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Abstract: 

Biodiesel attracts widespread attention as an excellent alternative energy for diesel. By consulting 

databases such as CNKI, Scopus, the relevant literature on biodiesel preparation was summarized, and the 

latest research progress in biodiesel preparation by catalytic transesterification was overviewed to help 

researchers in this field. This paper raises the following viewpoints: The current research tends to prepare 

biodiesel from nonedible oil as raw material by heterogeneous catalysis transesterification. Catalysts are 

evolving towards multi-functionality and magnetic responsiveness. Supported catalysts prepared with 

stable catalyst carriers and catalytically active materials have aroused concern, and environmentally 

friendly catalysts prepared from waste biomass have received particular attention. Hydrodynamic 

cavitation, microwave and electrolysis have also been used to assist transesterification. In addition, this 

paper reviews quantitative evaluation of biodiesel from multiple aspects of conversion rate, methyl ester 

purity and mass yield to improve the accuracy in evaluation.  

Keywords: biodiesel; inedible oil; high acid value; waste biomass; heterogeneous catalytic 

transesterification 

 

I. INTRODUCTION 

 

With the development of human society, people gradually raise higher requirements for environmental 

protection. Traditional fossil fuels can no longer meet people's growing consumption needs. Biomass 

energy will become the future primary energy. Biodiesel has similar properties to diesel, boasting 

advantages of easy degradation, low toxicity, low exhaust emission, renewability. With rich varieties of 

raw materials it is considered as the best substitute for diesel[1][2]. It is estimated that there is a total 

growth rate of about 5.48% in the global biofuel market during the period 2018-2026 [3]. China has 

successfully commercialized biodiesel technology, but still faces some problems in promoting biodiesel. In 

recent years, the high cost of biodiesel relative to low international oil price has hindered its 

commercialization [4], which is an issue studied in a lot of researches. This paper reviews the latest 

research progress in the preparation of biodiesel by transesterification, summarizes the effective methods 
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for evaluating the biodiesel yield, and suggests the future research directions.  

 

II. FEEDSTOCKS OF BIODIESEL 

 

2.1 Non-edible Oil 

 

70%-90% cost of biodiesel derives from its raw materials[5]. Traditional biodiesel feedstock oils are 

generally sourced from oil crops, including edible oils (rapeseed oil, soybean oil, palm oil, corn oil) and 

non-edible oils (jatropha oil, castor oil, cottonseed oil)[6,7]. In order to control the biodiesel cost and avoid 

competition between fuel oil and edible oil for resources, researchers tend to use non-edible oils as raw 

materials, such as jatropha oil, castor oil, rice bran oil, algae oil, and kitchen waste oil. 

 

Jatropha has a short growth cycle and strong survivability to adapt to various types of soil. With low 

water and fertilizer requirements, it barely requires management after planting. Jatropha seeds have an oil 

content of 30%-60%, ranking second among oil crops[8]. Jatropha seeds are highly toxic to humans and 

animals, whose residue after oil extraction is difficult to utilize. Regarding this problem, some people 

proposed to use the remaining biomass for composting, or convert it into heat resources and electric 

energy[9]. Guadalupe et al.[10] found a non-toxic jatropha species from Mexico, whose residue after oil 

extraction can be used for food processing and feeding. 

 

Castor bean has rich oil content of up to 42%~48%. Castor bean oil is a light yellow, highly viscous 

bio-oil, which boasts the advantages of high oxygen content, high cetane number and low sulfur content. 

Castor oil plant has a shorter growth cycle than crops such as palm, jatropha. Moreover, castor oil can 

replace edible oil in the production of biodiesel[11]. 

 

Rice is one primary food for mankind. According to the International Grains Council (IGC), the global 

rice production is expected to reach 508.6 million tons in 2020-2021, the by-product rice bran production 

can reach 5 wt%-14.8 wt% of the total weight, and the oil content of rice bran is about 16 wt%-32 wt%. 

Due to the presence of active lipase, most rice bran oil has high free fatty acid content, making it 

inappropriate for direct consumption. However, it can be used to produce biodiesel. At the same time, rice 

bran has a protein content up to 14%~16%, and the remaining residue after oil extraction can be used for 

feed processing[12]. 

 

Algal oil is a high-quality raw material for biodiesel production. As early as more than 3 decades ago, 

the Aquatic Species Program (ASP) of the U.S. Department of Energy (DOE) clarified the potential of 

algae in providing biomass energy. Microalgae is a kind of photosynthetic microorganism with a growth 

rate 10-50 times that of terrestrial plants. With a large amount of esters (20-50%) in its cells, it has an oil 

production 15-300 times that of traditional oil crops. Meanwhile, algae has low growing environment 

requirements, does not compete with crops for resources, and can rely on wastewater and waste gas in 

growth [13,14]. 
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With the increase in population, the consumption of edible oil grows at an unprecedented pace. 

According to the United States Department of Agriculture (USDA), the global consumption of vegetable 

oil reaches 209.85 million tons in 2020, with 2% increase annually[15] . According to reports, the 

production of kitchen waste oil can reach 20% of the total consumption of animal and vegetable oils [16]. 

These waste oils undergo biochemical reactions such as oxidation and hydrolysis to produce foul-smelling 

aldehydes, acids and other products that deteriorate the ecological environment. At the same time, it may 

contain heavy metals and carcinogens, which may enter the food chain and endanger human health [17,18]. 

In addition, most kitchen waste oil is dumped into the drainage system, garbage bins or directly discharged 

into the natural environment, increasing the burden on the wastewater treatment system [15], affecting soil 

permeability and dissolved oxygen content in water, leading to eutrophication of water bodies, and 

destroying the ecological balance. According to reports, the price of kitchen waste oil is 2-3 times cheaper 

than that of virgin vegetable oil [9,19]. The use of kitchen waste oil to produce biodiesel can effectively 

lower the raw material cost of biodiesel and reduce the harm of kitchen waste oil emissions to the 

ecological environment and human health, thus achieving recycling of kitchen waste oil. 

 

In addition, some researchers developed new raw materials for biodiesel preparation by using waste 

biomass as a microbial culture medium. Bioconversion of durian peel was used as raw material to produce 

biodiesel. After extracting the oleaginous yeast KKUSY14 from the soil of a cattle farm, they converted 

the durian peel hydrolysate into microbial lipids, and then let wet cells undergo base-catalyzed 

transesterification reaction under microwave-assisted heating[20]. It was found that 1000 g durian peel 

could be converted into 15.86 g biodiesel. Su et al. [21] used volatile fatty acid, an intermediate product of 

anaerobic digestion process, to cultivate oil-producing microorganisms for biodiesel production. Under the 

optimum conditions, the biomass yield was 125.17 mg/(L·d), with 29.54% oil content. This method also 

removes nitrogen and phosphorus pollutants from wastewater.  

 

2.2 Pretreatment of low grade biomass oil 

 

It is still challenging to use low-grade biomass oil for large-scale biodiesel production. After storage of 

biomass oil for a long time, the oil in it will be hydrolyzed to generate free fatty acid, resulting in increased 

acid value, so it is generally unsuitable for direct transesterification. Kitchen waste oil has complicated 

components, and the acid value of glycerides may reach 57.49 mg KOH/g after high-temperature 

hydrolysis[22–24]. Therefore, biomass oil deacidification attracts widespread attention. At present, 

deacidification methods include alkali refining deacidification, distillation deacidification[25], solvent 

extraction deacidification[26], enzymatic deacidification[24], adsorption deacidification[27], chemical 

esterification deacidification[28], etc. 

