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Abstract: PSLer is designed to utilize commercial boards and open-source code to deliver and
capture voltage in microbial electrolysis systems. This applied voltage enhances microbial metabolic
processes, allowing the microbial cells to generate electrical power, which the device captures and
records. Effective operation, optimization, and troubleshooting of microbial electrolysis cells rely on
power suppliers and multimeters with data acquisition capabilities to ensure dependable
performance and efficient resource use. In this context, the manuscript describes the development
of an automatic monitoring device that incorporates a Power Supply Unit, Arduino UNO, and
ADS1256 boards, with an assembly cost less than $300 American dollars. This cost-effective solution
empowers researchers with limited budgets to conduct dependable and efficient research.
Additionally, the manuscript provides detailed instructions for assembling and using the
monitoring device. This innovative prototype overcomes the limitations of costly and inflexible
commercial devices and fosters interdisciplinary research, ultimately saving time and reducing
costs.

Keywords: Python; Arduino UNO; multimeter; data acquisition; VoltageBioelectrochemical
systems

Metadata Overview

Main design files:

https://github.com/Carla-ifr/PowerSupply-DataLoggerMES.git ;
https://doi.org/10.5281/zenod0.12808300

1. Introduction

Microbial electrolysis systems (MES) are electrochemical devices catalyzed by bacteria, utilizing
pairs of electrodes (anode and cathode) for biofilm formation and adherence. MES technology is
highly efficient for converting waste into valuable products such as hydrogen (H.), methane (CHs,),
and other by-products. The MES setup typically involves one or more pairs of electrodes (anode and
cathode) that serve as the foundational support for biofilm development. Within MES, numerous
organic compounds undergo oxidation at the anode through bioelectrochemical reactions driven by
an applied voltage. The microbes in the anode, or bianode, act upon the biodegradable waste to
generate electrons and protons. The electrons are then transferred to the cathode, where they reduce
the protons for Hz production. Thus, control, optimization, and performance monitoring are crucial
for effective operation [1-3].

MES requires a consistent external voltage to drive the electrochemical reactions and promote
microbial metabolic processes. Power suppliers provide the necessary external voltage and current
to optimize these reactions. Furthermore, multimeters help assess the efficiency of the electrolysis
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process and make necessary adjustments to the power supply. Multimeters equipped with data
acquisition features allow continuous monitoring and recording of voltage and current data [4,5].
This real-time data is crucial for evaluating the performance of the MEC, identifying trends, and
making informed decisions about process adjustments. However, commercial power suppliers,
multimeters, and data acquisition systems are sold separately and are often expensive, featuring
complex hardware and software, limiting broader investigations and experimental flexibility in MES
research.

To provide a cost-effective and precise alternative to expensive commercial devices, we propose
using a power supply unit, a customized circuit board, an adjustable voltage regulator, an Arduino
Uno board, and a 24-bit ADS1256 board to build a customized prototype with a power supply and
data logger (PSLer) (Figure 1). This setup, including all necessary circuitry materials, can be
constructed for less than $300 USD. The 24-bit ADS1256 converter was chosen due to its high
resolution, low noise, and affordability [6]. Additionally, we chose the free software tools Arduino
and Python due to their compatibility with Microsoft, Linux, and Mac OS X operating systems and
their user-friendly nature[7,8]. This device is designed to be accessible and easy to use, making it an
invaluable tool for process engineers, scientists, and anyone interested in monitoring
bioelectrochemical dynamics at the laboratory scale. This approach promotes interdisciplinary
research, helping to bridge gaps, save time, and reduce costs [9].
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Figure 1. Complete PSLer apparatus with all modules. (A) Sensor & Logger; (B) Power supply unit;
(C) Input sensing wires; (D) Adjustable power supply unit; (E) Voltage sensor circuit; (F) ADS1256;
and (G) Arduino Uno.

