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Honoxcenns Indonesii, axa pozmawosana na 3aummi mpoox
naum (€epasiiicoxoi, Indo-Aecmpaniiicvroi i Tuxooxeancokoi),
BUKIUKAE YMBOPEHHS PAOY BYIAKAHIE 6 0eAKUX HACMUHAX
Kpainu i 0dcepen 2eomepmanvioi enepeii HAGKONO 6yJKaud.
Teomepmanvna enepein — ue enepeia npupoonux pecypcie y
6u2na0i eapaoi 600u abo napu, wo YymeoprowmvCcsa 6 pesep-
syapi ecepeduni 3emai 6 pe3yavmami HAZPIBAHHA NiO3eM-
Hux 600 mazmamuunumu nopooamu (Team Pertamina, 2010).
Teomepmanvna enepeia modxce euxopucmogyeamucs éGesnoce-
PEOHBO 0N CYWIHHIA CLIbCbK020CN00APCHKOi nPooyKuii, mypus-
My i nobymosux nompetd abo onocepeoxosano 0na npueeoens 6
0i10 enexmpozenepyronux mypoin.

B danomy docnioscenni, 3ocepedrncenomy na Cxioniu Aei,
asmop 062060p10€ 2e0MepMANLHUU NOMEHYIAL 3 BUKOPUCTIAH -
HAM 2e0eJleKmPUMHUX Memo0i6 8 HeCKIHUeHHIl 30HI NOCeHCi
0 nadanns inpopmauii 6 axocmi 00H020 3 610n06iI0el Cnijb-
Homi i ypaoy, wo, AK OUIKYEMbC, 0ACmd YABIEHH Npo me,
HACKINTbKU BeNUKUU 2e0MePMATbHUL NOMEHUIAN NPU BUKO-
PUCMAHHI 2e0eSeKMPUUI020 MEMOOY 8 30HI NONCENCT, AKA HIKO-
2 ne eacunacs ¢ Ilamexacani, Maoypa. /loszocmpoxoea mema
Ub020 00CTIONCEHHS NOTA2AE 8 OMPUMAHHL eHepeii HaPmM08020
naauga 6 paioni Ilamexacana.

B odanomy oOocniddncenni Suxopucmosyemuvcs 2eoeJiex-
mpuunuli Memoo OuUnoNbL-OUNONLHOT YCMAHOBKU 34 00NOMO-
2010 npoepamu Delphi. Pesyaomamu uici npoepamu npudammi
015 OnepamueHux po3paxyHkie npu oOpodui eeoenexmpuunux
danux. I[a npoepama ochawena onyiamu ycmanosox Bennepa,
HIniomoéepiice, Ounonv-ounonvioi i nOAbL-NOALHOI, WO 003-
6osi€ eubpamu nompiony ycmanoexy. Pesyavmamu oamnozo
docnioxcenns — ninia 1, wo maznemvcs 3 nienoui na nieoenv.
ITiozemna ninis 1 mae nusvkuii numomuil onip 72,3-98 Om-m.
3HaveHHss NUMOMOi OnoOpY Yb020 WAPY € Pe3ePBYAPHUM HOCIEM
3 eaubunoro 12,8—78,8 mempa nusicue nosepxui epynmy. Jinis
2 msaenemovcsa 3i cxody na 3axio. Iliozemuuii wap 2 mae HusvKu
numomuii onip 75,5—112 Om-m. 3nanenns numomoi onopy uboz0
wapy € pesepsyapnum Hociem 3 eaubunoro 2,5-67,5 mempa
Hudcue nosepxui epynmy. Jlinia 3 — ue ninis, wo de 3i cxody
Ha 3axio. Iliozemnuii wap 3 mae nHusvkui numomui onip 94,2—
110 Om-m. 3nauenns numomoi onopy yb0ozo wapy € pezepeyap-
HuMm nociem 3 enudunoro 10,5-24,9 mempa nusicue piens 3emui

Kmouosi croea: zeomepmanvruii, zeoesexmpuunuil, ou-
noJw-ounonvhui, npozpamyeanns ¢ Delphi, Ilamexacan Maoypa
Inoonesin

1. Introduction
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Electricity is generated from recyclable energy or en-
ergy that cannot be recycled. Energy reserves that cannot
be recycled, such as oil and natural gas will increasingly
run out. According to [1] using geothermal rather than
fossils reduces the greenhouse effect and atmospheric
pollution. According to [2] geothermal energy can reduce
electricity bills. One of them is the use of geothermal en-
ergy to drive the absorption of steam has been accepted
by the world [3]. according to [4] Geothermal energy
is an alternative and useful way to increase the energy
crisis. According to [5] the US, Indonesia, Iceland, and
New Zealand are enthusiastic countries to increase geo-

thermal energy. According to [6]. It is very important
for the country to look for the availability of geothermal
resources. For the Indonesian government committed in
2025 the use of EBT is 25 %, among the EBT targeted by
the government is geothermal which is targeted at 10 %.
Estimating the potential for electrical energy that can be
produced for at least 20 years.

