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This study evaluates the sustainability performance of biodiesel production from used cooking
oil (UCO) through an integrated eco-efficiency and eco-technology assessment framework
combining life cycle assessment (LCA) and data envelopment analysis (DEA). A case study
was conducted at a medium-scale biodiesel production facility in Indonesia with a functional
unit of 950 L of biodiesel. LCA was employed to quantify environmental impacts, while DEA
was used to evaluate operational efficiency across 18 decision-making units (DMUs). The
results show a total environmental impact of 1.15 mPt, with raw material collection from the
Kuta area contributing the highest impact (0.353 mPt), followed by biodiesel distribution to
the Ubud area (0.169 mPt). DEA results indicate that only three DMUs achieved full efficiency

(efficiency score = 1.00), whereas the remaining units exhibited varying levels of inefficiency
primarily caused by excessive potassium hydroxide (55.6%), energy consumption (44.4%),
and methanol usage (27.8%). Based on these findings, an eco-technology scenario is proposed
to reduce resource consumption and improve environmental and operational performance. The
integrated LCA-DEA framework provides practical decision support for enhancing the
sustainability of UCO-based biodiesel production in developing countries.

1. INTRODUCTION current production capacity. Therefore, the biodiesel industry
requires alternative feedstock strategies to support the long-
Energy security refers to the availability, accessibility, term sustainability of the mandatory biodiesel program.
affordability, and environmental sustainability of energy use
[1]. It is a critical factor in economic productivity, as
disruptions in energy supply can significantly affect the
production of goods and services. One key strategy to enhance
energy security is the diversification of energy sources to
reduce dependence on a single fuel. In this context, biodiesel
has emerged as a promising alternative and remains an
important component of government energy policies. Its .
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However, the government's mandatory biodiesel policy
faces significant challenges, particularly in securing
supporting materials such as methanol, which is still largely
imported [3]. In addition, reliance on crude palm oil as the
primary feedstock creates competition with its use in the food
sector, requiring careful management. The increasing
biodiesel blending mandate is expected to further raise
demand for crude palm oil, raising concerns over
deforestation, greenhouse gas emissions, biodiversity loss,
flooding, and broader socio-ecological impacts that contradict
the objective of environmentally sustainable biofuels [4].
Despite these efforts, biodiesel production targets have not yet
been achieved, as shown in Figure 1, indicating limitations in

Figure 1. Target and realization of Indonesian biodiesel
production

In light of these challenges, exploring alternative feedstocks
beyond palm oil is essential. Used cooking oil (UCO) has
gained increasing attention as a viable feedstock for biodiesel
production and, more recently, sustainable aviation fuel,
supporting global efforts to reduce carbon emissions in the
transportation sector. Global projections indicate a steady
growth in UCO supply, with Asia as the main supplier and
Europe as the largest consumer of low-carbon fuels [5]. In
Indonesia, UCO is primarily generated from the food sector,
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including restaurants, hotels, and street vendors; however, its
utilization requires pre-treatment to reduce water content and
free fatty acids to meet quality standards [6]. UCO is classified
as an advanced feedstock because it does not compete with
food resources while helping to mitigate environmental
impacts from improper waste oil disposal [7]. Therefore, UCO
offers significant potential to reduce greenhouse gas
emissions, support the circular economy, and enhance energy
independence, particularly in developing countries with high
cooking oil consumption [5, 8].

According to the International Council on Clean
Transportation (ICCT), Indonesia has the potential to produce
157 million liters of UCO from restaurants, hotels, and schools
in urban areas, while household sources could reach 1,638
million liters and are expected to increase with rising cooking
oil consumption [9]. This indicates that Indonesia has strong
potential for the development of UCO-based biodiesel,
supported by high consumption and a widespread culinary
sector. Despite this potential, a significant portion of UCO is
still exported rather than utilized domestically. In contrast,
countries such as India have implemented policies to promote
UCO utilization through pricing mechanisms and incentives
[10]. Therefore, further research is needed to assess the
readiness of large-scale UCO utilization for biodiesel
production, particularly in terms of process, technology, and
environmental performance.

