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Abstract. Microalgae-based biofuel production offers promising avenues 
for sustainable energy generation. However, optimizing microalgae culture 
conditions for enhanced biomass production and bioelectricity generation 
remains challenging. This study addresses this problem by investigating 
the efficacy of different electrode pairings immersed in a microalgae 
culture medium. Two electrode pairs, Al-Fe and Cu-Zn were evaluated for 
their impact on microalgae growth and bioelectricity production. The 
optimum biomass concentration obtained was 1.204 g/L of Al-Fe 
electrodes with a lipid content of 15.1% and bioelectricity generation of 
0.36V. The results demonstrated that Al-Fe electrodes induced high 
biomass concentration and lipid content in microalgae culture, facilitating 
biodiesel production. Conversely, Cu paired with Zn electrode promoted 
microalgae growth with elevated bioelectricity generation with 0.95V. This 
research sheds light on the potential of tailored electrode pairings to 
optimize microalgae culture conditions for dual-purpose biofuels and 
bioelectricity production, contributing to the advancement of sustainable 
energy technologies. It was recommended, among others, that further 
exploration of diverse electrode pairings within microalgae cultured 
medium could unveil additional effective strategies for optimizing biomass 
production and bioelectricity generation. 
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1 Introduction 
Microalgae have garnered significant attention as a sustainable and renewable source for 
biofuel and bioenergy production [1]. Their rapid growth rates, high lipid content, and 
ability to thrive in various environmental situations makes them an attractive alternative to 
traditional energy sources [2]. As concerns about climate change and the exhaustion of 
fossil fuel reserves intensify, exploring microalgae-based biofuel and bioenergy 
technologies becomes increasingly imperative [3]. However, despite extensive research, 
optimizing microalgae culture conditions to achieve maximal biomass production and 
bioelectricity generation remains complex and challenging [4]. The intricate interplay of 
various factors in studying the system environment, including nutrient availability, light 
intensity, pH levels, and temperature control, underscores the multifaceted nature of 
microalgae cultivation [5]. Amidst the growing pursuit of microalgae-based biofuel 
production, a notable research gap exists concerning the role of electrode pairings in 
modifying microalgae culture dynamics and bioenergy production efficiency [6]. Despite 
significant efforts to optimize traditional cultivation factors such as nutrient composition 
and light exposure, the effects of electrode materials and configurations on microalgae 
growth and bioelectricity generation have been largely neglected [7].  

This knowledge gap holds back the comprehensive understanding of microalgae culture 
systems. It limits the development of approaches to maximize their bioenergy production 
potential. Addressing this gap is crucial for expanding the area and unlocking the full 
promise of microalgae-based biofuel and bioenergy technologies. The existing literature on 
microbial fuel cell systems underscores the significance of understanding the interaction 
between microalgae and electrodes in electrochemical systems [8]. Few studies have 
systematically explored how electrode pairing enhanced microalgae's biomass production 
and bioelectricity generation. This research gap is key, as optimized electrode 
configurations could improve microalgae culture conditions and boost bioenergy 
production efficiency. This study aims to fill this gap by investigating the impact of 
electrode materials and placements on microalgae growth and bioelectricity output, 
contributing to sustainable biofuel technologies 

2 Methodology 

2.1 Microalgae cultivation enriched with compost 

A high-lipid Chlorella vulgaris strain was cultured in an optimized nutrient medium with 
electrodes integrated for direct interaction with the microalgae. A fertilizer solution was 
prepared by mixing 10 g of local granular chicken compost with 600 mL of water, stirred 
for 24 hours, and filtered. 400 mL of this solution was added to a photobioreactor 
containing 5 liters of tap water, with the pH adjusted to 3-3.5. Subsequently, 400 mL of C. 
vulgaris seed culture was introduced. The system was continuously aerated and illuminated 
with cool-white, fluorescent light at 60–70 μmol m⁻²s⁻¹.  

2.2 Experimental setup 

2.2.1 Microalgae cultivation and electricity production 

The experimental setup involved multiple replicates in a photobioreactor for each electrode 
pairing to ensure robust statistical analysis and reproducibility. Cultures were maintained 
under controlled conditions to monitor cell density and bioenergy production. Each 

photobioreactor contained 400 mL of liquid, 32 mL of Chlorella vulgaris seed culture, and 
32 mL of nutrients from chicken compost. The culture, maintained at a specific pH, was 
aerated at 0.4 L/min with compressed air for CO₂ supply and illuminated with cool-white, 
fluorescent light at 60-70 µmol m⁻² s⁻¹. pH was monitored every 2 days and microalgae 
growth was tracked using a UV-Vis spectrophotometer with an initial concentration of 
0.502 g/L. Electricity production was measured daily using a multimeter. Aluminium, 
copper, and iron electrodes, selected for their EMF potential difference, were placed 4.0 cm 
apart, with copper as the cathode and aluminium as the anode. Voltage readings were 
recorded daily over 7 days, as illustrated in Figure 1. 

Fig. 1. Schematic diagram of the electrode-integrated photobioreactor system. 

2.2.2 Harvesting and collection of microalgae biomass 

During the 7-day cultivation period, once the microalgae got to the stationary phase of 
development, aeration in the cultured system was discontinued. The microalgae biomass 
was then let to naturally settle at the bottom of the photobioreactor for 2 days. This process 
resulted in the formation of two distinct layers: an upper layer of water containing 
suspended microalgae cells and a lower layer of concentrated microalgae biomass. The 
water from the upper layer was carefully decanted, leaving behind the microalgae biomass, 
which was subsequently dried in an oven at 80°C for 24 hours. The dried biomass was then 
collected, transferred to a sterile dried container, and stored for further biochemical 
analysis. 

