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Abstract

Waste cooking oil is an abundant food waste resource. Converting waste cooking oil into high-value products,
such as methyl ester sulfonate (MES) surfactants, is one approach to improving its economic value. MES can be
used as a bio-based detergent due to its biodegradability compared to synthetic surfactants. This study
investigated the production of a biobased detergent derived from MES surfactant using waste cooking oil as the
raw material. MES was produced through two stages: transesterification of waste cooking oil to produce methyl
esters, followed by sulfonation of the methyl esters to produce MES. Additional supporting materials were then
incorporated into the MES to formulate the biobased detergent. The results showed that the MES-based detergent
had a pH range of 10-12. A formulation consisting of 20 g of MES and 15 g of sodium silicate was identified as
the optimal composition, as it provided good oil emulsification and foam stability. An economic analysis
indicated that producing biobased detergent within a biorefinery framework—where waste cooking oil is
processed into both biodiesel and MES as co-products—is more profitable than producing biobased detergent
alone. The standalone production of bio-based detergent was not economically viable, yielding a negative net
present value (NPV) of 65,060,382 USD. In contrast, the biorefinery approach, with a processing capacity of
4,000 kg of waste cooking oil per hour, achieved a return on investment (ROI) of 58.72%, a payback period
(PBP) of 1.24 years, a net present value (NPV) of 37,386,064 USD, and an internal rate of return (IRR) of
59.67%.

Keywords: Biobased detergent, Biorefinery, Economic evaluation, Methyl ester sulfonate, Waste cooking oil

1 Introduction

Cooking oil is an important commodity in the food
industry. Repeated use of cooking oil can cause oil
decomposition at high temperatures to become waste
cooking oil [1]. Waste cooking oil has characteristics
such as darkening, thickening, foaming, and odor,
which make it a waste in the food industry [2]. Waste
cooking oil can be converted into various high—value
products, such as bioactive components in medicines,
food supplements, soaps, and surfactants. Research in
surfactant production from waste cooking oil has
increased in the past 10 years, with the surfactant
products being used as additives in food, cosmetics,
pharmaceuticals, and bioremediation [3]. The main
characteristic of surfactants is their hydrophilic and
hydrophobic groups, making them widely used in
various chemical industries, particularly in cleaning

and pharmaceuticals [4]. One of the most widely used
surfactants is methyl ester sulfonate (MES).

MES surfactant can be produced through the
sulfonation process of methyl esters using oils and fats
as raw materials. Methyl ester or biodiesel can be
produced through a two-step reaction, namely
esterification and transesterification from oil with high
free fatty acids [5]. MES production can be integrated
into methyl ester or biodiesel production using waste
cooking oil as a feedstock [6]. The challenge in MES
production from waste cooking oil was the need for a
purification stage to remove impurities, free fatty
acids and clarify the color of the oil [7]. MES demand
continues to increase, which is predicted to reach 1.5
million metric tons by 2026 [8]. MES has
characteristics such as biodegradability, good stability
in water, good cleaning properties, and low cost [9]
[4]. Therefore, MES surfactants have great potential

J. R. H. Panjaitan et al., “Production and Economic Evaluation of Bio-Based Detergent from Waste Cooking Oil.”


http://dx.doi.org/10.14416/j.asep.2026.04.002

Applied Science and Engineering Progress, Vol. 19, No. 4, 2026, 8098

for application in the cleaning industry, such as
detergents.

Detergents are one of the household products for
removing stains on clothing [10]. Detergents can
modify the surface tension and pH of water, making
them widely used for cleaning and degreasing [11].
Detergent waste from synthetic surfactants creates
environmental damage because detergent waste is
difficult to degrade in water. Because of that, it is
important to search for natural substitutes for synthetic
surfactants [12]. Currently, the detergent industry is
dominated by anionic  petrochemical-based
surfactants such as linear alkyl benzene sulfonate
(LABS), which have the potential to damage the
environment [13]. MES is a surfactant with potential
as a biobased detergent to replace LABS [14], [15].
MES, as a biobased detergent to replace LABS, has
attracted attention in the cleaning industry due to its
renewable and ecologically friendly [16]. The
advantage of using MES over LABS at the same
concentration was its detergency. In detergents that
used enzymes, MES had the ability to maintain
enzyme activity compared to LABS [17].

