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Abstract. Waste Cooking Oil (WCO) is an oil with a chemical composition that contains
carcinogenic compounds formed during the frying process and unsaturated fatty acids. Improper
handling of WCO can cause environmental pollution, especially water and soil. However,
several studies have provided information that WCO has the potential to be recycled into
products that are more value-added and have economic potential. Previous research has
succeeded in finding the best combination of treatments for making soap from waste cooking oil
that meets the standards of SNI 06-2048-1990, namely with a concentration of 22.5% KOH,
cooling method and adsorption of activated charcoal and kepok banana peels. This study intends
to analyze the environmental impact if WCO is recycled into liquid dish soap. The analysis was
carried out using Life Cycle Assessment with the help of simapro software. The recycling
process has the greatest impact on indicators of climate change and acidification. The eco-
efficiency index is included in the affordable and sustainable categories.

1. Introduction

The management of used cooking oil that has not been optimal causes the amount of WCQO that is
discharged into the environment is still high and dangerous for the environment [1]. Therefore, the
management of WCO has become a public concem in recent years [2]. Based on a survey in Semarang,
90% of households and 67.6% of culinary businesses dispose of noodles into sewers, soil, or garbage
[3]. WCO waste is spread throughout the Semarang City [4]. WCO can damage the water and soil
environment [5], damage aquatic communities [6] and endangers human health. The discarded WCO
waste causes the economic potential to not be utilized [7]. From previous studies, WCO that is disposed
of withgmt going through a recycling process contains a compound that has an ecotoxicity effect (fresh
water) of 0.43 PAF.m3.day. This value is equivalent to an eco- of 2.39E-6 euros [8].

WCO recycling can produce more valuable products. WCO contains unsaturated fatty acids such as
oleic acid, linoleic acid and E'lyceride acid which can be utilized into oil-based products, such as solid
or liquid bath soap [9]. Bath soap is a compound of sodium or potassium with fatty acids from vegetable
oils or animal fats in the form of solid, soft, liquid and foamy and is used as a cleanser [10]. WCO can
be used as raw material for making liquid soap after being filtered to remove spices, neutralized with
KOH and the bleaching process. Hartini et al [8] have conducted an experimental design for making
liquid dish soap with 12 treatment combinations. The combination of treatments gave different effects




on each parameter used. The pH parameter is influenced by the method of manufacture and the
concentration of KOH, where the cold method and the concentration of KOH 22.5% produces a lower
pH. The parameters of free alkali are influenced by the method of manufacture and the concentration of
KOH where the cold method and a concentration of 22.5% produce lower free alkali levels. Free fatty
acids are affected by the manufacturing method and purification materials, where the cold method and
activated carbon purification materials produce lower free fatty acid values. However, there are still very
fi udies that measure the environmental impact when WCO is recycled into soap.

This study aims to measure the environmental impact of the recycling process of WCO into soap,
eciﬁcally liquid dish soap with banana peel as an adsorbent using Life Cycle Assessment (LCA). This
1s based on a survey conducted in Semarang, that people tend to choose dish soap as a WCO recycled
product [3], [8].

2. Methodology

2.1. Life cyele assessment

LCA is one of frameworks to estimate the environmental burden of a product/process in an
environmental impact assessment study [11]. LCA is used to quantitatively analyze environmental
impacts based on mater‘iab’energ consumption and the waste generated. LCA includes four steps,
namely definition of objectives and scope, life cycle inventory analysis, life cycle impact assessment
and interpretation.

2.1.1. Goal and scope. The Goal and scope include determining system boundaries, functional units
and analysis period. Functional units are references related to inputs and outg®ts [13]. The system
boundary determines the unit of the process being analyzed. The analysis period has a significant effect
on the LCA results because of the energy consumption during the operation phase. LCA results are
strongly influenced by the accuracy of the data.
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Figure 1. Scope of the research.

The goal ofthresearch is to recycle WCO into liquid dish soap using kepok banana peel waste as
an adsorbent and to measure the environmental impact of the process. The system studied includes the
process of recycling WCO into liquid dish soap, including the process of despicing, purification, and
soap making, Figure 1. The input is in the form of materials and energy used while the output is in the
form of soap products and the resulting waste. Calculations were carried out with the help of SimaPro
9.1.17 software using Ecoinvent 3.