2. Materials and Methods
2.1. Design Decision and Build Details

The PSLer system was designed to provide a low-cost, precise alternative to expensive
commercial devices, making it accessible to a broader audience. When importing costly equipment
is impractical, building a custom system using affordable boards, circuits, and open-source code
offers a viable solution for experiments that rely on commercial tools. The system uses easily
obtainable components, including a DC power supply, custom circuit board, adjustable voltage
regulator, Arduino Uno, and the high-resolution ADS1256 converter. The programmability of the
Arduino and ADS1256, combined with extensive online support, makes it user-friendly, while
Python offers a versatile interface for data acquisition and analysis on any operating system.

Table 1 presents an overview of the components and materials, along with their affordability,
highlighting the cost-effectiveness of building the PSLer system with readily available parts.

Table 1. Availability of materials.

MATERIAL COST SOURCE OF
MATERIALS
Arduino Uno Atmega 328 SMD with USB-B cable 17
ADS1256 17
Power Supply Unit 60
ZK-4KX Buck-boost voltage (Adjustable power supply) 13
DROK Alligator Clips (20 pcs, 1.77”/45mm, 10A, Pure Copper, 8
Insulated)
Acrylic Sheet, Transparent (1pc, 180 x 100 x 5 mm) 16 Amazon
Breadboard Jumper Wires Kit, 10
Thermostat Flexible 4-Wire Copper Electrical Cable 26
Solder Wire for Electrical Soldering 7
PCB for DIY 5x7cm Circuit Board Breadboard 7
Tnisesm Screw Terminal Block Connector Kit (21 pcs, 5.08mm 17
Pitch, 2-5 Pin)
BOJACK Ceramic Cement Resistors (10W, 10Q, 5%, Pack of 5 pcs) 6
Steck Junction Box (234 x 174 x 90 mm, Grey) 10

Table 2 outlines the essential operating software, hardware, and peripheral requirements for the

PSLer system.
Table 2. Operating software and peripherals.
OPERATORS ‘ REQUIREMENTS
INTERFACE COMPONENT Arduino UNO R3
SOFTWARE Arduino

Software: Arduino v1.8.13 (at least)
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PYTHON
Software: Anaconda n

avigator: Spyder v5.2.2 (compatible with python2 and python

3)
OPERATIONAL SYSTEM (OS) Window, Linux, Mac Os
COMPUTER PORTS USB 2.0
MEMORY, DISK SPACE, Minimum requirements:
PROCESSOR, INPUT  OR Memory: 8G,
OUTPUT DEVICES. Disk space: 500GB,

Processor: Intel (i7 ou i3) / AMD.

2.2. Design File Summary

Name: PSLer: Power Supplier and Logger for Microbial Electrolysis Systems >PSLer description
method (Step-by-step build instructions)

Persistent identifier: https://doi.org/10.5281/zenodo.13351141

Publisher: Carla Flores-Rodriguez

Date published: 2024-09-09

Software code repository (https://doi.org/10.5281/zenodo.13351141)

Name: PSLer: Power Supplier and Logger for Microbial Electrolysis Systems (All codes)
Identifier: https://doi.org/10.5281/zenodo.13351141

Date published: 2024-09-09

Software code repository (https://github.com/Carla-ifr/PowerSupply-DatalLoggerMES.git )
Name: PowerSupply-DataLoggerMES

Identifier: https://doi.org/10.5281/zenodo.13351141

Date published: 2024-11-09

2.3. Overall Implementation and Design

a. Connecting the Power Supply Unit to the Adjustable One

The +12 V and -12 V pins from the DC power supply unit were connected to the input and output
pins of the adjustable power supply, respectively. The input voltage is then regulated using the
potentiometer on the power supply, allowing precise adjustment of the resistor value to achieve
output voltages up to 12 V.

+5v
*5v
+5V
coM
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Figure 2. Power supply unit connection.

b. Connecting the Adjustable Power Supply Unit to the Circuit

doi:10.20944/

reprints202412.1132.v1

DC-DC converter or regulator module with an adjustable output is connected to the circuit. The
positive terminal of the power supply connects to a central node for anodes, from which multiple
branches extend in parallel. This connection ensures that the voltage across each branch is the same
as the power supply voltage while the total current is distributed among the branches based on their
resistance. Similarly, the negative terminal of the power supply connects to a central node for

cathodes.

