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Introduction
Briquettes are a solid fuel widely considered a prospective green and clean one. These 
two atributes refer to the emission and toxicity level of the fuel [1]. A green fuel has a 
low carbon footprint characterized by carbon dioxide released and adsorbed along the 
fuel life cycle, while the cleanness of the briquette is related to its quality. A briquette can 
be produced from biomass waste [2, 3] or any biomass from special plants for briquettes 
[2, 4, 5] with additional material as the binder. Briquettes are typically produced from 
bamboo [6], groundnut [7–9], husk [10], sawdust [11], any charcoal [2, 6, 12], and coal 
[13]. Research has been conducted to understand many aspects of the briquette quality 

Abstract
Drying completion determinant is critical in coconut charcoal briquette production 
due to both cost and quality concerns. To address this, research was conducted to 
determine the drying level of briquettes using resistivity measurements with plate 
electrodes and electrolytes. The study aimed at finding the possibility of applying 
combination of plate electrodes and electrolytes for rapid determination of stopping 
the drying process in coconut shell charcoal briquette production. In this study, two 
distinct methods were performed: the direct approach and the indirect approach. 
On one hand, the direct method applied Ohm’s Law to current and voltage data. On 
the other hand, the indirect method utilized a voltage divider approach to calculate 
resistivity. Both methods were conducted to test the cube-shaped briquettes (2.5 cm 
per side) with moisture content (MC) levels ranging from 4% to 16%. The direct 
method provided results close to rod electrodes. Meanwhile, the indirect approach 
provided very precise results with deviation standard less than 1.5%. The resistivity 
of the threshold of market acceptable briquette was above 10 kohm.m for moisture 
content less than 5%. These findings indicate a clear distinction between wet and 
dry briquettes, demonstrating the possibility of applying the instrumentation of a fast 
stop drying determinant. The indirect method can reduce decision time and fuel cost 
by 5%.
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[14–18], briquette production [15, 18–20], and other aspects of its lifecycle processes 
[21, 22]. Among the research on the briquette quality, physical parameters are studied 
alongside the chemical ones. In particular, density, hardness, burning rate, and moisture 
content serve as the primary physical parameters of the briquette quality [5, 16, 23, 24].

Of those parameters, moisture content is the important physical parameter of the bri-
quette quality, along with agglomeration. A good charcoal briquette is required to have 
a moisture content below 8% in Indonesia, Japan, and some other countries [13, 25]. A 
European Wood Pellet Product standard (ENPlus) requires the moisture content of the 
biomass fuel briquettes below 10% [25]. The moisture content implies the calorific value 
of a briquette [26]. According to the proximity approach, every percent of moisture con-
tent in a briquette is equivalent to 78 cal/g [27]. The necessary energy for evaporating 
the moisture content affects the heating value of a fuel and its mass. Therefore, the mois-
ture content also affects briquette density [28]. Consequently, higher moisture content 
results in less available energy for harnessable combustion [24, 29]. In 2013, Gebreegzi-
abher et al. reported that the lower heating value (LHV) of a wood chip with 43% mois-
ture content was less than the LHV of the chips with 17% moisture content by more than 
one third. The LHV of wooden chips of 0.05 m with 43% moisture content had an LHV 
of 9,698 kJ/kg, and those with 17% moisture content yielded 15,000 kJ/kg [30].

