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 Biodiesel was produced from lard using a CaO catalyst derived from eggshells. The effects 

of catalyst loading and transesterification reaction time were investigated. The results 

revealed that the increase in yield of biodiesel occurred at all catalyst loading when the 

reaction time was increased. The optimal reaction time was obtained at 60 minutes. The 

results also indicated that there was an increase in yield of biodiesel when the catalyst 

loading was increased from 0.5% to 1%. Furthermore, increases in catalyst loading 

decreased biodiesel yields. The most optimum biodiesel yield of 92.69% was achieved when 

the reaction time, catalyst loading, methanol:oil molar ratio, reaction temperature, and 

pressure were 60 minutes, 1%, 6:1, 65 °C, and 1 atm, respectively. The FAME content in 

biodiesel product was 95.28%. The biodiesel obtained reflected a cetane number and heating 

value of 46.2 and 37.86 MJ/kg, respectively. Eggshell-derived CaO catalysts exhibited 

excellent reusability. 
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1. Introduction  

Biodiesel is currently being developed as an alternative fuel on 

account of its many advantages over diesel oil, which include non-

toxicity, environmentally friendly, biodegradability, high cetane 

number, and low emission [1, 2]. Biodiesel is a renewable resource 

composed of a mixture of various FAAE (fatty acid alkyl esters). 

Biodiesel, as a renewable alternative energy, can be made from 

vegetable oils and animal fats as a source of raw materials [3, 4]. 

Biodiesel can be obtained by esterification or transesterification 

process. Esterification process is the reaction of FFA (free fatty 

acids) with alcohol to produce FAME (fatty acid methyl ester) and 

water [5]. Transesterification is a reaction between triglycerides 

that can be obtained from oil derived from plants or fats from 

animals with alcohol to produce FAME and glycerol as a by-

product [6, 7]. Esterification is carried out if the FFA content of 

the raw materials is higher than 2% [8, 9]. If the FFA content <1%, 

biodiesel synthesis is carried out by transesterification only. 

Of the various types of vegetable oils, the most commonly used 

to produce biodiesel include rapeseed oil (in Canada), sunflower 

oil (in Southern Europe), soybean oil (in the United States), palm 

oil (in South Asian countries, especially Malaysia. and Indonesia), 

as well as castor oil (in India) [5, 10]. The utilization of animal fats 

as feedstock for biodiesel production has also been previously 

studied. Among the animal fats studied were lard, beef tallow, and 

fish oil [11, 12]. Compared to vegetable oils, biodiesel from animal 

fats shows several advantages, including high calorific value and 

cetane number [10]. However, biodiesel from animal fats also 

shows disadvantages, including high saturated fatty acid contents, 

plugging points and cold filter clouding point, which can cause 

problems during winter operations [11, 13]. 

Biodiesel synthesis from lard has been studied by several 

researchers [11, 13–18]. In [11] and [15], for example, the authors 

used KOH as a catalyst and produced biodiesel with FAME 

contents of 88.7% and 99.4%, respectively. In [18], the authors 

also used catalysts of 1.25% KOH and obtained a FAME yield of 

96%. The biodiesel production from a mixture of soybean oil and 

lard using NaOH catalyst has been studied [13], which obtained a 

biodiesel yield of 77.8%. In [14], the authors investigated the 

transesterification of refined lard. The research was carried out in 

supercritical methanol. In this work, the transesterification process 
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is carried out under reaction temperature conditions of 320-350 °C, 

reaction time of 5-20 min, methanol:oil molar ratio of 30-60, 

pressure of 15-25 MPa, and agitation speed of 0-1000 rpm. The 

results revealed a FAME yield of 89.91%. In [16], the authors 

explored the synthesis of biodiesel using immobilized C. antarctica 

lipase B as a biocatalyst. The biodiesel yield of 96.8% was 

obtained by a ultrasonic amplitude of 5 kHz, reaction time of 20 

min, 1:4 molar ratio of fat:methanol and 6% (w/w of fat) catalyst 

level. Meanwhile, CaO as a catalyst has also been used in 

production of biodiesel by waste lard methanolysis [17]. 

