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1. Introduction – The biodiesel production is currently limited due to high raw material costs. Thus, it is 

needed to find a cheap alternative feedstock [1]. An important amount of oily sludge is generated from the 

petroleum industry wastewater treatment plants (WWTP). The oily sludge obtained from thickening unit 

of a petrochemical industry WWTP contains sludges from oil separators, primary clarifier, and the waste 

activated sludge from secondary clarifier and can be used as a feedstock for biodiesel production. 

Consequently, biodiesel production from this sludge as a viable alternative to common sludge treatment 

methods will help to solve both energy and environmental problems.  The major challenge to be faced by 

biodiesel production from waste sludge is an effective lipid extraction from water, as water can constitute 

more than 95–98 wt %, so dewatering and drying costs account for up to 50% of overall biodiesel 

production cost [3]. This makes the production very expensive and hard to implement. The main objective 

of this study was to explore the direct liquid-liquid extraction method, which does not require sludge drying 

step, to extract lipids from petrochemical industry WWTP sludges. The effect of acid pre-treatment on lipid 

and biodiesel yields was also investigated. Furthermore, the reference drying method was used for a 

comparison study to demonstrate the liquid-liquid extraction method’s feasibility. 

 

2. Experimental - In standard drying lipid extraction method, sludge samples will be dried according to 

standard method 5520E [2] to be the reference method. Sequential batch liquid-liquid extraction was also 

performed in a 6-paddle mixer-settler batch reactor to understand its feasibility.  

 

3. Results and Discussion - The results of the study showed that in both of the lipid extraction methods, 

acid pre-treatment increased the lipid yields noticably. The highest lipid yield was obtained from pre-

acidified petrochemical sludge by using liquid-liquid lipid extraction method. Compared to standard drying 

method, direct liquid-liquid lipid extraction is found to be more efficient for sludge samples. The obtained 

lipid yields were 33 wt% and 22 wt%, for direct liquid-liquid and standard drying  lipid extraction processes, 

respectively. The corresponding biodiesel yields were found to be 23.5% and 15%.  

 

4. Conclusions - Results of the study showed that direct liquid-liquid extraction method was more effective 

in lipid extraction method. The direct liquid-liquid extraction method, which does not require expensive 

sludge drying/dewatering steps, resulted with 50% higher lipid and 57% higher biodiesel yields for pre-

acidified petrochemical industry WWTP sludges than standard drying method. Acid pre-treatment caused 

to an increasing effect on the lipid and biodiesel yields by using both of the extraction methods. The highest 

lipid and biodiesel yields were achieved by application of acid pre-treatment to the petrochemical industry 

WWTP sludge samples and using the liquid-liquid lipid extraction method.  
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