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Abstract

Currently the waste generated from public consumption in Indonesia is very high. One such waste is used palm oil from
households and food companies. Utilization of this waste in this research is by recycling waste oil into surfactants which will
be used in the Enhanced Oil Recovery (EOR) process. The surfactant concentrations used were 1.3%, 1.5%, 2%, 2.2% and
2.5%. The research began with refining used cooking oil with banana peels for 24 hours. In order to make surfactants, the oil
is mixed with KOH and distilled water. Additionaly, brine was made with a salinity of 15,000 ppm. With the interfacial tension
test, a solution with an optimum surfactant concentration of 2.2% was obtained. The core flooding test was carried out using
waterflooding followed by surfactant flooding at a temperature of 70 °C. From the test results obtained an incremental oil
recovery factor of 8.57% and a total oil recovery factor of 47.43%.
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Sari

Saat ini limbah yang dihasilkan dari konsumsi masyarakat di Indonesia sangat tinggi. Salah satu limbah tersebut adalah
minyak kelapa sawit bekas dari rumah tangga dan perusahaan makanan. Pemanfaatan limbah tersebut pada peneilitian ini
adalah dengan cara mendaurulang limbah minyak menjadi surfaktan yang akan digunakan dalam proses Enhanced Oil
Recovery (EOR). Konsentrasi surfaktan yang digunakan sebesar 1,3%, 1,5%, 2%, 2,2%, dan 2,5%. Penelitian diawali dengan
pemurnian minyak jelantah dengan kulit pisang selama 24 jam. Untuk membuat surfaktan, minyak tersebut dicampurkan
dengan KOH dan aquades. Selanjutnya dilakukan pembuatan brine dengan salinitas sebesar 15.000 ppm. Dengan uji
tegangan antar muka, diperoleh larutan dengan konsentrasi surfaktan optimum sebesar 2,2%. Uji core flooding, dilakukan
menggunakan waterflooding dilanjutkan dengan surfactant flooding pada temperatur 70 °C. Dari hasil uji tersebut didapat
incremental oil recovery factor sebesar 8,57% dan oil recovery factor total sebesar 47,43%..

Kata-kata kunci: Peningkatan Perolehan Minyak; Minyak Goreng Kelapa Sawit Bekas; Injeksi Surfaktan; Faktor Perolehan
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I. INTRODUCTION

The oil production process consists of three stages,
namely primary recovery, secondary recovery, and
tertiary recovery. Primary recovery is a way of
producing oil using natural thrust that comes from
well pressure, using a pump, or a gas lift. Secondary
recovery is carried out by pushing water (water flood)
or boosting gas (gas flood). Meanwhile, tertiary
recovery is carried out by adding chemicals to the
injected water, injection of oil-soluble gas, injection
of water vapor to reduce viscosity, and injection of
microbes [1-6].

Tertiary recovery is commonly called enhanced
oil recovery (EOR) which is an advanced technique
for removing oil if various basic techniques have been
carried out but the results are not as expected or are
not economical [7]. EOR methods are constantly
evolving such as thermal injection, gas injection,
chemical injection and microbial injection [8-14]. Of
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the many EOR methods, not all of them can be used
for a reservoir, because each reservoir has different
characteristics. Therefore, screening criteria must be
carried out, to determine the method that is suitable
for the rock and fluid conditions in an oil field [15].

One of the chemical injection methods used for
enhanced oil recovery is surfactant injection. In the
EOR process, surfactants are used to reduce the
surface tension or interfacial tension [16].

Before its application in the oil field, some
research is needed in the laboratory. In this research,
laboratory test studies using surfactants were carried
out. The surfactant used was made using the
utilization of used cooking oil. Surfactants are used to
reduce the interfacial tension (IFT). Surfactants are
surface active agents that have a bipolar structure,
which causes the surfactants to tend to be at the
interface between phases with different degrees of
polarity and hydrogen bonding. The uses of
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surfactants include increasing the stability of
dispersed particles and controlling the type of
emulsion formation, such as oil in water (O/W) [7].

Il. METHOD
The study of increasing the oil recovery factor with
the addition of cooking oil surfactants was carried out

with the steps as shown in Figure 1. The activities
carried out as shown in the research flowchart
consisted of preparing synthetic formation water,
preparing rock samples, preparing surfactant
solutions, measuring density, measuring viscosity,
measuring IFT, brine injection, surfactant injection
and finally the oil recovery factor calculation [17-20].
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Figure 1. Research Procedure

The materials prepared in this study were oil
samples from the Rantau field, samples of sandstone,
KOH, used palm cooking oil, banana peels, NaCl, and
distilled water.

