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ABSTRACT 

In this study, we demonstrate the feasibility of centrifugation for the successful dewatering of 

microalgae species. Centrifuge experiments were conducted on Scenedesmus quadricauda and 

Chlorella vulgaris at different centrifugal speeds between 1000-4000 (rpm) and varying time 

between 5-30 (min). Dewatering efficiency and microalgae cell disruption were evaluated. 

Image-focus 4 and Matlab edge detection software were used to model the effect of 

centrifugation on microalgae cell walls and to determine the water removal ratio. Experimental 

results indicated that centrifugation technique is an effective approach for dewatering 

microalgae under specific conditions. Scenedesmus quadricauda showed a maximum 

dewatering efficiency of 82% and Chlorella vulgaris of 91%. Centrifugation under 4000 rpm 

at 10 minutes did not show any significant cell damage on the algae cell structure for both 

species. This study provides information on specific impact of centrifugation on Scenedesmus 

quadricauda and Chlorella vulgaris for the first time, which is, centrifugation technique under 

specific conditions (4000 rpm for 10 min) is a successful method for dewatering microalgae 

without damage to the cell wall. This study therefore provides sustainable option for 

microalgae dewatering technique in the energy industry.  
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1 INTRODUCTION 

Microalgae are unicellular organisms with complex and robust cell walls. They have been 

appraised as biological solar panels as they have the capability to fix CO2 efficiently from 

different sources, including atmosphere, industrial exhaust, and gases. They also have the 

ability to produce intracellular storage compounds mainly protein (50-60%), [1]carbohydrates 

(10-20%) [2], and lipids (20-30%) [3]. Microalgal lipids (20-40%) consist mainly of esterified 

glycerol saturated and unsaturated fatty acids with a chain length of primary C16 and C18 fatty 

acids, when processed are important in the production of products such as biodiesel [4], 

bioethanol, pyrolysis oil, bio-synthetic gas (syngas), refuse-derived fuel (RDF), biogas, 

biomethane [5], hydrogen technologies [6] and other advanced biofuels. Interestingly, end uses 

are in transport, electricity, heat [7] and contribute positively to the future of renewable energy 

[5], [8]. These contributes to a sustainable quality of life which is well reported as the basic 

driver for providing a clean, safe, reliable and secure energy supplies around the globe [6]. The 

combination of CO2 fixation, biofuel production, wastewater treatment, as well as the 

production of high value end products such as human and animal and feed, pharmaceuticals 
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and cosmetics makes microalgae a very promising material for use in industrial processes [9], 

[10], [11]. Common microalgae harvesting and dewatering operations are accomplished 

through centrifugation [12] freeze drying [13], bioflocculation[14], flotation, flocculation, 

sedimentation [15], filtration [16], or combination of above methods. Currently there is no 

superior or universal method suited to all algae species for dewatering purposes. Major 

drawbacks are high capital cost, high energy consumption, risk of contamination, cell damage 

and time consumption, the suitability of each process depends on the properties of the 

microalgae specie, the required process design, the quality of the end product, and the related 

capital and production costs [17], [18].  

Among these process, centrifugation is the most efficient method (over 95% algae biomass 

could be obtained) and is widely used for microalgae cells harvesting in lab-scale or pilot-scale 

microalgae cultivation systems. However, the cell damage by this technique impede its further 

application at a large scale [19], [20].  A careful review of the available literatures revealed that 

in spite of centrifugation study and the conclusion generally reported that this technique 

damage microalgae cell wall, none of these literatures assessed the level of damage on 

microalgal cell for centrifugation technique. Thus, in the present study, the effect of 

centrifugation on fresh water microalgae Scenedesmus quadricauda and Chlorella vulgaris is 

investigated to assess the level of cell damage and optimize the operational conditions for an 

increase dewatering efficiency. 
 

2      MATERIALS AND METHODS 
 

2.1   Microalgae strain and medium 
Scenedesmus quadricauda and Chlorella vulgaris (UTEX 2714 and 1589) were obtained from 

University of Texas at Austin. The algae were cultivated in a closed photobiorector (PBR 

UTEX)  (Fig 1) and sterilized BG 11 medium with the following composition NaNO3Mm; 

K2HPO4 0.23Mm; MgSO4.7H20 0.3Mm; CaCl2.H20 0.24MmNa2EDTA.2H20 0.0027Mm; 

Na2CO3 0.19Mm.  

 
Fig 1. Closed PBR. 