Figure 3. Electronic modules and circuit diagram. (D) Adjustable power supply unit. (E1) Circuit for

anodes. (E2) Circuit for cathodes.

Depending on the configuration of the MES, the sensor circuit can accommodate up to 4 pairs of

electrodes (4 anodes and 4 cathodes).

c. Connecting the Arduino UNO to the ADS1256

The ADS1256 is connected to the Arduino UNO board, as it is suggested in [10,11].
- W

ADS1256 Module | Arduino UNO
) ©)
Pin Pin
. Sv Sv
GND GND
SCLK pin 13 (SCK)
vV X4 DIN pin 11 (MOSI)
DOUT pin 12 (MISO)
g G DRDY pin 9
! {o cs pin 10
‘ PDWN 5v
’v : OMOK
\ Y M
NJ 1 - F
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| = e o
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Figure 4. Pin connection between the ADS1256 (F) and Arduino UNO boards (G).
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d. Connecting the Circuit to the ADS1256

The ADS1256 board was configured to support up to four 2-wire sensors. Each pair of ADC
differential inputs (AINO-AIN1, AIN2-AIN3, AIN4-AINS5, and AIN6-AIN7?) is a sensor to measure
voltage. For instance, in the PSLer prototype, the electrical signal from the metabolic reactions in the
MES and the external input voltage could be detected and collected through the sensors
simultaneously.

ono AIno 410
GND AlMI »'. 5

GNO AINZ B A

GND AIN3 & ¥

Figure 5. Sensor identification in ADS1256 board (F).

e. Setting Arduino UNO

The Arduino USB cable was connected to an available USB 2.0 port (typically black) on the
computer, and the following settings were configured in the Tools panel:

¢  Board: “Arduino UNO”
e  Processor: “ATmega328P”
e  Port: Select an available COM port

It is recommended that the COM port number match the one found in the Device Manager under
the Ports (COM & LPT) section on the computer.

Consequently, the Arduino code was implemented according to [6,10,11]. The code considered
a programmable gain amplifier (PGA) value of 4 and a sampling rate (Samples per second —SPS) of
2.5 to cover a full-scale input voltage ranging from +1.25 V and 22.1 bits of free-noise resolution (Eq.
1).

Under these conditions, the theoretical voltage resolution was calculated as follows [6]:

2 x Full—-scale Input voltage 1
o Noise free resolution (or bits) ( )

Voltage resolution =

2x1,25

Voltage resolution = 71

Voltage resolution = 0,000000556131 V (12 digits)

The resulting voltage resolution was 0.000000556131 V (or approximately 0.556 uV). This voltage
resolution is notably high and is considered excellent for precision measurement in educational
applications. Furthermore, the data collection was configured to collect multiple inputs every 5
minutes simultaneously with a maximum transfer rate of 9600 bits per second (Table 3). Note that
when the input voltage range is set to £1.25 V on the ADS1256, the adjustable power supply should
be configured to reach a maximum input voltage of 1.25 V. Maintaining an external voltage within
this range is crucial for scaling up MES reactors, as they can harness energy from renewable sources
like wind, solar, and biomass to maintain the sustainable cycle [12].
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Table 3. Arduino IDE input parameters summary.

PARAMETER ‘ DEFINITION INPUT
clockKMHZ Crystal frequency or clock | 7.68
oscillator (default value

fCLKIN=7,68)

SPS Sampling rate (Samples per | 2.5
second)

PGA Programmable gain amplifier | 4
used to optimize resolution

Log period Time in which a print will be | e.g., 5 minutes =
performed 300000L

Serial begin Serial data transmission rate e.g., 9600

f. Setting Python

The Python code was implemented according to [13], and the input parameters are defined in
Table 4.

Table 4. Python input parameters.

