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Abstract 
In this study, a pilot scale of 100 t/year biodiesel production system, mainly consisting of a 

fixed-bed and a down-stream plug-flow reactor, was setup to test the different feedstock oil, 
especially a kind of high acidified oil, trap grease, for their feasibility of being biodiesel 
feedstock in China. The tested oil includes three kinds of typical oil from Guangdong Province, 
China: rapeseed oil, Chinese wood oil and trap grease. Meanwhile the optimum residence time 
for a plug flow reactor to perform transesterification reaction was investigated in this study. At 
the condition of temperature being 65℃, methanol/oil molar ratio being 6:1 and KOH load 
being 1.2 wt% of oil, it was found to be 19 min. A kind of an ion exchange resin filled in the 
fixed bed reactor was used as the esterification catalyst for the pretreating of high-acidified oil. 
For the fresh catalyst, the acid value of trap grease could be reduced from 114 mg KOH/g to 
about 2 mg KOH/g after 13 h at temperature of 75℃, catalyst load of 15 wt% of oil, methanol 
addition being 20 wt % of oil. The lifetime test for the catalyst indicated that its life is over 30 
days. The quality of biodiesel derived from three feedstock oils is compared with newly 
published China BD100 standard of GB/T20828-2007. The comparison results reveals that the 
biodiesel generated through this system could meet China BD100 standard well. It indicates 
that the designed process in this system has a good adaptability for different kinds of oil.  
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1. Introduction 
 

As we are well aware, the concerns of energy supply security, soaring-up fuel prices, 
worsening environment, global warming up climate, and sustainable development are 
enormous in a fast developing country like China. They can only be answered by solutions that 
match them in reach and vision. Biodiesel is emerging as a promising solution to these 
concerns now in China. Though it is still in its infancy with small capacity, but it is expected to 
enter into its fast development period in coming years because China’s government is attaching 
more and more importance on it. The national biodiesel standard of GB/T20828-2007 for 
BD100 has come into force since May 1st, 2007. In this standard, 16 specifications are 
determined.  

For China, the most important key factor driving or limit biodiesel development is feedstock 
supply. So far, in China, virgin oil feedstocks are not economically feasible for biodiesel 
production due to their high cost, and the existing feedstocks for biodiesel are all waste grease 
and oils1-3. 

In China, more edible oils are consumed than in any other country in the world. Due to the 
cooking and eating habits of Chinese people, a lot of waste oil and grease are produced from 
food processing industry. 

As per official data, 19.14 million tons were consumed in 2005. The average individual 
consumption level of edible oil is 13.6 kg/person in2005, 17 kg/person in big cities; And these 
data keeps an increasing momentum still. It is estimated that totally 3 million tons of waste oil 
and grease min. are produced in China per year and at least 2 million tons can be recovered and 
processed into biodiesel4. 

As Kulkarni et al.5 pointed out that waste cooking oil is an economical source for biodiesel 
and Zhang et al.6 reported that about 120 000 tonnes/yr of yellow grease is produced in 
Canada. 

Although much literature has addressed the research on biodiesel conversion from high free 
fatty acid (FFA) oil,7-12 the acid value of China’s waste oil is much higher compared to other 
countries. This makes it confront greater difficulty to convert this rather high FFA oil to 
biodiesel in China.  

Due to the fact that the existing biodiesel factories in China are all almost based on waste 
grease and oil feedstocks, which have a high acid value or FFA content, the major biodiesel 
process technology adopted in China is non-consecutive 2-step acid catalyst chemical reaction 
now, which still has some problems remained to be settled, such as low efficiency, serious 
environmental pollution. Therefore, in order to solve the above-mentioned problems, a 
consecutive process, consisting of fixed-bed reactor together with a downstream plug flow 
reactor is set up in the present study.  