 

2.2    Centrifugation experimental design 
Experiments were conducted at varying rotational speeds (RPM) and time (min) to investigate 

dewatering efficiency. Dewatering efficiency was calculated by Equation (1) 

                                                         𝐷𝐸(%) =
𝜔1−𝜔2

𝜔1
𝑥 100                                            (1) 

where ω1 is the moisture content of the sample before drying and ω2 is the moisture content of 

the sample after drying.  In centrifugation, it is important to differentiate between the speed of 
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centrifugation rotations per minute (RPM) and the relative centrifugal force (RCF or G) since 

these are often confused [21]. The centrifugation force is generated by a centrifuge can easily 

be calculated from the Equation 2 

                                       𝑅𝐶𝐹 = 11.18 𝑥 𝑅 𝑥 (
𝑅𝑃𝑀

1000
)2                                 (2) 

Where R is the radius of the rotor in centimetres that is, the centrifugal force increases as the 

particle move down the centrifuge tube.  As a rule the greater the centrifugal the shorter the 

separation time.  However, centrifugation generates hydrostatic forces within the solution and 

so excessive centrifugal forces can disrupt some biological particles [21]. Medium size 

centrifuge (Centaur 2 MSE PA3985) was used in this study.  The centrifuge consists of four 

50ml swinging bucket rotor; the distance from the centre of rotation is 7.5 cm (Fig.2). 

 
Fig 2 Centrifuge. 

 
2.3 Image processing 
Cell images were acquired using Novex B-range microscope (Holland) images were captured 

using Euromex microscope at 40x camera with ImageFocus 4 software. The force exerted on 

the microalgae sample in the centrifuge during experimentation was calculated using Equation 

3. This is important as this gives better understanding of the mathematical process of the lab 

scale with anticipation that this will help scaling up from lab to pilot or commercial scale. 

Further, it is essential to determine the G-force this is represented by Equation 3. 

                                                               𝐺. 𝑓𝑜𝑟𝑐𝑒 =
𝑟𝑤2

𝑔
                                               (3) 

Where r is the radius from the centre of the rotor in (cm), w is the number of revolution, g is 

the relative centrifugal force (RCF). The experimental parameters, rotation per minute (rpm) 

and time varies between 1000-4000 while time varies between 5-30 minutes respectively. All 

experiments were run at least in duplicate. The total weight of dried algae sample was 

calculated.                                             

2.4 MATLAB Edge Detection 
MATLAB edge detection was performed to optimize the centrifugation process and to quantify 

the water removal ratio, to distinguish the significance within each centrifugation time and rpm 

and interactions between these parameters and to determine the significance within each factor 

based on the centrifugation results. MATLAB R2016b was used as the main software for the 

purpose of graphical method of analysis.  

3.0 RESULTS AND DISCUSSION 

 
3.1 Centrifugation effect on cell wall 
 

Edges detection describes boundaries and is of fundamental importance when it comes to 

analysing data and images. Image Edge detection significantly reduces and filters out 
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unnecessary information, while preserving the vital structural properties in an image. Figure 3 

shows the effect of varying centrifugation speed for Scenedesmus quadricauda and Chlorella 

vulgaris. The black and white images shown adjacent to each figure are after the edge detection, 

where the white part represents water and the black the cell wall. It was observed that 

centrifugation was effective in dewatering the algae culture. Further, the result shows that the 

cell walls are largely aligned within the sample surface area. 

 
Figure 3. Image processing results for varying centrifugation speeds at constant time of 15 

min (i) Scenedesmus quadricauda (a) 1000 RPM (b) 2000 RPM (c) 3000 RPM and (d) 4000 

RPM, (ii) Chlorella vulgaris (e) 1000 RPM (f) 2000 RPM (g) 3000 RPM (h) 4000 RPM. 

 

 

The Matlab data extracted from software illustrated in Fig 4 shows higher dewatering rate was 

obtained at higher RPM. Overall, water content decreases exponentially with increasing RPM. 

It was also observed that for centrifugal speed greater than 2500 RPM the water content 

removed remained constant. The biomass concentration increased greatly at 10min (Fig 5). 

Subsequently decreasing at increasing time, this is probably because the cell walls are affected 

significantly at increasing centrifugation time.  
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Figure 6. Data extraction of algae samples for varying centrifugation speeds between 1000 – 

4000 RPM at constant time of 15 min using MATLAB Edge detection. 

 

The experimental parameter time is observed to be more important, at 10 min as can be 

displayed (Fig 5), the biomass concentration of Chlorella vulgaris was found to be 17.6 g/L, 

similar pattern was reported by [22]. The minimum biomass concentration biomass 

concentration was at higher centrifugation time (30 min).  

