Wiet 14.530 kW
Efficiency Plant 38,49 %
Power 14.021 kW

Based on calculations performed at the plant of unit 5,
using the first law of thermodynamics with the help of EES
software. The value obtained from the networking rate
produced by PLTMG Balai Pungut amounted to 14,530 kW
with electrical power generated at 14,021 kW. For the
efficiency produced in this calculation amounted to 38.49%,
which results are close to the results of interviews and also
the data that has been collected.

Then the calculation of the potential of the Organic
Rankine cycle using the first law of thermodynamics with
the help of EES software obtained the following results:

Table 6. Organic Rankine Cycle Calculation Result

Parameters Result
Wpump 41,04 kKW
Gin 23.220 kW
Wturbine 4.597 kW
Gout 18.664 kW
Wgro 4,556 kW
Efficiency Plant 19,97 %

Based on Table 4 above, the work of the pump
produced from the organic Rankine cycle is 41.04 kW with
heat entering the evaporator of 23,220 kW and work on the
turbine that can be produced of 4,597 kW and heat output
from the condenser of 18,664 kW. From the results of these
calculations, the network rate that can be produced at
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PLTMG by utilizing flue gas using this organic rankine

cycle ig/,556 KW with a compound efficiency that can be
) 9.97%.

combination of the Otto Energy cycle and the
ine cycle, the combined efficiency produced
using equation (16) of 50.56% can be calculated
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Figure:8. Efficiency comparison (%)

n°th§ graph @ ;Uoove it can be analyzed that the
eﬁlsmrgy walue gengtated from the combination of the Otto
ﬁeéy%yﬁe in PLTMG and the organic Rankine cycle has
aZhighag efficiency level with a value of 50.56%. In this
r&buE tBei® was an increase in efficiency of 12.07% from
the %@%eﬁlmency of PLTMG Balai Pungut-Duri.

s yeAue
ipuad L

uz,( uebt

POWER (kW)
« 25000
20000
15000
10000
5000
0 I
| PLTMG COMBINE
:'é {g %igure 4.gomparison of Power Generated
§ Tk@ power gengrated from the combined Otto energy

c¥cle atthe Balai Pyngut PLTMG and the organic Rankine
ciicle sBowed an incfease in the power value produced by
19,086 . There was an increase from the previous one
v%en ihad not utifized the heat generated from flue gas
uging GRC where power generated was 14,530 kW.
Aﬁter ufilizing flue giéis using ORC there was an increase of
4'556 k\gl

8 P§ utilization ::f Flue Gas using ORC can increase the
power zmd eff|C|ency30f PLTMG. Flue Gas that comes out
of gas grblnes has a»hlgh temperature. In the ORC system,
the wasfed heat can Bb used to heat the organic work fluid in
the Olﬁ: Utilizingthis wasted heat, previously wasted
energy tan be conxerted into additional power, thereby
increas ing the total éﬁwer output of the PLTMG.

The organic Woﬁqng fluid in ORC has a lower boiling
point than water in the conventional Rankine cycle, which
allows the utilizatios of wasted heat at low temperatures to
produce steam in the ORC. At lower temperatures, the
energy conversion efficiency can be higher, because the

:-v-

temperature difference between the heat source and the
coolant is greater.

Utilization of Flue Gas through ORC can also help
reduce exhaust gas emissions from PLTMG. Harnessing
exhaust heat to generate additional power, and can reduce
emissions of greenhouse gases and other pollutants resulting
from burning fossil fuels.

V. CONCLUSION

In this study, the flue gas produced from PLTMG Balai
Pungut-Duri has enough heat to be utilized in electrical
energy using the organic Rankine cycle method. The
working fluid used in the use of this organic rankine cycle is
R11, with a gas flue temperature of 494 0C capable of
producing electrical power of 19,086 kW with an increase in
efficiency of 12.06% from the original efficiency value of
PLTMG Balai Pungut by 38.49% to 50.56%. The power
generated from the utilization of heat from the flue gas of the
Balai Pungut PLTMG certainly also increased by 4556 kW.
This is because the utilization of heat from flue gas is one
way to reduce fuel consumption at the Balai Pungut PLTMG
after all the heat will be flowed to the evaporator to increase
the heat.
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