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Background. The possibility of converting organic compounds into electrical energy in microbial fuel cells (MFCs)
makes MFCs a promising eco-friendly technology. However, the use of platinum or hexacyanoferrates may
increase costs or lead to secondary environmental pollution. The use of microalgae in the cathode chamber
is a promising solution to these problems.

Objective. We aimed to establish the dependence of electrical energy generation and the efficiency of the appli-
cation of a specific type of algae on the type and mode of lighting.

Methods. In the study, two-chamber H-type MFC with salt bridge was used. Fermented residue after
methanogenesis was used as inoculum in the anode chamber, and microalgae cultures Chlorella vulgaris,
Desmodesmus armatus, and Parachlorella kessleri were used as inoculum in the cathode chamber.

Results. MFCs with microalgae demonstrate the ability to generate current under different light sources. The
maximum voltage for the MFC with an anode biofilm and with microalgae in the cathode chamber is 13—15%
lower compared to the MFC with an abiotic cathode (840 + 42 mV). The maximum current is 2—6% lower
than the control (480 =24 pA) for the MFC with Chlorella vulgaris and the MFC with Parachlorella kessleri,
and 8% higher for the MFC with Desmodesmus armatus compared to the MFC with an abiotic cathode. The
MFCs with microalgae are capable of generating electrical energy for an extended period.

Conclusions. With a pre-grown anodic biofilm, both the current and voltage maintain relative stability when
the light source is changed. The potential use of solar lighting broadens the applicability of the MFCs with

microalgae, as it eliminates the need for additional costs associated with artificial light sources.
Keywords: microbial fuel cell; biofilm; bioanode; biocathode; microalgae.

Introduction

Climate change is a global issue that necessi-
tates international cooperation. In addressing this
challenge, world leaders convened at the UN Cli-
mate Change Conference in 2015 and negotiated the
Paris Agreement. This landmark agreement offi-
cially came into force on November 4, 2016. As of
now, 195 Parties, including Ukraine, have joined
the Paris Agreement. The accord establishes long-
term goals for reducing global greenhouse gas
emissions, signaling a commitment to transition
towards a net-zero emissions world, which involves
a reduction in the use of fossil fuels for energy
purposes [1]. Bioenergy stands out as a promising
field capable of replacing fossil resources, including
natural gas, oil, and coal. As a renewable energy
source, bioenergy plays a vital role in enhancing
energy independence, fostering local economic de-
velopment, and mitigating the environmental im-
pact. Therefore, the research and implementation
of bioenergy technologies have become an urgent
priority.

One such technology is Microbial Fuel Cells
(MFCs), a bioelectrochemical process in which

microorganisms participate in the transformation of
organic compounds [2]. The versatility of MFCs,
capable of transforming a wide range of organic
compounds through mixed microbial associations,
makes it suitable for wastewater treatment with si-
multaneous energy generation [3].

Most of the investigated MFCs consist of ano-
dic and cathodic chambers separated by a membrane.
In the anode chamber, exoelectrogenic microor-
ganisms decompose organic compounds, releasing
electrons, protons, and carbon dioxide. Electrons
are transported to the cathode through an external
electrical circuit, while protons pass through the
membrane. At the cathode, electrons, protons, and
oxygen combine to form water molecules [4]. In
these MFCs, platinum or hexacyanoferrate is com-
monly used. The use of platinum significantly rais-
es the technology's cost, and the use of hexacyano-
ferrate can result in secondary pollution [3].

Alternatively, artificial aerators can be em-
ployed in the MFC cathode chamber, albeit at an
additional cost to the technology [5, 6]. Consider-
ing that, in addition to producing oxygen, algae
can capture carbon dioxide through photosynthesis,
increasing biomass that can be utilized for the pro-
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duction of biodiesel and other value-added prod-
ucts, the use of algae in the cathode chamber is a
promising avenue of research [7, 8].