Because of the special condition of China, that is only 4% arable land, while 69% 
mountainous land, tableland and hilly land, 17% of water areas (lakes, rivers, offshore sea). 
Thereby many specialists pointed out that, for a long-term development of biodiesel, China 
must resort to mass plantation of energy crops on mountain areas. Upon the above analysis, it 
is concluded that, at the current time, the feedstock for China’s biodiesel production is a 
combination of waste oil, plant oil and other oils. 
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Thus on this pilot scale system, different feedstocks, including rapeseed oil, Chinese wood 
oil, trap grease are tested and evaluated based on the experimental results.  

 
 

2.Experimental Section 
 
2.1 Feed materials and catalyst 
 
 Three kinds of typical feed oils, rapeseed oil, Chinese wood oil, trap grease are selected as the 
test oils for comparison. Rapeseed oil was bought from commercial market in Guangzhou. 
Chinese wood oil is derived from a kind of wild oil plant, which grows massively on 
mountains of south Guangdong Province, China. The seed kernel oil content of this oil plant 
can reach as high as 58.6%. Trap grease was obtained from restaurants in Guangzhou city, 
Guangdong Province, China. The basic properties of these three kinds of oils are shown in 
Table 1. 
  From Table 1, it is observed that because of high free fatty acid content in trap grease; its 
relative molecular weight is much smaller than virgin oils. 

The used catalyst is a kind of ion exchange resin, bought from a company in Zhejiang 
Province, China, and its physical and chemical properties are presented in Table 2. 

 
2.2 Apparatus 
 
 A pilot scale of 100 t/year biodiesel production system, mainly consisting of a fixed-bed and a 
down-stream plug-flow reactor, was setup to test the different feedstock oil, especially a kind 
of high acidified oil, trap grease, for their feasibility of being biodiesel feedstock in China. As 
Figure 1 shows, this system includes 4 main parts. The first is fixed bed system. Solid acid 
catalyst is filled in the fixed bed reactor to pre-treat the oil with high acid value. After the acid 
value of the oil is decreased to below 5 mg/KOH through esterification reaction in the fixed 
bed reactor, the pretreated oil enters further into the downstream plug flow reactor for 
transesterification reaction. The second is plug flow reactor system. As a distinguished feature 
of this system, the transesterification reaction between triglyceride and methanol is completed 
in a plug flow reactor, which is characterized by a big ratio of length vs. diameter. By applying 
plug flow reactor, the transesterification reaction can be continuously realized in a short 
residence time with a fast reaction speed. The third is biodiesel refining system, which 
constitutes of glycerol separation through a patented phase splitter13, coarse biodiesel water 
washing and biodiesel distillation. 
 
2.3 Analysis Method 
 
 The biodiesel were analyzed on a HP4890D gas chromatography (GC) with a SE-52 capillary 
column for determining the biodiesel conversion rate, the detector was FID, and nitrogen as the 
carrier gas. The methyl ester was dissolved into the chloroform, and the GC work parameters 
were as follow: the setting temperature of the injection port and the detector was 220℃ and 
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275℃, the temperature for the oven operated in this program: start at 150℃ (1min), ramp at 
20℃ to 225℃ (5min), ramp 5℃ to 250℃ (2min). 

The quality specification values of biodiesel derived from different oils were analyzed 
according to the method demanded by GB/T20828-2007 standard. 

To assure the reliability of the experimental results, every operating condition is repeated 2 
times and the experimental results presented here are average values of 2 times. 

 
 

3.Results and Discussion 
 
3.1 Rapeseed Oil Test Results in the plug-flow reactor 
 
 Plug flow reactor is freshly employed in biodiesel production; therefore it remains some 
questions needed to be investigated, for instance, flow velocity determination. A too fast flow 
velocity will result in a too short residence time, as well as not incomplete reaction; a too slow 
flow velocity will cause laminated flow inside the reactor and could not form a turbulent flow, 
thus not a uniform mixture among the reaction agents. Both the two conditions will cause a 
decreased biodiesel conversion rate. Therefore it is very necessary to explore the optimal 
residence time for the biodiesel conversion utilizing a plug flow reactor. 