 

Alkali refining deacidification is to let alkali solution react with acid oil to produce soap and water, 

which are then removed by centrifugation, washing processes. The soap produced by alkali refining 

deacidification will absorb and encapsulate neutral oil, resulting in a great loss. Inappropriate for high acid 

value oil, it also produces much wastewater. Distillation deacidification is a method to achieve liquid-

liquid separation based on the difference in the liquid boiling point or the difference in the mean free path 
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of molecular motion. Jin et al. [25] refined and decolorized rice bran oil through multi-stage molecular 

distillation to remove free fatty acids. The supercritical carbon dioxide extraction deacidification method 

reported by Qin et al. [26] can reduce the free fatty acid from 34% to 10%, and this treatment method 

reduces the acetone insoluble matter in the oil. The limitations of distillation deacidification and 

supercritical extraction lie in demand for higher reaction conditions, consumption of excessive energy, and 

high cost. Enzymatic deacidification is to convert free fatty acids into glycerides or other[24] derivatives 

under the catalysis of lipase. Li filtered the lipase SMG1 and transformed it into lipase SMG1-F278N. 

After enzymatic deacidification of high acid value rice bran oil, squid oil and kitchen waste oil (with free 

fatty acid content of 25.14%, 13.84%, 28.69% respectively), the free fatty acid content decreased to less 

than 0.06% within 8 h, but the high cost of enzymes limits the application of enzymatic deacidification. 

The magnesium silicate adsorbents was prepared with silica from rice husk ash and different proportions of 

magnesium oxide[27]. Under optimal conditions, per gram of adsorbent has an adsorption capacity of 185 

mg against free fatty acid from crude palm oil. Chemical esterification deacidification enjoys wide 

applications. Generally, chemical catalysts (mainly acids, metal hydrate salts, etc.) are used to catalyze the 

reaction between free fatty acids and glycerol to convert it into glycerides, or it can react with alcohols to 

produce methyl esters. Studies have shown that metal hydrates can form acidic alcohol-water complexes in 

alcohols, which can effectively catalyze the esterification of free fatty acids. It was found that catalytic 

activity is ranked in descending order as that of Al
3+

 > Fe
3+

 ≈ Sn
2+

 > Cu
2+

 > Mn
2+

 > Ni
2+

> Cd
2+

 > Mg
2+

 > 

Co2+ ≈ Zn
2+

 ≈ Ca
2+

 ≈ Cu
+
, and the acid value of the oil phase can be reduced to 0.75 mg KOH/g[28]. 

In addition Marcos et al.[23] used activated carbon-supported calcium hydroxide nanoparticles to deacidify 

soybean oil through efficient reactive adsorption, finding that the deacidification agent had an oleic acid 

removal capacity of up to 2750-7000 mg/g, demonstrating good separation effect after deacidification. 

 

III. RESEARCH ADVANCES OF BIODIESEL PREPARATION BY TRANSESTERIFICATION 

 

The preparation of biodiesel is mainly to process biomass feedstock oil through physical and chemical 

methods to result in properties similar to that of diesel. The current preparation methods mainly include 

dilution method[9,29], micro-emulsion method[30,31], pyrolysis[32,33] and transesterification. 

 

Transesterification gradually converts triglycerides and short-chain alcohols into methyl esters, 

diglycerides, monoglycerides, and glycerol in multiple consecutive reversible reactions, which represents 

the most promising method for the preparation of biodiesel[2]. Where, by-product glycerol can be used in 

industries like cosmetics. Transesterification reactions can be categorized into non-catalytic 

transesterification and catalytic transesterification[29,34]. Non-catalytic transesterification is mainly a 

supercritical method, which uses supercritical conditions to make bio-oil and alcohol mutually soluble to 

facilitate the transesterification reaction without the addition of an external catalyst. According to research, 

metal reactors play a catalytic role in the reaction[35]. Catalytic transesterification can be classified into 

homogeneous catalysis and heterogeneous catalysis. Catalysts include base catalysts, acid catalysts, as well 

as enzyme catalysts and some new catalysts. 
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3.1 Improvement of catalyst 

 

So far, research on biodiesel mostly adopts heterogeneous catalysts. Compared with homogeneous 

catalysts, heterogeneous catalysts are recyclable and reusable, the prepared biodiesel has simple 

subsequent purification process, and the post-treatment process produces little wastewater[36]. Where, 

alkaline earth metal oxides, hydroxides (calcium oxide, strontium oxide, magnesium oxide, calcium 

hydroxide, etc.) and transition metal oxides have received the most attention. Nonetheless, heterogeneous 

catalysis has lower mass transfer efficiency than homogeneous catalysis, which generally requires higher 

methanol-oil ratio and longer reaction time[37]. 

 

The preparation of heterogeneous catalysts using waste biomass materials (such as carapace, bone, 

feces, and plant leaves and peels, etc.) has become a research hotspot (Table I). It contributes to resource 

utilization of waste biomass and further reduces the cost of biodiesel. 

 

Multifunctional solid catalyst (acid-base bifunctional catalyst, magnetically responsive catalyst, etc.) is 

another research hotspot of heterogeneous catalysts. 

 

The acid-base bifunctional catalyst can simultaneously catalyze the esterification of free fatty acids and 

the transesterification of glycerides. Rose et al.[38] prepared the bifunctional catalyst PKSHAC-

K2CO3(20%)CuO(5%) with palm shell, they prepared porous palm shell biochar by hydrothermal assisted 

carbonization, then increase its biochar acidity (1.05-1.48 mmol/g) and basicity of (1.73-5.73 mmol/g) by 

sodium hydroxide, potassium carbonate and oxidized copper. Experiments show that this catalyst can 

catalyze the conversion of kitchen waste oil within 2 h and attain biodiesel yield of 95.36 ± 1.4%.The 

yield decreased to 82.5 ± 2.5% after 5 cycles of recycling. Ali et al.[39] designed a SrO-ZnO/Al2O3 

bifunctional catalyst to catalyze the reaction of kitchen waste oil with 18% free fatty acid content and 

ethanol at 75 °C for 5 h, and the biodiesel yield was 95.7%, but the high leaching rate of strontium made 

this catalyst unsuitable for repeated use. Nasar et al. [40] prepared bimetallic tungsten-zirconium oxide and 

supported calcium oxide (WO3-Zr2O3/CaO) to catalyze the preparation of biodiesel from crude palm oil 

containing 5.5% free fatty acids. Under the optimum reaction conditions (reaction at 80 ℃ for 1 h, 

methanol-oil ratio at 15:1), the yield of fatty acid methyl ester was 94%, and the catalyst can maintain the 

yield of 79.3% after 5 consecutive uses. Shahabaldin et al.[41] prepare a compressible bifunctional foam 

catalyst by LaPO4 supported nickel foam, which has a porous structure, large specific surface area and 

good stability, and is easier to separate than powder catalysts. The yield of fatty acid methyl ester reached 

91% after transesterification of kitchen waste oil and methanol at 90 ℃ for 2 h. 
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TABLE I. Catalyst prepared from waste biomass and their properties 

 

Material Processing 

Method 

Catalyst Reaction 

Conditions 

(methanol-oil 

ratio; time; 

temperature) 

Biodiesel 

Yield (%) 

Literature 

Egg shell Calcination Calcium oxide 6:1; 11 h; room 

temperature 

97 [6] 

Crab shell Calcination Calcium oxide 8:1; 2 h; 65 ℃ 94 [42]  

Oyster 

shell 

Calcination Calcium oxide 9:1; 3 h; 65℃ 

(microwave) 

87.3 [43] 

Chicken 

bones, 

coconut 

residue 

Calcination, 

acid hydrolysis 

Calcium oxide/ nano-crystal 

cellulos /polyvinyl alcohol 

6:1; 4h; 65℃ 98.4 [44] 

Moringa 

leaf 

Calcination inorganic carbonate minerals 6:1; 2 h; 65 ℃ 86.7 [45] 

Rice husk Calcination and 

impregnation 

Rice husk char/ K2O20%/ Fe5% 

magnetic heterogeneous 

catalyst 

12:1; 4 h; 75 ℃ 98.6 [46] 

Citrus 

sinensis 

peel 

Burning and 

extracted  

deionized water  

Citrus sinensis peel 

ash@Fe3O4 nanoparticles 

(calcium oxide, potassium 

oxide, silicon dioxide) 

6:1; 3 h; 65 ℃ 98 [47] 

Palm 

kernel 

shell 

Hydrothermal 

assisted 

carbonization 

K2CO3(20%)CuO(5%)- activated 

carbon bifunctional catalyst 

12:1; 2 h; 70 ℃ 95.4 [38] 

Pineapple 

leaves 

Calcination Magnesium oxide, 

phosphatase, potassium 

sulfate, etc. 

