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Abstract –Biodiesel is an alternative fuel for diesel produced from waste oils, vegetable oils
and animal fats. Biodiesel is produced using chemical process called transesterification. The
main target of this study is the identification and evaluation of wastes from that process. Soap
and glycerol have been identified as wastes from this biodiesel production process. Soap and
glycerol were collected from a Biodiesel Production Plant. In one batch of biodiesel production
process, 100 L of glycerin and 99 L of soap produced. Evaluation of these wastes was based
on Chemical Oxygen Demand (COD) test, Total Suspended Solid (TSS) test, pH test, and Oil
& Grease (O&G) test. Results of the above mentioned tests were compared with Acceptable
Conditions from Environmental Quality (Industrial Effluents) Regulations 2009 (PU (A) 434)
to identify the impact of the wastes towards the environment. For the soap, COD and O&G are
not within the acceptable conditions of the regulations. On the other hand, for glycerin, COD
is not in acceptable range of the regulations. However, the glycerin is not discharged into the
environment since glycerin has been collected and kept in storage for the further in anaerobic
digestion. On the other hand, soap couldn’t be discharged into the drain. This is not
recommended because of the high value of COD and O&G. This may cause pollution to the
environment and may endanger the life of human beings. Copyright © 2016 Penerbit
Akademia Baru - All rights reserved.
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1.0 INTRODUCTION
Biodiesel is an alternative fuel produced from renewable resources such as vegetable oils,
animal fats and waste oils [1, 2]. Biodiesel is produced by a chemical process, which removes
the glycerin from the oil [3, 4]. Equation 1 shows the basic inputs and outputs of the biodiesel
production process.
Glycerol and soap are the by-products from biodiesel production process. Most biodiesel
generation today includes homogeneous base catalysts, for example, sodium methylate. The
transesterification of triglycerides with methanol produce biodiesel and glycerin.
Contaminations, for example, catalysts, soap, methanol and water move in the glycerin stage,
which is normally killed with acid, and the cationic part of the catalysts is consolidated as a
salt [5, 6]. Remaining contaminants, for example, methanol, soap and water can render the
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creation of glycerin to comprise anyplace somewhere around 40 and 80 percent pure glycerol,
contingent upon the feedstocks and procedures utilized [5, 6].
Catalyst
Triglyceride + Alcohol → Biodiesel + Glycerin + Soap

Equation 1: Basic inputs and outputs of Biodiesel Production Process [7]
This research is carried out to review the effects of glycerol and soap to environment. The
objective of this study is to identify, quantify and qualify all the waste samples that produced
from this process.
2.0 MATERIALS AND METHODS
The research is based on the wastes collected from a Biodiesel Production Plant. Quantity of
influents and effluents involved in biodiesel production process at the Biodiesel Production
Plant were as follows:
a)

Waste Cooking Oil = 250 L

b)

Methanol = 60 L

c)

Sodium Hydroxide = 1.41 L

d)

Biodiesel = 210 L

e)

Glycerin = 100 L

f)

Soap = 99 L

2.1 Glycerin
During transesterification stage, lipids react with alcohol to produce biodiesel and an impure
co-product, glycerol [8]. At the end of the process, the glycerin were collected and kept in a
container.
2.2 Soap
Water is expelled as its presence amid base-catalyzed transesterification causes the
triglycerides to hydrolyze, giving salts of the unsaturated fats (soap) rather than delivering
biodiesel [9]. Soap seriously needs to be taken into account because at the end soap is directly
discharged into drain.
2.3 Lab Testing on Glycerin and Soap
We need to find the carbon and solids content in order to find the strength of glycerin and soap
as wastes. Feedstock which is waste vegetable oil is also tested to know the quality of it before
used it as influent in this biodiesel production process. There are lab tests used to measure the
amount of organic matter in waste sample. They are Chemical Oxygen Demand (COD) test
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and Oil and Grease (O&G) test. Total Suspended Solids (TSS) test were used for measurement
of solid concentration. Besides that, pH test was also carried out to identify the acidity of the
wastes.
2.3.1 Chemical Oxygen Demand (COD) Test
The expected results of COD for soap and glycerol is shown in Table 1. At laboratory,
maximum COD value that can be detected is 1500 mg/L. All the three samples exceed the
range. Therefore, samples were diluted using distilled water and dilution factor was noted.
Table 2 shows the dilution factor of soap and glycein.
Table 1: Expected COD Range [10]
Samples

COD Range

Glycerol

1600000

Soap

150000

Table 2: Dilution Factor of Samples
Wastes

Dilution Factor

Glycerol

1000

Soap

100

The COD test was carried out following HACH method, since the samples were diluted, the
corresponding multiplications were made [11]. Figure 1 shows the flow chart of COD test
procedure.