The concept of eco-efficiency serves as an important
analytical approach that integrates the goals of reducing
environmental impacts while improving economic
performance [11]. In the context of UCO-based biodiesel,
previous studies have identified electricity and methanol
consumption as the main contributors to environmental
impacts, highlighting the importance of optimizing these
inputs to enhance eco-efficiency [12]. Furthermore, the
application of a cradle-to-customer approach has been
recommended to evaluate energy efficiency and emissions,
supported by sensitivity analysis of factors such as transport
distance and raw material variability [13]. In this regard, life
cycle assessment (LCA) has been widely applied to evaluate
the environmental performance of biodiesel production from
UCO, demonstrating its potential to mitigate climate change,
although current systems are not yet fully sustainable [14, 15].

Eco-technology refers to the application and development
of technologies aimed at conserving resources, reducing
emissions, and recovering material value within process
systems [16]. It encompasses innovative services, processes,
and systems that support economic growth while minimizing
environmental impacts [17]. Eco-technology also promotes
the use of non-fossil resources to address pollution challenges
[18]. Compared to conventional approaches, eco-technology
offers advantages in reducing environmental burdens,
although it is often associated with higher implementation
costs [19]. Therefore, integrating eco-technology with eco-
efficiency is essential to achieve both economic and
environmental sustainability. While eco-technology has been
widely applied in sectors such as water treatment [20], biogas
production [21], solar cells [22], and agriculture [23], yet its
application in UCO-based biodiesel remains significantly
constrained.

In the transition toward a low-carbon economy, the
integration of eco-efficiency principles with eco-technology
plays a crucial role in reducing resource intensity while
improving economic performance. Accordingly, recent
research has focused on developing technological frameworks
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that not only meet biodiesel quality standards but also optimize
the ratio of outputs to resource and energy inputs. Previous
studies indicate that production profitability is strongly
influenced by raw material prices and operational efficiency.
Techno-economic assessments further show that production
costs are sensitive to pre-treatment processes, as well as
methanol and catalyst consumption, while also highlighting
opportunities for improving energy utilization [24]. In
addition, process intensification, waste recycling, and energy
recovery have been identified as effective strategies to
enhance the value of UCO-based biodiesel production [25].
Therefore, improving process efficiency through better
pretreatment, robust catalysts, and recovery systems remains a
key opportunity for sustainable biodiesel development.

This study integrates eco-efficiency and eco-technology
within a unified evaluation framework, employing LCA to
assess environmental impacts and data envelopment analysis
(DEA) to quantify relative efficiency among decision-making
units (DMUs). Although its application in UCO-based
biodiesel production remains limited, operational data such as
energy consumption, chemical use, and emissions reported in
previous studies can be used to construct DEA variables for
evaluating eco-efficiency [12, 13]. The DEA approach offers
several advantages, including the ability to compare efficiency
across units, incorporate both environmental and operational
indicators, identify improvement strategies, and detect
inefficiencies such as wasted energy [26]. This integrated
approach is consistent with recent research trends that
emphasize the simultaneous evaluation of environmental and
economic performance in the biofuel sector [27]. Therefore,
this study aims to optimize biodiesel production by integrating
eco-efficiency and eco-technology to minimize environmental
impacts while improving operational performance. In
addition, the study evaluates practical technology options
under real operational conditions to support implementation in
small- to medium-scale UCO-based biodiesel production
systems.

2. MATERIALS AND METHODS
2.1 Case study description

This research was conducted at Lengis Hijau (LH), a
medium-scale biodiesel producer in Bali, Indonesia, with an
average production capacity of 950 liters per batch. The
facility sources UCO primarily from hotels, restaurants, and
households (Horeca). The process flow includes raw material
collection, pretreatment, transesterification using methanol
and potassium hydroxide (KOH), glycerol separation,
methanol recovery, and dry washing. The production system
also incorporates a local distribution network supplying
biodiesel to nearby consumers. This case study was selected
due to its representative operational scale and established
production system, making it suitable for evaluating real-
world biodiesel performance under practical conditions. The
stages of the research are illustrated in Figure 2.