To produce a briquette that complies with moisture content and agglomeration, the 
drying process needs a specific minimum temperature. The main function of drying is 
to reduce the water content of the briquette. Some water was added to the mixture of 
matrix and binder during the blending process [13, 17, 25, 31]. Usually, a kind of thermal 
drying is applied to remove water content after compaction because the minimum tem-
perature of drying is essential to create agglomeration of the charcoal powder [25]. The 
drying temperature affects the durability and density of briquettes. For example, heating 
sawdust briquettes at 130 °C was reported to create higher density briquette than heat-
ing them at 120 °C. Furthermore, the report also mentioned that 130 °C heating made 
a more durable sawdust briquette than 120 °C heating [4]. Meanwhile, thermal drying 
with a specific heat level and duration results in a variation of drying cost. Application of 
a higher temperature drying requires more fuel to reach the desired condition than the 
lower one. Accordingly, the drying duration also affects the cost of processing signifi-
cantly; a longer drying duration costs more fuel. Given these costs, a rapid test to deter-
mine the drying duration is a necessity, particularly when the drying process is halted. 
It is reasonably important because the quality controller in a charcoal briquette factory 
usually conducts a burning test to ensure that the drying process is completed [28, 32]. 
The burning test can show different patterns of burning rate and indicate the quality 
of the briquettes [33, 34]. Unfortunately, a typical burning test lasting at least 120 min 
reveals that the decision on drying completion duration affects production cost. The fuel 
consumption of the burning test is 5% of the total fuel of the average briquette drying 
duration, taking place more than 48 h.

Resistivity has been reported as a potential drying finish determinant [28]. The study 
indicates that a fast and accurate determination of the drying completion could decrease 
the fuel cost. It has been reported, as well, that the resistivity could distinguish the 
cube-shaped briquettes whether they are in wet, semi-dry, or dry conditions [32]. For 
instance, a dry coconut shell charcoal briquette has a resistivity that is more than 1 M 
ohm m, while the wet one has a resistivity less than 10 k ohm m [28, 32]. Notably, the 
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resistivity difference of the dry and wet briquettes is more apparent than the density dif-
ference [34]. The method can also provide information on the position of the wet part 
inside the briquette [28]. Moreover, Prasetyadi et al. also reported that it is better than 
the density; the resistivity can be applied to distinguish the semi-dry charcoal briquette 
from the dry one [28]. However, the data shows high standard deviation of the measure-
ment and expose the challenge of the method, which is a kind of direct method applying 
resistance as the measured parameter. Other charcoal electrical resistivity was reported 
with heat treatment for activating carbon, ranging from 15.3 milliohm m to 0.2 milliohm 
m at temperatures of 800 °C to 1800 °C [35]. In contrast, another report shows different 
results of rice straw charcoal in the order of 106 ohm cm [36]. The charcoal powder has a 
resistivity of 5 10− 5 ohm m while the charcoal briquette is 6 10− 5 ohm m [37].

Direct resistivity measurement using rod electrodes has been performed [28, 32]. 
However, it still has the drawbacks regarding precision and repetition of data acquisi-
tion. Because the briquettes have a porous surface, the contact between the electrodes 
and the briquette surface is unstable. Hence, skill and experience are required to mea-
sure the briquette resistivity using rod-type electrodes. Unlike the ground measurement, 
rod electrodes cannot be plugged into the briquette. The standard deviation of measur-
ing resistivity using the rod electrode type was reported to be higher than 10% [28, 32]. 
Even though there is an exception for dry conditions, which shows the least standard 
deviation, it differs from the semi-dry briquette. Aforementioned, the method can also 
predict the position of the wet part during half-dry briquette measurement, but the vari-
ation of results remains above 5% [28]. The standard deviation phenomenon indicates 
that the homogeneity of the field inside the briquette is the subject of its measurement 
variation.

Alternatively, the plate electrode becomes a potential method to provide a homoge-
neous field because its construction resembles a capacitor where the electric field dis-
tributes homogeneously over the briquettes. By placing the plates on the opposite 
sides of the briquette and supplying different polarities, any variation of material con-
dition between the electrodes provides a field variation. Inversely, the current between 
the electrodes reflects the resistivity of the material. Based on this principle, the work 
of Wuri Harini et al. demonstrates that the plate electrode measurement can provide 
an adequate and reliable trace of briquette drying conditions. The clamp application to 
maintain the contact between the plate electrode and the briquette surface helps this 
work with less resistivity difference [38]. The clamp application was also performed by 
[37], indicating that the contact of the plate electrodes and the briquette surface needs 
adjustment. Therefore, increasing the contact of the electrode and the electric charge is 
important.