Sample Dilution

Sample transfered
into high range
vial

Heated for 2 hours
at 150 °C using
COD Reactor

Measuring the
COD value using
spectrophotometer

Figure 1: COD Test Procedure
2.3.2 Oil and Grease (O&G) Test
First, two dry flask was prepared and its weight was measured. One flask is for chemical
extraction and another for distillation process. Using hydrochloric acid, 1 L sample was
acidified to a pH = 2. After that, 30 mL of Hexane were added to the acidified sample. The
sample was transferred to seperatory funnel and shaken vigorously. After that, the sample
allowed to separate in the funnel. The lighter layer which is water will move to the top and the
extraction chemical layer will be at bottom. Prepared flask was used to drain the extraction
chemical. More chemical layer was drained into the flask by repeat the steps. After that, the
extracted chemicals undergo distillation process. Product of distillation process was weighed
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and recorded in a table. Finally, the total O&G was calculated by subtracts the original weight
of the flask from its weight with distillation process product. The results provide the O&G
concentration in mg/L [12]. Figure 2 shows the flow chart of O&G test procedure.

Acidification of
Sample

Hexane was added
to sample

Shaken using
Seperatory Funnel

Product of
distillation collected
and weighed

The bottom layer
extracted and
undergo distillation

Figure 2: O&G Test Procedure

2.3.3 Total Suspended Solid (TSS) and pH Tests
Total Suspended Solid (TSS) and pH Tests were carried out following the standard methods
[13, 14]. Figure 3 and 4 show the flow chat of TSS test and pH test procedures respectively.

Weigh the
filter paper

Filter the
sample

Oven the
filter paper

Weigh the
filter paper
after oven

Transfer the
filter paper
to furnace

Weigh the
filter paper
after
furnace

Figure 3: TSS Test Procedure

Calibration of
pH meter

Measure the pH
of sample

Recorded in a
table

Figure 4: pH Test Procedure
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3.0 RESULTS AND DISCUSSION
This section shows and discuss the results based on Acceptable Conditions from Environmental
Quality (Industrial Effluents) Regulations 2009 (PU (A) 434) (Standard B) [15].
3.1 Total Suspended Solid (TSS) Test of Soap
Three trials of TSS test were conducted on soap for get a high accuracy result. In this test, two
type of results were recorded which were suspended solids and volatile solids in mg/L. Results
shown in Table 3. In the first trial, 5.1733 mg/L of suspended solid and 5.0333 mg/L of volatile
solids were recorded. 4.5467 mg/L of suspended solid and 4.2267 mg/L of volatile solid were
recorded in the second trial. In third trial, 6.6533 mg/L of suspended solids and 6.3933 mg/L
of volatile solids were measured using the appropriate equipment. Average values were
calculated from the values recorded from the three trials at the end. 5.4578 mg/L of suspended
solids and 5.2178 mg/L of volatile solids were found from the TSS test on the soap. After that,
the recorded values were compared with Acceptable Conditions from Environmental Quality
(Industrial Effluent) Regulations 2009 (PU (A) 434) [15]. The allowable suspended solids in a
sample based on the regulations are 50 mg/l. From this, it’s concluded that the amount of
suspended solids in the soap is acceptable.
Table 3: TSS Test Results
Trial

Suspended Solid (mg/L)

Volatile Solid (mg/L)

1

5.1733

5.0333

2

4.5467

4.2267

3

6.6533

6.3933

3.2 pH Test of Soap
pH of the soap were measured three times using pH meter. Table 4 shows the pH test results
of soap. In the first trial, pH of 9.20 was recorded, 9.67 was recorded in the second trial, and in
the final trial the pH was found to be 9.59. The average value of pH is 9.49. Result shows that
the soap is alkaline. When compared to the industrial regulation, the pH of the soap exceeds
the acceptable condition which is in the range of 5.5 to 9 pH. Therefore, soap from biodiesel
production process must be released to environment after treatment or else it may endanger the
environment.
Table 4: pH Test Results
Trial

pH

1

9.20

2

9.67

3

9.59

3.3 Chemical Oxygen Demand (COD) Test of Soap
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Before the COD of the sample measured, the sample was diluted with distilled water because
it was expected to be overrange the 1500 mg/L. Calculated dilution factor from the expected
range of COD value was 100. Results shown in Table 5. From the three trials, measured COD
values were 1488 mg/L, 1500 mg/L and 1478 mg/L. Then the measured COD values were
times with the dilution factor. COD values after times with dilution factor are 148800 mg/L,
150000 mg/L, and 147800 mg/L. The average value of COD for the soap is 148867 mg/L. This
value is too high compared to industrial effluent standard acceptable range which only allow
200 mg/L of COD in a sample [15].
Table 5: COD Test Results
Trial