2.2 Data collection

Primary data were obtained through on-site observations,
process monitoring, and interviews with the production
manager, covering material consumption (UCO, methanol,
KOH, resin), energy usage (electricity and thermal energy),



and transportation distances. Data were collected over a
representative production period to ensure consistency and
were cross-validated using operational records and interview
results. Secondary data were supplemented from scientific

Data Collection
1. Obsevation of the biodiesel industry
used cooking oil
2. Interviews with management and
production personnel
3. Collection of primary and secondary
data

A
Life Cycle Assesment (LCA)

Goal and Scope

Life Cycle Inventory (LCI)

Life Cycle Imapct Assesment
(LCIA)

Life Cycle Interpretation

literature, governmental reports, and the Ecoinvent v3.8
database to fill gaps, particularly regarding emission factors.
The functional unit was defined as 950 liters of UCO-based
biodiesel delivered to the end-user.

A
Data Envelopment Analysis (DEA)

Determination of Decission Making
Unit (DMU)

Identification of input and output
variables

Validate input and output variables

Determining and compiling DEA-

CCR model formulation based on

input and output CRS assumption
based on LCA output

DEA model implemntation

Analyze the efficiency scores of
each DMU

Figure 2. Research flow

Although the functional unit is expressed as 950 L of
biodiesel delivered to the end-user, the life cycle inventory
(LCI) is reported in kilograms because mass-based units are
required for LCA modelling and are consistent with the
Ecoinvent database. Therefore, volumetric measurements
were converted into mass using the corresponding material
densities. For biodiesel, a density of approximately 0.926 kg/L
was applied, resulting in an equivalent product mass of
approximately 880 kg for the defined functional unit.

2.3 Life cycle assessment

LCA was applied to evaluate the environmental impacts of
biodiesel production using a cradle-to-customer system
boundary, following ISO 14040 and ISO 14044 standards
[28]. The system boundary was defined to reflect actual
operational conditions of the case study. The assessed stages
included:

a. Raw material collection and transportation.

b. Oil pretreatment and filtration.

c. Transesterification reaction.

d. Methanol recovery and purification.

e. Dry washing and final product distribution.

The LCI included inputs such as UCO, methanol, KOH,
resin, electricity, and transport fuel, while outputs comprised
biodiesel, glycerol, wastewater, residual methanol, and
gaseous emissions (CO2, NOy, SO., CO, hydrocarbons,
particulates). The life cycle impact assessment (LCIA) was
conducted using the EDIP 2003 method, covering impact
categories including global warming potential, acidification,
eutrophication, and ozone depletion. The results were
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normalized to Person Equivalent (PE) and expressed as a
single score (mPt) for interpretation

The stage-level CO: emissions reported in the inventory
were estimated from the electricity consumption of each
production process using the corresponding electricity
emission factors implemented in the Ecoinvent v3.8 database.
No direct CO: emissions from the transesterification reaction
were assumed because the reaction primarily produces
biodiesel and glycerol without significant direct carbon
dioxide generation. Transportation-related emissions were
calculated separately based on transport distances and fuel
consumption datasets available in the background database.

2.4 Data envelopment analysis

DEA is a quantitative method used to measure relative
efficiency among units by analyzing the ratio of inputs to
outputs [29]. In this study, DEA was applied to evaluate eco-
efficiency across different stages of biodiesel production, with
each decision-making unit (DMU) represents one production
batch (or observation period) of the biodiesel production
process. A total of 18 DMUs were established based on 18
independent production batches collected during the study
period. Each DMU was evaluated using the same set of input
and output variables to assess its relative eco-efficiency. The
input variables included material consumption, electricity, and
chemical use, while outputs comprised biodiesel yield and
environmental impact scores derived from the LCIA results.
The Charnes, Cooper, and Rhodes (CCR) model with constant
returns to scale (CRS) was selected, as it is suitable for
analyzing proportional relationships between inputs and



outputs within the observed production system.

An input-oriented CCR model was adopted because the
primary objective of this study is to evaluate the potential
reduction in resource consumption and environmental impacts
while maintaining the existing biodiesel production level.
Since production output is generally determined by market
demand and operational requirements, improving
sustainability is more realistically achieved by minimizing
controllable inputs, including energy consumption, methanol
usage, KOH consumption, production costs, and
environmental impacts. Therefore, an input-oriented DEA
model is considered more appropriate for assessing the eco-
efficiency of biodiesel production.

