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Abstract

As per the Kyoto Protocol, the burning of fossil energy sources for energy affects a critical mass of greenhouse gas
exhausts that is put into global warming, which requires to be managed through carbon foot printing regulation.
Many resources of green energy lead to minor to zero exhausts, even though pondering the entire life cycle of the
systems. Renewable energy produces zero or low air pollutants. During the proposed research, samples of the
rotten Sargassum found at the beaches causes adverse health impact on humans due to toxic gas release. Because
of the rise in Sargassum bloom over coastal regions, there is an urgent need for identification of alternate use of
Sargassum instead of investing cost and efforts in dumping huge blooms. As microbial fuel cells (MFC) can covert
biomass into electricity, it can be used to convert biogenous marine sediments to electricity with organic catalyst
actions. For the first time, the effect of organic catalyst materials on Pico single chamber microbial fuel cell with
Sargasso and biogenous marine sediments is investigated in this paper. The experimental evaluation suggests
that organic catalysts and salt water can be used to neutralize the impact of toxic gases produced by rotten
Sargassum. Furthermore, we performed in-depth analysis for electricity generation and results suggest that
anaerobic treatment can be boosted in MFC with use of rotten Sargassum and subsequently the organic catalyst
can boost energy generation with the corresponding maximum recorded values of the generated parameters are
0.814V,0.0112 pA, 0.009116 uW and 0.000101 mW/m2.
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1. Introduction quantities. In Aug 2018, Sargassum protected a

Organic tiny pollutants will be as well hardly
ever analyzed to claim that there are world-
wide toxins. Nevertheless, study research
concentrated on Sargassum spp. disease
verified external risks. Dangerous algal blooms
(HABs) caused by means of Prorocentrum
donghaiense happen regularly and trigger a
severe danger to the marine environment. [1,
2] Since 2011, pelagic Sargassum offers
overwhelmed Caribbean, Western African, as
well as north Brazilian shorelines in raising

region of 1,697 kilometers2, likened to a
historic common of 292 kilometer2 between
2011 and 2017. Latest inundation occasions
possess triggered hundreds of thousands of
dollars of misplaced income in the tourism
market, specifically in harming little Caribbean
parts of the world in whose economies will be
extremely reliant on tourism [3].

As an electron sacrificer, photosynthetic
oxygen introduced through algae may total
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however, the maximum current was first lower
than that created within illumination due to
low exoelectrogenic process of biofilm [4].

Microbial fuel cells will be wunique bio-
electrochemical converters able of
transforming damp organic waste materials
straight right into electric power nevertheless;
quickly electron transfer is usually required for
MFC strength era. For improvement in power
density and electron transfer speed, number of
researchers have been investigated many
chemical catalyst as a-Fe 2 O 3 /polyaniline
nanocomposites, the combination of Fe-AAPyr
and GNS as an effective catalyst [5 - 8].

Researchers also investigating impact of
temperatures, pH, salinity on performance of
MFC [9 - 11], effect of substrate type and
substrate concentration [12], performance
improvement by analysis of electrode surface
type [13, 14]. The investigation for high
performance electrode materials has been
conducted by many researchers and it is
summarized that the cobalt oxide/carbon cloth
is cost-effective alternative for platinum and
also performing best with current generation of
0.15mA [15-19].

Despite the most recent improvements in MFC
sensors, the application of these products in
useful applications provides come qualified due
to the utilization of costly components. The
elements influencing the efficiency of MFCs
consist of microbes’ populace, exchange
membrane, electrodes, substrate attention,
electrode spacing, etc. Membrane layer changes
may  efficiently increase the  proton
conductivity and water preservation of the
membrane layer, decrease the inner level of
resistance of MFCs, to improve electric power
era functionality as well as , wastewater cure
impact of MFCs. Exoelectrogenic organisms,
many of these as Geobacter spp. and
Shewanella spp., happen to be the important
microorganisms to make use of organic subject
as an electric power resource to operate
bioelectrochemical devices [20 - 22].