COD (mg/l)

1

148800

2

150000

3

147800

3.4 Oil & Grease (O&G) Test of Soap
Oil & Grease (O&G) test was specially carried out on soap only to determine the amount of oil
and grease in it. This test was not carried out on glycerin because glycerin is oil based by
product which not intendent to be discharged into drain as to cause effects to the environment.
The weight of the flask before distillation was 798180 mg. After distillation, the oil and grease
content calculated was 3350 mg/L. The allowable oil and grease content in a sample by
Environmental Quality (Industrial Effluent) Regulations 2009 (PU (A) 434) [15] is only 10
mg/L. Oil and grease contained in the soap is way too high and cannot be discharged into the
drain without treatment as the soap must be treated before discharging so that it won’t affect
the environment.
3.5 Total Suspended Solid (TSS) Test for Glycerin
Two types of results were recorded from this test. Recorded results shown in Table 6. They
were suspended solids and volatile solids in mg/l. In the first trial, 30 mg/L of suspended solid
were recorded, 31 mg/L in the second trial, and in the third trial it was found to be 29 mg/L of
suspended solids. In the first trial, second trial and third trial, the amount of volatile solids
measured were 16 mg/L, 19 mg/L and 16 mg/L respectively. Average values on the glycerin
were 30 mg/L of suspended solids and 17 mg/L of volatile solids compared with 50 mg/L the
allowable suspended solids in a sample based on Acceptable Conditions from Environmental
Quality (Industrial Effluent) Regulations 2009 (PU (A) 434) [15].
Table 6: TSS Test Results
Trial

Suspended Solid (mg/l)

Volatile Solid (mg/l)

1

30

16

2

31

19

26
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3

29

16

3.6 pH Test for Glycerin
pH of the glycerin were measured three times using pH meter. Table 4 shows the pH test results
for glycerin. The results were 9.65, 9.77 and 9.48. From the result, we can conclude that the
glycerin is alkaline. When compared to the industrial effluent regulation, the pH of glycerin
exceeds the acceptable condition which is must be in the range of 5.5 to 9 pH. Glycerin is not
discharged into the environment. Its collected and kept in a large storage for the further uses in
anaerobic digestion [16].
Table 4: pH Test Results
Trial

pH

1

9.65

2

9.77

3

9.48

3.7 Chemical Oxygen Demand (COD) Test for Glycerin
Based on a previous study, COD value of glycerin is high, its COD value can go up to 1600000
mg/L [2]. In this study, the COD average value was found to be 1169333 mg/L. This value is
too high compared to industrial effluent standard [15] which only allow 200 mg/L of COD in
a sample. In conclusion, the COD value of glycerin is not in acceptable range of industrial
effluent regulation [15]. As discussed earlier, glycerin is not discharged into the environment
and going to be used in anaerobic digestion [16].
Based on the Environmental Quality (Industrial Effluent) Regulations 2009 [15], allowable
conditions for the wastes were referred to compare the evaluation results of the waste produced
from biodiesel production process. The allowable condition of pH, COD, suspended solids and
oil and grease are 5.5-9, 200 mg/L, 100 mg/L and 10 mg/L respectively. The summary of the
average results is tabulated and shown in Table 5.
Table 5: Research Conclusion
Parameter

Unit

Soap

Glycerin

Acceptable Conditons from Environmental Quality (Industrial
Effluents) Regulations 2009 (PU (A) 434) (Standard B) [15]

pH

-

9.49

9.63

5.5 - 9

TSS

mg/L

5.46

30.1

100

COD

mg/L

148867

1170503

200

O&G

mg/L

3350

-

10

27
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4.0 CONCLUSION
The overall objective of this study is identify, quantify, and qualify the wastes produced from
biodiesel production process. Soap and glycerin has been identified as wastes from this process.
99 L of soap and 100 L of glycerin will produce in a batch of biodiesel production process. The
remaining part of this study is qualify. The qualification was based on Total Suspended Solid
(TSS) test, Chemical Oxygen Demand (COD) test, pH test and Oil and Grease (O&G) test.
From the result, COD and oil & grease are not within the acceptable conditions of the
regulations for the soap. For glycerin, COD is not in acceptable range of the regulations.
Anyhow, the glycerin is not discharged into the environment however glycerin has been
collected and kept in storage for the future use in anaerobic digestion [16]. On the other hand,
soap cannot be discharged straight into the drain without treatment because of the COD and oil
& grease value. It may endanger the environment. In conclusion, soap has to be treat before
discharging.
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