2.5 Eco-technology scenario assessment

To evaluate the potential contribution of eco-technology to
improving biodiesel production sustainability, a scenario-
based assessment was conducted. Two scenarios were
considered: (1) the baseline production system representing
the existing operating conditions observed at the biodiesel
facility, and (2) an ultrasonic reactor scenario developed based
on performance improvements reported in previous studies.
The ultrasonic reactor was assumed to reduce energy
consumption, methanol usage, and catalyst requirements while
maintaining the same biodiesel production output. The
modified inventory was subsequently evaluated using the
same LCA and DEA framework to estimate its potential
environmental and operational performance.

3. RESULTS AND DISCUSSION
3.1 Life cycle analysis

3.1.1 Goal and scope

The first step in conducting a LCA is determining the
objectives and scope of the study, a practice foundational to
ensuring completeness and accuracy, as reinforced in recent
LCA guidelines for biofuel systems [30]. Therefore, the
objectives and scope must be clearly defined: in this study, the
objective is to identify the potential environmental impacts of
the biodiesel production process using UCO from raw material
arrival to final biodiesel distribution a cradle-to-customer
approach similarly applied in UCO-based LCA research. This
study aims to determine each process stage’s contribution to
total environmental impact, with the scope focusing on energy
use, raw materials, and emissions at each process stage,
consistent with comprehensive impact assessments in
contemporary LCA studies of waste feedstock biodiesel. The
analysis includes cradle-to-customer stages raw material
collection and transport of UCO, filtration, heating, mixing,
settling, methanol removal, dry washing, and final delivery
using a functional unit of 950 liters of biodiesel, a standard for
process comparability in biodiesel LCA. The level of detail
quantifying energy consumption, chemical usage (methanol
and catalyst), transport distance, and waste/emissions is
supported by the integration of field-collected primary data
and secondary sources such as the Ecoinvent database to fill
data gaps, in keeping with best practices in recent renewable
fuel LCA methodologies [30].

3.1.2 Inventory analysis
Inventory analysis is conducted based on material inputs
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and outputs within the system. Input data consists of raw
material requirements, energy/electricity, water, and
transportation equipment used a structure consistent with
recent cradle-to-customer LCI studies in biodiesel systems.
Inventory of biodiesel production from UCO is conducted
based on these inputs and outputs within the system using a
cradle-to-customer approach and a functional unit of 950 liters
of biodiesel produced and ready for shipment. Input data
includes UCO, chemicals (methanol and catalyst), electricity
and/or fuel for heating and equipment operation, and
transportation during the collection and distribution stages
such input categories mirror those detailed in systematic LCA
inventories [31].

Inventory output data include the main biodiesel product
and by-products such as crude glycerol—whose generation
rate and composition (typically ~10% w/w and containing
residual methanol, catalyst salts, and organic impurities) are
well documented and require downstream purification or
valorization strategies [32]. Solid residues from filtration and
liquid wastes from washing/cleaning (including spent catalyst
solutions) are common process wastes in UCO
transesterification and have been quantified and discussed in
recent LCA and process-optimization studies as important
waste streams that affect overall environmental performance
[30]. Air emissions from fuel combustion for transport and
heating—primarily CO., with notable contributions to NOx
and SO: depending on fuel type and combustion conditions—
are repeatedly identified in biodiesel LCA literature as key
impact drivers and should be included in the inventory with
appropriate emission factors [33]. Table 1 therefore presents
the complete inventory for producing of biodiesel from UCO,
compiling these product, by-product, waste, and emission
flows used as input for the LCIA.

To improve the traceability of material flows and ensure
consistency with the defined functional unit, a mass balance
was established for the biodiesel production process. It is
displayed in Table 2. The balance summarizes the conversion
of feedstock into biodiesel and by-products while accounting
for process losses and auxiliary materials. This presentation
facilitates the interpretation of the inventory data and
demonstrates the consistency of material flows throughout the
system boundary.