 
Figure 5. Biomass concentration v centrifugation time for Chlorella vulgaris 

 

For centrifugation greater than 15 mins at 4000 RPM, the cell walls were damaged. Due to 

limitations with the edge detection method, the analysis was not performed on such samples. 

Figure 6 shows the images of control samples for centrifugation times greater than 15 mins 

where it can be seen that the cell walls are damaged. The cell walls for Scenedesmus 

quadricauda were greatly affected compared to Chlorella vulgaris. 
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Figure 6 Cell wall damage at greater centrifugation times running at 4000 RPM for (A) 

Scenedesmus quadricauda (B) Chlorella vulgaris. 

 

4 CONCLUSIONS 
 

Centrifugation technique was assessed for efficient dewatering Scenedesmus quadricauda and 

Chlorella vulgaris. Using centrifugation is fast, in all treatments at 4000 RPM for 10 minutes 

comparing with the control cells, there was no damage on microalgae cell walls. Centrifugation 

time is what probably weakens the cell walls since prolong time exposes cell to extreme shear 

stress.  Hence, centrifugation could be used at short duration as cells were more resistant to 

hydrodynamics force during centrifugation at 5 and 10 mins respectively.  Current results 

suggest that centrifuges may be applied in microalgae pretreatment upon design and operation 

to minimize negative consequences on microalgae quality. From these findings consequently 

we conclude that 

• Centrifugation can be applied for microalgae dewatering. This process enables algae 

dewatering efficiency (up to 82% Scenedesmus quadricauda and 91% Chlorella 

vulgaris this study).  

• The specific performance can be scaled up to commercial scale. some authors have 

reported that the greater the centrifugal the shorter the separation time [21], an optimum 

RCF value of 167.7 was obtained for 4000 RPM in this study.  

• For biodiesel and lipid extractions centrifugation is recommended as this will rupture 

the microalgae cell wall since this is related to time taken to pre-treat algal biomass 

using conventional pretreatment method. Overall this will save time also translates to 

low energy usage. 

• On the basis of the observation from these extensive experiments, it is greatly possible 

to centrifuge microalgae in practice depending on time and rotation speed. It is expected 

that this work will be useful for the cultivation and dewatering application of microalgal 

in the industries.  

 

132



 

REFERENCES 

[1] C. Rodriguez, A. Alaswad, Z. El-Hassan, and A. G. Olabi, ‘Improvement of methane 

production from P. canaliculata through mechanical pretreatment’, Renew. Energy, 

vol. 119, pp. 73–78, 2018. 

[2] C. Rodriguez, A. Alaswad, J. Mooney, T. Prescott, and A. G. Olabi, ‘Pre-treatment 

techniques used for anaerobic digestion of algae’, Fuel Process. Technol., 2015. 

[3] A. G. Alaswad, A Dassisti, M Prescott, T Olabi, ‘Technologies and developments of 

third generation biofuel production’, Renew. Sustain. Energy Rev., vol. 51, pp. 1446–

1460, 2015. 

[4] C. Onumaegbu, A. Alaswad, C. Rodriguez, and A. Olabi, ‘Optimization of Pre-

Treatment Process Parameters to Generate Biodiesel from Microalga’, Energies, vol. 

11, no. 4, p. 806, Mar. 2018. 

[5] A. G. Olabi, ‘The 3rd international conference on sustainable energy and 

environmental protection SEEP 2009 – Guest Editor’s Introduction’, Energy, vol. 35, 

no. 12, pp. 4508–4509, Dec. 2010. 

[6] T. Wilberforce, Z. El-Hassan, F. N. Khatib, A. Al Makky, A. Baroutaji, J. G. Carton, 

and A. G. Olabi, ‘Developments of electric cars and fuel cell hydrogen electric cars’, 

Int. J. Hydrogen Energy, no. September, 2017. 

[7] Oecd, Iea, and Fao, ‘Technology Roadmap : How2Guide for Bioenergy Roadmap - 

Development and Implementation’, 2017. 

[8] A. G. Olabi, ‘Energy quadrilemma and the future of renewable energy’, Appl. Energy, 

vol. 108, pp. 1–6, 2016. 

