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Extended Abstract

Introduction

Because of the increasing trend towards the adoption of biodiesel, veritable renewable alternative to fossil fuel,
for purposes of transport, accelerated research has been initiated on the performance and durability of the engine.
One major challenge identified is that biodiesel is corrosive while in contact with metallic surfaces of diesel
engines. Studies have indicated that biodiesel induces faster corrosion rates in metals like copper, brass, and carbon
steel associated with fuel systems and engine components. Corrosive behavior of biodiesel, derived from its higher
porosity, electrical conductivity, and presence of organic acids, forming when subjected to oxidation processes,
are some of the factors that induce corrosion of parts in the engine which, in turn, are likely to stimulate higher
maintenance costs and reduced life of engines at the end. Biodiesel corrosion and engine endurance can be assessed
using this study as a pioneering attempt to understand how biodiesel interacts with all metal components in diesel
engines and its environmental effects on water pollution using advanced modeling techniques. The thorough
investigation of multiple metal types regarding biodiesel combustion presents an exhaustive life-cycle assessment
their staged influence of these metals on water pollution. Such a multidisciplinary investigative activity advances
materials degradation understanding and pushes the development of enduring engine components that can
negotiate the peculiarities of biofuels within their operating environments. Additionally, Machine-learning models
are among the most significant advances toward predicting corrosion performance from different biodiesel
compositions and environmental conditions.

Materials and Methods

The steps of this research were carried out in four steps. In the first step, biodiesel was produced through the
transesterification process of waste cooking oil in the presence of 1.1% by weight of sodium hydroxide (as a
catalyst) and methanol with an alcohol to oil ratio of 6:1 and a mixing intensity of 710 rpm. The production
temperature was kept constant in the range of the boiling point of methanol. Then, test fuel samples labeled BO
(pure diesel as a control fuel), B2 (diesel fuel containing two percent biodiesel), B5 (diesel fuel containing five
percent biodiesel), and B10 (diesel fuel containing ten percent biodiesel) were prepared with a volume of one liter.
Next, the engine test was performed using a single-cylinder diesel engine. Next, engine oil sampling was carried
out in volumes of 150 ml at working intervals of 48, 96, and 144 hours. Atomic absorption spectroscopy was used
to atomize metal elements in the presence of an oxyacetylene flame. In this process, the digested solution is
converted into free atoms containing vapor. Using the calibration and extrapolation method, the obtained
absorption value is used to determine the element concentration in the presence of control solutions. In the next
step, the life-cycle assessment began with the preparation of a life cycle inventory focusing on the inputs related
to fuel sample preparation and its effects on the corrosion rate in a diesel engine based on engine operating hours.
The IMPACT2002+ method was used to perform the production inventory assessment. The next step included
modeling and determining the effective parameter using the support-vector-machine method (a method of machine
learning). In this step, 60/40 of the data was used as data for the model training stage and test stage, respectively.
The root RMSE and R? were used to evaluate the model.
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Results and Discussion

Results showed that increased biodiesel concentration has a pronounced effect on the indicators, with B10 being
the highest level considered for acidification and eutrophication, due to increased nitrogen oxides stemming from
biodiesel combustion. It thus calls for optimizing combustion processes coupled to nitrogen oxide emission
reductions in order to mitigate adverse ecological impacts. Coupled with this, there was also a support-vector-
machine (SVM) modeling approach to predict these water quality parameters, which showed high accuracy and
reliability in being modeled. Sensitivity analysis determined relevant independent variables. The analysis was
performed on six independent parameters and showed that they affected much of the environment-related
indicators to water resources. The critical factor, biodiesel percentage in fuel, emerged as a significant factor
affecting all the indicators for environment impact (percentage-based: 0.55 for eutrophication, 0.81 for
acidification, and 0.76 for ecotoxicity). Such a trend indicated that changes in biodiesel content would play an
important role in incurring-reducing or increasing impacts on the environment. Engine operational hours had a
relatively low impact on eutrophication (0.45) and acidification (0.61) with an even smaller impact on ecotoxicity
(0.38).

