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 Fat, oil and grease (FOG) which were very highly variable with moisture and oil 
content, compose of greases, mainly made of free fatty acids and soaps and other 

hydrocarbon-like molecules is a common waste product responsible for many sewer 

overflows and illnesses.  This work demonstrates the potential to transform FOG into 
valuable product, biodiesel. The reaction was esterified with novel heterogeneous acid 

catalyst SUPERCAT1 to reduce free fatty acid content with 50.22 % of conversion of 
FFA and followed by trans-esterified by novel heterogeneous base catalyst named as 

SUPERCAT2. Both reaction were under microwave irradiation and biodiesel yield 

produced was up to 97 %. 
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INTRODUCTION 

 

 In metropolitan, Fats, oil, and grease (FOG) deposits in sewers are the major problem not only when 

collecting and transporting sewage to wastewater treatment plants (WWTPs) but also their final management 

and treatment in WWTPs. The FOG consumption increases as people tend to change their eating habits, people 

are eating out much more frequently than they did in the past and the number of food outlets is increasing 

(William et al., 2012). For example in Wuhan, China, above 1000 tons of restaurant waste accumulated daily 

(Zheng et al., 2012). FOG deposits impact environment which they sticks to the inner lining of drainage pipes 

and restricts the wastewater flow causing the pipe to block (Pastore et al., 2014). Moreover, when they are 

disposed of down kitchen sinks or drains they enter rainwater pipes or gullies they cause pollution in streams 

and rivers. FOG is responsible for 80 % of sewer overflows and results in millions of dollar of sewer cleaning 

and maintenance every year. In UK, the annual cost for pipeline maintenance by removing FOG deposits range 

between £15 to £50 million which is reflected in customer’s bills (Pastore et al., 2014) and there are 

approximately 200  000 sewer blockages throughout the UK every year of which up to 75 % are caused by 

FOG. Moreover, the subsequent release of sewage increases water pollution and exposure to pathogens 

(William et al., 2012). Studied indicated the worse problems are associated with fast food establishments and 

industrial food production (William et al., 2012). The detrimental effect of waste grease on collection systems 

has led the industry to increase focus on eliminating FOG from the sewers. More recently some wastewater 

treatment plants (WWTPs) have started accepting trucked FOG as a supplement to their anaerobic digesters to 

produce more energy which is electricity (Alicia et al., 2008). Expending interest in energy yield from FOG and 

other wastes at WWTPs has given rise to new innovations aimed to harvest brown grease from FOG and utilize 

it more directly as a renewable feedstock for producing biodiesel. Turning it into biofuels, would eliminate the 

cost referred to its disposal, and additionally it would generate a net profit.  

 The development of alternative fuels has become increasingly important issues, due to the depletion of 

fossil fuel resources, the increase in energy demands, and the environmental concerns (Thao et al., 2013). In this 

context, biodiesel has attracted great attention in both developed and developing countries due to its 

renewability, possible better emissions, non-toxic and biodegradable. Biodiesel known as fatty acid methyl 

esters (FAME) of long chain fatty acids derived from renewable lipid such as vegetable oil or animal fats. 

Presently, about 95 % of the world biodiesel was produced from edible oil in which about 84 % was rapeseed 

oil, 13 % from sunflower oil, and 3 % from palm oil, soybean and others leading the production cost of biodiesel 

approximately 1.5 times higher than petroleum diesel (Zheng et al., 2012). As a result, commercial biodiesel 
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production is presently nonviable.  Moreover, these biodiesel also compete with food and livestock feed 

industries for the feedstock oil (Kim et al., 2011). Thus, to lessen the cost of biodiesel fuel while limiting 

competition with food products, FOG has been investigated as a potential feedstocks for conversion to FAME. 

FOG also known as brown grease which has free fatty acid content over 15 % and have higher proportion of 

monoglyceride, and diglyceride than triglyceride (Thomson et al., 2012). It typically brown in color and solid at 

room temperature and normally recovered from waste grease traps in the food service industry including sewer 

scum (residential and commercial WWTPs), dissolved air floatation scum and rancid fryer oils (Kim et al., 

2011).  

 The problem with processing FOG is that they usually contain large amount of FFA that cannot be 

converted to biodiesel using base catalyst and it will lead to formation of soap (fatty acid salts). The soap can 

prevent separation of biodiesel from glycerol. An alternative method is to use acid catalyst as they can tolerate 

to high FFA level (Canacki, 2007). To prepare esters with high yield using base catalyst, it is necessary to use 

acid catalyst to reduce the acid value. Such as feed may be efficiently converted into FAMEs, adopting an 

already known procedure used for waste cooking oils, based on two step process in which a first acid direct 

esterification followed by basic transesterification with modern heterogeneous catalyst to achieve high yield and 

to ease the separation of the product (Pastore et al., 2014).  