One of the methods to increase the contact of the electrode and the surface of a 
porous medium is the application of an electrolyte solution, which facilitates material 
diffusion across the surface of the medium. Accordingly, once the electrolyte diffuses 
to the briquette surface, the potential difference occurs when an electric field is applied. 
This process implies a higher sensitivity of the medium resistivity difference. A popular 
application of electrolytes for increasing the contact surface is self-potential in geophys-
ics [39]. Solution of cuprum salt is utilized as the electrolyte, in which the ion transfers 
the charge through a permeable membrane.
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The study of measuring resistivity using plate electrodes combined with electrolyte 
for charcoal briquettes represents a gap that has not been studied yet. While resistivity 
as a method for determining moisture content is rarely performed. Moisture content, 
instead, is preferably measured using the density or proximity method [16, 25, 40]. The 
proposed study serves as the advancement of the author’s previous research on the resis-
tivity for coconut charcoal briquettes drying stop using rod electrodes [28, 32].

This work aims to investigate the applicability of the combining plate electrodes and 
electrolyte solution to create a rapid method of determining drying completion of the 
coconut shell charcoal briquette production using resistivity. The proposed method is 
tested by measuring the resistivity of the briquette across various conditions, ranging 
from 16% to 4% of moisture content. The measured resistivity of 5% moisture content 
is considered a critical boundary for determining the completion of the drying process. 
Even though it exceeds some standards, it is still an acceptable condition according to 
many markets. Finally, the validation of this method is demonstrated by comparing the 
resistivity with mass change.

The presentation of the work is structured into four distinct sections. To begin with, it 
is the introduction that elaborates on the significant role of the plate electrodes and elec-
trolyte in the charcoal briquette completion determinant method. Then, the second sec-
tion describes the material and elaborates on the methods covering the relevant theory, 
the explored briquette, the description of the experiment apparatus setup, and the pro-
cedures of measuring resistivity utilizing both direct and indirect methods. Afterward, 
the third section presents the results of the measurement in the previous section and 
the discussion about the results. At last, it is the conclusion of all the discussions in this 
study, underlining the resistivity of the briquette with a moisture content of less than 5% 
as the main parameter of use.

Materials and methods
Material

The measured briquettes consisted of the coconut shell charcoal briquettes in three geo-
metric shapes, namely tube, cube, and hexagon, as shown in Fig. 1. The briquettes were 
products of a factory in Klaten, Central Java, Indonesia. The cube briquettes were 2.5 cm 
on each edge. The tube briquettes had a diameter of 2.23 cm and a length of 3.91 cm. 
The hexagonal briquettes featured a cross-sectional area of 4.5 cm2 with a length of 5 

Fig. 1  The cube, tube, and hexagonal briquettes used in this work
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cm. In terms of composition, the briquettes was 95% of coconut shell charcoal and 5% of 
tapioca starch as the binder, as in Anis et al. [41]. The briquettes were made with screw 
extruder compaction at a ratio of 4:1, resulting in a final specific density of 1.0–1.1 as the 
regulation required. Subsequently, the drying process was conducted at a temperature 
of 65 °C and 20% humidity and lasted between 13 and 18 h. The drying duration varied 
depending on the number of briquettes in every batch.

Measuring resistivity

The measurement equipment to determine the completion duration of the drying pro-
cess consists of two plate electrodes squeezing measured briquette, and a digital multi-
meter as shown in Fig. 2. The electrodes were made of PCB and were assisted with an 
electrolyte of potassium nitrate 3.05%, which was conveyed in a sponge attached directly 
to the electrodes to increase the contact between the electrodes and the briquette sur-
face. The direct method used an ohmmeter to measure the resistance. Following, the 
resistivity was calculated using Eq. (1). Then, this measurement was applied under vary-
ing moisture content conditions. The indirect method applied a voltmeter to measure 
the potential difference of the briquettes in a voltage divider circuit, as shown in Fig. 3. 
Accordingly, Eq. (6) was used to calculate the briquette resistivity. The direct method has 

Fig. 2  The structure of equipment for measuring the resistivity
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an equipment accuracy of 1.5% + 5 with a resolution of 0.1 ohm. Meanwhile, the indirect 
method exhibited an equipment accuracy of 0.7% + 3 and a resolution of 0.1 mV.