Economic evaluation of biobased detergent
production has not been widely conducted. Dewi and
Danaryanti studied the economic feasibility analysis
of a bio—enzymatic detergent product with a capacity
of 1,000 liters/month, which was a combination of
MES surfactants and enzymes. Based on the research,
it was shown that the IRR, NPV, PBP and ROI values
were  57.57%, Indonesian  Rupiah  (IDR)
1,117,448,350.97, 3 years and 54% [17]. In this study,
the production of bio—based detergent based on MES
surfactant from waste cooking oil and the evaluation
of its economic production on plant scale using
SuperPro Designer 10 software will be studied. This
study aims to utilize waste cooking oil and apply it as
a bio—based detergent and evaluate the economic
production.

2 Materials and Method
2.1 Materials

The materials used in this study were waste cooking
oil that had been used for three frying cycles,
bleaching earth, NaOH, phenolphthalein indicator,
methanol, KOH, distilled water, sodium bisulfite,
sodium sulfate, sodium silicate, and hydroxypropyl
methylcellulose (HPMC). The equipment used in this
study were oil filter, burette, beaker, measuring

cylinder, oven, pH paper indicator, separating funnel,
spatula, erlenmeyer flask, and sulfonation apparatus.

2.2 Methods
2.2.1 Waste cooking oil purification

Waste cooking oil purification was carried out by
mixing 100 mL of waste cooking oil with 9 grams of
bleaching earth adsorbent at 80 °C with stirring for 60
minutes. After the adsorption process, the adsorbed
waste cooking oil was separated from the bleaching
earth by filtration. The adsorbed waste cooking oil
was used as raw material for methyl ester production.

2.2.2  Methyl ester production

Operating conditions in methyl ester production were
based on Monika et al. [18]. Methyl ester production
was carried out by reacting 400 ml of waste cooking
oil with potassium methoxide containing a mixture of
100 mL of methanol and 0.5% KOH catalyst. The
methyl ester production process was carried out at 60
°C for 1 h. The reaction product was then transferred
to a separating funnel and allowed to settle for 24
hours until two layers formed. The upper layer, which
was methyl ester, was then separated for further
purification.

2.2.3  Methyl ester purification

In the methyl ester purification process, the separated
methyl ester was then mixed with warm water at 80 °C
in a 1:1 ratio. The mixture was stirred for 30 min using
a magnetic stirrer. The mixture was then left for 24
hours to separate into two layers. The upper layer,
which was methyl, was then separated.

2.2.4 Methyl ester sulfonate (MES) production

The production of methyl ester sulfonate was based on
Permadani and Slamet [19]. MES was prepared by
mixing methyl ester and sodium bisulfite in a 1:1
molar ratio at 100 °C for 4.5 h. After that, the mixture
was cooled and separated by centrifugation for 30 min
at 1500 rpm. The MES was then purified with 40%
methanol solution at 50 °C for 1.5 h. The remaining
methanol was evaporated using a hot plate. Next,
neutralization of MES was carried out by mixing it
with 20% NaOH solution at 55 °C for 30 min. The
resulting MES was then analyzed.
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2.2.5 Fourier Transform Infrared (FTIR) analysis of
MES

FTIR spectrophotometer analysis aims to identify the
chemical groups of MES. In this study, FTIR was used
as an analytical tool to identify MES. The spectrum
produced by the FTIR was used to detect the presence
of sulfonate groups that react with methyl esters.