Rapeseed oil is mixed with methanol with a molar ratio 1:6 and 1.2 wt% of KOH is used as 
the catalyst. The reaction temperature remains at 65℃. Different residence time is realized 
through changing the feeding frequency of the pump and the experimental results are shown in 
Figure 2. 

In accordance with the above analysis, it can be seen from Figure 2 that: with the increasing 
of the residence time, the conversion rate exhibits a first increasing and then decreasing trend. 
At the residence time of 19 min, the maximum conversion rate of 91.7% is obtained. This 
indicates that at an optimal residence time, the reaction reagents inside the reactor are mixed 
well and go ahead in a steady turbulent status, which results in a complete conversion. Besides, 
as investigated14, transesterifciation reaction is reversible, during the process, 3 reactions occur 
subsequently as equations (1)-(3) exhibit. Therefore, excess reaction time is not necessary for 
this process. 

TG + CH3OH ↔  DG + RCOOCH3 （1） 
  DG + CH3OH ↔  MG + RCOOCH3 （2） 

          MG + CH3OH ↔  GL + RCOOCH3 （3） 
Where TG, DG and MG represents triglyceride, diglyceride and monoglyceride, respectively 

and their structures are shown in Figure 3. GL and R represents glycerine and fatty acids chains, 
respectively. 

 
3.2 Effect of Residence Time for Chinese wood oil test results 
 
 In the fixed bed reactor, at the condition of reaction temperature being 65℃, methanol/oil 
ratio being 8:1 and catalyst load being fixed, the pretreatment for Chinese wood oil was 
performed. Changing the flow rate of feedstock oil, different residence time is obtained and the 
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change of acid value and corresponding esterification conversion with the residence time is 
shown in Figure 3.  
The acid value was reduced from 7.02 mgKOH·g-1 to 1.28 mgKOH·g-1 when the residence 

time was as long as 45 min. This decreasing trend became much slowly when further 
prolonging residence time to 90 min. This can be explained that, as reaction (4) denotes, 
esterification reaction between free fatty acid and methanol is reversible. When the reaction 
time is long enough, the hydrolysis reaction of fatty acid ester will strengthens with more fatty 
acid ester and water being generated. This causes the acid value to reduce with much resistance 
when it is at a relative low value. 

   
RCOOH  +  CH3OH  ↔  RCOOCH3  +  H2O (4) 

Where R represents fatty acids chains. 
Thus, from an economical point of view, it reveals that it is not necessary to spend a much 

longer time to decrease the acid value of acidified oil to a rather low value, such as below 1 mg 
KOH/g, when the acid value has been reduced to an enough low value and will not cause 
saponification in subsequent transesterification reaction.  
 

3.3 Trap Grease Test Results and lifetime test of solid acid catalyst 
 
 As above mentioned, esterification reaction of free fatty acid is reversible. Because of large 
content of free fatty acid in trap grease, in the process of esterification reaction for pretreatment, 
a lot of water will be produced and intervene the esterification reaction. Therefore in order to 
drive the esterfication reaction to the right side, the water should be removed timely. 
Considering this, the pretreatment for trap grease was performed in the stirring tank reactor in 
order to distillate water easily. Then in the stirring tank reactor, oil sample was carried at an 
interval of 1h and the water and methanol was removed for every 3 h. Then in the stirring tank 
reactor, at temperature of 75℃, an optimum catalyst load of 15 wt% of oil, methanol addition 
being 20 wt % of oil, the pretreatment for trap grease was performed. Figure 5 shows the 
experimental results, as well as the lifetime test result for solid acid catalyst. Figure 5 indicates 
that for the fresh catalyst, the acid value of trap grease could be reduced from 114 mg KOH/g 
to about 2 mg KOH/g after 13 h. 