The photosynthetic production of oxygen re-
lies on light. Bazdar ef al. [9] determined that un-
der constant illumination with a fluorescent lamp
at white light intensities of 3500, 5000, 7000, and
10000 lux, the MFC voltage measures 509, 544, 524,
and 465 +4 mV, respectively. However, maintain-
ing constant lighting increases the costs of the tech-
nology. Don et al. [10] determined that when illu-
minated with a fluorescent lamp in the light/dark
mode: 12/12 and 32/32 h, the maximum voltage of
MEFCs with algae is 340—360 and 375 mV during
illumination, respectively, and decreases in the dark.
However, the use of artificial illumination for MFCs
can increase the cost of the technology, especially
at scale. Thus, establishing the possibility of replac-
ing it with sunlight is an important consideration.

Many studies on full microbial fuel cells util-
ize a single lighting mode and a single species of
microalgae, conducted under different startup con-
ditions, making it challenging to compare the ef-
fects of different lighting types and modes. The
aim of our study was to determine the relationship
between the generation of electrical energy and the
efficiency of applying a specific type of algae based
on the type and mode of lighting.

Materials and Methods

Experiment 1. We utilized a two-chamber H-
type MFC with a salt bridge connecting the cham-
bers. Cathode and anode chambers had a volume of
1dm® and were constructed from polypropylene.
The salt bridge was composed of 2.4 g of agar,
8.947 g of KCl, and 120 ml of distilled water [11].
Its length was maintained at 105+ 5 mm, and the
chambers were linked by a polyvinyl chloride tube
with a diameter of @8x3 mm, ensuring a sealed en-
try with PG-11 cable entries. The electrode frame
was constructed from stainless steel mesh, wrapped
with carbon fiber. The entire electrode weighed
8.5+ 0.5 g, with the carbon thread contributing 4.5
+ 0.5 g. Electrodes, measuring 100x50 mm (+5 mm)
with a visible area of 0.01 m?, underwent cleaning
with 1IN HCI and 1N NaOH, followed by rinsing
with distilled water and soaking in distilled water
for 24 hours before use [12].

The anolyte was composed of a 50 mM PBS
buffer solution (pH 6.1) with sodium acetate
(1 g/dm?) [13], FeCl; (200 uM) [14], and 10 ml
of vitamins and minerals. The PBS components

were present in the following concentrations (in
grams per liter of distilled water): 4.58 Na,HPO,,
2.45 NaH,PO,, 0.31 NH,CI, 0.13 KCIl. The con-
centrations of components in the vitamins and
minerals solution were (in milligrams per liter of
distilled water): 1.5 retinol palmitate, 0.01 cholecal-
ciferol, 60 ascorbic acid, 13 nicotinamide, 10 alpha-
tocopherol acetate, 5 calcium pantothenate, 1.2 ribo-
flavin, 1 thiamine nitrate, 2 pyridoxine hydrochlo-
ride, 0.003 cyanocobalamin, 0.4 folic acid, 20 Mg**
(magnesium lactate), 15 Ca*" (calcium hydrogen
phosphate), 12 P°* (calcium hydrogen phosphate),
10 Fe?* (ferrous fumarate), 3 Zn** (zinc sulfate),
1 Cu** (copper sulfate), 1 Mn?* (manganese sul-
fate), 0.1 Mo®" (sodium molybdate).

In the first experiment, the MFC with a pre-
grown exoelectrogenic biofilm under the condi-
tions of applying an external voltage of 3 V was
utilized [15]. Once the biofilm had formed at the
anode, no additional external voltage was applied.
The catholyte, containing K;[Fe(CN),], was repla-
ced with Tamiya medium, and microalgae cultures
were introduced into different MFCs: MFC 1 —
Chlorella vulgaris, MFC 2 — Desmodesmus armatus,
MFC 3 — Parachlorella kessleri. In the control
MFC, the catholyte containing K;[Fe(CN),] was
not replaced. While biofilms were pre-grown in
MFC 1, MFC 2, and MFC 3, the control MFC in
this experiment had no anodic biofilm. This means
that in this study, the MFC with an abiotic anode
and abiotic cathode served as the control MFC.

The microalgae cultures, namely Chlorella
vulgaris, Desmodesmus armatus, and Parachlorella
kessleri, were sourced from the collection of the
M.G. Kholodny Institute of Botany of the National
Academy of Sciences of Ukraine. Detailed infor-
mation about these cultures can be found in [16].