In general, in the transesterification process, the researchers 

used a homogeneous catalyst in the biodiesel production from lard. 

The utilization of heterogeneous catalysts in the transesterification 

process, especially CaO, has not been widely developed by 

researchers. Calcium oxide is one of the most active and potential 

solid catalysts in the transesterification process. This catalyst can 

be reused, recyclable, inexpensive, non-corrosive, and 

environment-friendly; moreover, in methanol has low solubility, 

and a catalyst with high activity for the methanolysis reaction of 

oil [19, 20]. CaO can be obtained from calcination of waste shells, 

such as eggshells [21]. The utilization of eggshell as a catalyst in 

the production of biodiesel from lard has not been widely studied 

by researchers. Therefore, it is necessary to develop biodiesel 

production from waste shell, especially eggshells. 

The aims of this study were to produce biodiesel from lard 

using CaO from eggshells as a heterogeneous catalyst, and to 

determine the effect of catalyst loading and transesterification 

reaction time. The characteristics of the biodiesel produced, 

including its density, cetane number, kinematic viscosity, and 

heating value, were then studied and compared with those of a 

biodiesel standard. 

2. Experimental Methods 

2.1. Materials 

Methanol (99.9%, Merck) and lard were used as raw materials 

for biodiesel synthesis. Lard was purchased from a Johar market, 

Semarang, Indonesia. The reagent used for esterification was HCl 

(37%, Merck). CaO was prepared from eggshells obtained from 

restaurant waste around Tembalang, Semarang, Indonesia. 

2.2. Catalyst Preparation 

The eggshells obtained from the restaurant were rinsed using 

running water, and then cleaned with distilled water to eliminate 

dust and dirt. The clean eggshells were then dried in an oven 

(Memmert UN 55 B214.0281, Germany) at 105 °C overnight. Dry 

eggshells were crushed and calcined for 4 h in air in a Ney Vulcan 

muffle furnace (Vulcan Bench Top Furnace model D-550-240V) 

at 900 °C. The product obtained was CaO [21, 22] as a white 

powder. 

2.3. Biodiesel Synthesis Using Esterification and 

Transesterification Process 

Biodiesel synthesis was carried out by esterification and 

transesterification processes. Both processes were completed in a 

three-necked flask (Pyrex). This equipment was connected with a 

reflux condenser (Pyrex) and heater. Esterification aims to reduce 

the FFA content in lard. Methanol and oil were added to the three-

necked flask at 6:1 methanol to oil molar ratio. Thereafter, HCl 

amounting to 0.75% w/w of oil was added to the flask. The mixture 

was then stirred with a magnetic stirrer (Model No. SP131320-33 

240V, Thermo Scientific) at 400 rpm while heating to 65 °C. 

Esterification was performed for 2 h. The esterification product 

was placed into a separating funnel and allowed to settle overnight. 

The product was then collected from the remaining methanol and 

acid catalyst. 

The esterified lard was then reacted with methanol in a three-

neck flask with methanol to oil molar ratio of 6:1. A number of 

CaO catalyst was loaded into the three-neck flask. Then, the 

mixture was reacted at 65 °C while stirring at 400 rpm. After the 

transesterification process was completed, the product was placed 

into a separating funnel (Pyrex) to be separated from the catalyst. 

The product was allowed to settle overnight to separate the 

biodiesel from excess methanol and glycerol. The glycerol at the 

bottom of the funnel was withdrawn, and the excess methanol in 

the top biodiesel layer was removed. Yield of biodiesel was 

determined by using (1); 

 𝑌𝑖𝑒𝑙𝑑(%) =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑏𝑖𝑜𝑑𝑖𝑒𝑠𝑒𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 (𝑔)

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑙𝑎𝑟𝑑 (𝑔)
𝑥100% (1) 

Variables influencing the transesterification process, such as 

catalyst loading (0.5-7%) and reaction time (30-120 min), were 

also studied. 