2.2.6 Bio—based detergent production

The biobased detergent preparation begins with the
preparation of detergent mixture ingredients such as
10 g of sodium sulfate, 5 g of hydroxypropyl
methylcellulose (HPMC), and 10 g of sodium silicate.
These ingredients were mixed sequentially. In the first
stage, sodium sulfate and various variations of MES
surfactants 15, 20, and 25 g were mixed and produced
mixture 1. Distilled water was then added to mixture
1 to form mixture 2. Other ingredients, such as HPMC
and sodium silicate, were then added to mixture 2 to
form mixture 3. The variations of sodium silicate used
in this study were 5, 10, and 15 g. Mixture 3 was then
poured onto aluminum foil to be dried in an oven for
3 h at 80 °C. The dried product of mixture 3 was a dry
biobased detergent which was then cooled for 5-15
min, weighed, and separated from the aluminum foil
to be ground with a mortar. The resulting bio-based
detergent was then analyzed for its characteristics,
such as pH analysis, oil emulsification test, and
foamability test.

2.2.7 Biobased detergent analysis

pH Analysis
The pH analysis of biobased detergents was performed
using universal pH test paper.

Oil emulsification test

The oil emulsification test was performed by mixing
cooking oil and biobased detergent in an analysis tube.
The tube was then shaken and allowed to stand for 2
minutes and 10 minutes. The resulting foam height
was compared and analysed in three repetitions.

Foamability test

Foamability test was a foam measurement by mixing
biobased detergent and distilled water to produce a
measurable foam height. Besides that, the foam
stability percentage can be calculated using the
formula Equation (1):

Foam Stability (%) = ~* x 100% (1)
10

Where x; was the height of the foam at 1 min and x1o
was the height of the foam at 10 min.

Economic evaluation method

The economic simulation of biobased detergent
production was conducted using SuperPro Designer
10 simulation software. The stages of biobased
detergent production in this study can be summarized
in a block flow diagram based on Figure 1. The
dependent variables generated in this simulation
included the return on investment (ROI), payback
period (PBP), net present value (NPV), and internal
rate of return (IRR). In addition, several constant
variables used in calculating the economic simulation
include:

e The currency used in
simulation is United States dollars.

e The factory will be constructed over two
years and will operate for 20 years.

e The total investment cost will be obtained
through a loan with compound interest of 10% per
year.

e  The year for the cost analysis is 2025.

e The factory’s raw material capacity is 400 kg
of used cooking oil hour™.

e The depreciation method used is the MACRS
method with a depreciation period of 15 years.

e The minimum acceptable rate of return is
11%.

e  The tax rate is 25%.

e The price of bio—based detergent products is
500 USD/ton.

Total capital investment (TCT) and total operating
cost (TOC) can be calculated using formulas
Equations (2) to (5):

the economic

Total capital investment = fixed capital (2)
investment + startup cost + working capital

Fixed capital investment (FCI) = 12 x (3)
equipment cost

Startup cost = 5% x fixed capital investment @)

Total operating cost = raw material cost + labor-  (5)
dependent cost + facility-dependent cost +
laboratory/quality control cost + waste
treatment cost
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where equipment cost, working capital, total operating
cost, and total revenue were calculated from SuperPro
Designer 10 simulation.

Profitability analysis, such as return on
investment (ROI), payback period (PBP), net present
value (NPV), and internal rate of return (IRR), was
calculated. Return on investment (ROI) was defined as
the percent ratio of average profit (Np) to total capital
investment (TCI). Payback period (PBP) is identified
as the project time required for payback, and defined
as the ratio of fixed capital investment (FCI) to annual
cash flow (Aj). Net present value (NPV) is the total of
the present worth of all cash flows minus the present
worth of all capital investments, and internal rate of
return (IRR) is the discount rate that makes NPV zero.
The formula and calculation method of NPV and IRR
were based on Peters et al. [20].

3 Results and Discussion
3.1 MES analysis using FTIR

The FTIR results of the MES surfactant were shown
in Figure 2. The presence of methyl ester sulfonate

(MES) was confirmed by the absorption bands
obtained from the test. The absorption range of 3000—
2800 cm™ indicated the aliphatic C—H stretching
vibrations of the methyl (—CHs) and methylene (—CH:-)
groups originating from the long hydrocarbon chains
in the MES structure [14]. The absorption range of
1200-1000 cm™ indicated the vibrations of the
sulfonate (S=0) groups, which were produced in the
sulfonation process of the ester group. The success of
the sulfonation reaction was indicated by the
appearance of a strong absorption band in the range of
1200-1040 cm™!, which was an indicator of the
presence of a sulfonate group (—SOsH) [14], [21]. All
absorption bands from the FTIR analysis indicated
that the compound contains ester and sulfonate
functional groups that match the chemical structure of
methyl ester sulfonate as a product of the methyl ester
sulfonation process. The presence of sulfonate groups
in MES improves the cleaning performance and better
hardness tolerance. The ability of MES as an anionic
surfactant was shown by binding ions under water
hardness conditions [22].