The fermented residue obtained after metha-
nogenesis (Department of Bioenergy, Bioinformat-
ics, and Environmental Biotechnology of the Na-
tional Technical University of Ukraine "Igor Si-
korsky Kiev Polytechnic Institute") served as a val-
uable reservoir of exoelectrogens. This residue, re-
sulting from methanogenesis, comprises a diverse
array of microorganisms, particularly exoelectro-
gens and methanogens. The inoculum is notably
enriched with microorganisms from the Methano-
sarcinaceae family, including Methanobacterium sp.
and Methanosaeta sp. This specific composition
was thoroughly documented by Golub ef al. [17].

The microbial communities present in this
particular type encompass various taxa, including
Firmicutes and Proteobacteria, with a noteworthy
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representation of Geobacter sp. Geobacter sp. is
recognized for its distinctive capacity to utilize
electrodes as electron acceptors. The choice of so-
dium acetate as a carbon source aligns with the
preference of Geobacter sp. for acetate as their
preffered substrate [18, 19].

The Tamiya medium, prepared in gram per
liter of distilled water, comprises: 5 KNOs;,
2.5 MgS0,-7H,0, 1.25 KH,PO,, 0.037 EDTA,
0.003 FeSO,-7H,0, and 1 mL of a mineral solution.
The mineral solution includes (in milligram per liter
of distilled water): 2.86 H,BO,, 1.81 MnCl,-4H,0,
0.22 ZnSO,7H,0, 0.15 Co(NO,),-4H,0, 2.3 NH,VO;,
and 0.01 CuSO,5H,0 [16]. The cathode chamber
was not sealed hermetically, allowing gas exchange
between the cathode chamber and the environ-
ment. This design facilitated carbon dioxide ex-
change, crucial for microalgae growth. This ap-
proach aligns with previous studies where an open
cathode chamber supported gas exchange with the
atmosphere [10].

The experiment involving a pre-grown biofilm
investigated the impact of different lighting types,
including 12 W LED lamps (PPG T5i-900 Agro
12W 1P20), 12 W and 8 W lamps (PPG T5i-600
Agro 8W 1P20) with 650 nm and 450 nm LEDs,
monochrome lighting using blue and red LEDs,
and white LEDs, maintaining a light-to-dark ratio
of 9:15 hours.

Blue light (400—450 nm) and red light (650—
750 nm) are absorbed by pigments bound to chlo-
rophyll. Therefore, blue and red light may have a
positive impact on the photosynthetic process. Blue
light can activate specific photoreceptor proteins,
including phototropin and phytochrome A, while
red light has positive effects on the biomass pro-
duction of algae. White light, encompassing a
broader spectrum, leads to higher cell density. In-
creased photosynthetic activity is associated with
higher oxygen production. Given that oxygen ser-
ves as the terminal electron acceptor in the ca-
thode chamber, enhanced photosynthetic activity is
expected to have positive effects on the voltage and
current of MFCs. Therefore, for this study, white,
blue, red, and a combination of LED lights were
chosen [20—23].

The study also examined the impact of sunlight
(daylight duration during the study: 9.5 £ 1.25 hours,
coordinates: 50°27'00”"N 30°31'24"E, under direct
sunlight, indoors) on the bioelectrochemical cha-
racteristics of MFCs. In all experiments, the light
source was positioned on the side of the cathode
chamber.

Experiment 2. Considering that the pre-growth
of exoelectrogenic biofilm requires additional time
and the application of voltage, and also acknow-
ledging that MFCs can generate voltage and cur-
rent under sunlight conditions, a second experi-
ment was conducted. This involved the simulta-
neous addition of inoculum (fermented residue af-
ter methanogenesis) in the anode and correspond-
ing microalgae in the cathode chamber. A control
was also set up, in which the inoculum was added
only to the anode chamber. The anolyte contained
50 mM PBS buffer solution (pH 6.1) with sodium
acetate (1 g/L), FeCl; (200 uM) [24], and 10 ml of
a solution of vitamins and minerals, as in Expe-
riment 1. Fermented residue after methanogenesis
(dry weight 11 +0.5 g) was used as an inoculum for
the anode chamber. In the experiment with the
simultaneous addition of the inoculum, sunlight
was used as a source of illumination (length of
daylight during the study was 15.5 + 1.0 hours).