40:1; 0.5 h; 

60 ℃ 

98 [48] 

 

Magnetically responsive catalysts are usually magnetized by doping iron and nickel, which can be 

separated from the system by an external magnetic field to facilitate the purification of biodiesel and the 

recycling of catalysts. Muhammad et al.[49] prepared a solid base catalyst CES-Ni by doping metal nickel 

in egg shells and burned at high temperature, which catalyzed the reaction of kitchen waste oil at 65 °C for 

2 h, and the resulting biodiesel yield approached 100% (methanol-oil ratio 16:1). However, in this study, 

kitchen waste oil must be dehydrated at 110 °C for 24 h, and pre-esterified at 65 °C for 2 h by adding 

methanol and sulfuric acid. Balkis et al.[46] reported a potassium oxide and iron-supported supermagnetic 

biochar catalyst prepared by impregnation. When the molar ratio of methanol to kitchen waste oil was 12:1, 

the maximum yield of biodiesel was 98.6% after catalysis of transesterification reaction at 75 °C for 4 h. 
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Bishwajit et al.[47] prepared magnetic nanoparticle solid base catalyst CSPA@Fe3O4 by coating magnetic 

nano-iron oxide with citrus peel ash extract, and used this catalyst to catalyze the reaction of kitchen waste 

oil with 1.1% free fatty acid content at 65 ℃ for 2 h. The measured biodiesel conversion yield was 98%, 

the methanol-oil ratio required for the reaction was 6:1, and the catalyst could be recycled 9 times. 

 

Heterogeneous catalysts generally require materials with stable properties as carriers. In addition to 

traditional activated carbon, materials like metal-organic frameworks (MOFs), zeolites, chitosan are often 

used as catalyst carriers. 

 

MOFs are crystalline porous materials with periodic network structures formed by interconnecting 

inorganic metals and organic ligands. In order to optimize the separation and reuse performance of the 

catalyst, Xie et al.[50] coat Fe3O4 nanoparticles by MOFs porous material as the shell and form a magnetic 

material with a core-shell structure, and then fixed the basic ionic liquid on the magnetic carrier through 

coordination bonds to form a solid base catalyst. The catalyst could catalyze the reaction system with a 

methanol-oil ratio of 30:1 to attain a conversion rate of 92.3% within 3 h. The catalyst has very 

complicated preparation process, but can be recycled and reused. Imidazole molecular zeolite frameworks 

(ZIFs) are a kind of MOFs materials with a zeolite-like structure. Abdelmigeed et al. [51] magnetize ZIF-8 

by ferric chloride solution co-precipitation and supported it with sodium hydroxide to prepare magnetic 

catalysts, but the conversion rate was merely 70% under optimal conditions. Chen et al. [52] modified ZIF-

67 by phosphotungstic acid (HPW) as an acid-base bifunctional catalyst to catalyze the preparation of 

biodiesel from microalgae oil, and the catalytic conversion rate was as high as 98.5%. A stable W-O-N 

coordination bond can be formed between HPW and ZIF-67 to optimize the recyclability of the catalyst. 

After 6 times of recycling, the conversion rate dropped to 91.3%. 

 

Zeolite catalyst has large number of pores and a large specific surface area. In order to increase mass 

transfer efficiency, Majid et al.[37] designed a KOH/zeolite solid catalyst. During the catalytic reaction, 

the zeolite forms a microchannel reactor, so that the two phases of methanol and oil are fully mixed in the 

microchannel, thereby effectively shortening the reaction time. The study showed that under methanol-oil 

ratio of 10.5:1, it only took 13.4 min to produce biodiesel with a fatty acid methyl ester content of 97.45%. 

In this study, kitchen waste oil needs to undergo catalytic esterification by sulfuric acid at 65 °C for 2 h to 

reduce the free fatty acid content. Fly ash, a harmful by-product of the coal-burning industry, can be used 

to synthesize zeolite-like porous materials. Faisal et al.[53] used kaolinite as a precursor to prepare a 

sulfated zeolite catalyst and catalyzed the production of biodiesel from shea butter. After reaction at 

200 °C for 6 h in a stainless steel reactor, the highest biodiesel yield was 90.76%. Li et al.[54] prepared 

Li2CO3/NaY zeolite catalyst with fly ash as raw material to catalyze the transesterification reaction of 

ethanol and castor oil. The yield of fatty acid ethyl ester was 98.6% after 2 h reaction under methanol-oil 

ratio of 18:1. 

 

Chitosan is a natural high molecular polymer containing a large number of amino and hydroxyl 

functional groups. It exhibits catalytic activity in the process of alkali catalysis and has good chelating 

ability against metal ions, which is an excellent catalyst carrier. It has been reported[55] that immobilized 
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enzyme catalysts can be prepared by using chitosan to improve the stability of enzyme catalysts. When 

used as catalyst carrier with Fe4O3 at the same time, it can be made into magnetic immobilized enzyme 

catalysts supporting easy recovery, but the reaction time is long, usually taking 12-72 h. The metal ion 

modified catalyst prepared by chitosan and solid base catalyst also have high biodiesel yield (>90%) in 

transesterification. 

 

Botti et al. [56] applied a “direct ink writing” additive manufacturing technology to the preparation of 

transesterification catalysts. This technology can be used to fabricate various three-dimensional objects 

with complex void structures and then control the mechanical strength, wettability and other properties of 

the catalyst carrier by changing the structure. In this study, a solid base catalyst was prepared using an 

aluminum silicate-based ceramic polymer containing potassium and sodium as an "ink", which catalyzed 

the transesterification reaction with the highest yield of 85.3%. 

 

Despite some progress made in the research of new catalysts, there are still common problems that the 

heterogeneous catalysis method requires higher methanol-oil ratio and longer reaction time. 

 

3.2 Improvement of transesterification and its auxiliary process 

 

Homogeneous catalysts have low cost and high mass transfer efficiency in the reaction, but are difficult 

to recover and cannot be reused, making it difficult to purify biodiesel and producing a large amount of 

waste water. At the same time, homogeneous base catalysts are sensitive to water and free fatty acids, 

which are difficult to apply to transesterification of non-edible oils[22]. Some researchers have modified 

the traditional homogeneous base-catalyzed transesterification process. Wu Lian et al.[4] used bentonite as 

a water absorbing agent to inhibit the hydrolysis of oil, and used diethyl ether as a co-solvent to increase 

the mutual solubility between oil and alcohol and therefore the mass transfer efficiency. Nevertheless, this 

process still faces difficulty in separation and purification of biodiesel. 

 

In recent years, researches have reported methods of using electrolysis, cavitation, microwaves, and 

special reactors to assist biodiesel production. 

 

Maryam et al.[57] prepared a phosphomolybdic acid/graphene oxide catalyst, and implemented 

electrolysis to catalyze the conversion of kitchen waste oil into biodiesel. Molybdenum is a transition 

metal, and phosphomolybdic acid is less corrosive than traditional sulfuric acid and hydrochloric acid 

catalysts, thus solving the problem of catalyst corrosion to equipment. The transesterification by 

electrolysis can be carried out at room temperature, and the water in the waste oil facilitates the electrolysis 

reaction. Under the methanol-oil ratio of 6:1, the yield of biodiesel reached 91%, and the catalyst can be 

reused four times. However, the reaction required 15 h. 