Conclusion

This operation period extremely matters because, from the analysis of the engine oils, it says that the amount of
metal will be highly influenced by operation time. This was further brought about by oxidation or corrosion over
time on the aluminium, chromium, copper, and iron content in this trend of attempting to use a higher percentage
of biodiesel to achieve a significant increase in welding and corrosion affecting engine parts. Besides these two,
acidification and also eutrophication of water resources have also been worsened by the use of biofuels, more
specifially B10. Excess nitrogen oxides emitted through burning biodiesel act as nutrients and favor algal blooms,
that ultimately acidify waters and could eventually be destructive to aquatic ecosystems. Hence nitrogen oxide
emissions shall be strictly controlled, and one must install after-treatment systems for catalytic mitigation of this
kind of fuels on the adverse effects the environment has to face with such fuels.
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Figure 1 - Results of analysis of physical-thermal properties of fuel samples. a) Density, b) Viscosity, ¢) Calorific value, and d)
Ignition temperature
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Figure 2- Engine performance and emissions test results. a) Brake power, b) Brake specific fuel consumption, ¢) Carbon monoxide
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Figure 3 - Results from engine oil analysis. a) Aluminum
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Figure 4 - Environmental impacts of engine corrosion life-cycle on water resources. a) Eutrophication of water resources, b)
Acidification of water resources, and c) Ecotoxicity of water resources
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Table 5- Results of the support vector machine model training stage
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Figure 5 - Results of the support vector machine model testing phase. a) Eutrophication of water resources, b) Acidification of water
resources, and ¢) Environmental toxicity of water resources

by &5 Jbb > a8 dad o i ol ey e ol (+/YA)
5 Le(»] ).ul.: g.x;Sua “Mwﬁb)yy 3 Slos
Oz Jpdge 3 STl 508 o y2elyly jol b aunglie
ot sl (10Y) T omslSdg il p ey JB jobay
3 4 35 o il (+/F) e bae Cuew g (+/V0)
b slacuwl uley JBls 4 Wy cuds cuenl
Cogu silwoslel 318 alin jobas S o ST
O sl 5 () el S 59y |y lawgie Il
oy baome Coow (550595 3 Lol camd oo i (+/0%)
(+18Y) 5>
siel b (ad s dw ya Lol Jole olgica slysl sl s s
«/va 9 ¢y L;.\ﬁ..ul dl)._s A ‘uw&“’ﬁ’ LS‘)‘.’ -[oY
Cpdo D W o b &S (sl 00 A 1 Cavons (gly
Sl ag BB il 4 e Wlg e gl claaol s
€ sl paside £ gl Sl rrer 29d () e

jload plxl comlus s 5 4325 & Joio b il
HB S el b)) S S SRy S Gk
by ) e (asld dw p Jitue clide (gl )y
(st Lo o g b (Saml y ol i g2) f i b
plml Jawe ptol)ly (2l g9y p Jdod g 4325 s &)
Slogasls p ey BB b layiel )y ol ols (lis g 45
Jpdem 200 )35 o il T wlio b bagye ) baes
JB ol g as pb le Jolo G lyiea Chgw
2B jlael ) ol s ae slapasls plas o) ooy
VS g o el gy <TAY cypmlSas e gl 100
lyss & amd o LS Ny l (gt baume o sl
L5 b Al ) bl (o885 Mg e Jpdgn lpoee 5
LS ) a5 lasre il 3]
(+190) ogualSby 3 2 (6 58 Lo 55T 390 ) lelis
) e Coun 508 (5 L (+/8Y) A sl



Vo B MO Lias 3 £ £ JUo o 5l 0 093 [Sa 5 O Cuprte 5 (55l & o | 3]y o 5 53LTSKubo Yoy

5ol 3 sl e Sy o Ul il amse ol st dogasls sen s 5 sgige (S35
cal O ol a8 @)y (AY) ) basme Caows g (/AY) i

ot e (5391 13 I35 330 s st s 131 1 g il (8l (510 sl 3L wlodl T Jgn

Table 6- Conducting sensitivity analysis to find the effective parameter on the environmental effects of diesel engine wear on water

resource pollution
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