Nevertheless, certainly, there possess been
quite few research that particularly treat the
concentrations of base in MFC. Likewise, the
microbial variety of biofilms in MFCs features

have been demonstrated to differ substantially
based on the kind of substrates utilized. The
probable of macroalgae Laminaria digitata as
substrate = pertaining to  bioelectricity
production was first analyzed within the gift
study using a large amount of sugar and so
mannitol in the hydrolysate [23]. Mexican
authorities spent 17 million dollars in the
getting rid of 522,226 plenty of Sargassum in
2018, and 2.6 million dollars for the removal of
85,000 loads in 2019 [24]. The biodiversity of
seaweeds consists of which the alginophytes
Sargassum spp., Cystoseira spp. and Turbinaria
spp. are typically used [25-27].

We have demonstrated Pico MFCs which use
Sargassum spp as a substrate with different
concentration models, as well as investigation
reveals the performance analysis with addition
of natural catalysts to boost the energy
generation process. However, the effect of
concentration of Sargassum spp substrate on
Pico MFCs with use of natural catalyst material
hasn’t been studied to date. In this paper, we
report the first study of Sargassum spp with
natural catalyst effect on a Pico-MFC. Research
outcome shows that the Pico-MFC can produce
energy with Sargassum spp.

2. Material and Method

In line with the threat of Sargassum bloom in
Mexico, we recognized future risks for Indian
coastal territory in 2014 when we identified
and initially gathered Sargassum spp. Samples
at Diveagar coastal area, Maharashtra. (Refer to
Fig.1 for the research site map)
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Fig. 1: Research Site “Diveagar, Maharashtra”
Coastal Region Map (Source: Google Map)

On the other hand, Alappuzha in Kerala also
experiences many of these samples of diverse
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types of algae blooms. Alappuzha is
sandwiched in between the wetland, the
lagoon, and the Arabian Sea and is famous for
its massive network of waterways that
meander through the town. (Refer to Fig. 2)

R | R
20

Fig. 2: Alappuzha, Kerala Coastal Region Map
(Source: Google Map)

The proposed study can be applied to utilize
such huge, harmful algae blooms for energy
generation. The float out bloom of brown
seaweed, Sargassum spp (Fig. 3) were collected
from Diveagar (Lat. 18.1920° N, Long. 72.9789°
E) village which is located in Raigad district,

Fig. 3: Collected fresh seaweed Sargassum spp.
(Generated by the Author)

The collection carried out for fresh and rotten
samples of Sargassum spp. The fresh sample is
kept in bamboo basket with bottom layer with
sand. Further, the bamboo basket is kept in pot
containing sea water in such a way that salt
water can float through bamboo basket. In this
way, there is less possibility of damage to
freshly collected samples. The rotten samples
are collected from beach areas and kept in an
air tight container. For sample preparation for
analysis, the rotten samples are stored in 3
different containers A, B and C with addition of

sea water 10%, 20% and 30% of container
volume respectively.

The initial set up includes 6 food grade plastic
containers of dimension 3" X 4.6" X 3.3" with
lids. Teflon tape is used to cover the container
lid to ensure anaerobic process. As proposed
model of Pico MFC is membrane less, single
chamber MFC container with 50 pL capacity is
used (Fig. 4). One meter insulated copper (Cu)
wire with diameter 11.684 (mm) is used for
electrode connections for hacker board, 2
mg/cm2 carbon cloth electrodes; SSR brand
miniature Alligator clips.

Fig. 4: Single chamber membrane less MFC unit
(Generated by the Author)

Furthermore, we developed we developed own
carbon cloth for development of cathode and
anode for experiment. We used 5cm2 natural
jute material and layered it with the organic
honey (C6H1206) which further dried for 2
days and burnt this pre-processed jute cloth
using dry coconut mesocarp. Due to heat the
honey wax melts and gives the appropriate
porosity which boosts the current density.