 

The use of cavitation effect to assist the production of biodiesel has been reported. Due to the 

cavitation effect, a large number of bubbles are generated in the system. When the bubbles burst, there is 

instantaneous high temperature and high pressure, which promotes the mixing of the two phases of alcohol 
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and oil and increases the mass transfer rate. Niraj et al.[58] catalyze the conversion of waste soybean oil 

into biodiesel by ultrasonic cavitation-assisted, and resulting in a 98% biodiesel yield after reaction at 

70 °C for 1 h. Valentina et al.[19] used hydrodynamic cavitation technology to increase the mass transfer 

efficiency of alcohol-oil phases. SuperPro Designer software was used to analyze the process and compare 

it with the traditional process based on life cycle cost analysis. Software was used to simulate the use of 

sodium methoxide to catalyze the transesterification of waste edible oil at 60 ℃. The simulation reveals 

that 97% biodiesel yield is possible only after 15 min with the assistance of hydrodynamic cavitation 

technology, which can reduce 40% energy consumption compared with the traditional process. 

 

Microwave is also an effective method to assist the transesterification reaction. Through microwave 

irradiation, molecules and ions collide and rub each other rapidly, generating heat to hasten the reaction. 

Lin et al.[43] used CaO prepared from waste oyster shells to catalyze the 180 min reaction of kitchen waste 

oil under 800 W microwave power and reaction temperature 66 °C, and the yield of biodiesel was 87.3%. 

Adrian[59] et al. developed a silicon carbide/sodium hydroxide-graphene oxide bifunctional catalyst to 

assist in catalyzing the esterification and transesterification of chlorella oil with 26% free fatty acid content 

under microwave (1000 W). It was found that, under optimal reaction conditions, the yield of fatty acid 

methyl ester was 81%. This method takes only 5 min reaction time, but demands a high methanol-oil ratio 

(48:1). Sanphawat et al.[60] studied the catalysis effect of green ionic liquid choline hydroxide (ChOH) on 

the transesterification of palm oil in a microwave-heated continuous reactor. The highest methyl ester yield 

was 89.72% at a flow rate of 20 mL/min (reaction time about 5 min), and the experimental conditions were 

that the molar ratio of alcohol to oil was 13.24:1, and the microwave power was 800 W. 

 

The supercritical method can also be used in combination with the catalytic transesterification method. 

Syazwani et al.[61] used sulfuric acid to react with calcium oxide prepared by calcination of clam shells to 

prepare catalyst (CAWS), which catalyzed the palm oil fatty acid fraction (with 97%free fatty acid content) 

under supercritical conditions (290 °C). A biodiesel yield of 98% was achieved in just 15 min under a 

conventional methanol-oil ratio of 6:1. 

 

Erick et al.[62] used CaO to catalyze the transesterification of kitchen waste oil in a Robinson-

Mahoney reactor, achieving a biodiesel yield of 98.7% after 2 h reaction at 60 °C. In this kind of "basket"-

shaped device with a fixed catalyst in the middle of the reactor, the impeller continuously drives the liquid 

to pass the annular "basket", so that the two phases fully contact, thus facilitating the reaction. Matheus et 

al.[63] designed a molybdenum oxide-strontium ferrite (MoO3/SrFe2O4) magnetic catalyst, and carried out 

transesterification in a PARR 5000 reactor under a methanol-oil ratio of 40:1. After 4 h reaction at 164 °C, 

the yield was 95.4%. 

 

Moyo et al.[64] used activated carbon-supported KOH heterogeneous catalyst to catalyze the 

conversion of kitchen waste oil in a TiO2/Al2O3 membrane reactor, and the feedstock oil was pretreated 

with sulfated zirconia to remove water and free fatty acids. In this study, most of the glycerol and catalyst 

were separated from biodiesel by TiO2/Al2O3 membrane, which facilitated the subsequent purification of 

biodiesel and reduced the discharge of washing wastewater. Meanwhile, membrane separation promoted 
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transesterification reaction to some extent. The yield of biodiesel was 94.03% under optimal conditions. 

Amberlyst-15 (A-15), a cation exchange resin with sulfonic acid groups as active groups, has been used in 

biodiesel production, but the water generated in the reaction will inhibit the catalytic performance of A-

15[55]. Zhang et al.[65] prepared A-15/Poly (vinyl alcohol) membrane with water absorbency by phase 

inversion method. The conversion of high acid value kitchen waste oil was catalyzed under methanol-oil 

ratio 29:1, reaction temperature 65 °C, and flow rate 1.2 mL/min. The reactor ran continuously for 120 min, 

with the conversion rate maintained above 98.0%. 

 

IV. EVALUATION METHOD OF YIELD BIODIESEL 
 

The yield of biodiesel is generally evaluated from three aspects: transesterification conversion rate, 

methyl ester content of the sample, and mass yield. Quantitative methods include nuclear magnetic 

resonance (
1
H NMR), gas chromatography (GC), liquid chromatography (HPLC), thermogravimetric 

analysis (TGA) et al. Table II summarizes commonly used quantitative methods. 

 

TABLE II. Quantitative evaluation of biodiesel 

 

Evaluatio

n method 

Evaluation 

content 

Feature Literature 

1
H-NMR Conversion rate 

of glyceride 

Distinguish methyl esters and glycerides 

easily, but cannot identify different fatty 

acid methyl esters, but deuterated 

reagents are required 

[6][39][47][6

6] 

GC, HPLC Conversion rate 

of glyceride and 

content of fatty 

acid methyl ester  

Can identify different methyl esters, 

glycerides and glycerol, the identification 

of components depends on standard 

solutions 

[54][63] 

TGA Conversion rate 

of glyceride 

Can distinguish fatty acid methyl esters 

and bio-oils without additional reagents, 

but cannot identify different fatty acid 

methyl esters 

[67][68] 

Gravimetri

c method  

Conversion rate 

of glyceride, and 

mass yield of 

biodiesel  

Judge the conversion rate according to 

the glycerol yield, calculate the mass 

yield based on the biodiesel recovery 

without reagents and complex 

instruments. However, sample 

components cannot be identified. 

[53][68] 

 

(1)  Conversion rate 

The conversion rate of the feedstock oil is generally calculated by nuclear magnetic resonance, 

thermogravimetric analysis, or gravimetric method, while gas or liquid chromatography can be used for 
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evaluation. 

 
1
H-NMR detects the signal intensity of the methoxy group of methyl ester and that of methylene group 

attached to the carbonyl group in triglyceride and its derivatives, and calculates the percentage of methyl 

ester in triglyceride of the sample (Eq. 1). 

 

𝐶𝑁𝑀𝑅(%) =
2𝐴𝑀𝐸

3𝐴𝐶𝐻2
× 100                                                      (1) 

 

Where CNMR is the conversion measured by 
1
H NMR, AME is the peak area corresponding to the 

methoxy signal of methyl ester, and ACH2 is the peak area corresponding to the signal of methylene. 

 

Thermogravimetric analysis (TGA) measures how the sample mass changes with temperature. Fatty 

acid methyl esters and feedstock oil were evaporated successively at different temperatures (about 150 °C 

and 350 °C, respectively). The proportion of methyl esters in the samples can be judged according to the 

mass changes of the samples under different temperature ranges, so that the transesterification conversion 

rate can be calculated[67,69]. Studies have shown that the errors of conversion rate calculated by 

thermogravimetric and nuclear magnetic resonance methods are within ± 1.5%[53,68]. 

 

Theoretically, the amount of triglycerides per unit substance can be converted into equal amount of 

glycerol, so the conversion of feedstock oil in the transesterification reaction can also be evaluated 

according to the glycerol yield (Equation 2)[51]. 

