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ABSTRACT: Used lubricating oil is one type of hazardous waste produced in the chemical
industry, including the cement industry. PT. ITP Unit Palimanan has obtained a permit to process
hazardous waste in the form of used lubricant oil since February 21, 2023. Therefore, starting
from March 2023, PT. ITP Unit Palimanan has been utilizing used lubricant oil for open chain
lubrication. The used lubricant oil, which is dark in color and contains a high number of particles,
is reprocessed through a filtration process before being used. In this process, the contaminating
particles are reduced, and the used lubricant oil can be reused as lubrication material for open
chains within PT. ITP Unit Palimanan itself. In 2019-2021, the average total generation of used
lubricant oil was around 125 tons per year. Of this amount, approximately 90% was suitable for
reuse as it contained metal and water levels below the threshold limits. Through this reuse
process, the substitution of lubricant oil for open chain equipment can be reduced by 95.5%,
equivalent to Rp 1,514,556,289 per year or Rp 4,207,101 per day. Besides the cost savings, PT.
ITP Unit Palimanan can significantly reduce the burden of used lubricant oil waste on the
environment through this innovation.
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1. Introduction

Lubricating oil is a complex mixture composed of
hydrocarbon compounds with varying molecular weights
(Aljabiri, 2018), fundamentally consisting of base oil and
various additives (Anisuzzaman et al., 2021). Over time,
lubricating oil undergoes degradation, oxidation, and
contamination, typically characterized by darker coloration,
cloudiness, and increased levels of solids and water
(Anisuzzaman et al., 2021). Asia is the largest consumer of
lubricating oil globally (Silva et al., 2022a). Consequently,
various efforts to recycle and reuse used lubricating oil are
necessary (Abdulkareem et al., 2014; Pinheiro et al., 2021;
Widayati & Achmad, 2008), to prevent negative
environmental impacts, such as groundwater, surface water,
and soil contamination (Hassanain et al., 2017).

The reuse of used lubricating oil is generally
categorized into three methods: incineration for use as fuel,
reprocessing, and re-refining to recover base oil
(Anisuzzaman et al., 2021). Recent studies have also
explored approaches related to circular economy and Life
Cycle Assessment for lubricating oil usage (Hassanain et al.,
2017; Pinheiro et al., 2021; Silvaet al., 2022a). These studies
indicate that reprocessing and re-refining are better
alternatives compared to using lubricating oil as an
alternative fuel. The re-refining process can involve both

* Corresponding author
Email address: lisendra.m@ugm.ac.id

chemical and physical methods, including acid treatment,
distillation,  extraction, filtration, and adsorption
(Anisuzzaman et al., 2021). Filtration and adsorption are
widely employed to remove impurities and heavy metals
(Aini & Supratikno, 2018; Wahyu et al., 2017).

In the cement industry, the use of lubricating oil faces
unique challenges due to the industrial environment being
heavily laden with solid particles and dust, which can easily
contaminate the lubricating oil used in equipment and
machinery (Elehinafe et al., 2022; Sheikh et al., 2011).
Consequently, the consumption of lubricating oil and the
production of used lubricating oil in the cement industry are
relatively high (Che Jamin & Zalina Mahmood, 2015).
Additionally, as used lubricating oil is categorized as
hazardous waste, its management must be carried out
properly and in accordance with applicable regulations
(Elehinafe et al., 2022; Silva et al., 2022a). The objective of
this study is to examine and evaluate the reuse of used
lubricating oil in the cement industry, specifically at PT ITP
Palimanan Unit. This begins with administrative processes,
where the procedures for managing hazardous and toxic
waste materials are outlined in Permen LHK No. 6 of 2021,
Article 121, Paragraph (1), Section b2. According to this
regulation, used lubricating oil can be reused as a lubricant
for maintenance purposes. The study further involves data
collection through mass balance analysis, reprocessing,
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characterization of used lubricating oil, and calculations of
the potential cost savings achieved.

2. Materials and Methods

2.1. Mass Balance Data Collection for Lubricating Oil
The mass balance data for lubricating oil usage was collected
over three years: 2019, 2020, and 2021. The recorded usage
includes lubricating oil for activities involving mobile
equipment/heavy machinery as well as production
machinery.