Porosity = (Total Sample Volume - Sample
Volume of the Solid) / (Total Sample Volume)

These cathode and anodes increases porosity
which helps to increases the current density.
Investigation is conducted in two modules: for
fresh seaweed Sargassum spp sample and
Rotten seaweed Sargassum spp samples with
use of combination of sea water (10 pL), fruit
vinegar (10 pL) and buttermilk (10 pL). Pico
MFC is tested for maximum values of
parameters with use of newly developed
carbon cloth electrodes.

3. Research Methodology
Initially, 40 gm of fresh (chopped) sample is

eISSN: 1303-5150

@

www.neuroguanotology.com

4024



NEUROQUANTOLOGY | OCTOBER 2022 | VOLUME 20 | ISSUE 12| PAGE 4022-4028| DOI: 10.48047/NQ.2022.20.12.NQ77726
Swapnakumari Patil, Dr. A. M. Mulla, Chandrashekhar K., Mr. Mahesh B. Neelagar Renewable Energy Generation Using Sargassum Spp
Substrate and Natural Catalyst to Achieve Zero Carbon Emission Energy Generation Technology

kept in Pico single chamber MFC with 10 pL sea
water without any kind of external catalyst
(refer Table 1). So, this test gives the result for
pure substrate i.e. the combination of fresh
Sargassum spp with sea water.

To perform anaerobic experimentation the
inner side of container lid is enclosed with
Teflon tape. The Pico MFC is kept in room
temperature and readings are recorded for 15
days with 2 hrs interval. Similarly, the rotten
sample is also tested with similar process as
mentioned above (refer Table 2). The
investigation is carried out for Sargassum spp
as a key substrate and performance has been
tested with natural catalyst.

4. Results and Analysis
When packets fail to reach their destination,
end users may experience disruptions such as

slow service
Table -1: Fresh Sargassum spp Test Setup

Test No. Natural  catalyst(10uL | Electrode Material

Substrate

each)

1 Sea water. Newly developed
2 Fruit waste Vinegar -| carbon cloth 3em?2
(CH3COOH),
4 Fresh Sargassum spp | Organic Lactic acid -
(gm) Buttermilk (C:Hs0:)

Table 2: Rotten Sargassum spp Test Setup
Test No. Natural caralvst(ul)

Substrate Electrode Material

1 Sea water, Fruit waste | Newly
Vinegar -(CH3COQH),

developed

carbon cloth Sem2

Organic Lactic acid -

4 Rotten Sargassum spp | Burrermilk (C:HgO3)
(gm)

To neutralize the Hydrogen sulfide release
through Sargassum, we found that sea water
bicarbonate ions can be used with organic
(waste fruit) vinegar (CH3COOH) and Butter
milk (C3HeO3) for production of Sodium
bicarbonate in a natural way instead of using
chemicals. So, the Pico MFC performance is
boosted.

Activated carbon gets rid of a range of water
pollutants, incorporating hydrogen sulfide, by
means of adsorbing the gas on the surface area
region of the carbon contaminants. Therefore,
the coating of carbon fabric electrodes utilized
in this test takes away Hydrogen sulfide.

Table -3: Recorded parameter values for 15 days (Rin=75 Q)

Day Current Current Power Density
I (LA) Density =
(UA /m2) Voltage*current
Voltage Power = V2/R | density
V (V) (uw) (UW /m2)
1 0.258 0.0077 0.00154 0.000887 0.00039732
2 0.376 0.0050 0.00100 0.001885 0.00037600
3 0.461 0.0061 0.00122 0.002833 0.00056242
4 0.487 0.0064 0.00128 0.003162 0.00062336
5 0.631 0.0081 0.00162 0.005308 0.00102222
6 0.633 0.0084 0.00168 0.005342 0.00106344
7 0.680 0.0090 0.00180 0.006165 0.00122400
8 0.683 0.0091 0.00182 0.006219 0.00124306
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9 0.756 0.0101 0.00202 0.0076204 0.00152712
10 0.795 0.0106 0.00212 0.008427 0.00168540
11 0.811 0.0108 0.00216 0.0087696 0.00175176
12 0.818 0.0108 0.00217 0.00894347 0.00178541
13 0.763 0.0101 0.00203 0.0077622 0.00154889
14 0.670 0.0089 0.00178 0.0059853 0.00119260
15 0.506 0.0067 0.00134 0.0034138 0.00067804

4. Discussion

It is observed that parameter values took 12
days to reach the optimum level of acceptance.
Further to Day-12, the sediment lowers the
electron generation. If more catalyst material
or substrate is injected into the fuel cell, this
can again boost energy generation. Further to
energy generation, we tested the proposed
model to identify the performance of new
carbon cloth developed from jute material, as
discussed previously.