Basic resistivity measurement

Resistivity measurement is based on a resistance measurement. Commonly, the generic 
function of measurement is shown in Eq.  (2), where i represents the current density, 
defined as the ratio of electric current to cross-sectional area. Meanwhile, E and σ 
denote the electric field and the conductivity, respectively. The resistivity is the inverse 
of the conductivity. Therefore, it can be determined using Eq. (1). As shown in this equa-
tion, the resistivity (ρ) depends on the cross-sectional area of the material (A), the length 
of the material (l), and the measured characteristic variable, namely the resistance (R). 
Thus, Eqs. (1) and (2) indicate that resistivity can be obtained either by measuring the 
resistance of a material with a known length and cross-sectional area or by calculating 
it from the measured current density under a specified electric field across the material.

ρ = AR

l
� (1)

i = σE� (2)

Equation (1) implies the direct method. An ohmmeter is used to measure the electrical 
resistance of the briquette. Subsequently, a simple manipulation based on the briquette 

Fig. 3  The voltage divider with the output voltage as the main measured variable and R_briq as the charcoal 
briquette
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dimensions is applied to determine the resistivity of the briquette, following Eq.  (1). 
With plate electrodes, the assumption of cross-section can be used directly.

Equation (2) describes the current measurement approach that demonstrates an indi-
rect measurement method. The current is measured in the wire supplying the potential 
for the briquette. Whereas, the potential difference between the sides of the briquette is 
maintained by the electrodes. The primary function of the electrode plate is to create a 
charge boundary that generates an electric field. The cation has a negative charge along a 
plate, while the anion creates the boundary of positive charge along the other plate. The 
dry briquette prevents the ion from moving to the other side. On the contrary, the wet 
briquette allows the ions to move through the briquette. Consequently, the different dry-
ing levels produce different potentials between the electrodes.

Voltage divider

The potential difference between the electrodes can be measured using a voltage divider, 
which serves as the main sensor element. The voltage divider, coupled with an instru-
mentation amplifier, is applied to convert the sensor signal into a potential that is used 
to measure the current. The voltage divider circuit is presented in Fig. 3. The main com-
ponents of the voltage divider are R_briq and R_1. The R_briq is the resistivity of the bri-
quette, and the R_1 is selected to be 10 kOhm. The relationship between the R_briq and 
Vcc is shown in Eq. (3), followed by Eq. (4).

I = V out

10 kΩ � (3)

R_briq = V cc − V out

I
� (4)

Therefore, by applying the relationship in Eq. (1), the resistivity of the briquette can be 
expressed as Eq. (5).

ρbriq = (V cc − V out) A

Il
� (5)

Then,

ρbriq = (V cc − V out) A ∗ 104

V out ∗ l
� (6)

Equation (6) shows that the resistivity of the briquette is a function of Vout, while the 
other parameters remain constants. Therefore, the measurement method described in 
Eq. (6) creates an indirect method.

Electrolyte

The electrolyte chosen for resistivity measurement was potassium nitrate. A solution of 
2,8 g potassium nitrate in 90 cc of water was applied. The potassium nitrate has been 
reported to indicate a conductivity of 0,09479 × 10− 8 S/cm [42]. The conductivity of a 
weak electrolyte decreases with increasing concentration according to Kohlrausch’s law, 
as mentioned in Eq. (7) [43]

Am = A0 − bc1/2� (7)
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with Am as the conductivity of a specific concentration, and A0 as the conductivity of 0 
concentration, and C as the concentration of the solution in % of mol. The other variable 
is the constant.

Procedure

The direct method consisted of setting the meter to ohmmeter mode, adding the elec-
trolyte to the sponge, reading the data, and calculating the resistivity. The amount of the 
electrolyte added to the sponge was 0.25 ml for each electrode. Then, the resistivity was 
calculated from the resistance data according to Eq. (2) was performed on the resistance 
data as the measured variable.