 

𝑌𝐺(wt%) =
𝑊𝐺𝑇

𝑊𝐺
× 100                                                (2) 

 

Where: YG is the transesterification conversion rate, Wbiodiesel is the mass of glycerol, and Wfeedstock is the 

theoretical yield of glycerol. 

 

(2) Methyl ester content 

Generally, GC is used to determine the content of fatty acid methyl esters in samples, though some 

researchers also use HPLC method. Compared with 
1
H-NMR and TGA, this method can identify the 

content of each fatty acid methyl ester and then assess the mixture component. However, it does not pay 

attention to the conversion of feedstock oil, nor can it accurately measure the overall yield of biodiesel. 

Equations 3 and 4 are the gas chromatography calculation formulas given by the Chinese national standard 

NB/SHIT 0831 and the European Union EN 14103 standard, respectively. 

 

C(%) =
(∑𝐴𝑖)−𝐴𝐸𝐼

𝐴𝐸𝐼
×

c×V

m
× 100                                               (3) 

C(%) =
(∑𝐴𝑖×𝑅𝑖)−𝐴𝐸𝐼

𝐴𝐸𝐼
×

𝑐×𝑉

𝑚
× P × 100                                            (4) 

 

Where: C(%) is the FAME content, ∑Ai is the total area of the chromatographic peaks of different fatty 
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acid methyl esters from C14 to C24:1, Ri is the correction factor of fatty acid methyl esters, A is the peak area 

of the internal standard substance, c is the concentration of the internal standard substance, V is the volume 

of the internal standard substance solution, m is the product mass, and P is the standard substance purity. 

 

(3) Mass yield 

The unit mass of triglycerides can theoretically be converted into equal mass of fatty acid methyl esters. 

Hence, the mass yield of biodiesel can be calculated by comparing the mass of recovered biodiesel with 

that of feedstock oil (Equation 5). However, the methyl ester purity of biodiesel is neglected in mass ratio 

quantification. 

 

Y(wt%) =
𝑊𝑏𝑖𝑜𝑑𝑖𝑒𝑠𝑒𝑙

𝑊𝑓𝑒𝑒𝑑𝑠𝑡𝑜𝑐𝑘
× 100                                           (5) 

 

Where: Y is the mass yield of biodiesel, Wbiodiesel is the mass of recovered biodiesel, and Wfeedstock is the 

mass of feedstock oil. 

 

To make a more comprehensive and accurate evaluation of biodiesel yield, the researchers combined 

the fatty acid methyl ester content with the biodiesel mass yield to calculate the mass yield of fatty acid 

methyl ester[62] (Equation 6). 

 

FAME(%) =
𝑊𝐹𝐴𝑀𝐸

𝑊
𝑓𝑒𝑒�����𝑜𝑐𝑘

= 𝐶 × 𝑌 × 100                                 (6) 

 

Where: FAME (%) is the fatty acid methyl ester yield, WFAME is the fatty acid methyl ester mass, 

Wfeedstock is the feedstock oil mass, C (%) is the fatty acid methyl ester content, and Y is the biodiesel mass 

yield. 

 

Hazmi[70] prepared rice husk charcoal/ K2O(20%)/Ni(5%) magnetic bifunctional catalyst to catalyze the 

conversion of kitchen waste oil. The yield measured by gravimetric method was multiplied with the fatty 

acid methyl ester content measured by GC-FID to obtain a final fatty acid methyl ester yield of 98.2%. 

Using the same method, Bishwajit[47] measured the yield of fatty acid methyl esters at 98%, while the 

conversion rate measured by nuclear magnetic resonance was 98.7%. Li et al.[71] used GC-MS to evaluate 

the biodiesel yield, and the conversion rate of triglycerides and the yield of fatty acid methyl esters were 

measured to be 98% and 95%, respectively. By quantitative evaluation of biodiesel from multiple 

perspectives, results are more accurate and more reliable. 

 

V. CONCLUSION 

 

With the increasingly prominent contradiction between energy supply and demand, environmental 

protection policies are increasingly strict, with biomass fuel becoming one of the major energy sources in 

the future. This paper discusses some research progress in the current biodiesel preparation technology. 

The main viewpoints and findings are summarized as follows: 
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(1) For the sake of environmental protection and cost reduction, current research tends to use non-

edible oil and waste biomass as raw materials to prepare biodiesel by heterogeneous catalysis. 

(2) Waste biomass can also be used as heterogeneous catalyst precursor. Heterogeneous catalysts 

generally consist of catalytically active substances and carriers. Crustaceans, poultry manure, and bones 

are mainly calcined into catalytically active calcium oxide and hydroxyapatite. Plant peels, husks and 

waste wood can be calcined into catalytically active oxides and salts, which can also be made into biochar 

as a catalyst carrier. In addition to traditional activated carbon materials, heterogeneous catalyst carriers 

also include MOFs materials, zeolite molecular sieves, chitosan, ceramic polymers, etc. At the same time, 

bifunctional catalysts suitable for high acid value bio-oil and catalysts recoverable by magnetic force are 

favored by researchers. Application of these catalysts solves the problem of difficult biodiesel recycling to 

a certain extent, enhances the reusability of catalysts, thus allowing resource utilization of biomass waste. 

(3) In addition to catalyst modification, existing researches introduce auxiliary methods such as 

electrolysis, microwave, and cavitation in the reaction to achieve a lower methanol-oil ratio without greatly 

increasing energy consumption and equipment requirements, which attains high yields in a short period of 

time. 

(4) The yield of biodiesel should be comprehensively evaluated from multiple perspectives of 

conversion rate, methyl ester purity, and mass yield to make the results more accurate and reliable, which 

will facilitate subsequent related research. 

(5) The research on biodiesel preparation mainly focuses on laboratory scale, further attention should 

be paid to the continuous and large-scale production of biodiesel. In addition, by giving attention to the 

utilization of the by-product glycerol in the preparation of biodiesel, it is possible to increase the added 

value of the product and reduce the cost of biodiesel. Updating and formulating relevant policies in a 

timely manner is also an important means to facilitate the promotion and application of biodiesel. 

 

ACKNOWLEDGEMENTS 

 

The authors gratefully acknowledge support for this research from the Projects of National Natural 

Science Foundation of P.R. China (Grant No. 21603124, 21902091). 

 

REFERENCES 

 

[1] Lawan, I. (2019) Production of Biodiesel and Improvement of its Properties Using Bio-Additive. Fujian 

Agriculture and Forestry University.  

[2] Janbarari, S.R. and Behrooz, H.A. (2020) Optimal and robust synthesis of the biodiesel production process using 

waste cooking oil from different feedstocks. Energy, 198, 117251. https://doi.org/10.1016/j.energy.2020.117251 

[3] Ath, A., Mtbcd, E., Ma, F., Apc, G., Ail, H., Atl, I. et al. (2021) Rice bran oil-based biodiesel as a promising 

renewable fuel alternative to petrodiesel: A review. Renewable and Sustainable Energy Reviews, 135, 110204. 

https://doi.org/10.1016/j.rser.2020.110204 

[4] Wu, L., Huang, K.L., Wei, T.Y., Lin, Z.J., Zou, Y. and Tong, Z.F. (2016) Process intensification of NaOH-

catalyzed transesterification for biodiesel production by the use of bentonite and co-solvent (diethyl ether). Fuel, 

186, 597–604. https://doi.org/10.1016/j.fuel.2016.08.106 



Forest Chemicals Review 
www.forestchemicalsreview.com 
ISSN: 1520-0191  
May-June 2022 Page No. 285-302 
Article History: Received: 24 February 2022, Revised: 05 April 2022, Accepted: 08 May 2022, Publication: 30 June 2022 
 

 

298 

 

[5] Zhang, Y., Lu, X., Yu, Y. and Ji, J. (2008) Study on the coupling process of catalytic esterification and extraction 

of high acid value waste oil with methanol. International Conference on Biomass Energy Technologies,  p. 440–

7.  

