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To mitigate dependence on fossil fuels, the government of Lao PDR has
promoted the development of alternative fuel production in the country.
Biodiesel is one of the most feasible and attractive fuels. This paper presents a
lab-scale biodiesel production from used cooking oil (UCO) and its cost
appraisal. This biodiesel production is based on the base-catalyzed
transesterification reaction. The optimum parameter value in terms of catalyst
concentration and amount of methanol is examined to achieve the best
biodiesel yield. The results of this study revealed that the optimized condition
for producing biodiesel from 1 liter of UCO is obtained using 12 g of KOH and
20 % of MeOH under the operating temperature of 60 °C and mixing time of 30
min. With this condition, the maximum yield of biodiesel is obtained at 91.3%.
The total cost of production for 1 liter of biodiesel produced is approximately
17782 LAK. Production quantity at break-even point is about 41989 liters,
achieving a payback period of 2.67 years.

Fulure Publishing LLC

1. Introduction
1.1 Overview

Laos is one of the 13 least developed countries in the Asia
Pacific Region; however, annual economic growth increased
rapidly from 2010 to 2015. This resulted in an increase in the
national energy demand continuously [1]. As a landlocked
country lacking underground petroleum sources, fossil fuel is
100% imported from abroad (mainly through Vietnam and
Thailand). This fossil fuel is mostly utilized in the
transportation and agricultural sectors. Due to the abundant
availability of hydropower sources, a small proportion of
fossil fuel is used for electricity generation in rural areas
without the national grid. For instance, fossil fuel is used for
lighting-based diesel generators and stationary stable-load
motors (e.g., rice mills and water pumps) [2]. Fossil fuel
demand is increasing with the increase in population and
industrialization. The national policy related to energy-saving
and improving fuel efficiency has been released, along with a
plan to promote biofuel production in the country to achieve
the goal of mitigating dependence on fossil fuels. Biodiesel has
been interested and studied by several institutions in the
country to develop the production processes and its potential
to meet national demands. However, it is still a low-level
technique, and it does not result in comprehensive findings.

UCO can be a resource. However, in Lao PDR, it is mostly
poured down the sink or thrown as waste oil into the trash.
This is far from the ideal solution and can be caused major
environmental issues. Moreover, fat in UCO will later harden,
causing a blockage in the drainage system. Improper disposal
of UCO can often go against regulatory guidelines. According
to the Environmental Protection Agency (EPA), pouring
animal fats and vegetable oils into water has similar
destructive impacts on the aquatic environment as petroleum
oils [3]. Hence, proper recycling of UCO will reduce the risk of
harming natural resources and the environment caused by
free fatty acids and grease in the UCO. Opting into UCO
recycling as a resource for renewable and green fuel
generation supports sustainable development growth.

1.2 Biodiesel production from UCO

Biodiesel can be produced from more than various types
of feedstocks, including both edible and non-edible vegetable
oils. A high concentration of triglycerides in these feedstocks
is most significant to the high productivity of biodiesel. Edible
oil is mainly used for human consumption. Economically, it is
not introduced as biodiesel production feedstocks due to the
limited supply with high demand for fuel and food production.
The most common edible oil feedstocks are included palm,
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soybean, sunflower, rapeseed, and peanut oils. Due to it is not
suitable for consumption, non-edible oil is mainly used in
industrial applications for producing biofuel, soap, detergent,
and paints. Various chemical processes are required for
extracting non-edible oil. The most common non-edible oil
feedstocks used for biodiesel production are included tallow
castor, jatropha, and used cooking oils. However, a high
amount of free fatty acid in these feedstocks results in a
reduction in biodiesel yield [4]. Biodiesel is made up of methyl
or ethyl esters of fatty acids through a transesterification
process, which is a well-established chemical reaction where
alcohol reacts with triglycerides in the presence of a catalyst.
The main products produced are biodiesel and glycerin [5].
Conventionally, the transesterification is often catalyzed by a
base catalyst (sodium hydroxide, NaOH, or potassium
hydroxide, KOH). However, the biodiesel production process
can also be catalyzed by various types of catalysts such as acid
catalysts, enzymatic catalysts, solid catalysts, and
industrial/biological sourced catalysts [6]. The selection of a
catalyst should be considered in terms of cost-effectiveness
and environmental possibilities. Besides catalysts, feedstocks
constitute a factor that affects the efficiency of the reaction
process and the quality of produced biodiesel. Feedstock for
producing biodiesel can be vegetable oils (both edible and
non-edible oils), animal fats, and even municipal waste oils
[7]. This makes biodiesel a sustainable and eco-friendly
biofuel. However, the production cost of biodiesel is relatively
high, resulting from the low energy efficiency of its
conversion process and high raw material cost. These are
considered the major obstacles and economic challenges for
the poorest developing countries. Feedstock price is
considered the major contributor to the total cost of biodiesel
production.

