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Abstract

Introduction: Biodiesel is viewed as a promising alternative to fossil fuels due to its favorable chemical
properties and environmental benefits. Research has shifted towards producing biodiesel from non-edible oils
and waste cooking oils to avoid food scarcity issues. The high cost of production is a major challenge, with
raw materials accounting for 75% of the total cost. Sustainability depends on low-cost feedstocks like waste
cooking oil. Exergy analysis is a useful tool for optimizing biodiesel production by reducing energy and
resource consumption and increasing production yield. The study focuses on the exergy flow of
transesterification of waste cooking canola oil, with parameters like methanol:oil ratio, catalyst
concentration, and temperature being evaluated.

Materials and Methods: Waste cooking oil (WCQ) was used in the present study, with physicochemical
properties including density, viscosity, free fatty acid content, and acid value measured. Biodiesel production
using a two-step catalyzed method was carried out, with the first step being esterification to remove high
water and FFA content in the waste cooking oil. The second step involved transesterification using different
methanol:oil ratios, catalyst concentrations, and reaction temperatures. The FAME content of the samples
was analyzed using gas chromatography and an equation was provided to calculate the FAME content of the
biodiesel samples. In the process of transesterification of WCO, four balance equations were used to analyze
exergy. Mass, energy, and entropy input and output must be balanced, with a portion of exergy input being
destroyed. The mass exergy component is divided into physical, chemical, potential, and kinetic exergy. The
overall exergy of a mixture of substances was calculated by considering physical and chemical exergy.
Mixing in the transesterification process is irreversible, with potential work being wasted. Exergy transfer by
heat flow and workflow was calculated using specific equations. An exergy conversion coefficient was used
to estimate the chemical exergy content of fuels. Dead state conditions were considered for calculating
exergy efficiency in the transesterification process.

Results and Discussion: The GC analysis of transesterification conversion products from a standard sample
showed that the main components in WCO-derived biodiesel were methyl salicylate, methyl palmitate,
methyl stearate, methyl oleate, methyl linoleate, and methyl oleate. The efficiency of the transesterification
process under specific conditions was determined to be 90.23% with an exergy efficiency of 91.73%. Exergy
analysis revealed that the exergy embodied in biodiesel was higher than that in WCO, but a portion of WCO's
exergy was consumed in the production of biodiesel. The study also highlighted ways to reduce energy loss
and material waste in the transesterification process, emphasizing the importance of recycling and reusing
waste materials to improve overall resource efficiency. The experiment variables of methanol:oil molar ratio,
KOH concentration, and reaction temperature were investigated in the transesterification process for
biodiesel production. A higher methanol:oil molar ratio of 6:1 was recommended for maximum yield when
using pure oil with low FFA and water content. Increasing the ratio from 4:1 to 8:1 resulted in higher
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biodiesel yield and exergy efficiency. However, further increasing the ratio to 12:1 led to decreased
efficiency. The KOH concentration and reaction temperature also had significant impacts on biodiesel yield
and exergy efficiency. Higher catalyst concentration and reaction temperature increased exergy destruction,
while a temperature increase from 45°C to 55°C improved efficiency and yield. The study suggested that
careful optimization of these variables is essential for maximizing biodiesel production and minimizing
exergy losses.

Conclusions: Exergy analysis is a valuable tool for assessing the environmental impacts of products,
processes, or activities by quantifying energy and material usage and waste generation within a
comprehensive framework. It also allows for estimating the resource requirements for processes such as
transesterification in the production of renewable resources like biodiesel. In this study, the exergy flow in
the transesterification of waste cooking oil was evaluated, with a focus on the impact of variables such as
methanol:oil ratio, potassium hydroxide concentration, and reaction temperature on biodiesel yield, exergy
efficiency, and exergy destruction. Experimental data was collected and used for exergy calculations,
revealing that maximum biodiesel yield and exergy efficiency were achieved at specific conditions. Excess
methanol or potassium hydroxide led to decreased efficiency and increased exergy loss in the process. Lower
temperatures also resulted in higher exergy loss due to reduced conversion efficiency. Understanding the
effects of these variables can help improve exergy efficiency and economic performance in commercial
biodiesel production. Exergy analysis can also be used to evaluate environmental performance and aid in the
development of environmental policies and resource management strategies.
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Figure (1) The GC chromatogram of WCO-derived biodiesel
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Figure (2) The simplified mass and exergy flow diagram for the transesterification of WCO
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Table (1) Chemical exergy of major substances in the transesterification
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Table (2) Biodiesel yield and the results of