2.2. Management of Used Lubricating Oil

The management process for used lubricating oil begins with
the collection of used lubricating oil waste (B105d) at the
hazardous waste temporary storage facilities (TPS B3), with
TPS 1 designated for production machinery maintenance
and TPS 3 for heavy equipment/mobile vehicle
maintenance. The physical condition of the used lubricating
oil stored in drums is inspected, and the oil is sorted to
identify those suitable for reuse. A reuse utilization report
(reuse documentation) is prepared as evidence of hazardous
waste removal for utilization activities. Reusable used
lubricating oil is transported to the lubrication site for open-
chain equipment, while non-reusable waste is managed
separately: contaminated rags (B110d) are utilized as
alternative fuel, and contaminated metal and other waste
(B108d) are handed over to third-party waste processors. At
the lubrication site, reusable used lubricating oil is
transferred into a tank equipped with filters to remove dirt
and residues. The filtered lubricating oil is then transferred
to the main storage tank/reservoir located above the open-
chain equipment. From the main reservoir, the lubricating oil
is supplied to the open-chain equipment using gravity with
specific flow controls. The used lubricating oil is utilized for
lubrication of open-chain equipment within the permissible
limits. If dirt or residue is detected during the reuse process,
it will be collected and handed over to the hazardous waste
TPS management.

2.3. Characterization of Lubricating Oil

To compare the physical properties of used and new
lubricating oil, characterization was conducted. This process
includes analyzing the water content and the levels of other
metal contaminants.

2.4. Cost Savings Calculation

The cost savings calculation was based on the recorded mass
balance of lubricating oil, determining how much new
lubricating oil needed to be purchased versus how much
used lubricating oil could be reused.

3. Results and Discussion

The study on the reuse of used lubricating oil at PT ITP
Palimanan Unit was conducted in several stages, beginning
with the submission of permits in accordance with Permen
LHK No. 6 of 2021, Article 121, Paragraph (1), Section b2.
This regulation allows the reuse of used lubricating oil for
lubrication purposes in maintenance activities. PT ITP

Palimanan Unit received its permit for hazardous waste
management of used lubricating oil on February 21, 2023.
Consequently, starting in March 2023, PT ITP Palimanan
Unit began utilizing used lubricating oil for open-chain
lubrication.

In addition to the permitting process, this study also
included a detailed analysis of the mass balance and
characterization of used lubricating oil. At the end of the
study, a cost calculation was performed to evaluate the
potential savings from the used lubricating oil reuse
program.

3.1. Lubricating Oil Usage Data

Table 1 and Figure 1 illustrate the total lubricating oil
requirements. The usage is divided into two main categories:
mobile vehicles and production machinery.

Table 1. Lubricating Oil Requirements

Quantity Cost
(tons/year) (Rpl/year)

No. Activity
Mobile Vehicles / Heavy Equipment

1 Hydraulic Oil 36,148 1.253.706.311
2 Transmission Oil 21,708 799.095.600
Final Drive &
3 Differential Oil 8,910 311.366.000
4 Engine Oil 26,730 990.165.000
5 Compressor Oil 0,368 165.130.559
6 Steering Oil 0,846 25.080.000
7 Brake Qil 0,002 283.5
Total 1 94,712 3.544.826.970

Production Machinery

Gearbox Oil 65,572 3.384.762.025
Open Chain Qil 117,806  1.585.994.880
Total 2 183,378  4.970.756.905
Grand Total 278,090 8.515.583.875

As seen in Table 1, the highest consumption of
lubricating oil is for production machinery maintenance,
particularly for open-chain lubrication, amounting to
117,806 tons per year. Consequently, open-chain
maintenance has become a primary target for the used
lubricating oil reuse program.

Production Oil Open Chain
Machine il Gear Box T TRRRHATG

— Oil Brake

Qil Steering

Oil Compressor
Moving
Vehicle/ _J Oil Engine N
Heayy il Final Drive & Differential [l
Equipment

Oil transmission N

L Oil Hydraulic R
0 40,000 80,000 120,000
Amount (ton/year)
Figure 1. Lubricating Oil Usage at PT ITP Palimanan
Unit
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3.2. Characterization of Used Lubricating Oil

Figure 2 illustrates the physical condition of used lubricating
oil obtained from maintenance activities on production
machinery and heavy equipment. As shown in Figure 2, new
lubricating oil has a clear appearance. After use, the oil
changes color: for production machinery maintenance, it
turns light brown (Figure 2a), whereas for heavy equipment
maintenance, it becomes dark brown or black (Figure 2b).

Used oil
Used oil from
from heavy
production equipment
machinery

Figure 2. Physical condition of used lubricating oil from
maintenance activities: (a) production machinery and (b)
heavy equipment

In addition to color, another important indicator for
lubricating oil is viscosity (Aljabiri, 2018; Wahyuni Santi
Rahardiningrum et al., 2016). According to the SAE
(Society of Automotive Engineers), lubricating oil viscosity
is categorized into three levels: thin, medium, and thick.
Low-viscosity or thin oil flows easily, providing effective
protection for engine components at low temperatures.
Conversely, high-viscosity or thick oil performs better in
high-temperature conditions.

Table 2. Comparison of Physical Conditions

Parameter Used Oil from Used Oil from
Production Heavy
Machinery Equipment
Color Light brown Dark
brown/Black
L . . Medium to
Viscosity Thin to Medium Thick

Table 2 indicates an increase in viscosity after usage.
However, this remains within acceptable criteria, where
medium and thick oil can still be used for open-chain
lubrication in production machinery.

