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Monitoring Temperature and Humidity in Biomass Gasification
Using Arduino Technology

Abstract

Gasification of biomass can be done with pure oxygen or with ambient air. We have chosen
gasification with ambient air in our project for costs considerations. Relative humidity (RH)
of the air we used with a downdraft co-current gasifier is monitored in this paper. RH sensor
used in this paper presents a capacitor which depends on the amount of water contained in the
gaseous mixture. That RH, behaving as a variable capacitor is inserted in serial with the RC
circuit of an astable multivibrator. Frequency of the oscillator is dependent of the resistance
and the capacity which depends on the RH. We have inserted the RH sensor as a variable
capacitor in the RC circuit of a NE555 oscillator.From the RH sensor datasheet, a
mathematical model has been developed and the equation giving RH found to be Rh = 496,23 *

(L) — 443,26. The frequency of the oscillator is calculated with Arduino and the RH is
(R4+2R2)* Css

deduced. Temperature can be measured with a K type thermocouple from 25 to 1024C with
accuracy of +/-1.5C.The effect of temperature on the RH is also taken into account. Using
Arduino Uno3 as a computer, we have calculated corrected RH respective to temperature and
displayed both ambient and real RH on 20 columns with 4 lines LCD display. Arduino has
also enabled us to save measured data in an Excel sheet, allowing us to analyses measured
temperature and RH and plot different curves from it. The same circuit is also used to monitor
RH of produced synthesis gas. Results of the Arduino temperature and monitoring system
shows that visual observation of air and human feeling can be very misleading in respect to
the air RH.
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1. Introduction
Biomass gasification has attracted interest in decentralized energy production because it offers
flexibility, ubiquity of products, the possibility to store energy in other forms as liquid[1],[2],

[3].[4], [5].

Despite the abundance of waste of agricultural, vegetable and household origin, the large-
scale exploitation of this conversion process is very little developed in Burkina Faso. In a
bibliographic review made in 2014, it was established that gasification of waste may be an
interesting alternative for Burkina Faso [6]. In his PhD thesis dissertation, Barry [7] stated
that: “The syngas production sector by gasification of mobilizable residues can only be
competitive with the butane gas market if the technology is manufactured locally.” His
assertion is corroborated by the study carried out byHamed [8].

In fact gasification units where installed at Dano, Po and Bama in Burkina Faso. However,
these projects didn’t fully success, even if they had gasification units technologies that are in
production elsewhere in the world. However gasification still appears as feasible in Burkina
Faso, provided some economical and technical considerations be taken in account [7].
Therefore, we have a challenge to locally manufacture gasification units for electrical power
generation in Burkina Faso.



With these considerations in mind, we are in the process of designing and thoroughly testing
small-scale gasifiers in order to better master the gasification technology with locally
manufactured units.

In Burkina Faso, several biomass gasification units have been installed in 3 secondary town.
However these have not commercially succeeded for several reasons. Ourlaboratory has an
energetic team who have built two laboratory scale gasifiers from May to December 2022[9],
[10].The two gasifiers built are of the co-current type we have chosen because these appeared
to us the easiest to build on small and laboratory testing scale as documented by other authors
[11], [12], [13], [14], [15].One of the important operating parameters of the gasification is the
air flow and moisture content of the biomass feedstock.

By varying the moisture content from 11 to 30%, at a fixed equivalence ratio on the gasifier
of 0.2609, Mohanty and Padhiary [16], found that steam gasification gives more yield of fuel
while the temperature reduces with moisture content. The optimum moisture content to
maximise the fuel content maintaining the reaction temperature at 1,000 K was found to be
18% to 19%. Other authors also showed that humidity inside biomass and relative humidity of
the air sed for gasification greatly impact the gasification process[17], [18],[19],[20].

Though we successfully operated our gasifiers on may 2022 and November-December 2022,
we were unsuccessful on September 2023. It came out that relative air humidity was in the
range of 70% in September 2023 at Koudougou, Burkina Faso where we held our
experiments.

Therefore, we ran to the conclusion that relative humidity of air should be mastered in order
to enable us conduct gasification experiments at any time.