The first experiment conducted in this study was
refining of used palm cooking oil. Purification was
performed by cooking the cooking oil with banana
peels for 30 minutes. After that, the purified cooking
oil was placed at room temperature for 24 hours.
Surfactant was made by mixing KOH, distilled water
and the purified cooking oil. In addition, brine with a
salinity of 15,000 ppm was prepared by dissolving 15
grams of NaCl in 1000 ml of distilled water.
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Surfactant solutions are prepared by mixing
surfactants with brine. Surfactant solutions were made
with concentrations of 1.3%, 1.5%, 2%, 2.2% and
2.5%.

The fluid properties measured were viscosity,
density, and interfacial tension. Measurements were
made at 70 °C. Viscosity was measured using
Viscometer NDJ-8S. The specific gravity and fluid
density were measured using Densitometer. This
tool was able to measure density, specific gravity, and
API degree. Interfacial tension was measured using a
Du Nuoy Tensiometer with ten trials and the results
were averaged.
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After testing the fluid properties, the next step was
to test the physical properties of the core samples.
Tests carried out were porosity and permeability
measurements for each core sample. The core was
dried using a vacuum and the dry core was weighed.
In addition, the diameter and length of the core were
measured. Porosity was measured using a
porosimeter. The working principle of this tool is by
injecting helium gas into the rock under pressure.
While, permeameter was used to measure the
permeability.

In order to conduct core flooding, the core was
soaked with brine. After that, It was saturated with oil.
The volume of oil that saturated the core was
measured as the initial oil volume. Additonaly, brine
injection was performed to displace part of the oil.
Injection was done until no oil come out. The volume

of oil leaving the core was measured. Furthermore, the
surfactant was injected into the core to suppress part
of the remaining oil. The volume of oil displaced due
to injection of surfactant out was measured. Finally,
the oil recovery factor due to brine and surfactant
injection was calculated.

I1l. RESULTS AND DISCUSSION

Table 1 show the measurement results of the
physical properties of surfactant solution. It shows
that surfactant concentration has an effect on specific
gravity (SG), density, viscosity, and interfacial
tension (IFT). The table shows that surfactant
concentration has very little effect on the specific
gravity of the solution. Since density is a function of
specific gravity, the effect of surfactant concentration
on density is also very small as indicated on the table.

Table 1. The Properties of Surfactant Solution At 70 °C

Surfactant SG Density Viscosity IFT

Concentration, % (g/cc) (cp) (dyne/cm)

13 1.0089 0.9871 1.78 4.28

15 1.0091 0.9873 2.16 4.04

2.0 1.0095 0.9874 2.5 2.02

2.2 1.0097 0.9877 2.8 1.80

2.5 1.0099 0.9879 3.18 1.80
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Figure 2. Interfacial Tension vs. Surfactant Concentration at 70 °C

Other information shown by Table 1 is the effect
of surfactant concentration on the viscosity of the
solution. The viscosity of the solution is directly
proportional to the surfactant concentration. This
elSSN: 2614-0268
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means that used palm cooking oil surfactants have
properties to reduce the mobility of the injecting fluid
as a polymer function. So that the surfactant is also
expected to increase the displacement efficiency.
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One of the functions of surfactants is to reduce the
interfacial tension (IFT). Based on Table 1 and Figure
2, used cooking oil is able to reduce the IFT from 4.28
dyne/cm to 1.80 dyne/cm for the surfactant
concentration interval studied. In addition, the table
and figure show that the interfacial tension does not
reduce further above surfactant concentration of
2.2%. This indicates that the concentration may be the
critical micelle concentration (CMC) of the solution.
Thus, the optimal concentration of surfactant solution
is about 2.2%.

To determine the best concentration for core

flooding, three core flooding tests were carried out
using brine injection, followed by surfactant injection.
surfactant concentrations used were 2.0%, 2.2%, and
2.5%. The experimental results are shown in Table 2
and Figure 3. The table and figure show that the
highest oil recovery factor (RF) was obtained using a
surfactant concentration of 2.2%. These results
confirm that the optimum concentration of surfactant
is 2.2% with a total recovery factor of 47.43%
including the surfactant recovery factor consists of
8.57% and the brine recovery factor is 38.86%.