Laboratory analysis was also conducted on the used
lubricating oil, with results presented in Table 3. As shown,
the heavy metal content values are below the threshold limit
values (TLV). For moisture content, when compared with
references for re-refined base oil, the moisture levels in the
used lubricating oil are acceptable, remaining below 0,5%.
Similarly, the metal content is below 10 ppm (Abdulkareem
et al., 2014). Therefore, it can be concluded that the used
lubricating oil is suitable for reuse in lubrication
applications. Additionally, there is potential for alternative
use as a fuel due to its relatively high calorific value.
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Table 3. Laboratory Analysis Results

Used Oil from Used Oil from Threshold
Parameter Production Heavy Limit Value
Machinery Equipment (TLV)
Moisture
%) 0,07 0,19 -
Heat Content 4 jqq5 10703 > 2500
(cal/gr)
Arsenic 0,0 0,0 <s
(Ppm)
Cadmium 0.1 0,0 <2
(ppﬁ})
Chromium 3,0 3,7 <1500
(ppm)
Lead 0,0 0,0 <100
(ppm)
Mercury 02 0,0 <12
(ppm)

3.3. Reuse of Used Lubricating Oil

Figure 3 illustrates the flow diagram for the internal
management of used lubricating oil hazardous waste (B3).
The initial demand for new lubricating oil is as shown in
Table 1: 94,712 tons/year for mobile vehicles and 183,378
tons/year for production machinery.

The quantities of used lubricating oil generated in
2019, 2020, and 2021 were 131, 127, and 116 tons/year,
respectively. On average, this amounts to 125 tons/year or
approximately 10,42 tons/month. As outlined in Subsection
2.2, the used lubricating oil is collected at the B3 waste
temporary storage facility (TPS) and sorted based on its
suitability for reuse.

Based on field observations, approximately 10% of the

used lubricating oil is unsuitable for reuse due to
contamination with water and other residues. However, 90%
of the used oil, equivalent to 112.5 tons/year or 9.38
tons/month, can be reused for open-chain maintenance.
Figure 4 depicts used lubricating oil from production
machinery maintenance stored in the TPS 1 LB3 facility.
Following the process outlined in Figure 3 and the method
described in Subsection 2.2, the sorted, reusable used
lubricating oil is transferred to the utilization site for open-
chain lubrication.
Figure 5 shows the utilization site for used lubricating oil in
open-chain lubrication. At this location, the used oil is stored
in a tank equipped with filters and then transferred to a main
reservoir tank positioned above the system. The used
lubricating oil is subsequently distributed to the open-chain
equipment using gravity, as needed and with specific flow
controls.
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Figure 4. Used Iubriéatinb oil stored in TPS 1 LB3.

From Figures 3-5, the efforts to reuse used lubricating

oil at PT ITP Palimanan Unit are clearly demonstrated.
Compared to methods of reusing used lubricating oil from
existing references (Abdulkareem et al., 2014; Aljabiri,
2018; Hassanain et al., 2017; Pinheiro et al., 2021), the reuse

process at PT ITP Palimanan Unit remains relatively simple.
The used lubricating oil undergoes basic filtration before
reuse. Nonetheless, this innovation represents a significant
initial step. For long-term sustainability, further in-depth
research is necessary.

Total Lubricating Oil (Oil) Requirement:
278,09 Tons/Year or equivalent to 23,17
Tons/Month, annual procurement cost: Rp

8.515.583.875.

Used for equipment
lubrication.

.

Lubricating oil
replacement: 278.09
tonsfyear = Rp
8,515,583,875.

New Lubricating Oil
(0il)

Y

The use of used oil reduces 95.50% (Rp 1.514.556.289) of the total
new lubricating oil requirement for open-chain systems and reduces
40,45% of the total new lubricating oil requirement.

Oil Hydraulic: 36,15 ton/
tahun
Transmission Oil: 21,71
tons/year

Mobile Vehicles:
94,71 tons/year = Rp
3.544.826.970.

Final Drive & Differential
0il: 8,91 tons/year

|

»| Engine Oil: 26,73 tons/year

Compressor 0il: 0,37 tons/
year

Average  Total Used
Lubricating Oil Generated
= 125 Tons/Year or
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Month (100% production
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Used Lubricating Oil

—| Steering Qil: 0,85 tons/year —

Brake Oil: 0,002 tons/year

¥

Production
Machinery: 183.38
tons/year = Rp

4.970.756.905.

Gearbox Qil: 65,57 tons/
year

Open Chain Oil: 117,81
tons/year

Reused as lubrication for

Generated

Yes
(Suitable)

Used lubricating oil
is still reusable

l

No
(Residue)

Figure 5. Utilization of used lubricating oil in open-chain
equipment.