2.% Life cycle inventory (LCI). Basically, the LCI stage is the main data collection and compilation
activity including input and output data. The data considered comes from the production system from
the system that has been determined at the goal and scope stgge. The results of the LCI will be input to
the LCIA. Table | is a Life Cycle Inventory table that shows the input and output of the WCO recycling
process into liquid dish soap with kepok banana peel as adsorbent.
2
Table 1.?116 input and output of of the WCO recycling process into liquid dish soap

Process Input Qutput
Material Unit Mass Material Unit Mass
. WCO 2 112 Reside g 12
Despicing WCo P 700
Purification Banana peel g 100 Banana peel g 127
waste
WCO g 100 WwWCO g 73
Soap WCO g 73 Liquid g 360
making KOH 225 % g 225 Dishwashing
] g 775+ Soap
Aquadest 200
Food coloring g 2 Soap waste g 17
Fragrance g 2
Electricity kWh  0.1488 Emission

2.1.3. Life cvcle impact assessment (LCIA) . The LCIA phase aims to estimate the effect of the
product/process produced by the LCI phase and convert it into various impact categories. The LCIA
method can be single-category or multi-category [12].

2.1.4. Interpretation. The interpretation phase analyzes and evaluates the results of the LCIA and draws
some conclusions from the system under study.

2.2. Eco-efficiency
Eco-efficiency is one of the clean production strategies, where clean production is a preventive and
integrated environmental management strategy that is continuously applied to the production process
and product life cycle to reduce risks to humans and the environment [14]. The principle of eco-
efficiency is the p@ilhciple of material and energy efficiency to reduce environmental impacts.
Calculation of the eco-efficiency index (EEI) to deté@Zinine the feasibility of the product/system based
on ecological efficiency and economic efficiency. EEI 1s obtained by dividing the net value by eco-cost
[17]. The product/system is said to be unaffordable when its value is less than 1. If the value ranges from
0-1, it is included in the affordable category. The product/system is included in the sustainable category
if the value is more than one [13],[15],[16]. Eco-costs are “virtual” costs, i.e. costs of prevention and
damage in free trade. The following is the equation used to eco-efficiency analysis [13], [18], [19].

Net Value = Selling price — Production Cost (2.1)
EEI = (Net Value)/Eco Cost .......ccoovvuiiiiiiiiiiieiieninns (2.2)
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The next parameter is the calculation of the eco-efficiency ratio (EER), which is the comparison between
eco-costs and eco-indicators. The EVR calculation formula is described in equation 3.

EVR = (Eco cost) / (Netvalue) .........ccovieiiiiiiiiniiiinenens (2.3)




o-efficiency ratio rate (EVR) is the final calculation of the eco-efficiency measurement. The BER
calculation is obtained by subtracting the net value from the eco-cost value. The calculation of the EER

rate is described in equation 4 [13].
EER rate=(1-EVR) x 100% (2%
3. Result and discussion
3.1. Life cycle assessment
The characterization of the impact category of the recycling process from WCO into dish soap with

the adsorbent of kepok banana peel waste produced by Sofyware Simapro is described in Table 2.

Table 2. The characterization of the WCO recycling process

Impact Category Unit Environment Impact
Climate Change B CO2eq 3.19€-1
Acidification Kg SOz eq 1.64E-3
Eutrophication Kg POs--eq 7.20E-4
Photochemical Oxidant Formation Kg Cshs eq 2.31E-5
Fine Dust KgPM25eq 9.07E-5
Human Toxicity Cases 2.93E-9
Ecotoxicity (freshwater) PAF Ms.day 9.89E+1
Metals Scarcity Euro 3.52E-3
0il & Gas Depletion excl energy Kg Oil equ 4.87E-3
Water Stress Indicator WSI factor 5.01E-3

The normalization stage is a stage that aims to assess activities that contribute to environmental
impacts. The results of normalization of impact categories from the WCO recycling process into liquid
dish soap using kepok banana peel as an adsorbent produced from the output of Simapro Software are
described in Table 3. The weighting stage has the same value as the normalization stage because the
weighting factor is 1.

Table 3. The normalization of the WCO recycling process

Impact Category Normalization Factor
Climate Change 0.0370
Acidification 0.0144
Eutrophication 0.0030
Photochemical Oxidant Formation 0.0002
Fine Dust 0.0027
Human Tocicity 0.0027
Ecotoxicity (freshwater) 0.0006
Metals Scarcity 0.0035
Oil & Gas Depletion excl energy 0.0039
Water Stress Indicator 0.0050

The single score stage is a stage that aims to classity the value of the impact category of each process
or activity. Based on the value of the single score, it can be seen the processes or activities that most




contribute to environmental impacts and damage. Table 4 is a single score for the impact category of
the WCO recycling process into liquid dish soap using kepok banana peel adsorbent.