The test shows (refer to Fig. 4 below) that the
porosity is higher using a newly developed jute
carbon cloth electrode, which improves the
electron transfer speed. The voltage measured
was first open circuit voltage seeing that the
external resistance is usually not really utilized.

_ 0.30% -
X Natural
— 0.20%
=z ° S Z Jute carbon
§ 0.10% - cloth
o
o 000% TTTTTTTTTT 11 Synthet|C
23 S carbon
S88 &% cloth
a

Fig. 4: Power density comparison between
fresh and rotten Sargassum spp. substrate
(Generated by the Author)

Therefore the voltage generated was first
credited to inner impedance, which appeared
to become extremely large in the selection of
mega ohms. Fig. 5 shows generated voltage for
proposed setup of the MFC.

Voltage (V)

1

0.5

I I I B Voltage

0 LI L | LI |

Day 1Day 4Day 7 Day Day
10 13

Fig. 5: Generated voltage (Generated by the
Author)

The current measured was first open circuit
voltage seeing that the exterior resistance is
usually not really utilized. Therefore the
voltage generated was first credited to inner
impedance, which appeared to become
extremely large in the selection of mega ohms.
Fig. 6 to 8 shows the parameter tests.

Current (HA)

0.015

001 +
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Fig. 6: Generated Current (Generated by the
Author)

eISSN: 1303-5150

@

www.neuroguanotology.com

4026



NEUROQUANTOLOGY | OCTOBER 2022 | VOLUME 20 | ISSUE 12| PAGE 4022-4028| DOI: 10.48047/NQ.2022.20.12.NQ77726
Swapnakumari Patil, Dr. A. M. Mulla, Chandrashekhar K., Mr. Mahesh B. Neelagar Renewable Energy Generation Using Sargassum Spp
Substrate and Natural Catalyst to Achieve Zero Carbon Emission Energy Generation Technology

Current Density

0.003

0.002

0.001 | i i W Current
0 rT T 1T T 1T T T TTTTT T Density

Day Day Day Day Day
1 4 7 10 13

Fig. 7: Generated Current Density (Generated
by the Author)

The power measured was first open circuit
power seeing that the exterior resistance is
usually not really utilized. Therefore the power
generated was first credited to inner
impedance, which appeared to become
extremely large in the selection of mega ohms.

Power (uW)

0.01

0.005 -+

0 - M Power

Day Day Day Day Day Day Day Day
1 3 5 7 9 11 13 15

Fig. 8: Generated power density (Generated by
the Author)

As a summary, research recorded maximum
values of the generated parameters like
voltage, current, current density, power and
power density using Sargassum spp as
substrate are 0.818V, 0.0108uA, 0.00217
mA/m?2, 0.00894347 uw and
0.00178541mW /m? respectively.

5. Conclusion

The proposed research successfully uses
Sargassum spp for energy generation and
testing, validating that rotten Sargassum spp.
can produce more electricity with newly
developed carbon cloth. The critical problem in
the coastal region is moving huge Sargassum
spp, which floated out of the sea and settled at
the seashore. It starts the contamination
process very fast after moving out of seawater,
which is dangerous for marine habitats. By way

of the energy generation using rotten
Sargassum spp., the air pollution and health
hazards because of harmful gases released by
rotten Sargassum spp. can be handled. The
proposed research contributed to resolving the
Sargassum spp blooms problem (which floats
in huge dimensions and affects marine
biodiversities) by developing an innovative
microbial fuel cell for the cheapest energy
generation with the replacement of costly
chemical catalysts, electrodes, and membranes.
Research also discussed the process of
developing new cheap carbon cloth electrodes
using the waste jute material, which further cut
downs the overall cost of the energy generation
model. This model can be further developed to
generate a high-capacity energy generation
unit. Further, the proposed research suggested
regional renewable energy policies that can
support national policy development

References:

Devault, D. A, Pierre, R, Marfaing, H., Dolique, F., & Lopez,
P. J. (2020). Sargassum contamination and
consequences for  downstream uses: a
review. Journal of Applied Phycology, 1-36.