The indirect method followed similar initial steps. The electrodes were connected to 
a 5  V power supply and arranged in a voltage divider circuit. The meter was set as a 
voltmeter and connected to the output of the voltage divider. Subsequently, 0.5  ml of 
electrolyte was added, and the briquette was squeezed between the electrodes. The resis-
tivity was then calculated using Eq. (6).

The direct measurements were performed on 14 cube briquettes with varying mois-
ture content. Resistance measurements were conducted three times for each sample. 
Averaging of the read data was used as the result. A comparison of the moisture con-
tent, density, and resistivity obtained using this method is presented to show that the 
resistivity method is more effective than the density method in measuring the stopping 
condition.

The resistivities of the tube briquettes were measured using an indirect method. Eigh-
teen samples of tube briquettes with different moisture content were collected dur-
ing the drying process. The voltage divider was varied using resistances of 100 Ohm, 1 
kOhm, 10 kOhm, and 100 kOhm. Averaging of the resistivity was conducted to obtain 
the best result. Similarly, the resistivity of the hexagonal briquette samples was also mea-
sured using the indirect method with a voltage divider of 100 Ohm, 1 kOhm, 10 kOhm, 
and 100 kOhm.

Two different conditions of cube briquettes were measured as the final validation of 
the resistivity method for determining the stop condition of drying. An application of a 
10 kOhm divider resistance was used to sense the briquettes’ voltage. Then, the digital 
data acquisition was performed using a microcontroller, with each sample measured 32 
times.

The moisture content was measured according to [13]. The samples were put into an 
oven at a temperature of 105 °C for 1 h. The moisture content was calculated as the ratio 
of the mass difference between final conditions to the initial mass.

Presentation

The relationship among the parameters obtained from the direct method is presented 
in pairs. The first pair has a relationship with the moisture content and resistivity, show-
ing resistivity as a function of the moisture content. The second pair relates the mass of 
the briquette to moisture content, revealing it as a function of mass. The third pair links 
mass and the resistivity, which explains the potential of using resistivity for moisture 
content prediction. The relationship of moisture content and resistivities is also applied 
to tube and cube briquettes to show the similarity of the pattern and the applicability of 
the method when using an indirect method.
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Two briquette conditions of indirect measurement were examined with the focus on 
the consistency result of the method, regarding the contact between the electrodes and 
the briquette. The main points of the last indirect method were to show the effect of the 
electrolyte’s conductivity on the measurement and moisture content prediction.

Results and discussions
The use of an electrolyte on a plate electrode for measuring the resistivity is studied in 
three main steps. The first step is about the conductivity of the electrolyte. It is followed 
by the direct method as the second step. Parameters, including mass, moisture content, 
and resistivity, are paired for data at moisture content values ranging from 16% to 4%. 
The moisture content values were obtained from drying duration of 0–13 h. The discus-
sion explains how each parameter relates to the others. Afterward, the third step dis-
cusses the indirect method applied to measure the resistivity of the briquettes under wet 
and dry conditions. The main focus of this section is to demonstrate the possibility of 
applying an electrolyte to improve the reliability of the method.

The conductivity of the electrolyte

The conductivity of the potassium nitrate, used as the electrolyte in this research, is 
determined by extrapolating potassium nitrate solution data according to CRC Hand-
book of Physics and Chemistry, as shown in Fig. 4 [44]. Equation (7) indicates that the 
conductivity of a specific potassium nitrate concentration can be obtained using a loga-
rithmic function, applying the trendline of the potassium nitrate solution. The specific 
conductivity of the applied potassium nitrate in the research was 45.75 S/m. This value 
was calculated from the data presented in Fig. 4 using the solution concentration in 
molar and the parameter A in m2 mS mol− 1. For a briquette with a length of 2.5 cm, the 
solution exhibits a current density of 5.72 A m⁻² when a 5 V potential is applied between 
the electrodes. In each measurement, only 0.5 ml of potassium nitrate solution was 
added, resulting in a current capacity of 1.14 × 10⁻⁴ A. This condition corresponds to an 

Fig. 4  Higher concentration shows less conductivity
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equivalent resistance of 4.37 × 10⁴ Ω. This value represents the resistance of the solution 
contributing to the total resistance of the briquette.