Potassium Sodium
Adsorbent Methanol Hydroxide Water Bisulfite
Waste Waste Oil Methy! Ester Methyl Ester Methy! Ester Sulfonate
Cooking Oil Purification Production Purification Production
Waste Glycerol Waste
Adsorbent Products
Water Hydroxypropyl  Sodium Sodium Sodium
Vapor Methylcellulose  sjlicate  Water  guifate Hydroxide
T l l l y

Bio Based Bio Based Detergent Bio Based Detergent Production L Methyl Ester Sulfonate
Detergent Purification and Packaging 9 - Purification
Waste

Figure 1: Biobased detergent block flow diagram.
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Figure 2: FTIR analysis of MES.

3.2 Biobased detergent analysis
3.2.1 pH analysis

This research consisted of several steps, including
waste cooking oil purification, methyl esters
production, methyl ester sulfonate (MES) production,
and biobased detergent production. The purification of
waste cooking oil using bleaching earth yielded 0.28%
FFA content, which can be used as raw material for
methyl esters production. Based on the biobased
detergent pH analysis, the pH range obtained was
between 10 and 12. A higher pH range was necessary
to create optimal alkaline conditions for the cleaning
process [23]. Surfactant in biobased detergents can
increase the pH of detergents and reduce surface
tension [24]. The high pH range of biobased
detergents facilitates the saponification process of fats
and oils, a hydrolysis reaction that converts oily dirt
into water—soluble soap and glycerol, which makes it
easier to remove oily dirt from the cloth surface.
Furthermore, higher pH of biobased detergents helps
dissolve and remove acidic dirt and prevents the re—
adhesion of loosened dirt on the cleaned surface [25].

3.2.2 QOil emulsification test

The oil emulsification test aims to assess how well
bio-based detergents emulsify oil or oily dirt.
Emulsification using a detergent is a process in which
an immiscible solution is dispersed into another
immiscible solution. This property is crucial for
dissolving water—insoluble compounds such as oil,
which surfactants stabilize the emulsions [26], [27].

Emulsification test was conducted at 2—minute and
10—minute intervals to evaluate the initial stability of
the emulsion during the oil emulsification process
using a detergent. The 2—minute oil emulsification test
was designed to observe the initial rate of emulsion
formation. The 10-minute oil emulsification test was
designed to evaluate the short—term stability of the
emulsion. The 10-minute oil emulsification test can
provide an overview of the detergent's ability to
stabilize oil droplets through the mechanism of
reducing interfacial tension and forming a protective
layer around the oil particles [28].

Figure 3 shows an oil emulsification test using a
mixture of 5 g of detergent, 100 ml of distilled water,
and 5 g of cooking oil. The foam heights produced by
the oil emulsification test using the combination of
MES and sodium silicate showed significant
differences. The 15-15-2 Dbiobased detergent
formulation (15 grams of MES, 15 grams of sodium
silicate, and 2 min of emulsification time) in Figure 3
produced the highest foam height, which was 3.6 cm,
indicating good foam formation and stability.
Furthermore, the 15-15-10 and 20-15-2 biobased
detergent formulations also produced high foam
heights. Conversely, several formulations produced
lower foam heights, with an average foam height
below 2.5 cm, indicating lower surfactant
effectiveness in these formulations. The significant
standard deviations at several points indicated
variation between samples, particularly in the
formulation with the highest foam.

These differences in foam height results may be
due to differences in the composition of MES and
sodium silicate in the detergent. Surfactants mixed
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with sodium silicate improved the solution structure
and made the surfactant more efficient in lowering the
surface tension of water, thus facilitating foam
formation. The resulting foam height indicated the
surfactant's efficiency in forming and stabilizing oil in
water. When sodium silicate was added and produced
higher foam, it indicated in higher emulsification
efficiency. Higher foam indicated that oil was more
easily dispersed and formed a stable emulsion,
resulting in better cleaning action [23].