3. Results and Discussion 

3.1. Esterification Result 

During biodiesel synthesis, raw materials with high FFA 

contents require a two-step process, namely esterification and 

transesterification [7, 8]. In general, lard has an FFA content higher 

that 1% [16]; in fact, the raw materials analysis showed that the 

FFA content of lard was 10.05%. Thus, esterification is needed to 

decrease the FFA content of the raw material. The esterification 

process can decrease the FFA content of lard to 1.36%. To produce 

biodiesel, transesterification is then carried out. 

3.2. Biodiesel Production Via Transesterification 

3.2.1. Effect of transesterification reaction time 

The effect of transesterification reaction time on biodiesel 

yield was investigated. The reaction time is an important 

parameter in biodiesel production [8]. The effect of reaction time 

on biodiesel yield can indicate the costs involved in producing 

biodiesel [23]. Here, transesterification reaction times of 30, 60, 

90, and 120 minutes were applied. The experimental results were 

shown in Figure 1. 

Figure 1 presents an increase in yield of biodiesel at all catalyst 

loadings and reaction times of 30–60 minutes. At the reaction time 

of 30 minutes with 1% catalyst loading, the biodiesel obtained was 

only 75.3%. This shows that at the reaction time of 30 minutes, 

the transesterification reaction has not reached equilibrium. This 

means that not all reactants have enough time to interact both 

between reactants and with the catalyst, resulting in lower 

biodiesel. Biodiesel yield increased and achieved its optimum at 

reaction time of 60 minutes. The optimum biodiesel yield was 

92.69%. The experimental results reveal that a reaction time of 30 

minutes is insufficient to complete the transesterification process. 

http://www.astesj.com/


L. Buchori et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 6, No. 2, 399-404 (2021) 

www.astesj.com     401 

Furthermore, at the reaction time after 60 minutes, there was a 

slight increase in the yield of biodiesel and it became almost 

constant. The increase in biodiesel yield is not significant. These 

results indicate that a reaction time of 60 minutes is sufficient to 

produce an effective biodiesel production. 

 

Figure 1: Effect of transesterification reaction time on yield of biodiesel under 
various catalyst loadings (methanol:oil = 6:1; P = 1 atm; T = 65 °C) 

The study conducted by previous researchers [15] also found 

that the optimal reaction time for production of biodiesel from lard 

was 60 minutes. In this study, the biodiesel yield obtained in the 

transesterification step was 97.2% at a KOH concentration of 2% 

wt and the ratio of methanol to oil was 9:1. In [17], the authors 

used a CaO-based catalyst from piglet roasting and quicklime 

during biodiesel production from waste lard and obtained a yield 

of 97.6% within 60 minutes. This finding reveals that the average 

transesterification reaction time needed for biodiesel production 

from lard via conventional methods was 60 minutes. Meanwhile, 

biodiesel production using supercritical methanol required 15 

minutes of reaction to achieved 89.91% FAME content [14]. 

3.2.2. Effect of catalyst loading 

The effect of catalyst loading on the transesterification process 

was studied by varying the CaO contents to 0.5, 1, 3, 5, and 7% 

(w/w) of lard with 6:1 methanol to oil ratio for 1 h at 65 oC. The 

resulting yield of biodiesel were presented in Figure 2. 

Figure 2 shows that biodiesel yields increase when catalyst 

loading is increased from 0.5 to 1%. Furthermore, the higher the 

catalyst loading, the lower the biodiesel yield. The high catalyst 

concentration causes the mixture in the reactor to become too 

viscous. This fact results in more mass transfer resistance and 

therefore, perhaps some of the catalysts remain unused, which in 

turn lowers biodiesel yield [24]. In this study, an increase in 

catalyst amount causes the formation of a slurry from the mixing 

of the catalyst and reactants. The larger the amount of catalyst 

added to the reaction system, the more viscous the mixture 

becomes. As a result, higher power consumption is needed during 

the stirring process. Increased viscosity due to slurry formation 

must be prevented because it causes yield of biodiesel to decrease. 