2.2.3 Extracting lipids from microalgae biomass 

Lipid extraction from microalgae biomass with a modified Bligh and Dyer (1959) method 
by [9]. Specifically, 0.1 g of finely ground biomass was mixed with 15 mL of a 2:1 
methanol-chloroform solution and stirred for 1 hour at 200 rpm. The mixture was then 
filtered, and the filtrate was air-dried for 24 hours in a fume hood, followed by oven-drying 
at 80°C for another 24 hours. The vial's weight before and after drying was measured to 
determine the lipid content percentage on a dry weight basis. 

3 Results and discussions 

3.1 Microalgae growth and electricity generation  
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The investigation into the efficacy of different electrode pairings immersed in microalgae 
cultures yielded compelling insights into their impact on biomass production and bioenergy 
generation, as shown in Figure 2. According to the figure, Al-Fe electrodes significantly 
improved biomass concentration. However, the Cu-Zn-treated biomass exhibited the lowest 
growth rate and final biomass concentration, suggesting that the Cu-Zn treatment inhibited 
microalgae growth more than the Al-Fe treatment. This finding concurs with an earlier 
study [10] that cupper ions can impede microalgae growth by disrupting cellular processes 
and photosynthesis. Furthermore, the Al-Fe treatment supported microalgae growth better 
than the Cu-Zn treatment. However, it was not as effective as the control samples. The 
control condition showed a high growth rate of microalgae, indicating stable and optimal 
growth without any mineral disturbances from electrodes. This result aligned with the 
findings of [11], which also demonstrated that iron supplementation can enhance 
microalgae growth by serving as a cofactor for various enzymes involved in photosynthesis 
and nitrogen fixation.  
 

Fig. 2. Biomass concentration (g/L) obtained from different electrode pairing and control for 7 days 
of cultivation. 

Electrochemical reactions in electrode-integrated systems boost microalgae growth by 
enhancing nutrient availability, stimulating metabolic activity, and optimizing pH and 
redox potential. This approach increases biomass yield and generates bioelectricity, 
offering dual benefits [12]. Although the pairing of Cu with Zn electrodes impeded 
microalgae growth, this pairing generated elevated bioelectricity due to the high 
conductivity of Cu-Zn electrodes, as depicted in Figure 3. This finding aligned with the 
electrochemical properties of copper, zinc, and graphite, as elucidated in a prior study [13].  

Fig. 3. Electricity profile of Al-Fe and Cu-Zn electrode. 

The study examined the impact of cupper-based electrodes in microbial fuel cells 
(MFCs) across different configurations, comprising single chamber (SC), double chamber 
(DC), and series of chambers (SC) setups, with various anode-cathode combinations such 
as Cu-Cu, Zn-Cu, and graphite-Cu. The highest efficiencies recorded were 0.936 V for Cu-
Zn and 0.86 V for Cu-graphite, with the Cu-Cu combination reaching 0.50 V. These metals 
facilitated electron transfer processes in microbial fuel cells. The enhanced bioelectricity 
generation observed with Cu-Zn electrodes underscored their potential for integrating 
microalgae cultivation with bioelectricity production systems. Therefore, leveraging the 
inherent electrochemical properties of Cu and Zn, these electrode pairings offered a 
promising avenue for enhancing bioenergy generation alongside biomass production within 
microalgae cultures, addressing another critical objective of this study. 

3.2 Lipid content 

Figure 4 shows lipid content in microalgae biomass for different electrode pairings 
compared to the control. The Al-Fe electrode produced the highest lipid content, followed 
by the control and Cu-Zn. This could be ascribed to the stress effect induced by the Al-Fe 
electrodes, thereby enhancing lipid accumulation. These findings confirmed previous 
studies conducted by [14] and [15], which observed comparable lipid accumulation patterns 
when using an integrated digital microfluidic bioreactor for automated screening of 
microalgae growth and stress-induced lipid accumulation in cultivation systems. The 
capacity of Al-Fe electrodes to stimulate lipid biosynthesis in microalgae cultures carried 
significant implications for biodiesel production, considering that lipids served as a critical 
precursor for biofuel synthesis. 

Fig. 4. Lipid content from the electrode and control. 

Additionally, an appropriate electrode facilitated establishing an optimal pH level for 
microalgae growth, consequently promoting lipid accumulation. Earlier studies clarified a 
similar trend in which mineral stress from salt-induced osmotic pressure disparities within 
microalgae cells, triggering a stress response and compelling microalgae to adapt to novel 
environments, thereby changing their metabolism [16]. This phenomenon also impacted 
microalgae cells' oxidative stress and fatty acid metabolism mechanisms, ultimately 
augmenting lipid accumulation. 

4 Conclusions and recommendations 
In conclusion, the study demonstrated that electrode pairings can potentially optimize 
microalgae culture conditions for bioelectricity and lipid production. Al paired with Fe 
electrodes enhanced biomass concentration and lipid content. In contrast, Cu with Zn 
electrodes inhibited biomass growth while improving bioelectricity generation. These 
findings emphasize the promise of electrode pairings in enhancing bioenergy generation. 
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Based on the findings of this study, further research is recommended to explore a broader 
range of electrode pairings within microalgae cultures, varying different parameters such as 
pH, nutrient concentration, and salinity to optimize biomass production and bioelectricity 
generation. Valuable combinations can be identified by testing various materials, sizes, and 
configurations, enhancing stability and productivity, and contributing to more reliable and 
efficient biofuel and bioenergy production processes. 
 
The authors gratefully acknowledge funding from the Joint Research Project between Curtin-UTP-
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