The catholyte contained Tamiya medium and
cultures of microalgae: MFC 1 — Chlorella vulgaris,
MFC 2 — Desmodesmus armatus, MFC 3 — Para-
chlorella kessleri. In the control, the catholyte con-
tained only Tamiya medium. The terminal electron
acceptor was oxygen, which was produced by mi-
croalgae (MFC 1, MFC 2, and MFC 3) and obtai-
ned from the environment, as the cathode chamber
was not hermetically closed (all MFCs).

Voltage and current were measured with a
multimeter (UT131C). The optical density of the
catholyte was measured using a spectrophotometer
(ULAB 102) at a wavelength of 680 nm, correspon-
ding to the absorption peak of chlorophyll a [2].

Statistical analysis of the obtained MFC data
was performed using Microsoft Excel software. Da-
ta analysis involved all variables, including voltage,
current, optical density, computations, means, and
standard deviations, as well as standard error. The
mean * standard error was presented in all graphs.

Results

Experiment 1. Effect of artificial and solar
lighting on current and voltage generation of MFC
with pre-grown anodic biofilm. After the pre-growth
of the biofilm under external voltage [15], the ca-
tholyte in the cathode chamber (catholyte compo-
sition described in [15]) was replaced with Tamiya
medium containing microalgae, and the lighting was
turned on. In the control, the catholyte was not re-
placed. After 24 hours under illumination (Figs. 1, 2),
slight changes in voltage within the margin of error
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were observed. Specifically, in MFC 1 (Chlorella
vulgaris), the voltage changed from 706 + 35 to 663
+33mV, in MFC 2 (Desmodesmus armatus) from
660 + 33 to 672 + 34 mV, and in MFC 3 (Parachlo-
rella kessleri) from 515+26 to 510 26 mV. The cur-
rent changed from 142+ 7 to 135+ pA in MFC 1,
from 130 to 130 pA in MFC 2, and from 109 + 5 to
106 £ 5 uA in MFC 3. Different light conditions en-
abled obtaining varying currents in the MFC with
Chlorella vulgaris (75—156 pA), in the MFC with
Desmodesmus armatus (61—148 uA), and in the
MEFC with Parachiorella kessleri (46—106 nA) (Fig. 1),

as well as varying voltages in the MFC with Chlo-
rella vulgaris (560—827 mV), in the MFC with Des-
modesmus armatus (635—858 mV), and in the MFC
with Parachlorella kessleri (397—660 mV) (Fig. 2).
The MFC with an abiotic anode and cathode
served as a control in this study. These results indi-
cate that algae can sustain the generation of cur-
rent in MFCs using different light sources.
Experiment 2. The influence of sunlight on cur-
rent and voltage generation of MFC with the simulta-
neously addition of the inoculum into the anode and
cathode chambers. After confirming that electricity
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Figure 1: Change in the microbial fuel cell current over time. Arrows indicate the addition of CH;COONa (1 g/L) to the anode
chamber. Types of artificial lighting (light:dark = 9:15): 7 — 12 W LED lamp (650 and 450 nm LEDs), 2 — 12 W and 8 W LED
lamps (650 nm and 450 nm LEDs); 3 — monochrome lighting with blue LEDs; 4 — monochrome lighting with red LEDs;
5 — monochrome lighting with white LEDs. Natural lighting (length of daylight during the experiment — 9.5 = 1.25 hours):
6 — solar lighting; === — Chlorella vulgaris, —=—s—— — Desmodesmus armatus, — Parachlorella kessleri, — abiotic
cathode and anode
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Figure 2: Change in the microbial fuel cell voltage over time. Arrows indicate the addition of CH;COONa (1 g/L) to the anode
chamber. Types of artificial lighting (light:dark = 9:15): 7 — 12 W LED lamp (650 and 450 nm LEDs), 2 — 12 W and 8 W LED
lamps (650 nm and 450 nm LEDs); 3 — monochrome lighting with blue LEDs; 4 — monochrome lighting with red LEDs;
5 — monochrome lighting with white LEDs. Natural lighting (length of daylight during the experiment — 9.5 = 1.25 hours):
6 — solar lighting; ese=== — Chlorella vulgaris, —=—s—— — Desmodesmus armatus, — Parachlorella kessleri, — abiotic
cathode and anode
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generation can occur not only with artificial illu-
mination of the cathode chamber but also with so-
lar illumination, we conducted a simultaneous
addition of fermented residue after methanogenesis
into the anode chamber and microalgae culture in-
to the cathode chamber. In the control MFC,
fermented residue after methanogenesis was added
to the anode chamber, and no microalgae were in-
troduced into the cathode chamber. After just
24 hours from start-up, the current for the MFC
with Chlorella vulgaris was 251 +13 pA, for the
MFC with Desmodesmus armatus — 294 + 15 pA, for