PARAMETER DEFINITION INPUT
clockKMHZ Crystal frequency or clock | 7.68
oscillator (default value
fCLKIN=7,68)
SPS Sampling rate (Samples per | 2.5
second)
PGA Programmable gain amplifier | 4
used to optimize resolution
Log period Time in which a print will be | e.g., 5 minutes =
performed 300000L
Serial begin Serial data transmission rate e.g., 9600

Before restarting, it is strongly suggested that you remove any CVS file from ...
/temporary_measurements and run the code.

3. Quality Control
3.1. Experimental Setup

A 500 ml borosilicate glass was used to configure a single MES. The rubber top was provided
with a port to connecta PVC hose (4 mm DO) for biogas collection and depressurization. Graphite-
carbon felt electrodes (0.3x 2 x 6 cm?®) connected with stainless steel (SS) wires 24 ga (6 wires twisted
together) were used as anodes and cathodes (Figure 6C). SS wires were used to establish the electrical
connections. Both electrodes were inserted through the rubber top. Voltage was supplied using the
adjustable power supply from the PSLer prototype.

The single MES was inoculated with anaerobic digestion effluent sampled from the Barao
Geraldo Wastewater Treatment Facility (Campinas, Sao Paulo-Brazil). The system was fed with 400
ml of a synthetic growth medium (GM) containing 50 mM phosphate buffer solution (pH 7), 1 mL of

d0i:10.20944/preprints202412.1132.v1
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trace elements, 1 mL of vitamins, and 2 g/L of acetate as a carbon source. This mixture was combined
with inoculum at a 1:1 volume ratio [5,14,15]. The mixture was bubbled with nitrogen gas for
approximately 10 minutes to remove dissolved oxygen. The entire single MES setup was placed on a
magnetic stirrer set at 150 rpm (Fisatom 753, Brazil) for uniform mixing of the substrate and incubated
at 35 + 2 °C (BOD incubator, Nova Etica 411, Brazil).

3.2. First Test

Adding stable voltages is essential in microbial electrolysis systems. Thus, the input voltages
(0.5, 0.8, 1.0, 1.2 V) were set and collected using the PSLer. Hundred eighty-eight data points were
collected and analyzed for different statistic parameters.

B.
PAIR ELECTRODES

+ -

e | 1 . PRI

¥

MULTIPLE ELECTRODES

UL

AGILENT
MULTIMETER

Figure 6. (A) PSLer and associated peripherals. (B) Single-cell MES setup. (C) Circuit configuration
for a voltage sensor connected for a pair-electrode or multiple-electrode MES.

The data presented in the table provides a comprehensive statistical summary for four different
voltage levels: 0.5V, 0.8 V, 1.0 V, and 1.2 V. The parameters include the standard deviation, mean,
median, coefficient of variation, minimum, maximum, upper quantile (100%), and lower quartile
(0%).

The Table 5 shows the data set is consistent across all voltage levels, as evidenced by the small
standard deviations, tight ranges, and the proximity of mean and median values to the nominal
voltages. The consistent coefficient of variation, especially the decreasing trend with higher voltages,
suggests that the measurement system is reliable and performs better at higher voltage levels.

Table 5. Statistical analysis summary.

PARAMETERS
Stand dev 0.00382 0.0033 0.00427 0.00337
Mean 0.505 0.804 1.008 1.202
n 188 188 188 188
Median 0.5 0.8 1 1.2
Coeff. of Variation 0.008 0.004 0.004 0.003
Minimum 0.497 0.796 0.998 1.193
Maximun 0.514 0.813 1.022 1.212
Upper



https://doi.org/10.20944/preprints202412.1132.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 December 2024 d0i:10.20944/preprints202412.1132.v1

9
Quantile 100% 0.514 0.813 1.022 1.212
Lower Quartile 0.497 0.796 0.998 1.193
0%

3.3. Second Test:

The input voltage of 1.0 V was applied to induce electrical signals from metabolic reactions
within the microbial electrolysis system (MES). These electrical signals (voltage) were measured
across an external resistance of 10 Q using the PSLer prototype. The system was programmed to
sample the voltage every 5 minutes. Sixty data points were measured with the PSLer prototype and
compared against the Agilent 34401A Multimeter. A Welch Two Sample t-test indicated a p-value of
0.9942, well above the 0.05 significance threshold. This suggests no statistically significant difference
in the voltage measurements between the PSLer and the Agilent 34410A at the 0.05 significance level.