The non-volcanic system is a geothermal system not in-
cluded in the quaternary volcanic pathway [7]. The geother-
mal system is which hydrothermal is hot water and heating
rock. Heating rock serves as a source for heating water, the
rock is in the form of granite rock, clay rock if non-volcanic
and other batholite rocks. There are three types of geo-
thermal temperature is a high temperature of 61-100 °C, a




medium temperature of 41-60 °C and a low temperature of
25-40 °C [8].

One of the geothermal prospect areas in East Java is
Pamekasan district on the island of Madura. Madura Island
has 4 regencies, namely Bangkalan, Sampang, Pamekasan
and Sumenep. For Pamekasan regency there is a natural fire
tour that never goes out. Travel distance from the city of
Pamekasan towards the south 4 kilometers. This geothermal
location was identified because the presence of fire never
died and the emergence of hot springs. Even though this hot
spring has already been around for 10 years or not.

To find out the magnitude of the geothermal potential,
it is necessary to conduct research around hot springs and
sources of fire on the surface of the land on a fire tour that
never goes out. Therefore, specialized research is the making
of data processing programs when data collection in the field
produces resistivity values, datum points and layers, all of
this data is stored in the format .dat.

2. Literature review and problem statement

The first problem we took was to look for geothermal
potential in the country of Indonesia, in Indonesia there are
several potentially geothermal regions, because the coun-
try of Indonesia is surrounded by active use. At present,
Indonesia is pursuing a target for the construction of steam
power plants. Indonesia’s target country is that in 2040 the
transition from power plants uses coal to power plants using
steam. so that the Indonesian state instructed all researchers
in Indonesia to examine the potential of the area that pro-
duces steam to be used as a steam power plant.

According to [9] recent exploration efforts focusing
on unconventional geothermal systems that target greater
depths to reach adequate temperatures. According to [10]
Electricity production from geothermal power plants with
almost 12.8 GWe can take place in 26 countries, and by the
end of 2014 reached 73,700 GWh. This is still only 0.31 % of
all electricity produced in the world, and it will be interest-
ing to monitor the future share. From this statement, so we
decided to look for geothermal sources as electricity produc-
tion for Indonesia, especially in poverty.

At present there are no other researchers who conducted
research on fire tourism which has never been exhausted, so
we researched this place to conduct an initial study with the
aim of determining the potential of geothermal energy in
the past. why did we take this place, because this place has
issued a fire where this fire has never been extinguished so
the idea to do research in this place appeared.

The initial characteristics which show that in this region
have geothermal potential are the presence of geothermal
manifestations on the surface. According to [11] the most
important indication of geothermal resources is the presence
of surface manifestations. According to [12] the physical
mechanism of determining the distribution of the initial
composition in the reservoir volume from the Vuktylskoye
field requires further analysis. From this statement, hot
springs are the easiest sign to determine the geothermal
system that is transferred to the surface. In wisata api tak
kunjung padam pamekasan madura, in 2005 there was hot
water, but in 2018 hot water became a fire, the appearance of
the fire was caused by very strong subsurface activity.

The second problem is the selection of geophysical
methods that are suitable for determining geothermal car-

rier rock types. Until now, there are still many studies that
examine suitable and accurate methods for exploiting geo-
thermal energy.

According to [13] we often experience difficulties in
exploiting geothermal energy, which is associated with ad-
ditional costs and reduce investment efficiency. According
to [14] Model intrusion also contribute to the flow pattern
of the mass flux of water from the reservoir to the surface as
the zone upflow (ie manifestation hot water Sileri and zone
outflow disposed to wards the south and the north. Accord-
ing to [15] information on an ongoing basis on the condition
of thermodynamic soil layer will provide complex which is
reliable for operational forecasting of natural geophysical
disasters.