3.2.3 Foamability test

N
3

Foam Height (Cm)
N
8

Two important foam properties in the cleaning process
and related to detergent quality are foamability and
foam stability [26], [29]. Foamability is the ease of
foam formation, while foam stability is the ease of
foam to collapse. Foamability depends on surface
tension and critical micelle concentration. Foam
stability was influenced by molecular packing in the
adsorbed surfactant and the surface viscosity of the
film. Foam collapse can be caused by liquid drainage,
bubble disproportion, and coalescence [30]. To protect
clothing fibers, stable foam was needed to reduce
agitation pressure during the cleaning process [23].
Surfactants can be used to reduce surface tension and
prevent foam from collapsing [30], [23].

ppi—il-l
8 2 8 1
L —
7/

Formulation: MES (g) - S.Silikat (g) - Time (min)

Figure 3: Oil emulsification test.
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Figure 4: Foamability test.

The samples tested for foamability were methyl
ester sulfonate (MES) and sodium silicate—based
detergent formulations with 5 g of detergent and 100
mL of distilled water. Figure 4 shows the foamability
testing of various MES and sodium silicate mixture
formulations and variations in stirring time. At 1
minute, the initial foam height in most formulations
was higher than in subsequent minutes, especially at
minutes 7—-10, which showed a tendency for the foam
height to decrease drastically. This indicated that foam
forms quickly, but tends to decrease over time [23].
Formulation 25-10 (25 g MES and 10 g sodium
silicate) at minutes 1 and 2 showed the highest foam
height, reaching almost 2 cm, indicating that this
formulation was the best initial foam—forming.
Meanwhile, formulation 20—15 showed a more stable
foam height, reaching 1.9 cm in the initial minute and
after 10 minutes, only decreasing to 1.7 cm.

The gradual decrease in foam height over the
following minutes indicated the limit of foam stability,
which may be caused by the surfactant composition
and its interaction with sodium silicate. While initial
foam formation was crucial for cleaning product
applications, foam stability was also a crucial

indicator of detergent effectiveness, as it can create a
strong interfacial film [31]. The foaming process
required surfactants to reduce surface tension in the
solution, facilitating the formation of stable foam
lamellae [32]. Furthermore, foam stability over time
indicated sustained cleaning ability, especially when
used in longer washing processes [23]. Sodium
silicate, as a builder, not only improves foam stability
but also helps bind metal ions in hard water, thereby
enhancing the effectiveness of surfactants such as
MES. Increasing the MES surfactant composition in
detergents can produce higher foam yield [33].
However, a balanced concentration of sodium silicate
builder was essential to maintain foam stability.

3.2.4 Economic evaluation of bio—based detergent
production

The economic evaluation of biobased detergent
production was conducted at a factory scale with 400
kg of waste cooking oil/hour as a raw material using
SuperPro Designer 10. Operating conditions data that
were used in SuperPro Designer 10 simulation were
based on the biobased detergent laboratory—scale
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production in this paper. The reactor simulation data
used methyl ester and MES production yield data,
which were 80% for methyl ester yield and 84% for
MES yield. The process flow diagram for biobased
detergent production was shown in Figure 5.

Based on Figure 5, the biobased detergent
production process begins with the purification of
waste cooking oil using bleaching earth in a mixer
(MX-101), which was then separated by filtration in a
plate and frame filtration (PFF—101). The methyl ester
production process was then produced in a reactor (R—
101) by reacting bleached waste cooking oil with
methanol as a reactant and potassium hydroxide as a
catalyst. The methyl ester was then separated through
decantation and purified by washing with water. The