To avoid direct consumption of food crops, non-edible
oils are a good option for biodiesel production feedstock.
However, it does not resolve the problem that requires a large
plantation land area. UCO could be used as a feedstock for
biodiesel production, producing biodiesel of similar quality to
that produced from fresh oils [8]. As waste from cooking
activities is to be disposed of, biodiesel production from UCO
is considered the most promising potential and effective way
of reducing the total costs [9] with an economically and
environmentally viable solution, providing an alternative
method for the final disposal of the waste oil [10]. The price
of biodiesel produced from UCO will be significantly reduced
as low-cost feedstock. The biodiesel production cost can be
reduced by 60 - 70% by using UCO as feedstock [11,12].
However, using UCO for biodiesel production requires pre-
treatment steps before processing the transesterification.
Unlike fresh oil, UCO contains high water and solid impurities
obtained during cooking activities. In most cases, heating and
filtration are sufficient for removing water and solid particles
contained in UCO [9]. In addition, obtaining heat and other
spices during cooking activities results in variably physical
and chemical properties of UCO, especially free fatty acid
(FFA) contain. The base catalyst transesterification is only
suitable for feedstocks with a low FFA. With a high FFA, two
steps of biodiesel production are often conducted. The first
step is the esterification process to reduce the acid value,
commonly using an acid catalyst (e.g., H2SO4 or HCI). Then, the
second step of the transesterification process can be
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conducted to convert triglycerides along with alcohol into
biodiesel and glycerol [13]. Moreover, to accelerate the
reaction and increase the production yield, heating to
maintain the operating temperature in a range of 50-60°C is
favorable [9]. Production of biodiesel from waste oils has
been comprehensively investigated by using various reactors
[11,14] and catalyst types [15]. Many studies have been
performed in terms of techno-economic feasibility [16].
However, low technical risks, simplicity, acceptable
production yield, and low materials, as well as equipment
costs, are most suited for the implementation of biodiesel
production in the poorest developing countries [7], and Lao
PDR is included. To the author’s best knowledge, the well-
established process for biodiesel production in the last two
decades has been the transesterification process. In the
context of Lao PDR, studies of biodiesel production are much
less common. There is not a techno-economic analysis that
can be found in the literature yet. Therefore, this study
presents biodiesel production and its cost appraisal using
UCO as feedstock based on the current economic situation in
Lao PDR. The first objective is determining the optimum
production conditions based on a lab-scale finding.
Fundamental properties of biodiesel fuel products are
examined. The second objective is the economic feasibility of
biodiesel production from UCO.

2. Materials and Methods
2.1 Feedstock Collection and Preparation

UCO used in this experimental study is collected from a
fried chicken restaurant in Vientiane’s capital, Lao PDR.
According to random interviews with the owner of several
restaurants in the Vientiane capital, the generation of waste
cooking oil is in the range of 10-30 liters per day. This
revealed that there is a huge potential for biodiesel
production in Laos. Chemical materials are also obtained from
local chemical stores. UCO obtained is filtered to remove
impurities and boiled for water separation before entering
the production process.

2.2 Biodiesel Production in a Lab-scale Methodology
The alkaline transesterification reaction with KOH or
NaOH is the most used for biodiesel production from UCO.
Using an acidic catalyst (often used H2S04) is not preferable
due to the corrosive effects, and it is only considered for a case
with high FFA content in oil, as shown in Figure 1. Therefore,
the alkaline transesterification reaction was selected for this
study. This is because of lower technical risks, more
simplicity, and lower materials and equipment costs with
acceptable biodiesel yield. At first, it is imperative to
determine the value of the FFA of UCO. This step is well-
known as titration. Phenolphthalein, methanol, and KOH are
used for this process. The percentage of FFA is calculated as
in Eq (1):
amount of KOH usedx56.1x0.1
amount of waste 0ilx1.99

%FFA = 1)
After five times repeating titrations to know the average KOH
used, %FFA is calculated, and it is about 3.6%, which is lower
than 5%. It means that this waste oil could be acceptable for
direct biodiesel production using a base catalyst
transesterification reaction [5] with methanol as alcohol and
KOH as the catalyst. This method has relatively low technical
risks, simplicity, and acceptable production yield, including
the low price of materials and equipment. A lab-scale
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procedure is performed for 500 ml of UCO. After filtrating and
heating, UCO is left to cool down to 60+2°C before mixing with
a mixture of KOH catalyst and methanol. All mixtures are
strongly stirred for 30 minutes to achieve a good result of
mixing and then, left for 8-10 hours to separate glycol from
biodiesel. Since the lab-scale procedure aimed to achieve
maximum production, the percentage of biodiesel yield is the
main interesting variable. The percentage of biodiesel yield
can be calculated, as in Eq (2):

amount of biodiesel produced

%yield =

X 100 2)

amount of waste oil used

Thereafter, the produced biodiesel is cleaned with distilled
water and heated up to remove water again to be ready for
the determination of physicochemical properties. Figure 1
illustrates the flow chart of biodiesel production from UCO.