According to 3 information obtained continuously re-
garding the thermodynamic conditions of the soil layer, it
will provide a reliable complex for the operational forecast of
natural geophysical disasters. From this statement, accord-
ing to us, the integrated geophysical method is very suitable
for determining geothermal potential at a relatively cheaper
cost, one of which is the geoelectric method, this method
allows to predict geothermal carrier rock types. Most of
the researchers we found used the geoelectric method using
Wenner and Schlumberger configurations to determine geo-
thermal potential, but the data produced was not optimal.
Therefore we use the geoelectric method using a dipole-
dipole configuration. This configuration is very suitable for
determining geothermal potential because this configura-
tion can see in detail.

The problem when processing geoelectric data with di-
pole-dipole configuration takes a long time, so we make a geo-
electric data calculation program using delphi programming.

The Delphi program draws wide attention because this
method is simple and reliable. Delphi is a third generation
Pascal language and is also known as a strict type of lan-
guage. this program can produce consistent and reliable
programming to create various applications. According to
[16] the results of the Delphi program simulation show the
effectiveness of the improved method. According to [17] col-
laborations between computer scientists and geophysicists
needed to solve geothermal problems. According to [18]
2D inversion of MT data on regional geological results and
seismic images can be seen clearly. According to [19] the
Delphi method was designed for qualitative predictions. The
description of the research above in Delphi programming is
very effective to be improved and designed for qualitative
predictions. Therefore we use Delphi programming to create
a geoelectric data processing program.

3. The aim and objectives of the study

The aim of the study is to determine the potential of geo-
thermal energy in wisata api tak kunjung padam pamekasan
Madura using geoelectric method. Determining the type of
carrier rock geothermal in wisata api tak kunjung padam
pamekasan Madura and create a geoelectric calculation
program using Wenner, Schlumberger, dipole-dipole, and
pole-pole configurations to shorten processing time.

To achieve this goal, the following objectives are achieved:

1. The research team analyzed in Api Tak Kunjung Pad-
am Pamekasan Madura the initial survey, this is important
because in geothermal research requires considerable re-
sources.



2. The research team examined the geothermal car-
rier rock types at Api Tak Kunjung Padam Pamekasan
Madura.

3. The research team developed a way to calculate geo-
electric data by creating a geoelectric calculation program.

4. Research Methods

To achieve all our goals, we determine several methods
including the first, we determine the design location of the
research, this must be done because for data acquisition must
be measured and precisely targeted to geothermal potential
points. the second method is the dipole-dipole configuration
geoelectric method. the third method is the geoelectric data
processing algorithm.

4. 1. Research Location Design

Geoelectric surveys conducted in the fire area have
not gone out of Madura. For the acquisition of yellow
data, there are 4 tracks. the first track consists of 400 data
with a 300-meter path length and 10 meters spacing. The
second track consists of 400 data with a 300-meter path
length and 10 meters spacing. The third track consists
of 400 data with a 300-meter path length and 10 meters
spacing (Fig. 1).
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Fig. 1. Research Design: — Research path near

hot water that has been lost, m———— hot water that

has been 0St, m— — Location in Api Tak Kunjung
Padam Pamekasan Madura (Source: Google Maps)

4. 2. Geoelectric Method Configuras Dipole-dipole

Data acquisition was performed using a Resistivity
Meter OYYO type McOhm-EL (Japan). The electrodes
used are arranged based on the dipole-dipole configuration
in Fig. 2 with C2 and C1 as currents while P2 and P1 are
potential The measured parameters obtained in the data
acquisition process include the injection current value,
potential difference, resistance and distance between elec-
trodes. In addition, the GPS coordinates of each datum
are also determined on each acquisition line. The position
of the coordinates will be used in data processing and 2D
modeling.

The parameters that have been obtained from data
acquisition are continued to the data processing stage.
According to [20] this data processing aims to determine
the apparent resistivity value with p=apparent resistivity
(ohm'm), K=geometry factor, V=potential difference (volt),
I=current strength (ampere).
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Fig. 2. Dipole-dipole configuration (Source: Program)

4. 3. Geoelectric Program Algorithm

Formulation of mathematical models on Geoelectric pro-
gramming through three stages, namely:

a) determine mathematical variables into the program;

b) calculate the input of mathematical variables into the
formula of the geoelectric method with the configuration of
Wenner, Schlumberger, Dipole-Dipole and Pole-Pole;

c) specify the format save with the file format .dat. In
general, the geoelectric programming mathematical formula
model [1-8], can be defined as:

1. Wenner Configuration Geoelectric Method (1), (2)

k=2xmxS, €))

kxv. )