[6] Piker, A., Tabah, B., Perkas, N. and Gedanken, A. (2016) A green and low-cost room temperature biodiesel 

production method from waste oil using egg shells as catalyst. Fuel, 182, 34–41. 

https://doi.org/10.1016/j.fuel.2016.05.078 

[7] Chen, H. and Wang, J.F. (2006) Biodiesel from Transesterification of Cotton Seed Oil by Solid Bases Catalysis. 

Journal of Chemical Engineering of Chinese Universities, 20, 593–957. https://doi.org/10.1021/ef700405e 

[8] Balat, M. and Balat, H. (2010) Progress in biodiesel processing. Applied Energy, Elsevier Ltd. 87, 1815–35. 

https://doi.org/10.1016/j.apenergy.2010.01.012 

[9] Balat, M. and Balat, H. (2010) Progress in biodiesel processing. Applied Energy, 87, 1815–35. 

https://doi.org/0.1016/j.apenergy.2010.01.012 

[10] Pérez, G. and Islas-Samperio, J.M. (2021) Sustainability Evaluation of Non-Toxic Jatropha curcas in Rural 

Marginal Soil for Obtaining Biodiesel Using Life-Cycle Assessment. Energies, 14, 2746. 

https://doi.org/10.3390/en14102746 

[11] Isah, A.G., Faruk, A.A., Musa, U., Garba, U.M., Alhassan, M., Abdullahi, U.B. et al. (2022) Oxidation stability 

and cold flow properties of biodiesel synthesized from castor oil: Influence of alkaline catalysts type and 

purification techniques. Materials Today: Proceedings, Elsevier Ltd. 7–11. 

https://doi.org/10.1016/j.matpr.2022.02.220 

[12] Mazaheri, H., Ong, H.C., Masjuki, H.H., Amini, Z., Harrison, M.D., Wang, C.T. et al. (2018) Rice bran oil based 

biodiesel production using calcium oxide catalyst derived from Chicoreus brunneus shell. Energy, 144, 10–9. 

https://doi.org/10.1016/j.energy.2017.11.073 

[13] Khan, S.A., Rashmi, Hussain, M.Z., Prasad, S. and Banerjee, U.C. (2009) Prospects of biodiesel production from 

microalgae in India. Renewable & Sustainable Energy Reviews, 13, 2361–72. 

https://doi.org/10.1016/j.rser.2009.04.005 

[14] Shao Kang, Q., Chao, C., Meng Li, G., Jie, L., Wei Ming, Y., Jin Cheng, D. et al. (2020) Synthesis of 

MgO/ZSM-5 catalyst and optimization of process parameters for clean production of biodiesel from Spirulina 

platensis. Journal of Cleaner Production, 276, 123382. https://doi.org/10.1016/j.jclepro.2020.123382 

[15] Zahoor, M., Nizamuddin, S., Madapusi, S. and Giustozzi, F. (2021) Sustainable asphalt rejuvenation using waste 

cooking oil: a comprehensive review. Journal of Cleaner Production, 278, 123304. 

https://doi.org/10.1016/j.jclepro.2020.123304 

[16] Fang Wei, W. and Chang, F. (2013) Resource potential and guidance policy of energy transformation of waste 

cooking oil in china. Journal of Shanghai University of Finance and Economics, 15, 89–96.  

[17] Meng Jun, L., Yun Xin, X., Ming Hui, Z. and Feng Jun, D. (2017) Study on hazards and resourceful treatment of 

kitchen waste oil. Guangzhou Chemical Industry, 16, 158-159+197.  

[18] Hosseinzadeh-Bandbafha, H., Li, C., Chen, X., Peng, W., Aghbashlo, M., Lam, S.S. et al. (2022) Managing the 

hazardous waste cooking oil by conversion into bioenergy through the application of waste-derived green 

catalysts: A review. Journal of Hazardous Materials, Elsevier B.V. 424, 127636. 

https://doi.org/10.1016/j.jhazmat.2021.127636 

[19] Innocenzi, V. and Prisciandaro, M. (2021) Technical feasibility of biodiesel production from virgin oil and waste 

cooking oil: Comparison between traditional and innovative process based on hydrodynamic cavitation. Waste 

Management, Elsevier Ltd. 122, 15–25. https://doi.org/10.1016/j.wasman.2020.12.034 

[20] Nino, Laksmono, Maria, Paraschiv, Khaled, Loubar et al. (2013) Biodiesel production from biomass gasification 

tar via thermal/catalytic cracking. Fuel Processing Technology, 106, 776–83. 

https://doi.org/10.1016/j.fuproc.2012.10.016 



Forest Chemicals Review 
www.forestchemicalsreview.com 
ISSN: 1520-0191  
May-June 2022 Page No. 285-302 
Article History: Received: 24 February 2022, Revised: 05 April 2022, Accepted: 08 May 2022, Publication: 30 June 2022 
 

 

299 

 

[21] Kun Yang, S., Ming Ming, S., Ze, Y., Chen, W., Jing, S., Xue, L. et al. (2021) The effect of volatile fatty acids on 

the growth and lipid properties of two microalgae strains during batch heterotrophic cultivation. Chemosphere, 

283, 131204. https://doi.org/https://doi.org/10.1016/j.chemosphere.2021.131204 

[22] Man, K.L., Lee, K.T. and Mohamed, A.R. (2010) Homogeneous, heterogeneous and enzymatic catalysis for 

transesterification of high free fatty acid oil (waste cooking oil) to biodiesel: A review. Biotechnology Advances, 

28, 500–18. https://doi.org/10.1016/j.biotechadv.2010.03.002 

[23] Roberto Marcos, D.N.P., Salviano, A.B., Paloma Tayline, V.D.M., Dutra Santos, M.R., Cibaka, T.E., Helena 

Maria, C.D.A. et al. (2018) Ca(OH)2 nanoplates supported on activated carbon for the neutralization/removal of 

free fatty acids during biodiesel production. Fuel, 221, 469–75. https://doi.org/10.1016/j.fuel.2018.01.123 

[24] Li, D., Wang, W., Faiza, M., Yang, B. and Wang, Y. (2017) A novel and highly efficient approach for the 

production of biodiesel from high-acid content waste cooking oil. Catalysis Communications, 102, 76–80. 

https://doi.org/10.1016/j.catcom.2017.07.024 

[25] Jin, J., Xie, D., Chen, H., Wang, X., Jin, Q. and Wang, X. (2016) Production of Rice Bran Oil with Light Color 

and High Oryzanol Content by Multi-stage Molecular Distillation. Journal of the American Oil Chemists Society, 

93, 145–53. https://doi.org/10.1007/s11746-015-2747-8 

[26] Qin, X., Chen, H., Liu, Y. and Liu, X. (2017) Simplified Physical Upgrading of High-Acid Adlay Bran Ethanol 

Extracts by Supercritical CO2. International Journal of Food Engineering, 13, 20170104. 

https://doi.org/10.1515/ijfe-2017-0104 

[27] Clowutimon, W., Kitchaiya, P. and Assawasaengrat, P. (2011) Adsorption of Free Fatty Acid from Crude Palm 

Oil on Magnesium Silicate Derived from Rice Husk. Engineering Journal, 15, 15–26. 

https://doi.org/10.4186/ej.2011.15.3.15 

[28] di Bitonto, L. and Pastore, C. (2019) Metal hydrated-salts as efficient and reusable catalysts for pre-treating waste 

cooking oils and animal fats for an effective production of biodiesel. Renewable Energy, 143, 1193–200. 

https://doi.org/10.1016/j.renene.2019.05.100 

[29] Atabani, A.E., Silitonga, A.S., Badruddin, I.A., Mahlia, T., Masjuki, H.H. and Mekhilef, S. (2012) A 

comprehensive review on biodiesel as an alternative energy resource and its characteristics. Renewable & 

