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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 high cost, and the existing feedstocks for biodiesel
are all waste grease and oils (Guo et al., 2006; Ye and
Ding, 2002; Wang et al., 2007). 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 official
data, 19.14 million tonnes were consumed in 2005.
The average individual consumption level of edible
oil is 13.6 kg person-1 in 2005, 17 kg person-1 in big
cities; and these data keeps an increasing momentum
still. It is estimated that totally 3 million tonnes of
waste oil and grease are produced in China per year
and at least 2 million tonnes can be recovered and
processed into biodiesel (Ji et al., 2002).

Due to the fact that the existing biodiesel factories
in China are almost based on waste grease and oil
feedstocks, which have a high acid value or FFA
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ABSTRACT

In this study, the preparations of biodiesel from three different feedstocks, including rapeseed oil, high acidified

Chinese wood oil and trap grease, were carried out in a pilot scale of 200 t yr-1 biodiesel production system.

The optimum operating conditions for transesterification of  rapeseed oil in plug flow reactor were found to be

as follows: the catalyst dosage is 1.2 wt%; the retention time is about 17 min; the bed temperature is 65oC; the

oil/methanol ratio is 1:6; the content of methyl ester is 96.33% under these conditions. A kind of ion exchange

resin, a solid acid catalyst, filled in the fixed bed reactor was used as the esterification catalyst for the pre-

treating of high acidified oil. The acid value of Chinese wood oil could be reduced from 7 to 0.8 mg KOH·g-1

after 88 min, the optimum operating conditions were obtained as follow: molar ratio of methanol to oil is

about 6:1 , the temperature of the fixed bed, 65oC and the retention time, about 88 min. Also a kind of acidified

oil, namely trap grease, with the acid value being 114 mg KOH·g-1 could be equally converted to a good

biodiesel product through this system. Generally, the refined biodiesel product generated through this system

could meet China #0 Biodiesel Standard, as well as Germany Biodiesel Standard for most indexes. It indicates

that the designed process in this system has a good adaptability for different kinds of oil.

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 and the national
biodiesel standard has not come into force (Lv et al.,
2006), but it is expected to enter into its fast
development period in coming years. The most

Keywords: high acidified oil; solid acid catalyst; plug flow reactor; biodiesel.

Date received: 20 March 2008; Sent for revision: 28 March 2008; Received in final form: 29 May 2008; Accepted: 2 July 2008.

* Guangzhou Institute of Energy Conversion,
Chinese Academy of Sciences,
No. 2 Nengyuan Road, Wushan,
Tianhe, Guangzhou 510640,
People’s   Republic of China.
E-mail: lvpm@ms.giec.ac.cn



17

BIODIESEL PRODUCTION FROM DIFFERENT FEEDSTOCKS IN PILOT SCALE SYSTEM

content, the major biodiesel process technology
adopted in China is non-consecutive two-step acid
catalyst chemical reaction, 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. On this pilot
scale system, different feedstocks, including
rapeseed oil, Chinese wood oil, trap grease and
acidified oil are tested and evaluated based on the
experimental results.

EXPERIMENTAL METHOD

Experimental Procedure

As Figure 1 shows, this system includes four main
parts:

i. Fixed bed system. Different kinds of solid acid
catalysts, such as Amberlyst 15, as well as others,
are 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-1, which
is the demand of the acid value for
transesterification (Guo et al., 2006; Wang et al.,
2007; Pedro et al., 2006 ), through esterification
reaction in the fixed bed reactor, the pre-treated
oil enters further into the downstream plug flow
reactor for transesterification reaction.

ii. Plug flow reactor (PFR) 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.

iii. Biodiesel refining system. This system
constitutes of glycerol separation through a
patented phase splitter, coarse biodiesel water
washing and biodiesel distillation. The
vapourizing  temperature and vacuum was
250oC and 1.0 MPa, respectively.

iv. Automatic control system. This system is
designed to control the temperature of the
reactor, as well as monitoring the pressure of
the whole system. Also the distillation process
is controlled on this system.

Analysis Method

 The biodiesel were analysed 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 220ºC and 275ºC, the temperature for
the oven operated in this programme: start at 150ºC
(1 min), ramp at 20ºC to 225ºC (5 min), ramp 5ºC to
250ºC (2 min).

The distillated fuel properties namely, density at
20ºC, kinematics viscosity at 20ºC, flash point
(closed cup method), sulphur content, 10% carbon
residue, copper corrosion, ash content, solidification
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Figure 1. Schematic diagram of the technology process.

Notes: 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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point, oxidation stability, cold filter plugging point
(CFPP), acid value of Chinese wood oil biodiesel was
determined as the standards prescribed by GB252-
2000 for comparison, and the main component was
analysed by GS-MS.

The basic properties for the tested different
feedstock oils are shown in Table 1.

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 6:1 and 1.2 wt% of  KOH is used as the catalyst.
The reaction temperature remains at 65oC. 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.

Chinese Wood Oil Test Results

Effect of residence time. The change of acid value
with the retention time is shown in Figure 3. The acid
value was reduced from 3.07 mg KOH·g-1 to 1.44 mg
KOH·g-1 when the retention time was increased from
24 min to 30 min. It became slowly increased when
prolonging retention time to 88 min, esterification
conversion change from 79.78% to 86.10%, only 7.3%
increased. As can be seen, esterification reaction
attains balance when reaction time is long enough.
Therefore it is hard to increase esterification
conversion though continually increasing reaction
time, which indicates an optimum residence time is
necessary for biodiesel production.