An electrolyte solution diffused within a briquette can be modelled as the parallel 
resistance of the briquette and the solution. This model is applied in the capillary bundle 
model used in rock formation analysis [45]. A dry charcoal briquette has a resistivity of 
0.182 MΩm [28, 32]. It means that a cube carbon briquette with a length of 2.5 cm has a 
resistance of 7.3 MΩ. Therefore, the dry briquette resistance is significantly higher than 
the resistance of the electrolyte solution.

The dry briquette with fully diffused solution will have a resistance of 4.34 104 Ω. In 
contrast, the wet briquette with a resistivity of 232 Ωm shows 9.30 103 Ω resistance [32]. 
Similarly, the resistance for a fully diffused solution briquette is 7.66 103 Ω. The differ-
ence between the dry and wet briquettes is significant, and it has the potential to deter-
mine the briquette condition if the solution diffuses into the briquette. Even though the 
resistance of the electrolyte lies between the dry and wet, it still provides a significant 
distinction between the dry and wet briquettes. For the dry briquette, the electrolyte 
resistance is dominant. Meanwhile, the wet briquette resistance becomes dominant dur-
ing the measurement.

Direct measurement

The direct method applied to measure the effect of the moisture content on the bri-
quette resistivity shows an increase in the resistivity as the moisture content decreases, 
as shown in Fig. 5. The data can be grouped into 3 clusters: the briquettes with moisture 
content below 5%, the briquettes with moisture content between 6% and 8%, and the 
briquettes with moisture content greater than 8%. The briquettes with the moisture con-
tent below 5% exhibit resistivity values higher than 20 kOhm m. The results confirm the 
findings of previous work by Prasetyadi et al. [28, 32]. Higher resistivity of the briquette 
indicates lower moisture content of the briquette. To be a good briquette, the proper 
agglomeration process should happen in the briquette, which implies higher resistivity. 

Fig. 5  The resistivity as function of moisture content
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Conversely, the briquettes with moisture content of 8% or higher show resistivity values 
lower than 1 kΩm and therefore do not meet the Indonesian and Japanese standards. 
The number indicates a wet briquette condition according to the model.

As seen in Fig. 5, the resistivity of the briquette changes significantly as the moisture 
content decreases from 8% to 4%. A moisture content of 8% or higher indicates that the 
water content is distributed almost evenly throughout the briquette. Meanwhile, the 
coconut charcoal briquette with an moisture content below 8% do not contain enough 
water, which is equally distributed over the briquette. Hence, the briquettes with mois-
ture content below 8% can be considered unsaturated, while those above 8% may be 
regarded as saturated. The phenomenon observed in Fig. 5 is similar to that of porous 
rock, in which resistivity decreases exponentially in unsaturated conditions [46]. At 
the same time, the briquette with moisture content below 8% has lost more than half 
of the water mass. According to moisture content calculation procedure, the mass 
change should have a linear relationship with the moisture content. The mass differ-
ence is proportional to the moisture content, with the mass factor acting as the coef-
ficient. However, the mass difference has a less significant influence on moisture content 
than resistivity, which exhibits an exponential relationship with moisture content under 
unsaturated conditions.

Mass-moisture content relation

Generally, the mass of the briquette decreases as the moisture content becomes lower. As 
shown in Fig. 6, below 8% moisture content, the mass shows a less significant response 
to differences in moisture content compared to conditions above this level. The trend 
of the graph tends to follow a positive exponential pattern. This implies that adjusting 
moisture content using density for briquettes below 8% is difficult. This finding confirms 
the authors’ previous works [28] and [32]. Nevertheless, briquettes with a mass below 15 
g ensure moisture content under 6%. This condition meets the briquette requirements 
reported in [4, 6, 25, 32, 47, 48].