2.3 Cost estimation analysis

One of the major obstacles in utilizing biodiesel is a price
that is higher than petrol diesel. Hence, the use of UCO as
feedstock can be reduced the cost of biodiesel against petrol
diesel. Moreover, UCO is a renewable resource. Economic
analysis is an important tool for evaluating the feasibility and
optimization of biodiesel production. Many research works
have been carried out in techno-economic studies of biodiesel
production from waste oils [17-21]. In the present study,
economic analysis is based on the estimation of economic
criteria such as fixed cost, variable cost, and capital cost for 1
liter of biodiesel produced.

3. Results and Discussion
3.1 Optimization of Biodiesel Production based on Lab-
scale Experiment
The experiment is implemented by 1) varying amounts
of alcohol and 2) catalyst while the rest variables are fixed.
The results are presented in Table 1 and Table 2, respectively.
For the case of variation of alcohol (Methanol), it is carried out
by changing methanol from 15 - 25% (with 5% intervals) of
UCO while catalyst (KOH), stirring time, and the temperature

are fixed at 7 g, 30 min, and 6032°C, respectively. It is found
that the maximum yield of biodiesel production from the UCO
is 89.0% at an amount of methanol of 20%. Although alcohol
is capable of increasing the efficiency of the reaction,
increasing further alcohol beyond the optimum dosage will be
resulted in an expensive biodiesel refining process [22]. For
the case of variation of catalyst (KOH), it is carried out by
changing KOH from 6g, 7g, and 8g while methanol, stirring
time, and temperature are fixed at 20%, 30 min, and 60+2°C,
respectively. It was found that the maximum yield of biodiesel
production from the UCO is 91.3% at an amount of KOH of 6g.
This could be explained by the use of catalysts for accelerating
the transesterification process time. When adding more of the
catalyst beyond the optimum dosage will be resulted in
saponification that converts triglyceride to soap, leading to
viscousness and poor diffusion of the reactants, and thus
decreasing biodiesel production yield [23].

From the lab-scale experimental findings, it could be
concluded that the optimized condition for producing
biodiesel from the UCO of 1 liter is using methanol of 20% of
the feeding waste oil, KOH of 12g, maintaining the operating
temperature of 60°C, and mixing time of 30 min. Hence, this
condition will be information for economic analysis in the
following section. The basic properties of the produced
biodiesel are presented in Table 3.
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Figure 1. Flow chart diagram of biodiesel production

3.2 Economic evaluation

From the optimum condition obtained by experimental
attempts, it shows that the maximum biodiesel yield is 91.3
%. Thus, producing biodiesel from the UCO of 1 liter requires
methanol of 0.2 liters (20%) and potassium of 12 g. For
simplicity, it is considered that the total cost of biodiesel
production includes fixed cost, variable cost, and overhead
cost. The fixed cost is the cost related to utilities and operating
labor, while the variable cost is included the cost of feedstock,
raw materials, and other consumables. Although UCO is free,
it might have some costs for collecting and transporting. This
cost is estimated at 1667 LAK/liter of UCO. The cost of
methanol is 8000 LAK/liter of UCO, and the cost of KOH is 960
LAK/liter of UCO. The cost of utilities and operations is mostly
considered for utility consumption, including water,
electricity, and other consumables. However, it does not
include the capital cost for equipment and machines. The
detail of cost appraisal followed the method of [12], and its
results are listed in Table 4. It is noticed that the production
cost of biodiesel from UCO in the present study is 17782 LAK
per liter of UCO used (around 1.02 USD based on the exchange
rate on 30 November 2022). It is lower than the present price
of petroleum diesel in Lao PDR. This production cost is a
significant variable for evaluating economic feasibility. When
the production cost is smaller than that of the unit selling
price, it would be considered that the production facility is
economically feasible. The production cost of biodiesel varies
considerably with the type and cost of raw materials,
conversion technology, and production scale [7]. In this study,
a biodiesel production machine with a capacity of 150 liters
per batch is considered. This machine can be imported from
Thailand with an estimated total cost of about 200,000 THB
(approximately 98,110,000 LAK). The machine has a lifespan
of about ten years. Maintenance cost is considered 5 % of the
total machine cost, and scrap value is 20 % of the total
machine cost.
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Table 1. Effect of variation of methanol (MeOH) on biodiesel
production