 As Figure 5 shows, the acid value drops sharply when it is at a relative high value but 
reduces much slowly at a relative small value. This can be explained that, as above-mentioned, 
the main reaction (4) occurring in the process is reversible; therefore when more and more fatty 
acid methyl ester and water is produced, the reaction will move faster to the left side, which 
results in a slower drop of acid value. 

The lifetime test for the solid acid catalyst was continued as long as its activity having 
obvious falling. For clarity, only the test results for 4 days are presented here. It can be known 
from Figure 5 that after 30 days, the activity of this catalyst decreased largely. 

After the stirring-tank reactor, the water and excess KOH was distilled away, and 0.5 wt% of 
KOH and 15 wt% of methanol was added to the reactants and the transesterification reaction 
proceeded in the plug-flow reactor at 65℃. 

After glycerol separation, water washing and distillation, trap grease biodiesel was analyzed 
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on the gas chromatograph. Figure 6 shows the analysis results. Figure 6 exhibits that the main 
components in trap grease biodiesel are methyl hexadecanoate, methyl linoleate, methyl oleate, 
methyl state. 

 
3.4 Biodiesel properties derived from different feedstock oil 
 
 Table 3 lists specifications value of biodiesel derived from 3 feedstock oils, as well as the 
newly promulgated China BD100 standard. Because of the diversity and complexity of 
feedstock oils in China, the feedstock oil related cold filter plugging point is not limited to a 
specific value in its biodiesel standard. Through mass balance calculation, the biodiesel yield 
from three kinds of feedstock oils is obtained and also listed in Table 3. 

From Table 3, we can know that all the specification values of three biodiesel samples could 
meet China BD100 standard. 

As observed in Table 3, the kinematic viscosity value of trap grease biodiesel is the highest 
among the three kinds of biodiesel, which may be caused by the higher free glycerol and total 
glycerol content. The residual glycerol and glyceryl ester in biodiesel will cause biodiesel 
viscosity increased greatly because their viscosity is much larger than biodiesel. Further, the 
free glycerol and glyceryl ester content is determined by the perfectness of the processing 
technology. Hence, a good process should secure the reaction to go through as complete as 
possible. 

As indicated in Table 3, the Chinese wood oil has a much low biodiesel yield. The reason 
may be that polymerization reaction happened among the unsaturated 3,a-elaeostearic acid 
（the main component of Chinese wood oil）during distillation. Therefore it need further study 
for the addition of polymerization inhibitors to improve the biodiesel production15. In another 
word, Chinese wood oil is not so suitable for biodiesel production. 

From Table 2, it can be known that much amount of animal fat in trap grease results in a 
higher cold filter plugging point of biodiesel. Therefore, pour-point depressant should be added 
before trap grease biodiesel could be used. 

 

4. Conclusions 

A pilot scale of 100 t/year biodiesel production system, mainly consisting of a fixed-bed and 
a down-stream plug-flow reactor, was setup to test three kinds of typical feed oils, rapeseed oil, 
Chinese wood oil, trap grease for their feasibility of being biodiesel feedstock in China.  

Because plug-flow reactor is freshly employed in biodiesel production, its optimal residence 
time for biodiesel conversion is investigated. It is found to be about 19 min at the condition of 
rapeseed oil being feedstock, temperature being 65℃, molar ratio being 6:1 and KOH load 
being 1.2 wt% of oil. In the fixed bed reactor, using a kind of ion exchange resin, the 
pretreatment for Chinese wood oil was performed. According to the investigation result, it was 
concluded that from an economical point of view, it is not necessary to spend a much longer 
time to decrease the acid value of acidified oil to a rather low value, such as below 1 mg 
KOH/g, when the acid value has been reduced to an enough low value and will not cause 
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saponification in subsequent transesterification reaction.  
For trap grease with high acid value, in the stirring tank reactor, at temperature of 75℃, an 

optimum catalyst load of 15 wt% of oil, methanol addition being 20 wt % of oil, the 
pretreatment for trap grease was performed. The result indicates that for the fresh catalyst, the 
acid value of trap grease could be reduced from 114 mg KOH/g to about 2 mg KOH/g after 13 
h. The lifetime of this catalyst is over 30 days. 