methyl ester was then reacted with sodium bisulfite in
a reactor (R—102) to produce methyl ester sulfonate
(MES). The MES product from the reactor was then
separated from its impurities using a centrifuge
process (DC-101) and mixed with methanol and
sodium hydroxide to neutralize the MES. A
distillation column (C-101) was needed to separate
the MES from the methanol. The separated MES was
then mixed with various additives such as sodium
sulfate, water, hydroxypropyl methylcellulose, and
sodium silicate to produce a biobased detergent. The
final product, a mixture of MES and various additives,
was produced as a biobased detergent and then heated
on a drying tray (TDR-101).
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P-4 /MX-102 Water e————
Waste Oil e
Mixing  $-104
Waste Bleaching Earth
2 k|
—S 4 o
PA/MX-A01 ¢ & . A — P9/MX-103 S-109
Mixing 3 —— k| 2 | —————
‘ > ) s1o7 S-108  Mixing o )
‘mg 1 o=l ] s106  P7/VAO1
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e 5103 P5/RA0 st ol E e
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Figure 5: Biobased detergent process flow diagram.
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Table 1: Economic parameters of biobased detergent plant.

Raw Material Costs Cost (USD/Ton) Reference
Bleaching Earth 685 [34]
Methanol 325 [35]
Potassium Hydroxide 244 [36]
Sodium Bisulfite 368.03 [37]
Sodium Hydroxide 433.68 [36]
Sodium Sulfate 95.33 [38]
Hydroxypropyl methylcellulose (HPMC) 1000 [39]
Sodium Silicate 343 [40]
Product Cost Cost (USD/Ton) Reference
Bio—Based Detergent 500 [41]
Profitability Analysis Value
Total Capital Investment (TCI) (USD) 4,991,060
Total Revenue (USD/year) 3,153,268
Raw Materials 3,163,000
Labor—Dependent 4,763,000
Facility—Dependent 3,819,000
Quality Control 714,000
Utilities 118,000
Total Operating Cost (USD/year) 12,577,000
ROI (%) N.A.
PBP (years) N.A.
NPV (USD) 65,060,382
IRR (%) N.A.

The raw material and product pricing
parameters, as well as the profitability analysis of the
bio—based detergent plant, can be seen in Table 1.
Table 1 showed that a lot of raw materials were
required to produce biobased detergent from waste
cooking oil. This was due to the lengthy process stages
that require significant amounts of chemicals, starting
from waste cooking oil purification, methyl esters
production, methyl ester sulfonate production, methyl
esters and MES purification process, and the mixing
of additional ingredients to produce biobased
detergent, which was shown in Figure 5. The prices of
some raw materials were quite high, even exceeding
the price of the main product, such as potassium
hydroxide and hydroxypropyl methylcellulose
(HPMC). Therefore, the profitability analysis
calculation in Table 1 indicated that the biobased
detergent plant was not profitable.

The profitability analysis calculation in Table 1
indicated that producing a single biobased detergent
product was unprofitable. Furthermore, Figure 5
suggests that several production schemes can be
optimized to produce a more profitable plant.
Therefore, the economic evaluation of the biobased
detergent plant was repeated with several
modifications, including:

1) Increasing the raw material capacity of waste
cooking oil to 4,000 kg oil/hour.

2) The biobased detergent plant scheme will be
modified to also sell high—value intermediate products

such as methyl ester (biodiesel) and methyl ester
sulfonate through a biorefinery concept. Biodiesel is a
high—value alternative energy product, while methyl
ester sulfonate (MES) is a high-demand surfactant.

3) Reusing process byproducts, such as the
“MES By-Product” stream in Figure 5, which still
contained significant amounts of sodium bisulfite and
methyl ester, and the "Methanol Regeneration" stream
in Figure 5, which was a methanol recycling stream.

The various modifications to the biobased
detergent plant mentioned above were carried out
using SuperPro Designer 10, resulting in the
biorefinery biobased detergent plant (Figure 6).