600

i, pA

0 500 1000

the MFC with Parachlorella kessleri — 253 £ 13 pA,
and for the control — 270 + 14 pA (Fig. 3). Mean-
while, the voltage after the same duration for the
MFC with Chlorella vulgaris was 290 + 15 mV, for
the MFC with Desmodesmus armatus — 280+ 14 mV,
for the MFC with Parachlorella kessleri — 280
+ 14 mV, and for the control — 330+ 16 mV (Fig. 4).
The maximum current was observed at 168 hours,
with 450 + 22 pA in the MFC with Chlorella vulgaris,
at 216 hours with 470 + 23 pA in the MFC with Pa-
rachlorella kessleri, at 264 hours with 520 + 26 pA
in the MFC with Desmodesmus armatus, and at
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Figure 3: Change in the microbial fuel cell current over time. Dotted arrows indicate the addition of CH;COONa (1 g/L) to the an-
ode chamber; solid arrow indicates the complete replacement of the anolyte with the addition of CH;COONa (1 g/L) to the anode
chamber. The control contains Tamiya medium without the addition of microalgae culture; ——e— — Chlorella vulgaris, ——m— —
Desmodesmus armatus, — Parachlorella kessleri, — control
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Figure 4: Change in the microbial fuel cell voltage over time. Dotted arrows indicate the addition of CH;COONa (1 g/L) to the an-
ode chamber; solid arrow indicates the complete replacement of the anolyte with the addition of CH;COONa (1 g/L) to the anode
chamber. The control contains Tamiya medium without the addition of microalgae culture; =—e= — Chlorella vulgaris, ——e— —
Desmodesmus armatus, — Parachlorella kessleri, — control
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408 hours with 480 + 24 pA in the control (Fig. 3).
The current gradually decreases. The addition of
new portions of sodium acetate at 768, 912, and
2114 hours contributes to a slight re-increase in the
current. A complete replacement of the anolyte
(with the preservation of the anodic biofilm on the
anode) with the simultaneous addition of a new
portion of sodium acetate at 1393 hours leads to a
repeated increase in the current. In contrast, after
500 hours during the further study, the current
does not increase to peak values, and there is a
tendency toward a gradual decrease in current.

The maximum voltage was observed at 840 ho-
urs in the MFC with Chlorella vulgaris (707 £ 35 mV)
and in the MFC with Desmodesmus armatus (729
+ 36 mV). For the MFC with Parachlorella kessleri,
the maximum voltage was observed at 648 hours
(713 £ 36 mV), and at 912 hours (840 + 42 mV) for
the control (Fig. 4). Unlike the current, the voltage
remained relatively constant. A rapid decrease in
voltage was observed at 1394 hours (58th day). A
complete replacement of the anolyte led to a rapid
rise in voltage again. However, the obtained voltage
after that was compared to the voltage before —
72+4% in the MFC with Chlorella vulgaris,
91 + 5% in the MFC with Desmodesmus armatus,
88 £ 4% in the MFC with Parachlorella kessleri,
and 84 +4% in the control. The repeated addition
of CH;COONa, following another rapid voltage
drop, yielded similar results (see Fig. 4).