Table 2. Experimental Results of Coreflooding to Select the Optimum Concentration

Concentration, | RF Brine RF Surfactants, | Total RF,
% % % %
2 35.76 7.27 43.03
2.2 38.86 8.57 47.43
2.5 35.93 7.78 43.70
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Figure 3. Oil Recovery Factor due to Brine and Surfactant Injections

IV. CONCLUSIONS

The addition of surfactant concentration will
affect the value of density, specific gravity, viscosity,
and interfacial tension. The value of density, specific
gravity, and the value of the viscosity measurement
will increase with increasing concentration in the
surfactant solution. The interface tension will
decrease until it reaches the CMC point.

Setelah mencapai titik CMC, tegangan antarmuka
akan stabil at 1.8 dyne/cm. Additionaly, the increase
in surfactant concentration above the CMC point can
be neglected. From these results, it was found that the
best recovery factor was at a concentration of 2.2% at
a temperature of 70 °C, with a surfactant recovery
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factor of 8.57% and a total recovery factor of 47.43%.

To obtain optimal oil, after the surfactant injection
process, polymer injection must be carried out which
aims to increase the thrust because the greater density
and viscosity of the polymer will more easily sweep
the remaining oil in the reservoir and will be followed
by preflush brine.

ACKNOWLEDGEMENT

The authors would like to thank the Head of the
Laboratory who has allowed the author to carry out
research at the Enhanced Oil Recovery Laboratory,
Universitas Trisakti.

pISSN: 2615-3653



Journal of Earth Energy Science, Engineering, and Technology, Vol. 6, No. 1, 2023
URL: https://e-journal.trisakti.ac.id/index.php/jeeset, DOI: https://dx.doi.org/10.25105/jeeset.v6i1.13640
Received: 27 April 2022, Accepted: 10 April 2023, Published: 29 April 2023

REFERENCES

(1]

(2]

(3]

[4]

(5]

[6]

[7]

(8]

(9]

Engel, A.A.S., Sudibjo, R., and Fathaddin, M.T.
2018. Peramalan Kinerja Lapangan SNP
Dengan Injeksi Air Menggunakan Metode
Material Balance. Journal of Earth Energy
Science, Engineering, and Technology, Vol. 1,
No. 3, pp. 111-113. https://doi.org/10.25105/
jeeset.v1i3.4683.

Romanov, A. S. and Zolnikova, E.F. 2008.
Gas/Oil Reservoir Pressure Maintenance by
Way of Gas Injection. the SPE Russian Qil and
Gas Technical Conference and Exhibition,
Moscow, Russia, October 2008, SPE-117426-
MS. https://doi.org/10.2118/117426-MS

Siami, D.H. and Novi Hery Yono, N.H. 2020.
Microbial Enhanced Oil Recovery (MEOR):
Alternatif Peningkatan Produksi Migas di
Indonesia. Migas Zoom Jurnal Nasional
Pengelolaan Energi, Vol. 2, No. 2, pp. 1-8.
Fathaddin, M.T., Sudibjo, R., Hartono, K.F., and
Riswati, S.S. 2019. Simulation Model
Application to Predict the Effect of Salinity on
Surfactant Adsorption and Retention in Alkali
Surfactant Flooding. Journal of Earth Energy
Science, Engineering, and Technology, Vol. 2,

No. 2, pp. 44-48. https://doi.org/10.25105/
jeeset.v2i2.4672.
Fathaddin, M.T., Hartono, K.F.,, and

Kartoatmodjo, T. 2020. Study of Polymer
Flooding Behavior in Heterogeneous Two-
Layered Porous Media. Journal of Earth Energy
Science, Engineering, and Technology, Vol. 3,
No. 1, pp. 29-33. https://doi.org/10.25105/
jeeset.v3il1.6679.

Fathaddin, M.T., Nugrahanti, A., Buang, P.N.,
Elraies, P.N. Surfactant-Polymer Flooding
Performance in Heterogeneous Two-Layered
Porous Media. IITUM Engineering Journal, Vol.
12, No. 1, pp. 31-38.

Dewita, E., Priambodo, D., and Ariyanto, S.
(2013). Penentuan Jarak PLTN Dengan Sumur
Minyak Untuk Enhanced Oil Recovery (EOR)
Ditinjau Dari Aspek Kehilangan Panas dan
Keselamatan. Jurnal Pengembangan Energi
Nuklir, Vol. 15, No. 2, pp. 127 — 137.
Rachman, A., Setiati, R., and Hartono, K.F.
2019. Laboratory Studies to Increase Oil
Production Using Methyl Ester Sulfonate
Injection on X Field. Journal of Earth Energy
Science, Engineering, and Technology, Vol. 2,
No. 3, pp. 62-67. https://doi.org/10.25105/
jeeset.v2i3.6385.