exergy flow for one kg biodiesel production in the

transesterification at the design points

S5SNI 6581 ! &5, SiST s Sl Lo CeBS g, 4 ke
Ty $903 A Y Yield Temperature Catalyst Methanol:oil
External Internal Output Input & cO (.wt) (mol/mol)
exergy loss exergy loss exergy exergy
M) ™M) M) M)
2.41 3.49 42.99 48.89 81.37 55 1 4
2.67 2.08 47.60 52.34 90.23 55 1 8
4.73 2.92 48.03 55.67 88.81 55 1 12
3.56 3.22 45.56 52.34 83.25 55 2 8
4.29 4.15 43.89 52.34 78.38 55 3 8
4.66 3.51 43.48 51.65 75.56 45 1 8
4.04 3.28 44.68 51.99 79.74 50 1 8
e Total exergy loss == Exorgy efficiency Biodiesal yield
11 4 al.7 r 93
% 10 . —+ i
2 10 a90.8 }— I\isﬁ.s 9 ‘%.
2 g | L I = 7
@ 8 9 ss8 [ 89z ¥ 3
5‘. £ g - .2 g7z & 2
33 76 3 _5 3
: = 3 85 -8 &2 4
q 3 5.9 355 2
g s : s1® 2 Y
3 g14 | 4.7 7
3 4 79 W{
[ Ly
3 T i7
4 8 12

Methanol:oil molar ratio

oEn) & Jgilie ge

O gl gl gl 5 (65 gl 57 09018 Cawd 31 9 (S5 ST 0830 ¢ J 3209w 083b » 5295 1 Jgilin (g0 S )tji"" () i
Figure (3) Effect of methanol:oil molar ratio on biodiesel yield, exergy efficiency and total exergy loss

of the transesterification



™A

\Foy QLT..M.!U cTo)Lo.ﬁlfV -\.1:- (5))}\.2.56«.\.& 4.1>=A) GQ‘JJ &u.\.\.g.n

e @YU bl 53 Jjps s 5 e2jb 4 S
Chle 55 (g5 ST el bl g OT (ol Sble 51 i
o S a0 OF bl Chle 5l 2eS” J ke (VL
Jslee @YU Chle 5o (olard (581 3L 63500
oAl G b 5 65 ST e 55 S8 D e,
55 sl S s 55 1 AT Dl LS
Y1) 0 a8 Sl il 5 53 2y el 6 5 4 U e
\E c.L&JSSYLfJJJJ‘,hSL«AJQJ S 3l 9 Cunl
34T 3 Sluls Olge @ sl (2S5 3 50 5l das o
4S8 s U5 el el st 8 5 L
Ol an (6 S sl Lo (SLSN Jsilkin do s Y
05U L) 53l LS (65 ,mST M1 &)y g 40 SolasLs
3l s 5 Lk 6 65 ST D1 8, S

(/A

== Total exergy loss

e Exi2rgy efficiency

S5S o330 s 3l oty 5 A8 Ol e 1y
PS5 Sy el 5 nl e S (6,8 Sl
Loy Yo gl 5 dis g Sdome eslimul 5 C3L 5L LB oslts
O Ol s 4 a8 dd s O O e 4 0T
S Sl bl s a3 8 ks ol (55,8
0315 Lo p 2 (53555 2L & U505 025 EalS
035L L s lie 53 (65,87 035l oS 35,50 Hlasil 0355
L g 55 B Rl (U A5 e35l) L
Ak
VY AN Gl ey a dsile Jae Cons 215800
Al Al s pa Jps s o3l s 65 ST ea5k
aS sl sl o i Sl gke oYL Cble
Lol 6355 a5 08 (F1)) Jpiloe ol Cale Ailen
CBle 53 05l il il 5 (65 ST 035l Rl
(F:V) 0T ol cbale 51 5 was (VYY) J ke YL

Biodiesel yield

11 91.7 I 93
¥ 10 - Lo
= s 89.2 'L \%\
% 94902 |1 90.2 8 _ o 7
0w 8 - L E T X
8, & 6.8 g4 [¥ 3 74
1TE 7 F8s 2,2 3
- = 6 l a3 = = il
R 4.7 1 88z s o
> ¢ | : 833 g1 & =2
2 ?9'_4 | s 2 °
3 a- k79 il “’1
E 3 J_ | ?? "y
=] [ -y
L |
2 T 1 ?5
1 2 3

KOH concentration (wt.%)
KOH «=lle
O gumlCidy il gl § (S5 STl I 018 Cwd 31 9 (S5 81083 (3000 0830 » KOH cdalé §1(8) <

Figure (4) Effect of KOH concentration on biodiesel yield, exergy efficiency and total exergy loss of the
transesterification
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