Table 4. Single score of the WCO recycling process into liquid dish soap

Impact Category Single Score (Euro)  Single Score (IDR)
Climate Change 0.0370 640
Acidificarion 0.0144 249
Eutrophication 0.0030 52
Photochemical Oxidant 0.0002 4
Fine Dust 0.0027 47
Human Tocicity 0.0027 47
Ecotoxicity (freshwater) 0.0005 9
Metals Scarcity 0.0035 6l
Oil & Gas Depletion excl 0.0039 67
Water Stress Indicator 0.0050 87
Total 0.0730 1,264

The process of recycling WCO into liquid dish soap has an eco-cost value of IDR 1,264 for 1 time
process of l(ag of WCO into 360 g of liquid dish soap. This process has the greatest impact on the
environment i the indicators of climate change and acidification. The use of electrical energy derived
from fossil fuels has an effect on the impact it causes.

3.2. Eco-effeciency index (EEI)

To analyze eco-efficiency. it begins with determining the net value which is determined by the product
price and production costs. In this study, product prices and production costs are calculated for one
product. The price of the product is based on the price of soap made from WCO with different adsorbents
in the market place. The product price is 7500 IDR/unit. Production costs can be seen in Table 5. The
recycling process can still get a profit of IDR 1,651. The calculation of production costs is carried out
on a small scale with the assumption that it is carried out by the empowerment and family welfare group,
5o that labor costs are assumed not to be incurred. The marketing strategy carried out is also still utilizing
the market place, which does not require marketing costs. Referring to these assumptions, the WCO
recycling process produces an eco-efficiency index of 1.31, which is included in the affordable and
sustainable category. This means that it is feasible in economic and environmental aspects. The results
of eco efficiency are described in Table 6.

EEI increase can be done by increasing the net value or reducing production costs. The WCO
recycling process using kepok banana peels produces an unattractive color and odor. Thus, this research
adds dyes and fragrances in order to produce dish soap that is more acceptable to consumers. The
addition of materials causes additional production costs and environmental impact costs. To increase
EEI, it is necessary to study the recycling of WCO by using adsorbents that produce dishwashing
products with attractive colors and odors, such as coffee grounds.

When the recycling process is carried out on an industrial scale, professional workers are needed who
must be paid. In addition, the right marketing strategy is needed so that the product can be well
received by consumers. The recycling process carried out on an industry scale will require equipment
with a large capacity. This will affect the depreciation cost and the volume of product produced.
Further research on the eco-efficiency of recycling WCO into liquid dish soap in industry scale is
interesting to do in the next research.




Table 5. Production cost of liquid dishwashing soap

Unit of UnitCost Amount Total Cost

Item .
Measure (IDR) (unit) (IDR)

A. Raw Material Cost
Oil filter paper Pcs 095 2 1.990
Fragrance mL 500 2 1.000
Food coloring mL 133 2 267
Potassium hydroxide Kg 23,000 0.02 506
Banana peel Kg 1,000 0.1 100
Plastic packaging Pcs 1.000 1 1.000
Waste cooking oil Liter 4,000 0.1 400
Aquades Kg 900 0.35 315
Subtotal 5.578
B. Equipment Cost
Hand blender Hour 18.06 1 15.06
Scale Hour 13.82 1 13.82
Plastic container Hour 0.47 1 0.47
SS spoon Hour 0.11 1 0.11
Syringe Hour 1.50 2 3.00
Gloves Hour 1.20 2 2.40
Subtotal 38
C. Labor Cost Hour 0 0
D. Electricity kWh 1,352 0.17 234
E. Marketing Cost 0
Total Cost
(A+B+C+D+E) 3,849

Table 6. The result of eco efficiency

ﬂice (IDR) Production cost (IDR) Net value  Eco cost EEI EVR EER
7,500 5,849 1,651 1,264 1.31 0.77 23%

4. Conclusion

The process of recycling WCO into liquid dish soap has the biggest impact on indicators of climate
change and acidification. The eco-efficiency index has a value of 1.31 which means it is affordable and
sustainable. This recycling process provides benefits that are greater than the costs of the environmental
impact it causes. Future research is needed regarding the eco-efficient process of recycling WCO into
liquid dish soap on an industrial scale. A study on the recycling of WCO using adsorbents from organic
waste that has an attractive aroma and color is important to increase eco-efficiency.

knowledgement
e authors would like to thank to Diponegoro University for funding the research by program “Hibah




Riset Pengembangan dan Penerapan 2021"

References

[1]. Panadare, D. & Rathod, V. K. Biocatalysis and Agricultural Biotechnology 14, 431-437
(2018).