Budhya, E.F., Fathaddin, M.T., and Kasmungin,
S. 2018. Production of Bagasse-Based Natrium
Ligno Sulfonat (Nals) Surfactant for Chemical
Flooding. Journal of Earth Energy Science,
Engineering, and Technology, Vol. 1, No. 2, pp.
49-54. https://doi.org/10.25105/jeeset.v1i2.
3940.

elSSN: 2614-0268

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Jannoke, L., Budi, I.S., and Pramana, A.A. 2020.
Simulation Study of Hot Waterflood and WASP
Injection Post Mature Steamflood. Journal of
Earth Energy Science, Engineering, and
Technology, Vol. 3, No. 2, pp. 34-39.
https://doi.org/10.25105/jeeset.v3i2. 7600.
Wahyuningrum,  C.,  Fathaddin, M.T,
Nugrahanti, A., and Omar, E.M.A. 2022.
Miscible Water Alternating Gas CO2 Injection
Performance Analysis as Efforts to Improve Oil
Recovery Factors in Field CW. Journal of Earth
Energy Science, Engineering, and Technology,
Vol. 5, No. 1, pp. 9-16. https://doi.org/10.25105/
jeeset.v5i1.12600.

Elraies, K.A., Tan, |.M., Fathaddin, M.T., and
Abo-Jabal, A. 2011. Development of a New
Polymeric Surfactant for Chemical Enhanced
Oil Recovery.

Elraies, K.A.,, Tan, .M., Awang, M., and
Fathaddin, M.T. the SPE Production and
Operations Conference and Exhibition, Tunis,
Tunisia, June  2010. SPE-133004-MS.
https://doi.org/10.2118/133004-MS

Damanik, M., Kasmungin, S., and Sudibjo, R.
2018. Study Peningkatan Oil Recovery Pada
Injeksi  Surfaktan-Polimer Pada  Batuan
Karbonat. Jurnal Penelitian dan Karya IImiah
Lembaga Penelitian Universitas Trisakti, Vol. 3,
No. 1, 3(1), 27-33

Ansyori, M.R. 2018. Mengenal Enhanced Oil
Recovery (EOR) Sebagai Solusi Meningkatkan
Produksi Minyak. Swara Patra Majalaj limiah
PPSDM Migas, Vol. 8, No. 2, pp. 16-22.
Darmapala. 2019. Potensi Peningkatan Produksi
Minyak Bumi Dengan Chemical Eor Melalui
Pemanfaatan Surfaktan Berbasis Minyak
Kelapa Sawit. Prosiding Seminar Nasional
Kimia dan Pembelajarannya (SNKP) 2019,
Malang.

Fattahanisa, A., Setiati, R., and Kasmungin, S.
2018. The Effect of Interfacial Tension and
Thermal Stability on Surfactant Injection.
Journal of Earth Energy Science, Engineering,
and Technology, Vol. 1, No. 2, pp. 67-72.
https://doi.org/10.25105/jeeset.v1i2.3944.
Rakhmanto, P.A., Satiawati, L., Setiati, R.,
Nugrahanti, A., and Irawan, S. 2021. Effect of
Sand Grain Size on Spontaneous Imbibition of
Surfactant Solution. Journal of Earth Energy
Science, Engineering, and Technology, Vol. 4,
No. 2, pp. 31-35, https://doi.org/10.25105/
jeeset.v4i2.9419.

Kesuma, W.P. and Kamungin, S. 2015. Studi
Laboratorium Pengaruh Konsentrasi Surfaktan
Terhadap Peningkatan Perolehan Minyak.
Seminar Nasional Cendekiawan 2015, Jakarta,
pp. 569-575.

Yulia, P.S., Kasmungin, S., and Fathaddin, M.T.
2017. Kajian Laboratorium Mengenai Pengaruh

pISSN: 2615-3653



Journal of Earth Energy Science, Engineering, and Technology, Vol. 6, No. 1, 2023
URL: https://e-journal.trisakti.ac.id/index.php/jeeset, DOI: https://dx.doi.org/10.25105/jeeset.v6i1.13640
Received: 27 April 2022, Accepted: 10 April 2023, Published: 29 April 2023

Salinitas, Jenissurfaktan Dan Konsentrasi
Surfaktan Terhadap Recoveryfactor Dalam
Sistem Injeksi Surfaktan Untuk Batuan
Karbonat. Seminar Nasional Cendekiawan 3,
Jakarta, pp. 225-233.

elSSN: 2614-0268 24 pISSN: 2615-3653