Fig. 6  Mass of the briquettes and their moisture content
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The moisture content of the briquettes strongly depends on the drying process. To 
remove moisture inside the briquette, a thermal process is required to evaporate water 
from the briquette’s pores. Evaporation typically begins at the surface of the briquette, 
leaving the most difficult-to-remove moisture in the centre of the briquette [20]. The 
study also reported that the briquette temperature becomes equal to the ambient tem-
perature within one hour. This implies that mass transfer processes influence the tem-
perature distribution inside the material. The temperature difference between the 
surface and the inner part of the briquette also depends on its moisture content. This 
process underlines the internal binding mechanism of the briquette during evaporation. 
Particle size also contributes to this process and creates a trade-off. Fine particles require 
more water to agglomerate [49]; however, they allow better compaction, which affects 
the density and strength of the briquette [23]. This emphasizes the importance of study-
ing particle size effects, as highlighted in Pang et al. [50].

Mass-resistivity relation

Figure 7 shows how the resistivity of the briquettes varies with the mass. The relationship 
is of a negative exponential nature as mass decreases, resistivity increases. This exponen-
tial relationship is more significant at lower mass levels. It shows that even a reduction of 
mass, in this case indicative of moisture content, increases resistivity substantially. This 
high sensitivity means that measuring resistivity will be much easier to track changes in 
moisture content than directly weighing the sample. Because of this significant sensi-
tivity, the tracking of moisture content drops below levels of 8% is particularly notable. 
This makes resistivity excellently suited to track the drying process. As mass decreases 
towards the required level of dryness, the exponential nature of the relationship ensures 
that the measured value will become exponentially more significant, providing a good 
indicator of the later stages of the drying process.

Fig. 7  Resistivity and mass relation of the briquette during the drying process
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Resistivity measurement using an indirect approach

Resistivity of the wet briquette was measured in 21  s for every sample, and the sam-
pling range was 0.7 s. The results of the sample measurement are shown in Figs. 8 and 
9 for wet and dry, respectively. The graphs indicate that the resistivity derived from the 
indirect calculation method is reasonable in relation to the close range of data. The wet 
briquette provided adequately consistent data. The data appears to be varied, but that is 
due to rounding of the bits, resulting in a variation of at most 1%. The average resistiv-
ity measured from a total of 12 samples of the wet briquette, using the plate electrodes 
and indirect method, is 109.5 ± 3.7 Ωm. This is significantly lower than the theoretical 

Fig. 9  The data distribution of dry briquette resistivities of the indirect methods

 

Fig. 8  The data distribution of wet briquette resistivities of the indirect method
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resistivity of wet briquettes, which is 232 Ωm. The resistivity measured of the wet bri-
quettes is below 5%.

Similar results can be observed for the dry briquette, as shown in Fig.  9. There is a 
significant difference between the wet and dry briquettes. The theoretical dry resistiv-
ity should be approximately 43.4 kΩm. The measured resistivity of the dry briquettes 
is approximately 1937 ± 23 Ωm. Similar to the wet briquettes, the resistivity of the dry 
briquette standard deviation is less than 5%.

The difference is attributed to the diffusion of the electrolyte. As the sensor measures 
the voltage, the resistive sensing comes into play. This sensor comes with a built-in 
impedance, which lowers the measured output voltage and, in turn, lowers the measured 
resistivity. If the sensor is assumed to have an 80 kΩ impedance, the theoretical calcula-
tion on the sensor should indicate the resistivity of the dry briquette to be approximately 
1.9 kΩ m. For the wet briquette, the conditions were different because some of the elec-
trolyte was absorbed by the briquette, which altered the resistivity of the briquette. This 
caused the wet briquette resistivity to be lower. Considering the same sensor impedance, 
the resistivity of the wet briquette is approximately 116 Ωm.

The changes in resistivity of the briquettes due to diffusion of the electrolyte, at the 
same time, explain the difference in conditions of the briquettes. Mass and resistivity are 
influenced by electrolyte diffusion. The mass change affecting moisture content from the 
1st cluster (below 5%) to the 2nd cluster (between 5% and 8%) implies resistivity of the 
measured dry briquette. The resistivity is still higher than 1 kΩm. The wet briquette is 
also affected by the electrolyte diffusion, with the reducing of the resistivity. The wet and 
the dry briquettes can still be distinguished.