1

Rho=

2. Schlumberger Configuration Geoelectric Method
(3), 4)

SR

k::ffg_______ly 3)
2xB

Riho="2V. )

1

3. Dipole-dipole Configuration Geoelectric Method
(9), (6)

k=mtx N x(N+1)x(N+2)x A, )

Rho=F<V. (6)

1
4. Pole-Pole Configuration Geoelectric Method (7), (8)
k=2xmxA, )

Rho="V. )

1

5. Research Results of Program and Analog

Comparison of the results of the Program with different
Analog calculation results, on line 1 using the Program



produces a 15.1 % error (Fig. 3) while the Analog produces
an error of 42.6 % (Fig. 4). On line 2 using the Program
produces a 14.4 % error (Fig. 5) while the Analog produces a
45.4 % error (Fig. 6). On line 3 which uses the Program pro-
duces an error of 7.8 % (Fig. 7) while the Analog produces an
error of 59.7 % (Fig. 8).
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Fig. 3. Program Calculation Results Line 1
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Fig. 4. Analog Calculation Results Line 1
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Fig. 5. Program Calculation Results Line 2

Inversion of data using Res2div produces resistivity
distribution data of the subsurface layer of the study area.
Fig. 2 shows the results of three lines that are in region 1. All

three lines have a track length of 300 m with 4 layers in the
form of clay rock, sandstone, quartz, and conglomerate. Ac-
cording to stone Telford the value of rho clay stone between
20 Qm to 200 Qm, sandstone 50 Qm to 500 Qm, quartz
20 Qm to 2000 Qm. According to [21] the conductor layer
40 Qm is a type of clay rock and sandstone. According to
[22] based on its analysis sandstone is a reservoir formation
in Mamuniyat. this model is a resistive zone ~100 meters in
the conductive material of a geothermal system [23]. Ac-
cording to [24] it is divided into 3 geothermal parts, namely
bedrock (<32 Qm), reservoir area (>32-512 Qm), and the
heat source (>512 Qm). According to [25] Geothermal is in
clay minerals due to hydrothermal changes during several
tectonic events. The results of several researchers from var-
ious worlds can we conclude that the material of geothermal
carrier conductivity is sandstone and clay. The results of this
conclusion are the same as the results of the study that the
carrier of geothermal material in this area is sandstone and
clay with rho values of around 70-100 Qm (Fig. 3 to Fig. 8).
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Fig. 6. Analog Calculation Results Line 2
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Fig. 7. Program Calculation Results Line 3

The central line 1 is a line that runs from North to South.
the line is a subsurface that has a low resistivity of 72.3 Qm
to 98 Qm is a reservoir carrier. This layer consists of 5 shapes
of different sizes. This layer is located at a depth of 12.8 me-
ters to 78.8 meters below ground level. The third layer is the
strongest and longest reservoir with a depth of 12.8 meters
to 78.8 meters below ground level. The third layer is located
underneath the hot water which is now cold water (Fig. 3).
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Fig. 8. Analog Calculation Results Line 3

The central line 2 is a line that runs east to west. This
line has 4 layers in the form of clay rock, sandstone, quartz,
and conglomerate. The subsurface which has a low resis-
tivity of 75.5 meters to 112 Qm is a reservoir carrier. This
layer consists of 3 shapes of different sizes. This layer is lo-
cated at a depth of 2.5 meters to 67.5 meters below ground
level. The 1st layer is the strongest and longest reservoir
with a depth of 2.5 meters to 67.5 meters below ground
level (Fig. 5).

The central line 3 is a line that stretches from the east
to west direction. This line has 4 layers in the form of clay
rock, sandstone, quartz, and conglomerate. The subsurface
which has a low resistivity is 94.2 meters to 110 Qm which
is a reservoir carrier. This layer consists of 3 shapes of dif-
ferent sizes. This layer is located at a depth of 10.5 meters
to 24.9 meters below ground level. The second layer is the
strongest and longest reservoir with a depth of 2.5 meters to
67.5 meters below ground level (Fig. 7).

According to the geothermal gradient theory, the deeper
the center of the earth, the higher the temperature. Likewise
with the hydrothermal principle which should be getting
lower the water resistivity value gets smaller because the
water conductivity gets bigger. This indicates that in the
zones in the three lines there is a superficial surface subsur-
face fluid source. At Line 1 a distance of about 160 meters
and Line 2 a distance of about 95 meters the rho value is
measured to be very small and resistive.