In order for this problem to be avoided, it is necessary to 

determine the optimum amount of catalyst loading. The increase 

in viscosity can also cause a slight soap formation which hinders 

the reaction process resulting in a decrease in yield. The results 

reveal that the optimum catalyst loading in this study is 1%. 

 

Figure 2: Effect of catalyst loading on biodiesel yield at various reaction times 
(methanol:oil = 6:1; P = 1 atm; T = 65 °C) 

Works that have been done in previous studies also indicated 

the same results [11, 18]. In [11], the authors applied KOH as a 

catalyst. The concentration of KOH varied at 0.6%, 0.9% and 

1.2%. The results showed that the optimum biodiesel product with 

a FAME content of 88.73% was achieved at 0.9% wt KOH with a 

reaction temperature of 60 oC, a methanol-lard mole ratio of 6:1, 

and a stirring speed of 600 rpm. Meanwhile, in [18], the authors 

performed the optimization of lard oil methanolysis using a 

potassium hydroxide catalyst. The results showed that the 

optimum biodiesel yield was 96.2% at the amount of catalyst 1.25% 

under the following conditions: reaction temperature of 60 oC, 

reaction time of 40 min, the molar ratio of methanol to oil was 6:1, 

and stirring speed of 250 rpm. 

3.2.3. FAME content of the biodiesel product 

Optimal biodiesel production occurs under a reaction time of 

60 minutes and 1%wt catalyst loading; these conditions produce 

an optimum biodiesel yield of 92.69%. The biodiesel product 

produced at these optimum conditions was analyzed using GC-

MS (gas chromatography–mass spectrometry) (QP2010S 

SHIMADZU, DB-1 column) to determine its composition, and 

the results are presented in Table 1. The biodiesel obtained 

contained approximately 24 compounds, 15 of which were methyl 

esters. 

Table 1: Composition of the biodiesel product 

Peak 
Retention 

time 

Composition 

(%) 
Name 

1 20.276 0.02 Decanoic acid, methyl ester 

(CAS) 

2 26.907 0.19 Dodecanoic acid, methyl ester 

(CAS) 

3 32.676 0.95 Tetradecanoic acid, methyl ester 

(CAS) 

4 35.299 0.04 Pentadecanoic acid, methyl ester 

(CAS) 
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5 37.186 0.18 9-Hexadecenoic acid, methyl 

ester, (Z)- (CAS) 

6 37.312 0.67 9-Hexadecenoic acid, methyl 

ester, (Z)- (CAS) 

7 38.035 22.08 Hexadecanoic acid, methyl ester 

(CAS) 

8 38.778 0.03 Pentadecanoic acid (CAS) 

9 39.658 0.09 9-Octadecenoic acid (Z)-, methyl 

ester (CAS) 

10 39.914 0.19 Heptadecanoic acid, methyl ester 

(CAS) 

11 41.888 11.07 9,12-Octadecadienoic acid (Z,Z)-, 

methyl ester (CAS) 

12 43.118 53.75 9-Octadecenoic acid (Z)-, methyl 

ester (CAS) 

13 43.634 5.47 Octadecanoic acid, methyl ester 

(CAS) 

14 44.198 0.05 9-Hexadecenoic acid, methyl 

ester, (Z)- (CAS) 

15 45.396 0.18 Methyl arachidonate 

16 45.776 0.16 7,10,13-Eicosatrienoic acid, 

methyl ester (CAS) 

17 46.186 1.95 Tridecanedial 

18 46.796 0.37 Eicosanoic acid, methyl ester 

(CAS) 

19 49.475 0.14 5,8,11,14-Eicosatetraenoic acid, 

ethyl ester, (all-Z)- (CAS) 