The biorefinery biobased detergent plant in
Figure 6 was a modification of the biobased detergent
plant in Figure 5. The biorefinery biobased detergent
plant used 4000 kg of waste cooking oil hour!
capacity to produce biodiesel, methyl ester sulfonate,
and bio—based detergent products. Several flow
modifications were made to increase the economic
value of the plant. The S—110 stream in Figure 6 was
divided into two streams with a flow division of 50%
each, namely the biodiesel product and the S—122
stream. The S—116 stream in Figure 6 will enter the
centrifugation process, which was continued with 50%
flow division each into the methyl ester sulfonate
product and the S—127 stream. In addition, in Figure
6, the unreacted sodium bisulfite reactant was recycled
according to the S—125 stream and the methanol was
recycled according to the S—-129 stream. This
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recycling flow scheme had the advantages of reducing
the need for fresh feed in the ‘sodium bisulfite’ and
‘methanol 2’ streams, which had an impact on
reducing the cost of sodium bisulfite and methanol
raw materials.

The biorefinery concept is a processing concept
aimed at optimizing the sustainable use of biomass
resources through various conversion methods. This
concept produces various high—value commodities
from specific raw materials [42]. The application of
the biorefinery concept using waste cooking oil as raw
material in a biorefinery biobased detergent plant can
be seen in Table 2. The products from this scheme
were biodiesel, methyl ester sulfonate, and biobased
detergent, which can significantly increase the plant's
economic value. Based on the profitability analysis in
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Table 2, the ROI, PBP, NPV, and IRR were 58.72%,
1.24  years, 37,386,064 USD, and 59,67%,
respectively.

Based on Table 2, the economic value of the
biorefinery biobased detergent plant was already
profitable. However, several considerations regarding
raw material substitutions can be made to improve
plant costs for the next research. Hydroxypropyl
methylcellulose (HPMC) was an expensive raw
material (Table 2). Hydroxypropyl methylcellulose
(HPMC) in this study was used as an anti—redeposition
agent that prevents dirt from sticking back to clothes.
Alternative anti-redeposition materials other than
hydroxypropyl methylcellulose (HPMC) with a lower
price can be used to reduce the production costs of
bio—based detergents.
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Figure 6: Biorefinery biobased detergent process flow diagram.
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Table 2: Economic parameters of biorefinery biobased detergent plant.

Raw Material Costs Cost (USD/Ton) Reference
Bleaching Earth 685 [34]
Methanol 325 [35]
Potassium Hydroxide 244 [36]
Sodium Bisulfite 368.03 [37]
Sodium Hydroxide 433.68 [36]
Sodium Sulfate 95.33 [38]
Hydroxypropyl methylcellulose (HPMC) 1000 [39]
Sodium Silicate 343 [40]
Products Costs Cost (USD/Ton) Reference
BioBased Detergent 500 [41]
Biodiesel 1000 [43]
Methyl Ester Sulfonate 1800 [44]
Profitability Analysis Value
Total Capital Investment (TCI) (US$) 9,684,080
Total Revenue (USD/year) 36,817,586
Raw Materials 13,631,000
Labor-Dependent 5,543,000
Facility—Dependent 7,080,000
Quality Control 831,000
Utilities 613,000
Total Operating Cost (USD/year) 27,698,000
ROI (%) 58.72
PBP (years) 1.24
NPV (USS$) 37,386,064
IRR (%) 59.67

4 Conclusions

This study investigated the production of a biobased
detergent based on methyl ester sulfonate (MES)
surfactant from waste cooking oil. MES can be
produced from the sulfonation of waste cooking oil-
based methyl esters that have the potential to be used
as a bio-based detergent after being combined with
various supporting raw materials. The bio-based
detergent produced in this research had a pH range of
about 10-12, which was an alkaline condition to aid
the cleaning process. The best bio-based detergent
formulation obtained in this study was a bio-based
detergent with 20 g MES and 15 g sodium silicate
composition due to its oil emulsification and
foamability test. Economic analysis of single bio-
based detergent production as a product from waste
cooking oil showed unprofitable results. Therefore,
other products such as methyl esters or biodiesel and
MES surfactant can be produced as by-products to
support the economic viability of biorefinery biobased
detergent plant. Profitability analysis showed that
biorefinery biobased detergent plant that produces
bio-based detergent, biodiesel, and MES using 4,000
kg of waste cooking oil hour! capacity as raw
materials had ROI, PBP, NPV, and IRR values which
were 58.72%, 1.24 years, 37,386,064 USD, and
59,67%, respectively.
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