Sustainable Energy Reviews, 16, 2070–93. https://doi.org/10.1016/j.rser.2012.01.003 

[30] Patidar, V., Chandra, A., Man, S. and Kale, R.K. (2014) Physiochemical and Phase Behaviour Study of Jatropha 

curcus Oil - Ethanol Microemulsion Fuels Using Sorbitane Fatty Esters. 3, 13–9. 

https://doi.org/10.11648/j.ijrse.20140301.13 

[31] Plaban, Bora, Jutika, Boro, Lakhya, Jyoti et al. (2016) Formulation of microemulsion based hybrid biofuel from 

waste cooking oil – A comparative study with biodiesel. Journal of the Energy Institute, 89, 560–8. 

https://doi.org/10.1016/j.joei.2015.07.001 

[32] Serin, H., Akar, M.A., Yildizhan, S., Ekinci, F. and Ozcanli, M. (2017) Comparison of transesterification and 

thermal cracking methods on fuel specifications of castor oil biodiesel. Journal of Biotechnology, 256, S112. 

https://doi.org/10.1016/j.jbiotec.2017.06.1182 

[33] Wu, L., Tu, J., Cai, Y., Wu, Z. and Li, Z. (2020) Biofuel production from pyrolysis of waste cooking oil fried 

sludge in a fixed bed. Journal of Material Cycles and Waste Management, 1163–75. 

https://doi.org/10.1007/s10163-020-01007-4 

[34] Mansir, N., Teo, S.H., Rashid, U., Saiman, M.I., Tan, Y.P., Alsultan, G.A. et al. (2018) Modified waste egg shell 

derived bifunctional catalyst for biodiesel production from high FFA waste cooking oil. A review. Renewable & 

Sustainable Energy Reviews, 82, 3645–55. https://doi.org/10.1016/j.rser.2017.10.098 

[35] Kim, M., Lee, H.S., Yoo, S.J., Youn, Y.S., Shin, Y.H. and Lee, Y.W. (2013) Simultaneous synthesis of biodiesel 

and zinc oxide nanoparticles using supercritical methanol. Fuel, 109, 279–84. 

https://doi.org/10.1016/j.fuel.2012.12.055 



Forest Chemicals Review 
www.forestchemicalsreview.com 
ISSN: 1520-0191  
May-June 2022 Page No. 285-302 
Article History: Received: 24 February 2022, Revised: 05 April 2022, Accepted: 08 May 2022, Publication: 30 June 2022 
 

 

300 

 

[36] Zheng, L.C., Tan, Y.H., Chan, Y.S., Kansedo, J. and Abdullah, M.O. (2019) Life cycle assessment of waste 

cooking oil for biodiesel production using waste chicken eggshell derived CaO as catalyst via transesterification. 

Biocatalysis and Agricultural Biotechnology, 21, 101317.  

[37] Mohadesi, M., Aghel, B., Maleki, M. and Ansari, A. (2020) The use of KOH/Clinoptilolite catalyst in pilot of 

microreactor for biodiesel production from waste cooking oil. Fuel, 263, 116659. 

https://doi.org/10.1016/j.fuel.2019.116659 

[38] Abdullah, R.F., Rashid, U., Ibrahim, M.L., Hazmi, B., Alharthi, F.A. and Nehdi, I.A. (2021) Bifunctional nano-

catalyst produced from palm kernel shell via hydrothermal-assisted carbonization for biodiesel production from 

waste cooking oil. Renewable and Sustainable Energy Reviews, 137, 110638. 

https://doi.org/https://doi.org/10.1016/j.rser.2020.110638 

[39] Al-Saadi, A., Mathan, B. and He, Y. (2020) Biodiesel production via simultaneous transesterification and 

esterification reactions over SrO-ZnO/Al2O3 as a bifunctional catalyst using high acidic waste cooking oil. 

Chemical Engineering Research and Design, 162, 238–48.  

[40] Mansir, N., Siow, H., Teo, Mijan, N.A. and Yun, T.Y. (2021) Efficient reaction for biodiesel manufacturing using 

bi-functional oxide catalyst. Catalysis Communications, 149, 106201. 

https://doi.org/10.1016/j.catcom.2020.106201 

[41] Rezania, S., Korrani, Z.S., Gabris, M.A., Cho, J., Yadav, K.K., Cabral-Pinto, M.M.S. et al. (2021) Lanthanum 

phosphate foam as novel heterogeneous nanocatalyst for biodiesel production from waste cooking oil. Renewable 

Energy, 176, 228–36. https://doi.org/https://doi.org/10.1016/j.renene.2021.05.060 

[42] Madhu, D., Chavan, S.B., Singh, V., Singh, B. and Sharma, Y.C. (2016) An economically viable synthesis of 

biodiesel from a crude Millettia pinnata oil of Jharkhand, India as feedstock and crab shell derived catalyst. 

Bioresour Technol, 214, 210–7.  

[43] Ycla, B., Ktta, A., Cec, A., Pcc, A. and Fcc, A. (2020) A cleaner process for green biodiesel synthesis from waste 

cooking oil using recycled waste oyster shells as a sustainable base heterogeneous catalyst under the microwave 

heating system. Sustainable Chemistry and Pharmacy, 17, 100310. https://doi.org/10.1016/j.scp.2020.100310 

[44] Zik, N.A.F.A., Sulaiman, S. and Jamal, P. (2020) Biodiesel production from waste cooking oil using calcium 

oxide/nanocrystal cellulose/polyvinyl alcohol catalyst in a packed bed reactor. Renewable Energy, 155, 267–77. 

https://doi.org/10.1016/j.renene.2020.03.144 

[45] Aleman-Ramirez, J.L., Moreira, J., Torres-Arellano, S., Longoria, A., Okoye, P.U. and Sebastian, P.J. (2021) 

Preparation of a heterogeneous catalyst from moringa leaves as a sustainable precursor for biodiesel production. 

Fuel, 284, 118983. https://doi.org/10.1016/j.fuel.2020.118983 

[46] Hazmi, B., Rashid, U., Taufiq-Yap, Y.H., Ibrahim, M.L. and Nehdi, I.A. (2020) Supermagnetic Nano-

Bifunctional Catalyst from Rice Husk: Synthesis, Characterization and Application for Conversion of Used 

Cooking Oil to Biodiesel [Internet]. Catalysts. https://doi.org/10.3390/catal10020225 

[47] Changmai, B., Rano, R., Vanlalveni, C. and Rokhum, L. (2021) A novel Citrus sinensis peel ash coated magnetic 

nanoparticles as an easily recoverable solid catalyst for biodiesel production. Fuel, 286, 119447. 

https://doi.org/10.1016/j.fuel.2020.119447 

[48] de S. Barros, S., Pessoa Junior, W.A.G., Sá, I.S.C., Takeno, M.L., Nobre, F.X., Pinheiro, W. et al. (2020) 

Pineapple (Ananás comosus) leaves ash as a solid base catalyst for biodiesel synthesis. Bioresource Technology, 

312, 123569. https://doi.org/10.1016/j.biortech.2020.123569 

[49] Kamaronzaman, M., Kahar, H., Hassan, N., Hanafi, M.F. and Sapawe, N. (2020) Biodiesel production from 

waste cooking oil using nickel doped onto eggshell catalyst. Materials Today: Proceedings, 31, 342–6. 

https://doi.org/10.1016/j.matpr.2020.06.159 

[50] Xie, W. and Fei, W. (2018) Basic ionic liquid functionalized magnetically responsive Fe3O4@HKUST-1 

composites used for biodiesel production. Fuel,.  