20 49.773 1.16 Di-(9-octadecenoyl)-glycerol 

21 50.414 0.65 Hexadecanoic acid, 2-hydroxy-1-

(hydroxymethyl) ethyl ester (CAS) 

22 53.237 0.05 3-(Dideuteromethoxymethoxy)-

2,3-Dimethyl-1-Undecene 

23 54.075 0.48 9-Octadecenoic acid (Z)-, 9-

octadecenyl ester, (Z)- (CAS) 

24 69.515 0.09 Cholest-5-en-3-ol (3.beta.)- 

(CAS) 

  100.00  

According to Table 1, the FAME content in biodiesel 

produced from lard is 95.28%. This result is slightly lower than 

the standard purity of biodiesel according to EN 14214 [25] which 

is 96.5%, but higher than the previous studies [13]. In [13], the 

authors obtained a biodiesel yield of 47.2% with a purity of 92.0% 

under a reaction time of 3 h and a yield of 66.2% with a purity of 

95.7% under a reaction time of 5 h. The findings thus far indicate 

that lard is a potential feedstock for biodiesel production because 

it can produce large amounts of FAMEs. 

3.2.4. Characteristics of the biodiesel product 

Density, kinematic viscosity, cetane number, and heating 

value are important properties in biodiesel. These properties 

indicate the quality of the biodiesel fuel so that it will affect the 

utilization of this fuel. Density and kinematic viscosity directly 

influence the atomization process during combustion. Meanwhile, 

the ignition quality of the fuel is evaluated using a cetane number. 
Heating value is also known as gross calorific value. This property 

is commonly used to determine the energy content of fuels and 

their efficiency. The characteristics of the biodiesel obtained at 

optimum conditions are shown in Table 2. 

Table 2 shows that the biodiesel product obtained has a density 

of 0.860 g/cm3. In the combustion process, a certain amount of 

fuel is injected into the combustion chamber. The amount of fuel 

injected into the combustion chamber is influenced by the density 

of the fuel. Likewise, the air-fuel ratio is influenced by the density 

of the fuel. In the same volume, a denser fuel contains a greater 

mass. It means that a high density contains a high mass. 

Meanwhile, the fuel injection pump measures fuel by volume 

rather than by mass. Therefore, if the fuel density is too high it 

will affect the performance of the injection pump, as a result the 

combustion process becomes incomplete. The density obtained in 

this study has met biodiesel standards with the minimum standard 

of density being 0.860 g/cm3 and a maximum of 0.900 g/cm3. 

Table 2: Composition of the biodiesel product 

Fuel property Units Standard Method 
Experimental 

values 

Density  

(25 °C) 

g/cm3 0.860 to 

0.900 

EN ISO 

3675 [26] 

0.860 

Kinematic 

viscosity  

(40 °C) 

mm2/s 1.9 to 6.0 ASTM 

D445-19 

[27] 

4.48 

Cetane 

number 

– 47 (min) ASTM 

D613-18a 

[28] 

46.2 

Heating value MJ/kg 39.72 ASTM 

D240-19 

[29] 

37.86 

Table 2 indicates that the kinematic viscosity of the biodiesel 

product obtained in this study is between the minimum and 

maximum standards of biodiesel. Viscosity is an important 

parameter of the biodiesel fuel produced. Viscosity affects the 

quality of atomization [4]. High viscosity can lead to poor 

atomization process. The viscosity of the fuel also affects droplet 

size. High viscosity has the potential to produce larger droplets at 

the time of injection so that the atomization process is disturbed, 

as a result of which the spraying becomes poor. Poor atomization 

results in poor combustion which increases exhaust fumes and 

fuel emissions. Fuels with high viscosity also result in the need for 

more energy to pump fuel and can cause deposits in the engine. 

The kinematic experimental value of the viscosity produced in this 

study was 4.48 mm2/s. This value is still below the maximum 

value required by the ASTM D445-19 specification (6.0 mm2/s).  