Consequently, with a view to improving the performance of the gasifiers, a module for
dehumidifying the ambient air used by the gasifier was designed. This module is based on
Peltier effect cooling and aims to reduce air humidity below the limit of 25% relative
humidity of December 2022 we measured and beyond which the gasification of biomass
would be strongly degraded. According to the RH sensors, there a dependency to temperature.
Therefore, effect of temperature on RH is taken in account in order to have more accurate RH.

In order to achieve theserequirements, relative humidity must be monitored at the entrance of
the dehumidifier and at the exit of the dehumidifier before entering the gasifier.

For that purpose, robust, industrial grade relative humidity sensors were souk in order to
buildan adapted relative humidity survey system for our gasifiers.

We also found that a microcontroller can be used to acquire data from numerous sensors,
compute several mathematical functions and display these values [21],[22],[23].

2. Expérimental setup
Thegasifier used in this work is composed of several four functional units: the reactor, the
cyclone, the water condenser and the filter as depicted on Figure 1below.



a: Reactor b: Cyclone c: Water conden-
ser + filter

Figure 1 :Experimental setup

In our project, we have 3 RH modules. Two these are located in the dehumidifier module
(referred to as the air blower) and the third is located on a sampling box that draw a small
amount of synthetic gas cleaned of tar and water vapor by the cyclone separator, the
condenser and the filter. This paper focus on the third RH module that is already installed on a
synthesis gas sampler located near the filter. The same design applies to the two other RH of
the air dehumidifier.

3. Methods

3.1Presentation of the RH sensor

For humidity measurement, we used the HS1101 sensor [24]. Its sensitive element is a
capacitor whose dielectric is made up of a hygroscopic substance (polymer for example) a
few micrometers thick which absorbs the water molecules contained in the ambient air until
reaching equilibrium with the steam. of water contained in humid air.This causes a variation
in the dielectric constant of the hygroscopic layer and consequently a variation in the
capacitance of the capacitor [25], [26], [27].

The electrical model of the humidity sensor has a capacity according toFigure 2below:

RH (%)
S~ T C (pF)

Figure 2 :Electrical model of RH sensor

The parameters are:
RH: relative humidity in %,
C: the capacitance of the sensor inPicofarad (pF).

3.2Schematic circuit and RH calculation principle

We have built an oscillator according to the electronic circuit onFigure 3 below using a
NES555 integrated circuit to generate a square wave signal.



of which the frequency depends on the capacity of LS110LF RH sensor.
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Figure 3 : Square signal generator
Fout ON the schematic is the output frequency of the oscillator.

The HS1100/HS1101, used as variable capacitor, is connected to the TRIG and THRES pin.
Pin 7 is used as a short circuit pin for resistor R.

The HS1100/HS1101 equivalent capacitor is charged through R, and R4 to the threshold
voltage equal to (approximately 0.67Vcc) and discharged through R, only to the trigger level
(approximately 0.33Vcc) since R4 is shorten to ground by pin 7.

Since the charge and discharge of the sensor run through different resistors, R, and Ry, the
duty cycle depends on these resistors.

3.3Calculation of the RH
The calibration curve of the RH sensor given by the manufacturer [24] is the following:
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Figure 4 : HS1101 typical response[24]

By taking points from this calibration curve, we obtain Table 1 below:

Table 1 RH sensor value provided by manufacturer

Rh(%) 0 10 20 30 40

C(pF) | 162.86 | 166.43 | 170 | 172.86 | 176.07

50 60 70 80 90 100

181.43 182.86 188.43 190.71 195 200.7

From this table we obtained the following correlation curve on Figure 5 below.
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Figure 5 : Capacity as function of relative humidity

By a second order polynomial interpolation in the least squares sense, we find:

C=7.10*(Rh)*+ 0.2921 (Rh)+163.39¢. 1

For an operating point of relative humidity around 55%, we find

C(55%) = 181.573 pF Eq. 2

To simplify the calculations, let's take theTable 1 again by considering the ratio (C/Css) and
Rh. We obtain Table 2 below.