Throughout the study, the optical density of
the catholyte increased in all MFCs with algae
(Fig. 5). The optical density increases in the catho-
Iyte with Chlorella vulgaris by 8.3 times, with Des-
modesmus armatus by 18.5 times, and with Parach-
lorella kessleri by 23.3 times compared to the initial
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Figure 5: Change in the optical density (OD) of the catholyte
over time: —e— — Chlorella vulgaris, —e— — Desmodesmus
armatus, — Parachlorella kessleri

optical density values of 0.049 + 0.005. An increase
in the growth rate was observed after 648 hours
(27 days). During this period, a gradual decrease in
the current in the MFCs was noted (see Fig. 3),
while the voltage in the MFCs maintained relative-
ly constant values.

Discussion

The obtained results indicate the feasibility of
using microalgae in MFCs with various light sour-
ces. Algae have demonstrated their capability to
supply the cathode with oxygen [25]. Furthermore,
through photosynthesis, microalgae assimilate car-
bon dioxide, converting it into biomass. This was
evident in our study as an increase in the optical
density of the catholyte. The carbon dioxide intro-
duced into the catholyte results from gas exchange
with the atmosphere, meaning its quantity is li-
mited by the rate of dissolution of carbon dioxide
from the air into the aqueous solution.

The standard redox potential for the CO,/ace-
tate pair is —0.28 V, and for the O,/H,0 pair, it is
+0.82 V [26]. Theoretically, the MFC voltage of
1.1 V is possible. However, observed voltages higher
than 0.9 V were not achieved, likely due to losses
in electrolytes and electrodes. Additionally, reac-
tions associated with the recovery of anions present
in the nutrient medium and algae metabolism by-
products may occur.

In the first experiment, the replacement of
the catholyte, which contained K;[Fe(CN)], with
Tamiya medium containing microalgae did not
induce significant changes in current and voltage.
This suggests that the pre-grown biofilm on the
anode plays a predominant role in current and vol-
tage production. Microalgae, in this context, can
effectively substitute for the abiotic cathode.

In the second experiment, the sustained ability
to generate current, even with a complete replace-
ment of the anolyte at 1393 hours, suggests that the
exoelectrogenic anode biofilm, rather than the mi-
croorganisms present in the anolyte, plays a pivotal
role in the generation of both MFC current and
voltage.

Despite the need for periodic sodium acetate
addition, MFCs demonstrated remarkable long-term
viability throughout the study's 95-day duration. A
gradual decrease in both current and voltage is ob-
served in MFC research, even when employing an
abiotic cathode with a comparable substrate and
inoculum [15]. This suggests a gradual overgrowth
of the anode, posing challenges for mass exchange
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and electron transport to the anode. This over-
growth contributes to an increased internal resis-
tance in MFCs, consequently reducing the current
at constant voltage [10].

Microalgae in the catholyte play a crucial role
in sustaining current and voltage generation. Compa-
red to the control (without microalgae), the MFC
with microalgae exhibited a 13—15% lower maxi-
mum voltage. The maximum current was 6% lower
for the MFC with Chlorella vulgaris and 2% lower
for the MFC with Parachlorella kessleri, while the
MFC with Desmodesmus armatus showed an 8%
higher maximum current compared to the control.
Notably, the MFC with Parachlorella kessleri demon-
strated a significantly faster increase in biomass, as
evidenced by optical density. This rapid growth may
induce self-shading in the microalgae culture [27],
potentially impacting the efficiency of photosyn-
thesis. The adverse effect on photosynthesis results
in a reduction of oxygen release, the terminal elec-
tron acceptor in these MFCs. This phenomenon
may account for the lower current and voltage
observed in the MFC with Parachlorella kessleri
compared to the MFC with Desmodesmus armatus.
Conversely, the slow growth in optical density in
the MFC catholyte from Chlorella vulgaris may also
diminish the efficiency of photosynthesis. Reaching
the optical density plateau at 1776 hours (Fig. 5)
coincides with a sharp decline in current and vol-
tage (see Figs. 3,4) in the MFC with Chlorella
vulgaris. The outpout of optical density on the pla-
teau suggests an equilibrium between cell division
and cell death rates. It is plausible that the accu-
mulation of dead cells may result in the release of
compounds from them that could adversely affect the
current and voltage of MFCs, either impacting other
microalgae or directly influencing the cathode.