TABLE 1.  THE PROPERTIES OF DIFFERENT FEEDSTOCK
OF OIL

 Rapeseed Chinese Trap
wood grease

oil

Density (g ml-1), 20ºC 0.91 0.94 0.88
Saponification 192.7 85.55 151.63
value (mg KOH g-1)
Acid value 0.40 7.12 114.03
(mg KOH g-1)
Fatty acid glycerol 97.29 95.63 40.98
ester (%)
Relative molecular 869.8 1686.6 443.2
weight
Water content (%) 0.05 0.10 0.19

Impurity (%) No No 3.00

RESULTS AND DISCUSSION

Rapeseed Oil Test Results

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 incomplete
reaction; a too slow flow velocity will cause
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Figure 2. The effect of residence time on methyl esters conversion.
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Effect of reaction temperature. The effect of reaction
temperature on esterification is shown in Figure  4.

Reaction temperature is the major factors
affecting the catalyst activity of solid acid. Only
29.07% conversion efficiency was achieved at 40oC,
the acid value was reduced to 5.05 mg KOH·g-1, the
conversion efficiency increased with higher
temperature, the acid value of Chinese wood oil
reduced to 1.4 mg KOH·g-1.

This trend keeps in accordance with the
theoretical analysis. That is the reaction rate
accelerates with the increasing temperature. Limited
by the boiling temperature of methanol being 64.5oC
at ambient condition, the highest reaction
temperature for the experiment was determined to
be 65oC.
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Figure 3. Effect of residence time on acid value and esterification rate.

Trap Grease Test Results

Pre-esterification reaction for trap grease was
performed in the three fixed-bed reactors with the
following conditions: temperature of 75ºC, 1.9 kg of
catalyst filled in each fixed-bed reactor, methanol
addition being 20 wt% of oil. Residence time in each
reactor is 60 min and the total residence time is 180
min. After each reactor, the water in the reaction
products was distilled at 105ºC before it enters into
the next fixed-bed reactor. After the pre-treatment,
the acid value of trap grease could be reduced to
below 5 mg KOH g-1.

After the fixed-bed reactor, 0.7 wt% of KOH and
15 wt% of methanol was added to the reactants and
the transesterification reaction proceeded in the
plug-flow reactor at 65ºC.

Figure 4. Effect of temperature on esterification rate.
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The properties of biodiesel products derived from
rapeseed oil, Chinese wood oil and trap grease are
presented in Table 2.

As indicated in Table 2, the Chinese wood oil has
a much low biodiesel yield. The reason may  relate
to its composition of fatty acid, shown in Table 3. It
can be seen that 94% of the fatty acid is unsaturated
and the main component of Chinese wood oil is 3,
α-elaeostearic acid (Zhao et al., 2005). Maybe
oxidation and polymerization reaction happen
among the unsaturated 3, α-elaeostearic acid and
other unsaturated fatty acid during distillation.
Therefore it need further study for the addition of
polymerization inhibitors to improve the biodiesel
production (Xie, 2005).

From Table 2, it can be known that much amount
of animal fat and partly oxidation of unsaturated
fatty acid in trap grease result in higher solidification
point and higher filter plugging point of biodiesel.
Therefore, pour point depressant should be added
before trap grease biodiesel could be used.

TABLE 2. PROPERTIES OF BIODIESEL PRODUCTS DERIVED FROM DIFFERENT FEEDSTOCK OILS

Property Chinese wood Rapeseed oil Trap grease Biodiesel standard
oil biodiesel biodiesel biodiesel DIN V516006

Density (g ml-1) 0.873 (20ºC) 0.867 0.95 0.875~0.900 (15 oC)
Kinematic viscosity, (mm2 s-1) 10.58 (20ºC) 8.04 9.28 3.5~5.0 (40 oC)
Sulphur content (%) 0.015 0.002 0.01 ≤0.01
Flash point (oC) 210 185 178 ≥110
Copper corrosion - no no No.1 grade
Ash content (%) 0.0015 0.003 0.01 ≤0.03
10% carbon residue, (%) 0.84 0.15 0.16 ≤0.05
Solidification point (oC) -1 -2 9 -
CFPP, (oC) 1 0 18 0
Oxidation stability 0.0 0.0 0.0 -
Acid value, (mg KOH·g-1) 0.67 0.1 0.76 ≤0.5
Biodiesel yield ( %) 50 90 80 -

CONCLUSION

In this study, with the main device of fixed-bed and
plug-flow reactors, a pilot scale system was set-up
to explore the optimum operation conditions for
transesterification reaction, as well as evaluating
rapeseed oil, Chinese wood oil and trap grease for
biodiesel production. The conclusions drawn from
the study are as follows:

• at ambient pressure, for the plug-flow reactor,
the optimum residence time for transes-
terification is about 19 min;

• applying an ion exchange resin as the
esterification catalyst, for the Chinese wood
oil and trap grease, whose acid value is 7.12,
114.03 mg KOH g-1, respectively, the pre-
treatment time is 88 min and 180 min,
respectively;

• because the main component of Chinese wood
oil of the unsaturated 3, α-elaeostearic acid

undergoes oxidation and polymerization
reaction during distillation, the biodiesel yield
from Chinese wood oil is as low as 50%; and

• because trap grease contains much amount of
animal fat, the derived biodiesel have higher
solidification point and higher filter plugging
point, pour-point depressant should be added
before trap grease biodiesel could be used.
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