Table 2 : relative humidity as function of C/Css

Rh(%) | 0 10 20 30 40

(C/Css) | 0,8969 | 0,9165 | 0,9362 | 0,9519 | 0,9696

50 60 70 80 90 100

0,999 1,007 1,027 1,050 1,074 1,105

From this Table 2, the expression (by linear polynomial interpolation in the least squares
sense) of RH as a function of C/Cs;s is then:
Rh =496.23 * (C/Css) - 443.26 Eq. 3



3.4 Determination of the temperature

A K type thermocouple is used along with its amplification and analog to digital converter
referenced as Max6675 to acquire the working temperature of the part where the RH sensor
is plugged in.

According to the manufacturer datasheet [28], the MAX6675 can measure temperatures from
0°C to +1024°C, performs cold-junction compensation and digitizes the signal from a type-K
thermocouple.

The data is output in a 12-bit resolution, serial peripheral interface (SPI) compatible, read-
only format. On Figure 6below, the Max6675:

- processes the reading from the thermocouple and transmits the data through a serial
interface.

- Force CS low and apply a clock signal at SCK to read the results at SO. Forcing CS low
immediately stops any conversion process.

- Initiate a new conversion process by forcing CS high.

- Force CS low to output the first bit on the SO pin.

That way, Max6675 gives us a compensated temperature reading from ambient temperature to

the working temperature of the Lambda sensor. Conversion in K is made in the Arduino

Integrated Development Environment (IDE).
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Figure 6: Overal diagram of the monitoring system

The Max6675 output a digital value of the temperature on pin DO. That value is read on
seventh digital pin D6 of the microcontroller and can be used for calculations.

3.5 RH dependance to temperature

According to the application datasheet [29], HS1101LF, an enhanced version: the HS1101
RH sensor can operate in the range of temperature from -60 to +140°C. There are nominal
and peaks operating conditions as seen on below:
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Figure 7 : Temperature dependence of the RH

A relation will be deduced from the nominal curve with a maximum of 250g/kg.

3.6Relation to gasification

In case of gasification, we seek to produce mainly carbon monoxide and hydrogen, plus
sometime methane.

The stoichiometric combustion of wood in air containing 21% of oxygen and 79% of
nitrogen is the following equation:

ield
CeH1,05 + 6.5(04 + 4.77N,) = 6H,0 + 6C0, + 31N¢q. 4

When oxygen is not supplied in sufficient quantity, CO is also produced in lieu and place of
CO.,. Also, water vapor is engaged in the so-called water-gas shift reaction that produce
hydrogen as a reaction between carbon dioxide and water vapor according equation 2 to
below:

CO + H,O =2C0O, +Hy Eq.5

Consequently, we have mixture of CO, H,0, Hz, CH,4, CO, and N, from the gasification of
biomass. There is also a need to measure RH in the synthesis gas, because a high-water
vapor content in synthesis gas would make it difficult to burn in a combustion engine or at
the flaring port.

RH percentage will be calculated with Arduino Uno 3 board as microcontroller
programmed under Arduino 2.2.1 Integrated Development Environment (IDE).

4. Results and discussion

4.1 Calibration of the RH sensors
Calibration of RH sensors mainly consist in the adjustment of the coefficient in equation 3in
order to get the same value on the LCD display and a reference humidity meter.



Depending on the assembly, the output oscillates according to the charge-discharge of the
capacitor. The capacitor charges during the time:

t; = 0.693 % (R4 + Ry) * Ceq.6

Fout Is measured with Arduino and the RH is deduced.
The total oscillation period is

T = tl + tz = 0.693 * (R4_ + 2R2) * CEq. 7

The oscillation frequency is

1.44

1
=-=——"_ 438
f=3 (Ra+2Ry)+C 7

For R4=49.9 kQ we get:

t1=0.693*(R4+R2)*C £q.9

and R3=576 kQ.
Witha humidity of 17% we obtained the following oscillation shown on Figure 8 below:
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Figure 8 : Frequency function of RH test
According to the calibration curve:

C €[162 pF; 200pF|eq. 10

Thus:

f €[7,00321 kHz;8,6413kHz]Eq. 11
According to the oscillation obtained:
f =7,1992 kHzeq. 12

which confirms the accuracy of our measurement up to a few uncertainties (parasitic
capacitances, precision of the oscilloscope). By measuring the frequency f=1/T, we then
calculate