The resistivity of the briquettes can be read using a microcontroller and can be done 
in less than one minute. The result can be used to determine the drying finish judg-
ment. The process is faster than conventional methods such as the proximity approach 
and burning test. The methods consume 1 h and 3 h for the proximity and burning test, 
respectively. The resistivity method can reduce fuel consumption by 2% and 5% for the 
proximity and burning test, respectively.

Different shapes of briquettes resistivity indirect approach

The indirect approach was applied to tube-shaped and hexagonal-shaped briquettes 
under various moisture content conditions. Figures  10 and 11 show the trends of the 
resistivity as a function of moisture content for tube-shaped and hexagonal-shaped 
briquettes, respectively. The resistivity data were collected 4 times for every moisture 
content with the different stagger resistors as mentioned previously. The deviational 
standards of the collected resistivity data are less than 1.5%. In Fig. 10, briquettes’ resis-
tances are linear with the moisture content 4 to 6%. Figure 11 talks about the resistances 
of hexagonal-shaped briquettes of 3 to 10% moisture content. The resistivity of the graph 
of the cube-shaped briquettes 4 to 16% moisture content also presents a lot of similar-
ity with both graphs. The graphs show some consistent patterns. In the range of 4 to 
6% moisture content, the resistivity tends to vary significantly. The resistivity of the bri-
quettes below 5% moisture content are for the most part, relatively high (greater than 
10 kOhm m) compared to the moisture content above 5%. It also shows the possibility 
of using resistivity as the moisture content determinant for different charcoal briquettes 
with some adjustment based on their density and carbon composition.



Page 15 of 18Prasetyadi et al. Journal of Engineering and Applied Science          (2026) 73:116 

Further calibration studies are still required to reduce the uncertainty of the threshold. 
Several parameters related to electrolyte diffusion influence resistivity. In addition, the 
dimensions of the briquettes affect electrolyte adsorption and its impact on the mate-
rial’s electrical conduction.

The uncertainty of the measurement

The proposed method works with some limitations. For the contact probe of equipment 
operating with a sensitivity of 0.1 V, the uncertainty has to be taken into consideration. 
For a cube-shaped briquette of 2.5 cm edge length, the sensitivity can yield 9.23 kohm 

Fig. 11  The resistivity of hexagonal-shaped briquettes for various moisture content

 

Fig. 10  The resistivity of tube-shaped briquettes for various moisture content

 



Page 16 of 18Prasetyadi et al. Journal of Engineering and Applied Science          (2026) 73:116 

m for a 10 kohm stagger resistant of the voltage divider. The balance between the equip-
ment sensitivity and the skill-dependent uncertainty ought to be taken into consider-
ation for measurements near the voltage limit. It is preferable to keep the voltage within 
the 1/3 center range.

Conclusion
Both direct and indirect methods can be used to measure resistivity using a potassium 
nitrate solution measuring 45.75 mS/cm. The direct methods focus on potential resistiv-
ity and moisture content determination. The indirect methods show consistent resistiv-
ity of the briquette in every measurement. The results were consistent with low standard 
deviations (under 5%). The consistent measurements of resistivity suggest that the 
method used to measure the resistivity of charcoal is reliable. This means that the con-
ductive plate electrodes and charcoal can identify the dry and ready-to-use state during 
the manufacture of charcoal briquettes, fulfilling the aim of the research. As the water 
content (MC) decreases below 6%, the resistivity increases significantly.

Briquettes with a moisture content exceeding 6% have resistivity of less than 1 kΩ m, 
whereas briquettes with moisture content below 5% have resistivity exceeding 10 kΩ m. 
This range of moisture content is desirable for briquettes in the marketplace, so resistiv-
ity measurements on briquettes can be used to estimate the moisture content and can 
also be used to measure when the drying process is finished. The application of resis-
tivity also allows for a reduction in the time taken to identify the completion point for 
drying coconut charcoal briquettes. Additionally, the method can also reduce fuel con-
sumption by 5% for the conventional burning test.
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