 Malaysia is experiencing rapid industrialization and urbanization giving the adverse effect on the 

environment as the population also increases and the demand of Malaysian for quality of life increases. Similar 

to many other countries, rapid urbanization also have changed the characteristics of Malaysian diet habits as 

they prefer to eat out at fast food restaurants and would cause the FOG consumption increases. The main 

purpose of utilization of FOG to produce into something valuable product is to reduce the amount of FOG being 

produced, and as consequence reducing the disposal costs as well as impact on the environment. This paper 

reveal that the present availability of FOG in Malaysia can be converted into valuable product which is biodiesel 

in minimizing the cost of biodiesel processing and will influence the biodiesel market.   

 

Methodology: 

1.1 Trap grease samples: 

 The FOG was obtained from local restaurant at Medan Selera, Precint 16, Putrajaya (Malaysia) as shown in 

Fig. 1. The samples were collected as a mixture of trap grease with water and uncharacterized solid material. 

The grease separation was separated with water and other solid material by gravity separation after heating the 

mixture to approximately 50 -60 
o
C. The trap grease was then filtered again to remove unwanted particles 

contained in FOG before use it as a feedstock for biodiesel production.  

 

 
 

Fig. 1: Grease trap at local restaurant. 

 

1.2  Biodiesel production: 

 In this study, two step approach with solid acid catalyzed esterification and sequential solid base catalyzed 

transesterification was used for biodiesel production to ensure an efficient conversion of FFA into biodiesel. 

This is because high acid value of FOG (166 mg KOH/g). This process was carried out with a system equipped 

with round bottom flask connected to reflux condenser which is connected into microwave oven. The 

esterification was carried with 20 g of FOG with 30:1 methanol to oil molar ratio, by using new developed acid 

heterogeneous catalyst and has been named as SUPERCAT1 with catalyst loading of 20 wt% and 3 wt% of 

catalyst amount under reaction time of 20 min and reaction power of 110 W. SUPERCAT1 catalyst was 

removed by centrifugation and methanol was removed by heating (~65 -70 
o
C) before the product proceed to 

second step. The transesterification reaction was carried out with the pre-esterified FOG, 30:1 methanol to oil 

molar ratio, by using new developed base heterogeneous catalyst called SUPERCAT2 with catalyst loading of 

20 wt% and 3 wt% of catalyst amount under reaction time 15 min and reaction power 110 W. The catalyst was 

then removed by centrifugation and methanol was removed heating it close to boiling point of methanol. The 

mixture was then poured into separating funnel and left overnight. The glycerol formed at the bottom layer 

whereas the biodiesel formed at the upper layer. The yield of biodiesel produced was measured (eq. 1) and 

biodiesel obtained as shown in Fig. 3. 
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Where wme is the total weight of methyl esters and wo is total weight of oil in the sample. 

 

 
 

Fig. 2: FOG before pretreatment. 

 

 
 

Fig. 3: FOG after pretreatment (filtered FOG). 

 

1.3  Acid value analysis: 

 The acid value of oil was determined using titration with 0.1 M potassium hydroxide (KOH) standard 

solution and the conversion of FFA was calculated from acid value using the following equation: 
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Where AVi is the initial value and AVf is the final acidic value of alkyl ester produced. 

 

1.4 Analyses: 

 To determine the fatty acid profile of the glycerides and FFAs are converted to FAME using two step 

transesterification process described above. The characterization of FAMEs was achieved using Agilent 6850 

GC with flame ionization detector (FID) fitted with split/splitless inlet, and column (30 m x 0.25 mm x 0.25 

mm). A solution of methyl heptadecanoate in hexane was used as a calibration for quantification. 250 mg of 

sample in 10 mL vial, and then add 5 mL of heptadecanoate solution using pipette. Table 1 provides an 

overview of all instrument parameters. 
 

Table 1: Parameters for GC analysis. 

Split/Splitless inlet Parameters 

Inlet temperature: 250 oC 

Column Flow: 3 mL/min 

Split Flow: 100 mL/min 

Injection Volume: 1 mL 

Oven Program Initial Temperature: 60 oC 

Hold Time 1: 2 min 

Ramp 1: 10 oC /min 

Oven Program Final Temperature: 240 oC 

Hold Time 2: 7 min 

Column: ZB-5 (30 m x 0.25 mm x 0.25 mm) 
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Carrier Gas: Helium 

FID temperature: 250 oC 

H2 Flow: 35 mL/min 

Air Flow: 350 mL/min 

 

2. Results: 

2.1  Physical and chemical properties of trap grease: 

 Fresh trap grease collected from grease trap was brown in color, have a strong odor and contains thick 

texture characteristic (Fig. 2). After filtering and air-drying prior to its use in this study, the pre-treated trap 

grease turn into dry form as shown in Fig. 3. The pretreated FOG contains high free fatty acid (FFA) which is 

80.03 % and saponification value of 193.55 mg/g, which made biodiesel production via base catalyzed method 

impractical.  