1.445T
= Eq. 13
R4+2R,

Let us then calculate the general equation (sensor-conditioner). We Have:
Rh = 496.23 * (C/Css) - 443.26 £q. 14



And:

C 1.44%T

Therefore:

Rh = 496,23 * (

Css  (R4+2R2)*Css

1.44%T
(R4+2R2)* Cs5

.15

) — 443,26Eq. 16

In the past, RH was determined with mechanical methods. Those methods where not very
reliable and corrections had to be made to accurately read water content in the air. Humidity
sensors with linear, quick and reversible responses were developedfor measuring water vapor
concentration in air [30].Nowadays hygrometers are the most used and common method
because these are small and reliable. The methodwe used here to determine the RHfall in the
category of hygrometer and digital reading of RH eliminate reading errors from the user.

4.2Temperature dependance of the RH sensor
A cloud of points has been deduced from the datasheet as seen in Table 3 below:

Table 3 : temperature dependance of the RH sensor

RH (%) 0 5| 10| 15| 20| 25| 30| 35| 40

Temperature(°C) 1443| 142.8| 135.4| 128.6| 122.3| 116.6| 111.3| 106.6| 102.3
45| 50| 55| 60| 65/ 70| 75| 80| 85| 90| 95| 100
98.4| 949| 91.7| 889 86.4| 842| 822| 804| 788| 77.4| 761| 750

From that cloud of points, Figure 9below was plotted.
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A best fit curve was found with Excel which give us the relation between RH and
temperatureas seen on above:

RH(%) = —0.0004 * 63 + 0.1422 * 2 — 18.202 * 6 + 826.04 Eq. 17

Where 0 denote the temperature in °C.

The best fit curve has a determination coefficient of R2 = 0,9988

4.3Electronic prototype

The prototype we have built is showonFigure 10below. The bottle is the gas sampling box with
the relative humidity sensor affixed at the top of the blue cap and sensors legs passing through
the blue cap. Only a small quantity of the gas is taken through a flexible pipe as shown on
label in Figure 10 below. The board is powered with a 9V battery.

Sampling bottle

Juction plates
PCB

Batterry

PWM FETs

NE 358§

Capacitor
Resistor

Figure 10 : Prototype with sampling box



RH sensor was glued to the cap in that way that it can be removed with the cap simply by
unscrewing the cap as seen on Figure 11 below.

Figure 11 : Sampling box and RS1101 inside the blue cap

4.4Calibration of the RH sensor and Arduino code
Code related to the temperature and RH sensorsare given below.Comments in the code begin
with two slashes (//) and explain what is done.

#include<LiquidCrystal.h>

#include<Wire.h>

#include<TimelLib.h>// RTC

#include<FreqCount.h>//Calculate frequency for relative humidity
LiquidCrystal 1lcd(12,8,13,4,3,2); //Declare LCD display pins
float Tom = 0.0; //Time of measure

int thermoDO = 7; //D@ to pin 7

int thermoCS = A5; //CS to AS.

int thermoCLK = 6; //Clock to pin 6

float temperature = 0.0; //Define temperature

MAX6675 thermocouple(thermoCLK, thermoCS, thermoDO);

int vccPin = 3;

int gndPin = 2;

After we have defined these variables, we set values of the main program as follow:

voidsetup(){
Serial.begin(9600); //Speed of the
//Serial port, including USB
FreqCount.begin(1000); //Initialise frequency counter
//Max 6675 setup: use Arduino pins
pinMode(vccPin, OUTPUT); digitalWrite(vccPin, HIGH);
pinMode(gndPin, OUTPUT); digitalWrite(gndPin, LOW);
//End setup for Max 6675
} ;5 //End setup
Below is the code of the main loop that repeatedly measure temperature and
relative humidity.
voidloop()
{
temperature = thermocouple.readCelsius()+273.15;
tempCels = temperature - 273.15; //Revenir aux degres Celsius
lcd.clear(); // Clear LCD to avoid weird characteres display
//Calcul humidité relative
if(FreqCount.available())