The voltage in the control MFC (without mi-
croalgae) was observed to be higher than in the
MFC with microalgae, potentially due to the oc-
currence of photorespiration alongside photosyn-
thetic oxygen release in the microalgae. However,

a greater current was observed for the MFC with
Desmodesmus armatus. This can be attributed to the
formation of a biofilm by algaec on the cathode,
which reduces the internal resistance of the MFC,
thereby increasing the current [10]. The gradual
decrease in current and voltage during the study
can be attributed to the overgrowth of the anode,
complicating mass transfer within the biofilm.

Considering the observed growth of microal-
gae biomass during cultivation, this biomass holds
promise for the production of biodiesel and caro-
tenoids [28]. Additionally, it opens avenues for the
production of value-added products such as lutein,
violaxanthin, astaxanthin, and canthaxanthin. The
accumulation of xanthophylls in microalgae induc-
es stressful conditions in MFCs, providing protec-
tion of microalgae against oxidation [29].

Bazdar et al. [9] reported that under constant
illumination with a 15 W fluorescent lamp, the vol-
tage of MFCs ranged from 465 to 544 mV. Mean-
while, Don et al. [10] found that the maximum vol-
tage of the MFCs with algae reached 340—375 mV
under fluorescent lamp illumination. In our study,
the maximum voltage observed was 707—729 mV
under sunlight.

The Table presents a comparison of power
density in electric current in MFCs with other stu-
dies. These findings highlight that utilizing sunlight
as a light source for algaec in MFCs allows for the
attainment of relatively high power density values.
These results suggest that sunlight could serve as a
viable light source for MFCs. Sivakumar ef al. [30]
emphasized that the MFC with algae could be em-
ployed for long-term, low-maintenance power pro-
duction, especially in applications such as waste-
water treatment and living solar cells. Notably,
MFCs eliminate the need for toxic and costly cata-
lysts, reducing the risk of pollution. In our study,
MFCs demonstrated the potential for long-term use
(study duration: 95 days). However, it's observed that
both voltage and current decrease over time, ne-
cessitating the periodic addition of sodium acetate.

Table: Comparison of power density generated in microbial fuel cells with algae

Cell type Light source Algae species on biocathodes Power density, W/m? Reference
Two chambers Sunlight Chlorella vulgaris 28.2 This study
Two chambers Sunlight Parachlorella kessleri 35.8 This study
Two chambers Sunlight Desmodesmus armatus 29.1 This study
Two chambers  Fluorescent lamp Chlorella vulgaris 13.5 [25]
Two chambers  Fluorescent lamp Chlorella vulgaris 21.0 [31]
Two chambers  Fluorescent lamp Chlorella vulgaris 5.6 [32]
Two chambers Sunlight Mixed microalgal 57.0 [33]
Two chambers Fluorescent lamp Desmodesmus sp. 64.2 [34]




Innov Biosyst Bioeng, 2024, vol. 8, no. 1

53

Conclusions

MFCs equipped with a biocathode and bio-
anode exhibit robust performance over an extended
duration under various light sources. In the pres-
ence of a pre-grown anodic biofilm, both MFC
current and voltage exhibit remarkable stability
even when the light source is altered. Another
promising approach involves initiating MFCs with
the simultaneous addition of microalgae to the ca-
thode chamber and fermented residue after metha-
nogenesis to the anode chamber. This strategy
proves beneficial in reducing the preparatory stages
of the MFC technology. However, it's noteworthy
that, in cases where the inoculum is added during
the study, there is a gradual decline in current, al-
though the voltage remains relatively constant. The
potential utilization of solar lighting broadens the
applicability of the MFC with microalgae, eliminat-
ing the need for additional expenses associated with
artificial light sources. The maximum voltage read-
ings were noted in the MFC with Chlorella vulgaris
(707 £ 35 mV), Desmodesmus armatus (729 £ 36 mV),
and Parachlorella kessleri (713 £ 36 mV). These va-
lues were 13—15% lower compared to the control.
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Kl im. Iropst Cikopcbkoro, Kui, YkpaiHa
FEHEPYBAHHSA ENIEKTPUYHOI EHEPTIi MIKPOBHUMW NATTUBHUMUW ENIEMEHTAMMU 3 MIKPOBOOPOCTAMU HA KATO[I