Forest Chemicals Review 
www.forestchemicalsreview.com 
ISSN: 1520-0191  
May-June 2022 Page No. 285-302 
Article History: Received: 24 February 2022, Revised: 05 April 2022, Accepted: 08 May 2022, Publication: 30 June 2022 
 

 

301 

 

[51] Abdelmigeed, M.O., Al-Sakkari, E.G., Hefney, M.S., Ismail, F.M., Abdelghany, A., Ahmed, T.S. et al. (2021) 

Magnetized ZIF-8 impregnated with sodium hydroxide as a heterogeneous catalyst for high-quality biodiesel 

production. Renewable Energy, 165, 405–19. https://doi.org/10.1016/j.renene.2020.11.018 

[52] Cheng, J., Guo, H., Yang, X., Mao, Y., Qian, L., Zhu, Y. et al. (2021) Phosphotungstic acid-modified zeolite 

imidazolate framework (ZIF-67) as an acid-base bifunctional heterogeneous catalyst for biodiesel production 

from microalgal lipids. Energy Conversion and Management, 232, 113872. 

https://doi.org/10.1016/j.enconman.2021.113872 

[53] Abnisa, F., Sanni, S.E. and Alaba, P.A. (2021) Comparative study of catalytic performance and degradation 

kinetics of biodiesels produced using heterogeneous catalysts from kaolinite. Journal of Environmental Chemical 

Engineering, 9, 105569. https://doi.org/10.1016/j.jece.2021.105569 

[54] Li, Z., Ding, S., Chen, C., Qu, S., Du, L., Lu, J. et al. (2019) Recyclable Li/NaY zeolite as a heterogeneous 

alkaline catalyst for biodiesel production: Process optimization and kinetics study. Energy Conversion and 

Management, 192, 335–45. https://doi.org/10.1016/j.enconman.2019.04.053 

[55] Dhakshinamoorthy, A., Jacob, M., Vignesh, N.S. and Varalakshmi, P. (2021) Pristine and modified chitosan as 

solid catalysts for catalysis and biodiesel production: A minireview. International Journal of Biological 

Macromolecules, 167, 807–33. https://doi.org/10.1016/j.ijbiomac.2020.10.216 

[56] Botti, R.F., Innocentini, M.D.M., Faleiros, T.A., Mello, M.F., Flumignan, D.L., Santos, L.K. et al. (2021) 

Additively manufactured geopolymer structured heterogeneous catalysts for biodiesel production. Applied 

Materials Today, 23, 101022. https://doi.org/10.1016/j.apmt.2021.101022 

[57] Mh, A., Kt, B., Ah, C., Paa, A. and As, D. (2020) Phosphomolybdic acid/graphene oxide as novel green catalyst 

using for biodiesel production from waste cooking oil via electrolysis method: Optimization using with response 

surface methodology (RSM). Fuel, 287, 119528. https://doi.org/10.1016/j.fuel.2020.119528 

[58] Topare, N.S. and Patil, K.D. (2021) Biodiesel from waste cooking soybean oil under ultrasonication as an 

alternative fuel for diesel engine. 42, 510–3. https://doi.org/10.1016/j.matpr.2020.12.025 

[59] Loy, A., Quitain, A.T., Lam, M.K., Yusup, S., Sasaki, M. and Kida, T. (2019) Development of high microwave-

absorptive bifunctional graphene oxide-based catalyst for biodiesel production. Energy Conversion and 

Management, 180, 1013–25. https://doi.org/10.1016/j.enconman.2018.11.043 

[60] Phromphithak, S., Meepowpan, P., Shimpalee, S. and Tippayawong, N. (2020) Transesterification of palm oil 

into biodiesel using ChOH ionic liquid in a microwave heated continuous flow reactor. Renewable Energy, 154, 

925–36. https://doi.org/10.1016/j.renene.2020.03.080 

[61] Nur Syazwani, O., Lokman Ibrahim, M., Wahyudiono, Kanda, H., Goto, M. and Taufiq-Yap, Y.H. (2017) 

Esterification of high free fatty acids in supercritical methanol using sulfated angel wing shells as catalyst. The 

Journal of Supercritical Fluids, 124, 1–9. https://doi.org/10.1016/j.supflu.2017.01.002 

[62] Soria-Figueroa, E., Mena-Cervantes, V.Y., García-Solares, M., Hernández-Altamirano, R. and Vazquez-Arenas, 

J. (2020) Statistical optimization of biodiesel production from waste cooking oil using CaO as catalyst in a 

Robinson-Mahoney type reactor. Fuel, 282, 118853. https://doi.org/10.1016/j.fuel.2020.118853 

[63] Arrais Gonçalves, M., Karine Lourenço Mares, E., Roberto Zamian, J., Narciso da Rocha Filho, G. and Rafael 

Vieira da Conceição, L. (2021) Statistical optimization of biodiesel production from waste cooking oil using 

magnetic acid heterogeneous catalyst MoO3/SrFe2O4. Fuel, 304, 121463. 

https://doi.org/10.1016/j.fuel.2021.121463 

[64] Lbm, A., Sei, A., Rfm, B., Gss, A. and Nh, C. (2021) Application of response surface methodology for 

optimization of biodiesel production parameters from waste cooking oil using a membrane reactor. South African 

Journal of Chemical Engineering, 35, 1–7. https://doi.org/10.1016/j.sajce.2020.10.002 

[65] Zhang, H., Tian, F., Xu, L., Peng, R., Li, Y. and Deng, J. (2020) Batch and continuous esterification for the direct 

synthesis of high qualified biodiesel from waste cooking oils (WCO) with Amberlyst-15/Poly (vinyl alcohol) 



Forest Chemicals Review 
www.forestchemicalsreview.com 
ISSN: 1520-0191  
May-June 2022 Page No. 285-302 
Article History: Received: 24 February 2022, Revised: 05 April 2022, Accepted: 08 May 2022, Publication: 30 June 2022 
 

 

302 

 

membrane as a bifunctional catalyst. Chemical Engineering Journal, 388, 124214. 

https://doi.org/10.1016/j.cej.2020.124214 

[66] Kasirajan, R. (2021) Biodiesel production by two step process from an energy source of Chrysophyllum albidum 

oil using homogeneous catalyst. South African Journal of Chemical Engineering, 37, 161–6. 

https://doi.org/10.1016/j.sajce.2021.05.011 

[67] Alaba, P.A., Sani, Y.M., Mohammed, I.Y., Abakr, Y.A. and Daud, W.M.A.W. (2016) Synthesis and application 

of hierarchical mesoporous HZSM-5 for biodiesel production from shea butter. Journal of the Taiwan Institute of 

Chemical Engineers, 59, 405–12. https://doi.org/10.1016/j.jtice.2015.09.006 

[68] Chand, P., Reddy, C.V., Verkade, J.G., Wang, T. and Grewell, D. (2009) Thermogravimetric Quantification of 

Biodiesel Produced via Alkali Catalyzed Transesterification of Soybean oil. Energy & Fuels, American Chemical 

Society. 23, 989–92. https://doi.org/10.1021/ef800668u 

[69] Çaylı, G. and Küsefoğlu, S. (2008) Increased yields in biodiesel production from used cooking oils by a two step 

process: Comparison with one step process by using TGA. Fuel Processing Technology, 89, 118–22. 

https://doi.org/10.1016/j.fuproc.2007.06.020 

[70] Hazmi, B., Rashid, U., Ibrahim, M.L., Nehdi, I.A. and Al-Resayes, S.I. (2020) Synthesis and characterization of 

bifunctional magnetic nano-catalyst from rice husk for production of biodiesel. Environmental Technology & 

Innovation, 21, 101296. https://doi.org/10.1016/j.eti.2020.101296 

[71] Fla, B., Mjh, B., Ning, Y.B., Yd, C. and Chwa, B. (2020) Co-transesterification of waste cooking oil, algal oil 

and dimethyl carbonate over sustainable nanoparticle catalysts. Chemical Engineering Journal, 405, 127036. 

https://doi.org/10.1016/j.cej.2020.127036 

 