3.1.3 Impact assessment

In this study, the impact assessment was conducted using
the EDIP 2003 method. The Life Cycle Impact Assessment
(LCIA) stage aims to assess the potential environmental
impacts arising from resource use and emissions identified in
the LCI stage [34]. This process includes an evaluation of
ecological impacts, impacts on human health, and the
implications of natural resource utilization, with recent
methodological  advances  (e.g., updated toxicity
characterization and inclusion of near-field/far-field exposure
pathways) improving how human toxicity and ecotoxicity are
quantified in LCIA [35] and with dynamic/temporal aspects of
LCI-LCIA increasingly recognized for capturing variability in
key drivers such as electricity mixes and emissions over time
[36]. The LCI therefore serves as the necessary basis for
linking a product or process to its potential environmental
impacts, while LCIA method choice, characterization factors,
and treatment of uncertainty critically determine how those
inventory flows are converted into meaningful impact results
(recommendations and updated CFs / normalization guidance
discussed in recent LCIA technical reviews). LCIA generates



a network to represent the flow of processes, materials, and
energy throughout a product’s life cycle, a visualization style

commonly used in recent LCA studies for spotting hotspots
and dominant subprocesses [37].

Table 1. Life cycle inventory of used cooking oil (UCO)-based biodiesel production

Input Output
Process Stage Material Unit Material Unit
Used Cooking Oil 2,198 Kg Carbon Monoxide 12.606 Kg
Hydrocarbons 1.39 Kg
. . Nitrogen oxides 0.794 Kg
Arrival of Raw Materials Truck Transport 270.562 tkm Particulates 0.01 Kg
Carbon dioxide 1306.666 Kg
Sulfur dioxide 0.051 Kg
. . . . Waste water 1 liter
Filtration Used Cooking Oil 880 Kg Waste solid 2 Kg
Used Cooking Oil 877.36 Kg .
Reactor Electricity 212 kWh Carbon dioxide 1.68 Kg
Used Cooking Oil 877Kg
.. Methanol 176 Kg .
Mixing KOH 26.4Kg Carbon dioxide 1.12Kg
Electricity 1.14 kWh
. Used Cooking Oil 1079.76 Kg Carbon dioxide 0.56 Kg
Settling tank Electricity 0.71 kWh Glycerol 216.48 Kg
Methanol removal Used Cooking Oil 864.16 Kg Carbon dioxide 2.80 Kg
Electricity 4 kWh Residual Methanol 44 Kg
Used Cooking Oil 859.76 Kg Carbon dioxide 224 Kg
Dry Washing Resin 200 Kg .
Electricity 3 kWh Residual Glycerol + KOH 23.76 Kg
Biodiesel 880 Kg Carbon Monoxide 6.13Kg
Hydrocarbons 0.674 Kg
.. . Nitrogen oxides 0.385 Kg
Biodiesel Delivery Truck Transport 68.25 tkim Particulates 0.004 Kg
Carbon dioxide 612.717 Kg
Sulfur dioxide 0.023 Kg

Note: KOH = Potassium Hydroxide.

Table 2. Mass balance of used cooking oil (UCO) biodiesel

production
Stream Mass (kg) Description
Used cooking oil Feedstock collected from all
X 2,198.00 .
input collection areas
Methanol input 176.00 Transesterification reagent
KOH catalyst 26.40 Catalyst
Resin 200.00 Dry washing
Biodiesel Equivalent to approximately
product 880.00 950 L
Glycerol 216.48 By-product
Residual
methanol 4.40 Recovery loss
Solid waste 2.00 Filtration residue
Wastewater 1L Washing process

Note: KOH = Potassium Hydroxide.

3.1.4 Normalization

The normalization stage helps place LCA results into a clear
context, specifically showing how significant the impact is
relative to total annual emissions or environmental burdens
typical for a region or population. Normalization, which
converts the characterization results into Person Equivalent
(PE) or milli-PE (mPE) units using the EDIP 2003
normalization factor. Figure 3 displays the normalized results
for the entire biodiesel production process, illustrating how
normalization can highlight critical environmental hotspots
like transportation; similar findings were reported in LCA of
regional biofuel supply chains where transport contributed
disproportionately to global warming impacts [38]. In
addition, Foteinis et al. [12] asserted that the transportation of
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raw materials significantly influences LCA results in UCO-
based biodiesel production. These results demonstrate that the
largest impact originates from transporting raw materials from
the Kuta area—an observation aligned with studies showing
that in biodiesel production, the transport stage often
dominates the global warming potential when distribution
distances are substantial [34].