Quantitative interpretation is used to determine the
parameters of an object so that the depth and angle of
polarization can be obtained. The presence of hot springs
in the hydrothermal area of the fire is not extinguished
accompanied by the appearance of fire around hot water
is an indication of the possibility of a geothermal system.
Changes in reservoir rock physics such as porosity and per-
meability can occur due to hydrothermal alteration, while
the effect of hydrothermal alteration is decreasing porosity.
The characteristics and abundance of hydrothermal min-
erals formed during fluid and rock interactions depend on
several factors, especially temperature, fluid composition
(pH), fluid availability (permeability zone) and boiling
temperature. Identification that has been carried out in
this area includes the temperature of hot water that has
become cold water measured at the ground surface ranging
from 35 °C. The identification of the appearance of fire (on
the surface) about 20 meters from the measured hot water
area ranges from 80 °C to 90 °C.

6. Discussion of the research results of determine the
potential of geothermal energy using geoelectric method

From the results of our study, we use the geoelectri-
cal method that the fire tourism spot is never potentially
geothermal. For geothermal carrier rock in the form of
sandstone and clay. This geothermal carrier rock has a rho
value of around 70—-100 Qm with a depth of about 20 meters.
The results of our study compared with the results of other
studies are geothermal carrier rock in the form of sandstone
and clay but the difference is the position of depth, in other
studies what position is at 70 meters more.

For the results of making the program that we named
the geoelectric processing program is very accurate. and this
program is very short to work on processing geoelectric data.
There are still no researchers making geoelectric processing
programs. so the making of this geoelectric program is still
new. In the results of trial data processing in the field this pro-
gram is suitable, because this program uses a combination of
data calculation and data loading into res2div and formatting
data into type .dat files, with this advantage we can take the
time to process data and load data to res2div so that it is easy
to process and present geoelectric data. With this program,
we can reduce the time needed to process data and achieve
data. this program is equipped with Wenner, Schlumberger,
dipole-dipole and pole configuration options so that we can
choose the configuration we need. However, this program still
needs further development, including that there is still no data
inversion from this program, so we hope for the researchers to
continue the programming that we made.

The development of research in our place for the future
is to map the zones that have geothermal energy potential
in the Tlanakan District by using Clustering techniques, to
provide a more accurate analysis of the distribution or map-
ping of the potential of geothermal energy into three clus-
ters, namely High, Medium and Low. This method is very
suitable for developing research because this method can
separate low, medium and even high geothermal potential.

The results of the output program are similar to the cal-
culations using Excel, for more efficient use of the program.
Comparison of working time using the program with Excel is
the program user takes 11 minutes 52 seconds and the Excel
user takes 4 hours 5 minutes 16 seconds.

The special feature of making this program is the com-
bination of the Wenner configuration, Schlumberger, di-
pole-dipole. The benefit of this feature is being able to choose
the desired configuration during research in the field. The
advantage of this research compared to analog is that the
processing is more efficient. The limitation of this study lies
in the part of the research work in the field which uses a con-
figuration that is a dipole-dipole configuration.

7. Conclusion

1. The program results using Delphi programming that
we made are very useful for the process of calculating the
geoelectric method, with this program we can maximize our
research and the results of our program are very accurate
with an error rate of 4 % to 7 %. With our program, research
work is very fast. The combination of the 2 sciences that
we are working on, namely geophysical science (geoelectric
method) and informatics engineering is very suitable to de-
termine the position of geothermal potential.



2. The results of the dipole-dipole geoelectric configu-
ration method are very suitable for determining geothermal
potential, in our study indicated geothermal potential by
using this method, in wisata api tak kunjung padam pa-
mekasan madura Geothermal potential is Line 1 produced
a Rho value of 72 to 98 with a depth of 12,8 meters; Line

2 produces a Rho value of 75 Q to 115Q with a depth of
2,5 meters and Line 3 produces a Rho value of 94 Q to 110 Q
with a depth of 10,5 meters.