The specifications value of biodiesel derived from 3 feedstock oils, as well as the newly 
promulgated China BD100 standard were compared and analyzed. In general, the biodiesel 
generated through this system could meet China BD100 standard well. Because the main 
component of Chinese wood oil is unsaturated 3, a-elaeostearic acid, polymerization reaction 
may happen during distillation. This resulted in a much low biodiesel yield for Chinese wood 
oil. Because trap grease contains much amount of animal fat, the derived biodiesel has a higher 
solidification point and pour-point depressant should be added before trap grease biodiesel 
could be used.  
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Table 1 
The properties of different feedstock oil 
 

 
Table 2 
Physical and chemical properties of ion-exchange resins 
 

  Rapeseed oil Chinese wood oil Trap grease 

Density/g/ml, 20℃ 0.91 0.94 0.88 

Saponification value/mg 

KOH/g 
192.7 194.3 151.63 

Acid value/ mg KOH/g 0.40 7.12 114.03 

Fatty acid glycerol ester/% 97.29 95.63 40.98 

Relative molecular weight 869.8 807 443.2 

Water content/% 0.05 0.10 0.19 

Impurity/% no no 3.00 

Items value 

Function group SO3－ 

ion H＋ 

Particle size (mm) 0.40-1.25 

Hole volume (ml/g) 0.3-0.36 

Specific surface area (m2/g) 35-40 

Maximum work temperature (℃) 120 

Swelling degree (％) 30-50 

Water content (％) 3-5 
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Table 3 
Properties of biodiesel products derived from different feedstock oils 

Specifications Chinese 

wood oil  

Rapese

ed oil  

Trap grease 

biodiesel 

GB/T20828-2007 

S500 S50 

Density, kg/m3（20℃） 873 867 890 820-900 

kinematic viscosity, mm2/s（40℃） 3.58 2.04 5.28 1.9-6.0 

Closed flash point, ℃ 210 185 178 ³130 

Cold filter plugging point 

(CFPP), ℃ 
1 0 15 

Reported value 

sulfur content, % 0.004 0.002 0.01 £0.05 £0.005 

10% carbon residue, % 0.16 0.15 0.84 £0.3 

Sulfate ash content 0.01 0.01 0.02 £0.02 

Water content, wt% 0.03 0.02 0.04 £0.05 

Mechanical impurity  no no no no 

Copper corrosion(50℃, 3h) £ No.1 grade £ No.1 grade £ No.1 grade £ No.1 grade 

Cetane number 68 64 60 ³49 

oxidation stability (110℃), h 6.3 6.5 7.0 ³6.0 

acid value, mgKOH·g-1 0.67 0.10 0.76 £0.8 

Free glycerol, wt % 0.004 0.003 0.005 £0.02 

Total glycerol, wt% 0.19 0.20 0.22 £0.24 

90% recycle temperature, ℃ 307 309 320 £360 

biodiesel yield, wt% 50 90 80 - 
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Fig. 1. Schematic diagram of the technology process 

1. feedstock oil; 2. oil pump; 3. flow meter; 4.filter; 5. methanol tank; 6. pump; 7. mixer; 8. 

stirring tank reactor; 9. methanol refluence; 10. pump; 11. flowmeter; 12. preheator; 13. fixed 

bed reactor; 14. KOH-methanol tank; 15. pump; 16. mixer; 17. plug flow reactor; 18. separator 
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Fig. 2. Optimum residence time determination for plug-flow reactor in transesterification 

conversion 
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Fig. 3. Structures of mono-, di- and triglycerides, where R1, R2 and R3 

represent the fatty acids chains. 
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Fig. 4. Effect of residence time on acid value and esterification rate 
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Fig. 5. Trap grease test results and lifetime test of solid acid catalyst 

 

 

 

 

Fig. 6. Chromatograph analysis of trap grease biodiesel 

 