In addition to the reuse of used lubricating oil, similar
efforts have been applied to other types of waste oil (Iicham
et al., 2013; Mannu et al., 2020; Restu Dewati et al., 2013;
Yu et al., 2012).

A

Contaminated Rags

Contaminated Metal

|

|

Utilized for
Lubrication

Utilized as
Alternative Fuel

Handed over to
licensed third
parties

open-chain systems

Reuse B105d = 112,5 Tons/Year or

equivalent to 9,38 Tons/Month (maximum

90% of the average total generated)

TPS stores used lubricating oil (B105d),
used rags and similar materials (B110d),
and B3 contaminated waste (A108d) = 12,5
Tons/Year or equivalent to 1,04 Tons/
Month (10% of the average total

generated)

Figure 3. Internal hazardous waste (B3) management flow diagram for used lubricating oil.
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Table 4. Utilization of Used Lubricating Oil and Its
References (Belchinskaya et al., 2021; Moses et al., 2023;
Silva et al., 2022b; Widodo et al., 2020)

Category Utilization

Heating Can be used in boilers, bakeries,
and domestic stove fuels.

Used as a binder for asphalt in road
construction.

Fuel Through thermal cracking and
distillation, it can produce diesel,
gasoline, and kerosene.

Suitable for wood preservation
through impregnation.

Construction

Preservation

Filtration (for By removing impurities through

hydraulic and gear filtration, used lubricating oil can

oil) be directly reused as hydraulic and
gear oil.

Table 4 highlights various references on the utilization
of used lubricating oil. The current study adopts the last
method, where used lubricating oil is filtered and directly
reused for open-chain equipment. Other potential
applications could be explored in the future to expand the
scope of used lubricating oil utilization (Moses et al., 2023).

3.4. Cost Savings & Implications

Table 5 summarizes the lubricant requirements for open-
chain equipment at PT ITP Palimanan Unit and the
associated cost savings achieved through the reuse of used
lubricating oil. The total lubricant requirement is 117,8 tons
per year, of which 112,5 tons (95,5%) can be met through
reuse. This reuse activity results in an estimated annual cost
reduction of Rp 1.514.556.289.

The cost savings presented above indicate the potential
benefits that PT ITP Palimanan Unit could achieve within
the year. However, further research is necessary to obtain
long-term insights into the sustainability of the program.
Studies utilizing life cycle assessment (LCA) suggest that
reusing used lubricating oil is one of the best alternatives for
mitigating environmental impacts (Botas et al., 2017). Two
critical factors need to be considered concerning
environmental impact: mass flow and economic value
(Botas et al., 2017). By exploring alternative processes for
used lubricating oil treatment, techno-economic evaluations
can be performed. More detailed studies on techno-
economic analysis are essential for future implementation
(Moses et al., 2023).

4, Conclusions

The reuse program for used lubricating oil at PT ITP
Palimanan Unit was systematically conducted, starting with
obtaining permits from the Ministry of Environment and
Forestry, followed by data collection, characterization,
management arrangements, and cost-saving calculations.
From the mass balance data, it was identified that open-chain
lubrication activities consume the largest amount of
lubricating  oil.  Physical  observations and the
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characterization of water and metal content revealed that
approximately 90% of the used lubricating oil has values
below the threshold limits, making it suitable for reuse. The
used lubricating oil was processed through filtration and
reused for open-chain equipment lubrication. The data show
that this reuse program can substitute 95,5% of the new
lubricating oil required for open-chain lubrication,
equivalent to an annual cost saving of Rp 1.514.556.289 or
Rp 4.207.101 per day. For the sustainability of this program,
further research is needed to assess its long-term impacts on
processes, economic viability, and environmental effects.

Table 5. Lubricant Requirements for Open Chain
Equipment and Potential Savings

Lubrication Requirement Estimate

No Open Chain
Equipment Unit Ypeez;r MZi\rth Per Day
1  Limestone Ton 5249 437 0,146
reclaimer
Trass Ton 2333 194 0,065
reclaimer
Apron feeder
3 limestone Ton 3,89 0,32 0,011
crusher
Apron feeder
4 additive Ton 0,19 0,02 0,001
crusher
5 Clinker Ton 35,96 3,00 0,100
conveyor
Apron feeder
6 dozing raw Ton 1,94 0,16 0,005
material
Total
Lubricant Ton 117,8 9,82 0,327
Requirements
PrOCTuOrZar'nem Rp 15859 132166 44055
Budget 94.880 .240 41
Used
L“bg‘ﬁ‘“”g Ton 1125 9375 03125
Substitution
Substitution o
Percentage % 95,50 95,50 95,50
ESt(':'::tted . 15145 126213 4.207.1
Reduni P 56.289 024 01
eduction
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