 

2.2  GC analysis: 

 Gas analysis was used to study the chemical composition of the synthesized biodiesel. Eight major peaks 

were observed in the total ion chromatogram. As shown in Fig. 4 FAMEs were in the range of 15-25 min by 

comparing with standard substances. There are 8 major chromatogram for methyl ester produced from FOG 

which are: methyl laurate; C12:0, methyl myristate; C14:0, methyl palmitate; C16:0, methyl stearate; C18:0, 

methyl oleate; C18:1, methyl linolenate; C18:2, and methyl linolenate; C18:3 including methyl heptadecoate; 

C17:0 as an internal standard. The main component in this product were methyl stearate with composition 

percentage of 55.06 % and methyl palmitate with composition percentage of 25.87 %. The retention time for 

each methyl ester composition was shown in Table 2. 

 

 
Fig. 4: Biodiesel from FOG. 

 
Table 2: Methyl ester composition and their corresponding retention time. 

No Methyl ester composition Type Retention time 
(min) 

% composition 

1 Methyl laurate C12:0 Saturated 15.16 5.47 

2 Methyl myristate C14:0 Saturated 17.67 1.433 

3 Methyl palmitate C16:0 Saturated 20.89 28.30 

4 Methyl heptadecanoate C17:0 Internal standard 22.60 - 

5 Methyl stearate C18:0 Saturated 23.82 5.55 

6 Methyl oleate C18:1 Monounsaturated 23.91 2.32 

7 Methyl linoleate C18:2 Polysaturated 23.95 1.43 

8 Methyl linolenate C18:3 Polysaturated 24.30 55.5 

 

4. Discussion: 

 These results indicate how low quality feedstock with high FFA and other impurities after an adequate 

pretreatment can produce high quality biodiesel (>97 %). One major challenge using waste trap greases as a 

feedstock for the biodiesel production is elevated levels of FFA, which hinders the conversion of this low cost 

feedstocks by transesterification due to soap forming on glycerine separation (Canacki and Gerpen, 2001; 

Lotero et al., 2005). In order to solve this problem, a two-step acid and base catalyzed process have been 

developed and shown to be an effective and efficient method.  The FOG was undergo esterification to reduce the 

FFA and transesterification reaction to form methyl ester and glycerol. The developed heterogeneous acid 

catalyst (SUPERCAT1) and base catalyst (SUPERCAT2) has been used for both esterification reaction and 

transesterification reactions, respectively. Acidic catalysis have been reported in literature in many esterification 

reactions (Ramos et al., 2008; Shu et al., 2007; Taludker et al., 2008; Park et al., 2008). Although solid 

heterogeneous catalysts have been identified to simultaneously catalyze esterification and transesterification 

reaction effectively (Zhang et al., 2003; Berrios et al., 2007), they are associated with slow reaction rates and 

high cost (Leung et al., 2010). However, utilization of heterogeneous catalyst provide easy separation from the 

product and can be recycle. In comparison with homogeneous catalyst which have difficulties in separation and 
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reuse due to both feedstock and catalyst in the liquid phase (Nag, 2008; Kulkarni and Dalai, 2006) and produce 

large wastewater during separation and purification (Alhassan et al., 2013). Both reactions were conducted by 

microwave-assisted to reduce the time consumption to produce biodiesel as compared to conventional heating 

that require a long time to obtain higher conversion and yield and thus would affect the overall biodiesel 

processing cost. The low power of 110 W used by microwave to avoid methanol from loss during the reaction. 

Increase the power would increase the temperature which would accelerates the saponification of triglyceride 

and decreases the yield (Lin et al., 2010). The appropriate power dissipation control results in an effective use of 

microwave energy and reduce energy requirement.  Both reactions needs high amount of methanol as 15:1 of 

methanol to oil molar ratio to promote the reactions. It has been reported that high FFA feedstock needs high 

amount of methanol (Wang et al., 2006). The conversion from the first step which was esterification reactions 

up to 56.08 % in reaction time of 15 min and this reaction able to convert the FFA to methyl ester up to 50.22 

%. The methyl ester produced after transesterification reactions was up to 97.0 % in only 20 min of reaction 

time.  

 

 
Fig. 5: Chromatogram of methyl ester from FOG. 

 

5. Conclusion: 

 It has been demonstrated that biodiesel can produced from Fat, Oil, and Grease (FOG) through two-step 

esterification and transesterification reaction by using heterogeneous catalyst system under microwave heating 

system. It can be concluded that microwave irradiation offers fast alternative to the usual process together with 

high product yields which brings about considerable time saving as well as cost. The reaction was esterified 

with novel heterogeneous acid catalyst SUPERCAT1 to reduce free fatty acid content with 50.22 % of 

conversion of FFA and followed by trans-esterified by novel heterogeneous base catalyst named as 

SUPERCAT2. Both reaction were under microwave irradiation and biodiesel yield produced was up to 97 %. 

This research carried out could be solve the problems related to waste grease management and reduce the 

amount of FOG consumption in Malaysia.  
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