[9] S. A. Razzak, S. A. M. Ali, M. M. Hossain, and H. deLasa, ‘Biological CO2 fixation 

with production of microalgae in wastewater ? A review’, Renew. Sustain. Energy 

Rev., vol. 76, no. March, pp. 379–390, 2017. 

[10] B. E. NAVEENA and S. PRAKASH, ‘Biological Synthesis of Gold Nanoparticles 

Using Marine Algae Gracilaria COrticata and its Aplplication as a Potent 

Antimicrobial and Antioxidant Agent’, Asian J. Pharm. Clin. Res., vol. 6, no. 2, pp. 4–

7, 2013. 

[11] A. Mehrabadi, M. M. Farid, and R. Craggs, ‘Potential of five different isolated colonial 

algal species for wastewater treatment and biomass energy production’, Algal Res., 

vol. 21, pp. 1–8, 2017. 

[12] T. Ndikubwimana, X. Zeng, Y. Liu, J. S. Chang, and Y. Lu, ‘Harvesting of microalgae 

Desmodesmus sp. F51 by bioflocculation with bacterial bioflocculant’, Algal Res., vol. 

6, no. PB, pp. 186–193, 2014. 

[13] M. Collotta, P. Champagne, W. Mabee, G. Tomasoni, G. B. Leite, L. Busi, and M. 

Alberti, ‘Comparative LCA of Flocculation for the Harvesting of Microalgae for 

Biofuels Production’, Procedia CIRP, vol. 61, pp. 756–760, 2017. 

[14] S. Salim, Harvesting microalgae by bio-flocculation and autoflocculation. . 

[15] K. Pirwitz, L. Rihko-Struckmann, and K. Sundmacher, ‘Comparison of flocculation 

methods for harvesting Dunaliella’, Bioresour. Technol., vol. 196, pp. 145–152, 2015. 

[16] C. Nurra, E. Clavero, J. Salvadó, and C. Torras, ‘Vibrating membrane filtration as 

improved technology for microalgae dewatering’, Bioresour. Technol., vol. 157, pp. 

247–253, 2014. 

[17] A. Guldhe, R. Misra, P. Singh, I. Rawat, and F. Bux, ‘An innovative electrochemical 

process to alleviate the challenges for harvesting of small size microalgae by using 

non-sacrificial carbon electrodes’, Algal Res., vol. 19, pp. 292–298, 2016. 

133



[18] J. F. Reyes and C. Labra, ‘Biomass harvesting and concentration of microalgae 

scenedesmus sp. cultivated in a pilot phobioreactor’, Biomass and Bioenergy, vol. 87, 

pp. 78–83, 2016. 

[19] A. R. Badireddy, S. Chellam, P. L. Gassman, M. H. Engelhard, A. S. Lea, and K. M. 

Rosso, ‘Role of extracellular polymeric substances in bioflocculation of activated 

sludge microorganisms under glucose-controlled conditions’, Water Res., vol. 44, no. 

15, pp. 4505–4516, 2010. 

[20] X. Zhang, L. Wang, M. Sommerfeld, and Q. Hu, ‘Harvesting microalgal biomass using 

magnesium coagulation-dissolved air flotation’, Biomass and Bioenergy, vol. 93, pp. 

43–49, 2016. 

[21] D. Rickwood, ‘Centrifugation Techniques’, Encycl. Life Sci., no. April 2001, 2001. 

[22] N. K. Sahoo, S. K. Gupta, I. Rawat, F. A. Ansari, P. Singh, S. N. Naik, and F. Bux, 

‘Sustainable dewatering and drying of self-flocculating microalgae and study of cake 

properties’, J. Clean. Prod., vol. 159, pp. 248–256, Aug. 2017. 

 

 

  

 

134


	Volume 2-only papers.pdf
	SolarEnergy1.pdf
	INTRODUCTION
	SOLAR TRACKING SYSTEM
	PHOTOELECTRIC TRACKING ERROR ANALYSIS AND CORRECTI
	The Principle of Photoelectric Tracking 
	Photodiodes  Mismatch  and Correction
	SOLAR TRACKING ERROR ANALYSIS AND CORRECTION
	Solar Tracking Error Analysis
	Solar Tracking Error Correction
	RESULTS AND DISCUSSION
	CONCLUSION

	SolarEnergy15.pdf
	INTRODUCTION
	REFLECTOR DESIGN
	3   CROSSBARS DESIGN

	CONCLUSIONS