Wang, R, Chen, ], Ding, N., Han, M., Wang, ]., Zhang, P,, ... &
Gao, P. (2018). Antialgal effects of a-linolenic acid on
harmful bloom-forming Prorocentrum donghaiense
and the antialgal mechanisms. Environmental
Science and Pollution Research, 25(25), 24798-
24806.

Salter, M. A., Rodriguez-Martinez, R. E., Alvarez-Filip, L.,
Jordan-Dahlgren, E.,, & Perry, C. T. (2020). Pelagic
Sargassum as an emerging vector of high rate
carbonate sediment import to tropical Atlantic
coastlines. Global and Planetary Change, 195,
103332.

Sun, J,, Yang, P, Li, N,, Zhao, M,, Zhang, X,, Zhang, Y., ... & Lu,
X. (2020). Extraction of photosynthetic electron
from mixed photosynthetic consortium of bacteria
and algae towards sustainable bioelectrical energy
harvesting. Electrochimica Acta, 336, 135710.

Simeon, M. I, Asoiro, F. U,, Aliyu, M., Raji, O. A, & Freitag,
R. (2020). Polarization and power density trends of
a soil-based microbial fuel cell treated with human
urine. International Journal of Energy
Research, 44(7), 5968-5976.

Islam, M. A., Karim, A., Mishra, P., DubowskKi, ]. J., Yousuf,
A., Sarmin, S, & Khan, M. M. R. (2020). Microbial
synergistic interactions enhanced power generation
in co-culture driven microbial fuel cell. Science of
The Total Environment, 738, 140138.

Li, M, & Zhou, S. (2018). «-Fe203/polyaniline
nanocomposites as an effective catalyst for
improving the electrochemical performance of
microbial fuel cell. Chemical Engineering
Journal, 339, 539-546.

Kodali, M., Herrera, S., Kabir, S., Serov, A, Santoro, C.,
leropoulos, 1., & Atanassov, P. (2018). Enhancement

eISSN: 1303-5150

www.neuroguanotology.com

4027



NEUROQUANTOLOGY | OCTOBER 2022 | VOLUME 20 | ISSUE 12| PAGE 4022-4028| DOI: 10.48047/NQ.2022.20.12.NQ77726
Swapnakumari Patil, Dr. A. M. Mulla, Chandrashekhar K., Mr. Mahesh B. Neelagar Renewable Energy Generation Using Sargassum Spp
Substrate and Natural Catalyst to Achieve Zero Carbon Emission Energy Generation Technology

of microbial fuel cell performance by introducing a
nano-composite cathode catalyst. Electrochimica
acta, 265, 56-64.

Ren, H,, Jiang, C., & Chae, J. (2017). Effect of temperature
on a miniaturized microbial fuel cell (MFC). Micro
and Nano Systems Letters, 5(1), 1-7.

Wang, S., Zhao, ], Liu, S., Zhao, R,, & Hu, B. (2018). Effect of
temperature on nitrogen removal and electricity
generation of a dual-chamber microbial fuel
cell. Water, Air, & Soil Pollution, 229(8), 1-13.

Tremouli, A, Martinos, M., & Lyberatos, G. (2017). The
effects of salinity, pH and temperature on the
performance of a microbial fuel cell. Waste and
Biomass Valorization, 8(6), 2037-2043.

Ullah, Z., & Zeshan, S. (2020). Effect of substrate type and
concentration on the performance of a double
chamber microbial fuel cell. Water Science and
Technology, 81(7), 1336-1344.