4. Results
4.1. Application

In MES operations, the recorded voltage data is used to calculate the current generation
according to Ohm's Law equation when the voltage and resistance are known (Eq. 2). Current
generation in microbial electrolysis cells (MECs) is a crucial indicator of system performance,
reflecting the efficiency of electroactive microorganisms in oxidizing substrates and transferring
electrons. It directly correlates with converting organic matter into valuable products like hydrogen
or methane, making it essential for optimizing MEC operation. Additionally, the current generation
provides insights into the effectiveness of the cell's design, materials, and operating conditions,
serving as both a measure of efficiency and a diagnostic tool for maintaining and improving MEC
functionality in research and applied settings.

1) =~ @)

Where I(A) is the electric current in amperes (A), V is the voltage across the conductor in volts (V),
and R is the resistance of the conductor in ohms (Q).

To demonstrate the PSLer's application, voltage measurements were collected using the
prototype and processed to calculate the current generation (Figure 7). The results show a maximum
current of 6.78 mA. These findings suggest that the externally applied voltage of 1.0 V effectively
promoted the formation of exoelectroactive biofilms and the oxidation of organic matter (acetate) at
the anode electrode.
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Figure 7. Current generation (mA) rate.

Additional applications of the PSLer include:

e  The PSLer is equipped with 4 sensors (2 wire sensors each), allowing it to monitor 4 different
experiments simultaneously.

¢ In case a multiple-electrode MES is required, the circuit sensor can be adapted to accommodate
up to 4 pairs of electrodes.

5. Discussion

The statistical analysis of the voltage levels demonstrates high accuracy, precision, and
consistency in the measurements. The findings suggest that the system under test is stable and
capable of providing reliable voltage readings across the 0.5 V to 1.2 V range. In Microbial Electrolysis
Systems applications, an external voltage between 0.2 and 1.8 V is essential because it can be supplied
by renewable energy sources like wind, solar, and biomass. Integrating these renewable sources
aligns with the principles of a sustainable energy cycle. Furthermore, Based on this statistical analysis,
the PSLer prototype demonstrates measurement accuracy comparable to the Agilent 34410A
Multimeter. The high p-value (0.9942) indicates that the PSLer can reliably measure voltage in a
manner consistent with established laboratory equipment. Given these results, the PSLer prototype
using ADS1256 board shows strong potential for use in microbial electrolysis systems (MES) research
at the laboratory, providing a cost-effective and accurate tool for voltage measurement in
experimental setups. Its performance suggests it could be a valuable instrument for advancing MES
studies, where precise and reliable data is crucial.

6. Future Work

Several enhancements can be made to improve the system's functionality and broaden its
applications for future work. One potential upgrade involves incorporating a Raspberry Pi to
enhance data processing capabilities, enabling real-time monitoring and control of the voltage sensor
system. The Raspberry Pi could be programmed to interface with the ADS1256 board, providing a
more robust computing platform for data acquisition, processing, and analysis. Additionally,
upgrading the software to include graphical results in real-time would significantly enhance user
experience. This could involve developing a custom interface using tools like Python (e.g., Matplotlib
or Plotly) or integrating the system with platforms like Grafana to visualize voltage readings and
trends. Another valuable improvement would be to enable online data uploading and storage. By
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integrating cloud-based platforms like ThingSpeak or Firebase, users could remotely access and
monitor the voltage data, allowing for long-term tracking and the ability to analyze historical trends.
These upgrades would significantly enhance the system's versatility, making it more suitable for
laboratory and field applications in microbial electrolysis and other renewable energy research.
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