Waste MeOH KOH Operating Mixing  Biodiesel  Glycerin

oil (%) (g) temperature time yield (g)
(mD) QO] (min) (%)

500 15 7 60+2 30 87.6 65.0

20 89.0 86.0

25 87.0 87.2

Table 2. Effect of variation of potassium hydroxide (KOH) on
biodiesel production

Waste MeOH KOH Operating Mixing  Biodiesel  Glycerin

oil (%) (8) temperature time yield (g)
(ml) (9 (min) (%)
500 20 6 60+2 30 91.3 78.5
7 89.0 86
8 85.9 86

Table 3. Basic properties of the produced biodiesel

Properties Test Produced
method biodiesel

Specific gravity@15°C ASTM 0.881
D1298

Flash point (°C) ASTM D97 150

Viscosity kinematic @40°C (cSt) ASTM D 4.84
445

API gravity @60°C ASTM 29.1
D1298

Calorific value (M]/kg) ASTM D240 38

Considering the 10 % of interest rate, the capital recovery
factor (CRF) and sinking fund factor (SFF) can be calculated
as follows:

i(1+)"
(1+i)n-1

CFR =

3

i
a+Hn-1

SFF = “4)
where i is the interest rate, and n is the project period (year).
In this study, biodiesel production can be performed 1 batch
per week using a UCO of 150 liters per batch. This is assumed
that it requires time to collect UCO from restaurants and
villagers. After considering holidays, the production process
can be performed the production within 48 weeks throughout
the year. Using the maximum biodiesel yield of 91.3 %, it
requires UCO for feedstocks of about 7200 liters per year and
can be produced biodiesel of about 6574 liters per year. Since
in Laos, there is no agreement on the unit selling price of
biodiesel yet, a price lower than that of a present unit selling
diesel here is considered. Assuming to use the unit biodiesel
selling price of about 18000 LAK per liter, it requires
production quantity at a break-even point of about 41989
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liters and a payback period of 2.67 years or approximately 2
years with 8 months. Hence, it can be concluded that biodiesel
production from UCO, under assuming conditions in this
study is economically feasible.

Table 4. Cost estimation of biodiesel production from UCO

Description Amount Unit

(A) Material cost (MC)

(1) UCO collection 1667 LAK/L
(2) MeOH 8000 LAK/L
(3) KOH 960 LAK/L
Total (A): (1+2+3) 10627 LAK/L
(B) Utilities

Electricity

Assuming UCO 1 liter = 0.9 kg

1 kWh = 799 LAK for industry use
Cp, water = 4.18 k] /kgK

Cp, waste oil = 1.67k]/kgK

Heat loss = 20%

(4) Mixing MeOH/KOH 0.00042 kWh/L
(5) Mixing UCO/(MeOH/KOH) 0.0025 kWh/L
(6) Heating water, 25-60°C 0.051 kWh/L
(7) Removing water from UCO, 25 - 0.039 kWh/L
100°C
(8) Removing water from biodiesel, 25 - 0.039 kWh/L
100°C
Water

Assuming to use water 150 liter for a batch

1379 LAK for 1 m? for industry use

(9) Cost of water for washing biodiesel 1.38 LAK/L
Total (B): (4+5+6+7+8+9) 1.51 LAK/L
Variable cost (VC): (A+B) 10628 LAK/L

(C) Fixed cost (FC)

Assuming needed 2 workers for a batch,

2x80000 LAK/batch

(10) Labor cost (LC) 1067 LAK/L
(11) Insurance & tax 15% of LC 160 LAK/L
Total (C): (10+11) 1227 LAK/L
(D) Direct cost (DC) = (A+B+C) 11855 LAK/L
General overhead 50% of DC 5927 LAK/L
Total production cost (A+B+C+D) 17782 LAK/L

4. Conclusion

This paper presents biodiesel production from UCO
through a base catalyst transesterification reaction. The
optimum parameter value for catalyst concentration and
methanol is examined. In addition, the cost estimation of 1
liter of biodiesel produced is evaluated. The result showed
that the optimized catalyst and methanol are 12g and 20% of
KOH and MeOH for 1 liter of UCO used under the operating
condition of a temperature of 60°C and mixing time of 30 min,
producing a biodiesel yield of 91.3%. The total cost of
production for 1 liter of biodiesel from UCO is 17782 LAK. It
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is reduced by about 56 % when compared with using fresh oil
as feedstock, and this cost is comparatively low by about 11
% of the cost of petrol-diesel in the present time in Laos. With
the assumed conditions in this study, a production quantity at
the break-even point is about 41989 liters, and it will achieve
a payback period of 2.67 years. With this result, it can be
concluded that it is possible to integrate the waste oil from
cooking activities into productive processes to produce
biodiesel with low production costs and negative impacts on
the environment.
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