Yu, B, Feng, L., He, Y., Yang, L., & Xun, Y. (2021). Effects of
anode materials on the performance and anode
microbial community of soil microbial fuel
cell. Journal of Hazardous Materials, 401, 123394.

Karamzadeh, M., Kadivarian, H., Kadivarian, M., & Kazemi,
A. (2020). Modeling the influence of substrate
concentration, anode electrode surface area and
external resistance in a start-up on the performance
of microbial fuel cell. Bioresource Technology
Reports, 12, 100559.

Narayanasamy, S., & Jayaprakash, J. (2020). Application of
carbon-polymer based composite electrodes for
Microbial fuel cells. Reviews in Environmental
Science and Bio/Technology, 1-26.

Veeramani, V. Rajangam, K, & Nagendran, ]. (2020).
Performance of cobalt oxide/carbon cloth composite
electrode in energy generation from dairy
wastewater using microbial fuel cells. Sustainable
Environment Research, 30(1), 1-8.

Kaur, R, Marwaha, A, Chhabra, V. A, Kim, K. H, &
Tripathi, S. K. (2020). Recent developments on
functional nanomaterial-based electrodes for
microbial fuel cells. Renewable and Sustainable
Energy Reviews, 119, 109551.

Halim, M. A,, Rahman, M. O,, Eti, I. A,, Shefa, N. R, Ibrahim,
M., & Alam, M. ]. (2020). Electricity generation in
different cell connections with optimized anodic
materials in microbial fuel cells. Energy Sources,
Part A: Recovery, Utilization, and Environmental
Effects, 1-13.

Papillon, ], Ondel, 0., & Maire, E. (2021). Scale up of
single-chamber microbial fuel cells with stainless
steel 3D anode: effect of electrode surface areas and
electrode spacing. Bioresource Technology Reports,
100632.

Cho, J. H, Gao, Y, Ryu, ], & Choi, S. (2020). Pico,
Disposable, Paper-Based Microbial Fuel Cell Sensor
Utilizing Freeze-Dried Bacteria for In Situ Water
Quality Monitoring. ACS omega, 5(23), 13940-
13947.

Fan, L., Shi, ]., & Gao, T. (2020). Comparative study on the
effects of three membrane modification methods on
the performance of microbial fuel
cell. Energies, 13(6), 1383.

Kim, K. Y., Rossi, R, Regan, ]J. M., & Logan, B. E. (2021).
Enumeration of exoelectrogens in microbial fuel cell
effluents fed acetate or wastewater

substrates. Biochemical Engineering Journal, 165,
107816.

Zhao, N, Jiang, Y. Alvarado-Morales, M. Treu, L,
Angelidaki, 1, & Zhang, Y. (2018). Electricity
generation and microbial communities in microbial
fuel cell powered by macroalgal
biomass. Bioelectrochemistry, 123, 145-149.

Chavez, V., Uribe-Martinez, A., Cuevas, E., Rodriguez-
Martinez, R. E., van Tussenbroek, B. 1., Francisco, V.,
. & Silva, R. (2020). Massive Influx of Pelagic
Sargassum spp. on the Coasts of the Mexican
Caribbean 2014-2020: Challenges and
Opportunities. Water, 12(10), 2908.

Mantri, V. A, Ganesan, M., Kavale, M. G., & Gajaria, T. K.
(2020). Status, exploitation and resource

Patil, S. B., Mulla, A. M., Chandrashekhar, K., & Neelagar, M.
B. (2022). Transformation of harmful algae bloom to
helpful renewable energy development with
artificial intelligence development. International
Journal of Health Sciences, 6(S1), 11984-11992.

Patil, S. B., Mulla, A. M., Chandrashekhar, K., & Neelagar, M.
B. (2022). Discovery And Development Of New
Electricity Generation Method Using A Single
Chamber Microbial Fuel Cell And New Sargassum
Spp Algae. Journal of Pharmaceutical Negative
Results, 10904-10909.

eISSN: 1303-5150

www.neuroguanotology.com

4028