3.1.5 Single score

The following Table 3 displays the environmental impact
analysis results of UCO biodiesel production, where all impact
categories are converted into single-point units (mPt) to
summarize the total environmental burden. It is similar to
practices employed in recent LCA studies emphasizing
endpoint aggregation for easier interpretation [30]. The single
score generated from the LCIA analysis was then used as input
for the DEA to evaluate the efficiency of the production
system [39-41]. The results of the LCA show that UCO-based
biodiesel provides superior environmental performance
compared to first and third biofuel generation [12].

3.2 Data envelopment analysis results

The first step in DEA is to determine the inputs and outputs
for each DMU. Therefore, the specification of inputs and
outputs must be clearly defined. This study aims to measure
the efficiency of resource utilization in the conversion of UCO
into biodiesel, identify inefficiencies, and provide
improvement recommendations to optimize the production
process. Furthermore, the study compares the efficiency level
of Dbiodiesel production with a scenario in which the



technology can achieve higher efficiency.
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Figure 3. Normalization life cycle assessment (LCA) of used cooking oil (UCO)-based biodiesel production

Table 3. Environmental impact value of used cooking oil (UCO)-based biodiesel production

Environmental Impact Environmental Impact

Process Value (mPt) Process Value (mPt)
Arrival of Raw Materials from Used Cooking Oil Settling Tank
0.144 . . 0.006
Denpasar Area Sedimentation Process
Arrival of Raw Materials from the 0.353 Methanol Removal Process 0.033
Kuta Area
Arrival of Raw Materials from the 0.101 Dry Washing Process of Used 0,024
Ubud Area ’ Cooking Oil '
Arrival of Raw Materials from the 0.116 Biodiesel Delivery to Denpasar Area 0.068
Mangosteen Area
Used Cooking Oil Filtering 0.00163 Biodiesel Delivery to Kuta Area 0.112
Used Cookm%(rz)ll;lseatmg Reactor 0.017 Biodiesel Delivery in Ubud Area 0.169
Used Cooking Oil Mixing Process 0.009
Total 1.15

Table 4. Proposed objective, input, output and decision-making unit (DMU) of used cooking oil (UCO)-based biodiesel
production

Criteria

Type of Data

Objective

Inputs

Outputs
Decision-Making Units (DMUs)

To optimize the efficiency of the used cooking oil processing into biodiesel

Environmental impact value
The price of used cooking oil
The price of methanol
The price of KOH
The consumption of methanol
The consumption of KOH
Energy
The volume of biodiesel
DMU 1 - DMU 18

Note: KOH = Potassium Hydroxide.

Based on Table 4, the study employs seven input and one
output variables. The environmental impact, which was
previously considered an output in the LCA analysis, is treated
as one of the inputs in the DEA, reflecting the growing use of
combined LCA- DEA frameworks to capture both
environmental burdens and production efficiency in a single
evaluation system [39]. Other input variables include the price
of UCO, the price of methanol, the price of KOH, the
consumption of methanol, the consumption of KOH, and
energy. Meanwhile, the volume of biodiesel produced is
defined as the output. This study covers 18 DMUs,
representing 18 different data collection periods.
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Subsequently, the study will evaluate and rank the
efficiency of processing UCO into biodiesel, as illustrated in
Figure 4. The results of the efficiency score analysis showed a
variation in relative performance between DMUs in utilizing
resources to produce biodiesel output. A total of three DMUSs
(DMU15, DMU16, and DMU18) managed to achieve a score
of 100%, which puts them in the frontier efficient category.
These units can be considered as benchmarks and peer
references because they are able to operate at the frontier of
efficiency. Most DMUs achieved efficiency scores ranging
from 91% to 99%, indicating that they operated close to the
efficient frontier but had not yet reached full efficiency. Only



three DMUs (DMU15, DMU16, and DMU18) achieved an
efficiency score of 1.00 and were therefore classified as
frontier-efficient under the CCR DEA model. This shows that
although it has not fully reached the frontier, the majority of
DMUs have been operating quite close to optimal conditions.
However, there are 3 DMUs that are still in the moderate
category, such as DMU4 (94%), DMUG6 (87%), and DMU12
(92%). This indicates that there is a significant potential for a
significant reduction in inputs, especially in energy and

chemicals. This score distribution confirms that the relative
efficiency between DMUs is not uniform, but is generally
dominated by units that are close to the frontier. Thus, DMUs
that are classified as moderate need to be directed to imitate
the input usage pattern of frontier efficient DMUs. Through
this benchmarking approach, it is hoped that an increase in
collective performance can be achieved as well as a reduction
in costs and environmental impact of the entire biodiesel
production system.