{



count = FreqCount.read();
Rhum = 3.38%((1.44/count)/((R4+(2*R22))*C_55 ));
//Adjustmentdone with 3.38 as //multiplier to have 10% according //to local
weatherand reference //humidity meter
¥
//Dispaly temperature in Celcius
lcd.setCursor(0,0);
lcd.print("T ");
lcd.print(temperature-273.15,1); //Display Reactor temperature in °C with 1
decimal
lcd.print((char)223);
led.print("C or ");
lcd.setCursor(12,0);
lcd.print(temperature,1); //Display Reactor temperature in K with 1 decimal
led.print(" K");
//Display what is the time elapsed?
lcd.setCursor(o,2);
led.print("Meas. time ");
unsignedlong currentMillis = millis();
Tom = ((currentMillis/1000)/60.0);
//Must be 60.0 to have decimal, else
//Tom will remain an entiger
lcd.setCursor(11,2);
lcd.print(Tom,1);//Display time of //measure in minutes with 1 decimal
led.print(" min");
// End displays on LCD
//PLX-DAQ execution
Serial.print("DATA,"); //Annonce 1'affichage des données
Serial.print(day());//Save day
Serial.print("™ "); //Shift column
Serial.print(month());//Save month
Serial.print(" ");//Shift columnSerial.print(year());//Save year
Serial.print(","); //Shift column
//Save date + colonne Al
Serial.print(hour()); //Save hourSerial.print("h");

Serial.print(","); //Affichage heure + une colonne B2

Serial.print(Tom,1); Serial.print(","); //Affichage minutes + une colonne B3

Serial.print(tempCels,1); Serial.print(",");//Affichage de la temperature +
colone D4

Serial.print(Rhum,1);
Serial.print(","); //Affichage Humidite relative + Espace d'une colonne I9
delay(6000); //Delay 6 seconds

}; //End loop.

The results are displayed on Figure 12below. This RH sensor is part of the monitoring system
we have built for our gasifiers. This why the are several others parameters displayed on the
LCD screen as temperature, Oxygen percentage, etc.



LA LA L L)

TA305S5CH 020051 %2EC1
CO 3.2pPm CH4 2.3FPF

HZ 1.7pPh R_Hum 27%
CO’Me_He_Tom 1.9%9mn
i
c f g

h

Figure 12 : Measured values display labels
Labels on the LCD display that concern us in this paper are the two following:
a = Temperature in °C,

b, i.e: * = symbol of heating at 5V (CO= carbon monoxide),

candd, i.e: _ =symbol of heating at 1.4V (Me=methane, Hy=hydrogen),

h =relative humidity in percentage

e,fand j = gas concentration in ppm,

Xn =heating cycle, X being C for carbon monoxide, H for hydrogen and M for methane, n
takes values 1 to 6 and represent the heating cycle in one loop. For example, loop, C1 is the
first heating cycle where carbon monoxide sensor is heated at 5V.

4.5Saving data in an Excel sheet
PLX-DAQ is a registered trademark of the Parallax Company. They offer it for download.
There is an Arduino program that could be downloaded and adapted according to one’s need.

Major features of the PLX-DAQ include the ability to record up to 26 columns of data, read
or write any cell on a spreadsheet, support for throughputs up to 128000 baud and support for
COM ports 1 to 15. Its basic commands sent through a simple serialport that we used and
want to recall are the followings:

- LABEL: Set labels for the topmost row of the Excel sheet.
- DATA: This is the most basic and crucial command of the PLX-DAQ. It is used to send
data from Arduino to Excel and print it on the Excel sheet.

Readers interested could search“PLX-DAQ” with Google and they will find all information.
After we interfaced it with our program, we obtained results given in Figure 13below.
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Figure 13 : Data saved on an Excel sheet

3 Conclusion

Using the Arduino board for measuring temperature relative humidity in the synthesis, we
achieved a simple a reliable method of measuring the RH. With a digital display,
measurement precision only depends on the sensitivity of the sensor. RH sensor used here
have a 5% accuracy at room temperature. Temperature is measured with +/- 1.5°C. The RH
module same can be used to measure relative humidity in the gasification air.As a
perspective, we see the possibility of coupling humidity sensors to Peltier effect cooling
modules, in order to capture the water contained in the air and control the power supply of
these modules according to the relative humidity at the entrance and exit of the dehumidifier.
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