3. The results of our research in wisata api tak kunjung
padam pamekasan madura for geothermal carrier rock are
sandstone and clay.
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Emanon € npuiinamnoro 3aminoio Gen3unoeozo naausa
6 deuzynax 3 ickposum zanamosannam. Emanon mae euco-
Ke oKmamnoee “ucno, w0 00360JI19€ BUKOPUCMOBYEAMU 11020
npu Oivw ucoxomy cmynemni cmuctenus oeuzyna. Ilepw
HIJIC WUPOKO BUKOPUCMOBYEAMU eMAaHO 8 08UYHI 3 ICKPO-
UM 3aNANIO6AHHAM, HEOOXIOHO Kpawe 3po3ymimu xapak-
mepucmuxu 1020 320panns. Q0HuUM 3 HAlBANCIUSTUMUX NaAPA-
Mempie 3amiuyron020 naiuea € weuodkicmo 2opinns. Tomy
Memoro Q0CTIOHCEHHS € eKCRepUMEHMANbHe BUGHEHHS 6NIIU-
8y 000asannsa HeeeauKoi Kibkocmi 3pioHceHux 8yaiesooHe-
eux easzie (3BI) na weuoxicmv aamunapmozo 20pinis 600-
HO20 emanony. Xapaxmepucmura 20pinHa Cymiuli emanosy i
3BI docridxncysanacs 6 yuninopuunoi kamepi 3eopanns oia-
mempom 10,8 cm i doescunoro 17 cm. oaym's mano chepun-
Ho poswuprosany popmy. Ilaruena cymim 3ananroéanaco
ickpamu ecepeduni yuninopa, a oiamemp noaym's UMIpo-
8anu nNo 300PANCEHHI0 NOAYM'SL, OMPUMAHOZ0 BUCOKOULBUO-
KiCHO10 Kameporo. Y 00Ci0MNCeHHI BUKOPUCTOBYBANUCS 08a
munu nanuenozo emawony, 0e3600nHuUll emanon i 600HUU
emanon, wo micmums 0,3 % eoou. Yacmxa 3BI" ¢ nanuenii
cymiwi eapitosanacs 6i0 0 % 0o 20 %. Pesyavmamu noxasa-
2, wo dodasanns 10 % 3BT 6 emanon 36invuye weuokicmo
aamunapnozo 2opinns. Jna 6e3600n020 nanuea weuoxicmo
2opinnsa emanony euuie, Hisic 0as 3BT, a navieuwa weuodxicmo
2opinns y emanony, 6 axui dodano 10 % 3BT, natinuicua —
y 3BI. Kpim moezo, émicm 600u 6 naiueHomy emanoi npu-
3600umb 00 3HAMH020 3HUNCEHHA WEUOKOCMi 20pinns. O0nax
dodasanns 0o 10 % 3BI pobumv 600Ul emanon 610HOCHO
Olvw cmitixum 00 nidéuwyenozo eémicmy 600U 3a PaxyHox
mozo, wo peaxuii 20pinHA cnpusie Ol BUCOKA KOHUEHMPA-
uis paduxanie ¢ 3BI. Ile ob6ymosneno deoma paxmopamu:
301010 UACMK08020 NONEPeOHL020 HAZPIBAHHA, GUKIUKAHO-
20 2iopoxcunvoro epynoto (OH) emanony, saxa nocmaeusie
Oivue menno6oi enepeii, i 6UCOKO01I0 KOHUEHMPAUIEI0 Paou-
xanie 6 3BI', wo cnpusie peaxuii zopinns

Kmouogi crosa: 600nuii emanon, 3piosiceni 8yeaie600mesi
2a3u, YUTIHOPUUHA KaMepa, WEUOKICIb TAMUHAPHOZ0 20PTHHSL
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1. Introduction

Fossil fuels are used in large numbers and rapidly increas-
ing while reserves continue to decline, and some day will be
depleted. Bioethanol is an appropriate replacement candi-
date, especially in terms of availability of raw materials and
environmentally friendly emissions [1—3]. The advantage of
ethanol as a replacement fuel is that it can be produced from
renewable energy sources such as sugarcane, cassava, waste
biomass materials, and corn. The combustion of ethanol has
a lower emission than fossil fuels to reduce environmental
pollution and greenhouse emissions. Currently, ethanol fuel
is to be the focus research on internal combustion engine

research. It could be a blended fuel in gasoline and diesel
engines. The greatest advantage of Ethanol as a renewable
fuel of spark ignition engines compared to gasoline fuel is an
excellent anti-knock property, even the octane number ex-
ceeds 100. The high-octane number of ethanol allows it to be
designed in the engine with a higher compression ratio [4].
Fundamental combustion properties of ethanol should
be examined before its use on the engine. One of the key
parameters which is an essential characteristic of fuel on
the engine is the laminar burning velocity of ethanol. The
measurement of laminar burning velocity describes how fast
the flame propagates into the reactant mixture ahead of the
flame at a specified pressure and temperature [5]. By the