[2]. Yang, R., Tang, W., Dai, R. & Zhang, Journal of Cleaner Production 201, 61-77 (2018).

[3]. Hartini, S., Sari, D. P. & Utami, A. A. in IOP Conference Series: Materials Science and
Engineering, 703, 2019).

[4]. Hartini, S., Puspitasari, D. & Utami, A. A. IOP Conference Series: Earth and Environmental
Science 623,012100 (2021).

[5] Hanisah, K., Kumar, S. & Tajul, A. Health and the Environment Journal 4, 76-81 (2013).
[6]. Lange, L. C. & Ferreira, A. F. M. The effect of recycled plastics and cooking oil on coke
quality. Waste Management 61, 269-275 (2017).

[7] Samo, M. & Iuliano, M. Green Processing and Synthesis 8, 828—-836 (2019).

[8]. Hartini, S., Fiantika, Y., Widharto, Y. & Hisjam, M. Evergreen 8, 492-498 (2021).

[9]. Li, W. et al. n IOP Conference Series: Earth and Environmental Science 510 042038 (2020).

doi:10.1088/1755-1315/510/4/042038.

[10]. Silsia D, Susanti L, & Apriantonedi, Agro Industri, 7, 1, 2017

[11]. Aghbashlo, M. et al. Renewable Energy, 151, 2020).

[12]. Li, 1., Xiao, F., Zhang, L. & Amirkhanian, S. N. Journal of Cleaner Production 233, 1182—
1206 (2019).

[13]. Vogtlander, 1. G, VSSD, 2010).

[14]. UNEP. United Nations General As- sembly, Document A/2060/L. 1 September 15, Accessed
January 26, 2017 (2005).

[15]. Rinawati, D. L., Sriyanto, Puspita Sari, D. & Cantya Prayodha, £35 Web of Conferences 31,
08005 (2018).

[16]. Hartini, S., Wicaksono, P. A., Prastawa, H., Hadyan, A. F. & Sriyanto. IOP Conference Series:
Materials Science and Engineerin, 598, 2019,

[17]. Vogtlander, J. G., Scheepens, A. E., Bocken, N. M. P. & Peck, D. Journal of Remanufacturing
7, 1-17 (2017).

[18]. Hartini, S., Sari, D., Aisy, N. & Widharto, Y. in E3S Web of Conferences 202. 10004 1-9
(2020).

[19]. Purwaningsih, R., Simanjuntak, C. F. & Rosyada, Z. F. Jurnal Teknik Industri 22, 47-54
(2020).




Revised abs-83 before

ORIGINALITY REPORT

11. 6. Sy 3

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Submitted to Universitas Diponegoro
Student Paper

2%

R Purwaningsih, N Susanto, D A Adiaksa, AA A
Putri. "Analysis of the eco-efficiency level in
the dining table production process using life
cycle assessment method to increase industry
sustainability", IOP Conference Series:
Materials Science and Engineering, 2021

Publication

2%

e

www.mdpi.com

Internet Source

T

-~

Dyah lka Rinawati, Sriyanto, Diana Puspita
Sari, Andana Cantya Prayodha. "Eco-efficiency
Analysis of Furniture Product Using Life Cycle
Assessment", E3S Web of Conferences, 2018

Publication

T

Yuli Yanthi Siagian, Rizal Sinaga, Christoper
Sinaga, Yosef Manik. "Life cycle assessment
and eco-efficiency Indicator for ulos weaving
using loom machine in Toba Samosir Regency

T



of North Sumatra", E3S Web of Conferences,
2018

Publication

worldwidescience.org

Internet Source

(K

Sri Hartini, Diana Puspitasari, Nabila
Roudhatul Aisy, Yusuf Widharto. "Eco-
efficiency Level of Production Process of
Waste Cooking Oil to be Biodiesel with Life
Cycle Assessment”, E3S Web of Conferences,
2020

Publication

=

T

publications.polymtl.ca

Internet Source

(K

eprints.undip.ac.id

Internet Source

T

researchbank.rmit.edu.au 1
10 | o
nternet Source 0
WWW.Tjpp.ro /
Internet Source < %
dokumen.pub
Internet Source < 1 %

Exclude quotes On Exclude matches Off

Exclude bibliography On