Mpobnemartnka. MoXnuBICTb NEPETBOPEHHS OPraHiYHNX PEYOBUH Ha €NEKTPUYHY eHEprito B MiIKPOOHMX nanneHux enemeHtax (MIE)
pobutb MINE ekonoriyHo uncToto TexHonorietn. OfHak BUKOpUCTaHHS NnaTuHW abo rekcauiaHodepatiB Moxe 36inbwnTi BUTpaTh abo x
Npu3BECTN A0 BTOPUHHOrO 3abpyAHEHHs OOBKINMs. BukopuctaHHS MIKpOBOAOPOCTEW Yy KaTOAHIN Kamepi € NepcnekTMBHUM ANs BUPI-
LLEHHS UMX npobnem.

MeTa. BcTaHOBNEHHS 3aneXHOCTI reHepauii enekTpuYHoi eHeprii Ta edPeKTUBHOCTI 3aCTOCYBaHHSA MEBHOro BMAY BOAOPOCTEN Big TUny
Ta PeX1My OCBITNEHHS.

MeTopuka peanisauii. BukoprctaHo gsokamepHuin MIME H-Tuny i3 conboBMM MICTKOM. AK iHOKYNAT B @HOAHIN Kamepi BUKOPUCTaHO
(EepMEHTOBaHMWI 3anuULLOK MICNA MeTaHoreHe3y, a SK iHOKYNAT y KaToAHIN kamepi — KynbTypu mikpoBogopocTen Chlorella vulgaris,
Desmodesmus armatus i Parachlorella kessleri.

PesynbTaTtn. MIME 3 MikpoBOAOPOCTAMM AEMOHCTPYIOTE 34aTHICTL 40 reHepalii CTPyMy 3@ BUKOPUCTaHHS Pi3HWX [Xepen OCBITMNEeHHS.
MakcumanbHi 3HayeHHs Hanpyru ans MIMNE 3 aHogHoto 6ionniBkoo Ta 3 MiKpOBOAOPOCTAMM B KaToAHIN kamepi Ha 13—15 % meHLwi nopis-
HAHO 3 MIE 3 abioTnyHum katogom (840 + 42 MB). MakcumanbHi 3HaYeHHst cunmn cTpyMy Ha 2—6 % MeHLLi 3a KOHTponb (480 + 24 MKA)
anst MME 3 Chlorella vulgaris i gns MME 3 Parachlorella kessleri Ta Ha 8 % 6inbwi gnst MME 3 Desmodesmus armatus nopiBHsIHO 3
MIME 3 abiotnyHum katogom. MINE 3 MikpoBOOOPOCTAMM 34aTHI MPOTAroM TPMBASIOro Yacy reHepyBaTu enekTpUYHy eHeprito.
BucHoBku. 3 nonepeaHbO HAPOLLLEHO aHOAHOK BioNMiBKOKO cuna CTPyMy Ta Hanpyra 3anualoTbCs BiAHOCHO HE3MIHHUMM NpK 3MiHi
oxxepena ocBiTNeHHs. MOXIMBICTb BUKOPUCTAHHS COHAYHOIO OCBITMIEHHS PO3LUMPIOE MOXIMBICTL BUKOpUcTaHHa MIE 3 mikpoBogopoc-
TAMM, OCKiNbkU He NoTpebye 4oAaTKOBUX BUTPAT, NOB’A3aHMX i3 3aCTOCYBaHHAM LUTYYHUX OXepen OCBITNEHHS.

KnroyoBi cnoBa: MikpobHUiA NanuBHUi enemMeHT; Gionniska; 6ioaHoa; GiokaToad; MiKpOBOAOPOCTI.