Efficiency Scores by DMU
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Figure 4. Efficiency scores of the used cooking oil (UCO) to biodiesel production process

In Table 5, the results of the classification of the causes of
inefficiency show that the majority of DMUs face problems
with the excessive use of methanol, energy, and catalysts. In
detail, as many as 5 DMUs (27.8%) experienced inefficiency
due to excessive methanol consumption, such as DMUI—
DMU4, and DMU12. Meanwhile, 8 DMUs (44.4%) faced
problems with excessive energy use, as seen in DMUS,
DMU6, DMU7-DMU9, DMU11-DMU14. In addition, 10
DMUs (55.6%) were shown to have excess use of KOH
catalysts, which were spread across almost all inefficient units,

including DMU1-DMU4, DMU6-DMU14, and DMU17. The
DMU15, DMU16, and DMU18, which each achieved a score
of 100%, did not show any cause of inefficiency, so it could
be used as a benchmark. This finding confirms that the
dominant factor causing inefficiency is excessive consumption
of catalysts, followed by energy use, and then methanol.
Therefore, improvements need to be made to achieve
maximum company efficiency, one of which is by simulating
improvements in the factors that cause inefficiency in each
DMU.

Table 5. Classification of causes of decision-making unit (DMU) inefficiency

DMU Efficiency Classification Causes of Inefficiency
DMU 1 98% Efficient Methanol and KOH too high
DMU 2 99% Efficient Methanol and KOH too high
DMU 3 99% Efficient Methanol and KOH too high
DMU 4 94% Moderate Methanol and KOH too high
DMU 5 96% Efficient Energy and KOH too high
DMU 6 87% Moderate Energy and KOH too high
DMU 7 99% Efficient Energy and KOH too high
DMU 8 99% Efficient Energy and KOH too high
DMU 9 99% Efficient Energy and KOH too high
DMU 10 99% Efficient KOH too high
DMU 11 99% Efficient Energy and KOH too high

DMU 12 92% Moderate Energy, Methanol, and KOH too high
DMU 13 98% Efficient Energy and KOH too high
DMU 14 96% Efficient Energy and KOH too high
DMU 15 100% Frontier efficient -

DMU 16 100% Frontier efficient -

DMU 17 99% Efficient KOH too high

DMU 18 100% Frontier efficient -

Note: KOH = Potassium Hydroxide.
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4. CONCLUSIONS

This study evaluated the sustainability performance of
UCO-based biodiesel production in Indonesia, using an
integrated framework of LCA and DEA. The synergy of eco-
efficiency principles and the adoption of ultrasonic reactor
technology as an eco-technology represented a highly
effective and feasible strategy to enhance the sustainability of
UCO-based biodiesel production. The results showed a total
environmental impact of 1.15 mPt, with the largest
contributions coming from the collection of UCO (0.353 mPt)
and biodiesel distribution (0.169 mPt), mainly dominated by
global warming, aquatic eutrophication, and acute water
toxicity. In terms of conventional efficiency, only three out of
18 DMUs (16.67%) were deemed efficient, with the main
sources of inefficiency being the excessive use of KOH
catalyst (55.6%), energy (44.4%), and methanol (27.8%).
Despite providing valuable insights, the study has several
limitations, such as its focus on operational field conditions
that restrict the exploration of innovative solutions, the cradle-
to-customer boundary in the LCA, limited generalizability due
to a single case study, and inconsistencies in efficiency data.
The managerial implications suggest that the production
facility should consider adopting ultrasonic reactor technology
to achieve higher production efficiency and cost savings,
optimize supply chain and logistics to minimize
environmental impacts, conduct internal benchmarking with
efficient DMUs to address excessive raw material usage,
utilize the LCA- DEA framework for data-driven sustainable
decision-making, and explore diversification of UCO-derived
products to strengthen the company’s economic resilience.
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