The cetane number, defined by ASTM D613-18a, is a measure 

of the auto-ignition delay time of the fuel. Diesel engines desirable 

high cetane numbers. A higher cetane number results in a shorter 

time between ignition and initiation of the fuel injection. The high 

cetane number also ensures the engine is started and running 

properly and smoothly. In contrast, a low cetane number causes 

incomplete combustion which tends to increase gas and 

particulate emissions which in turn result in air pollution. The 

cetane number value generated in this work is 46.2. This cetane 

number is slightly lower than the minimum biodiesel standard 

required, which is 47. This is probably due to the double bonds of 

fatty acid compounds. Compounds with double bonds can cause a 

lower cetane number [30]. The results of GC-MS analysis show 

that the biodiesel product obtained contains several compounds 

with double chains, such as 9,12-octadecadienoic acid and 9-

octadecenoic acid, which could reduce its cetane number. 

Table 2 also reveals that the heating value of the biodiesel 

obtained in this study is 37.86 MJ/kg. The heating value describes 
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the amount of heat produced from the fuel combustion with 

oxygen [4]. At the initial temperature, this combustion produces 

CO2 and H2O. The higher the heating value, the less the amount 

of fuel needed to produce combustion heat. Thus, the higher the 

heating value, the more efficient the use of fuel. Increasing the 

amount of carbon in the fuel molecule will increase the heating 

value of the fuel. The increase in heating value is in line with the 

increasing ratio of carbon and hydrogen to oxygen and nitrogen 

[4]. The heating value of the biodiesel product obtained in this 

work is approximately 4.68% less than that of biodiesel standard 

and 11% less than petrodiesel, which has a heating value of 42.7 

MJ/kg.  

3.3. Catalyst Reusability 

One method to determine the stability of a heterogeneous 

catalyst is to test the recyclability of the catalyst. The reusability of 

the catalyst was carried out in conditions where the 

transesterification process produced optimum biodiesel yield, 

namely the reaction temperature of 65 oC, the mole ratio of 

methanol: lard of 6:1, the catalyst loading of 1% and the reaction 

time of 1 h. The catalyst that has been used in each cycle was 

separated by filtering and then washed with methanol to remove 

adsorbed material. The catalyst was then recalcined at 900 oC for 

further use. The results of the catalyst reusability were shown in 

Figure 3. 

 

Figure 3: Effect of catalyst reusability on biodiesel yield (methanol:oil = 6:1; P = 
1 atm; T = 65 °C; catalyst loading = 1%, reaction time = 60 min) 

 

Figure 3 shows that the biodiesel yield decreases with 

increasing catalyst use cycles. Nevertheless, the catalyst can be 

reused after six consecutive runs with excellent activity in the lard 

transesterification reaction for biodiesel production. The biodiesel 

yield obtained was still above 90%. However, in the seventh run 

the biodiesel yield was found to have decreased below 90%, 

which was 85.67%. The decrease in biodiesel yield after each run 

may be due to the blocking of the active sites on the catalyst 

surface by the deposition of unreacted oil, biodiesel or glycerol 

[24]. These results indicate that the CaO catalyst derived from 

eggshells has a high potential to be used as a catalyzing for 

biodiesel production with good reusability. 

4. Conclusion 

Biodiesel can be obtained from lard in high yields. The reaction 

time of transesterification required to obtain biodiesel is only 60 

minutes with 1%wt catalyst loading. The biodiesel yield produced 

from this study was 92.69% with the FAME content was 95.28%. 

The fuel properties of biodiesel products that meet the established 

standards are kinematic viscosity and density. Meanwhile, the 

heating value and cetane number obtained in this work are slightly 

lower than those of the biodiesel standard. In the transesterification 

process, the CaO catalyst derived from eggshells is able to 

maintain its catalytic activity after being reused 7 times. The 

results generally prove that biodiesel synthesis from lard using a 

heterogeneous catalyst, specifically CaO from eggshell, is an 

acceptable strategy. 
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