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Abstract 
Current technological developments are very competitive with each other, both in electric power distribution systems 
or electronic equipment. Disturbances that occur are usually caused by short circuits and ground disturbances, or 
lightning strikes. These disturbances will result in a voltage drop or increase in voltage, which results in decreased 
system stability, endangers people's lives, and can damage electronic equipment. Coconut Shell Charcoal has a lower 

resistivity value than soil and has a larger pore structure to absorb more water, and has conductive properties. The 
results obtained from the comparison using dry coconut shell charcoal and wet coconut shell charcoal show that 
measurements using wet coconut shell charcoal are better (less resistance) than using dry coconut shell charcoal. Soil 
resistivity measurements will be much better at the maximum depth than the usual depth (110 cm), better than 10 cm. 
 

Keywords: rod electrodes; soil disturbance; charcoal; resistivity 

Introduction  
Current technological developments are very competitive, whether in electric power distribution systems or 

electronic equipment. The disturbances that occur are usually caused by short circuits and ground disturbances, or 
lightning strikes. These disturbances will result in a decrease in voltage or an increase in voltage, which results in 
decreased system stability, endangers people's lives, and can damage electronic equipment. The ground connection 
protects communication and personal equipment against lightning hazards or faults in the power system and can also 

serve as a system. To plan a grounding system, several factors need to be considered, including soil type resistance, soil 
structure, environmental conditions, cost, size, and shape of the system. 

Equipment grounding is the connection of parts of electrical equipment that are not normally energized by the 
current. Its purpose is to limit the voltage between the non-energized parts of the equipment and between the parts 
this part with the land comes to a price that is safe for all operating conditions, both normal conditions and when a 

disturbance occurs. The main purpose of grounding is to create a low impedance (low resistance) path to the earth's 
surface for electric waves and transient voltages. Lighting, electric currents, circuit switching and electrostatic discharge 
are common causes of an electrical surge or transient voltages. An effective grounding system will minimize this effect. 
Soil resistance is the main key determining the electrode resistance and at what depth the pins must be installed to 
obtain low resistance. Steel electrodes are used as a conductor for distribution channels and grounding substations. 

The containment system is an important factor in the effort to secure (protection) the electric power system when a 
disturbance occurs due to overcurrent and overvoltage to the earth (A. Syakur., 2008). According to its function, the 
grounding system is divided into two parts: the neutral grounding of the power system and the grounding of the 
equipment. The neutral grounding of the power system aims to limit the voltages in the undisturbed phases. The 
equipment was earthing to prevent the occurrence of dangerous touch voltages and obtain a small or low impedance 

from the short circuit current to the ground (TS Hutahuruk., 1991). Based on the 2000 PUIL (General Electrical 
Installation Requirements), the value of the total system grounding resistance is <5 Ω (BSN., 2000). The smaller the 
grounding resistance value, the better the ability to flow current to the ground so that the fault current does not flow and 
does not damage the equipment. The value of grounding resistance is influenced by several factors: the type of soil, the 
size and type of electrode used, and the depth of electrode planting (Earthing Techniques). 

Meanwhile, soil type resistance is influenced by soil composition, temperature, water content (moisture), and 
chemical content in the soil (TS Hutahuruk., 1991). One way to get a small soil resistance value and soil type resistance is 
soil chemical treatment (soil treatment) to add additives to the soil. Some of the additives that are often used are 
bentonite, gypsum, salt, and charcoal. 
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Materials & Methods  
This research's test sample is coconut shell charcoal and salt (NaCl), added to each grounding hole to reduce 

grounding resistance. The ratio of salt and water varies the charcoal used in this test. Charcoal has the highest percentage 
of carbon at 25.04%, and the least amount of H is 4.77%, based on laboratory test results. The large content of activated 
carbon in wood charcoal acts as an additive that can increase water absorption because it is hygroscopic. It can increase 

the electrical conductivity or electrical conductivity of soil (GS Pambayun at al., 2013). Salt (NaCl) This type of NaCl salt 
is used as a mixture of charcoal and water. In this study, the NaCl type salt will be varied with charcoal and water as 
described in Table 1 and Table 2. This type of NaCl salt has a density of 0.8 - 0.9 with a melting point at a temperature of 
801 0C and has hygroscopic properties, which means it easily absorbs water. The salt solution is an electrolyte that can 
conduct electric current into the soil to increase the conductivity or electrical conductivity in the soil (Herman and W. 

Joetra., 2015).   
Also, salt has properties that can bind the soil to change the composition of the soil to become denser and increase 

the soil's electrical conductivity. 
Testing equipment  

1. Digital Earth Resistance Tester 4105A Digital earth resistance tester 4105A is used to measure the measured 

earth resistance value with the ability to measure up to 1999 Ω. This tool is designed using IEC standards. 
Brand: Kyoritsu Power source: 9V DC battery type R6P (SUM-3) x 6 

2. Digital earth tester 4105 A 2. Auxiliary electrodes consist of 2 auxiliary electrodes measuring 20 cm each  
3. Connecting Cable The connecting Cable consists of 3 cables of different colors. 

Electrode rod implantation  

1.  After the grounding holes are made, additives in charcoal and salt are added to several earthing holes.  
2.  The experiment was carried out on three PVC pipes with a length of 120 cm and 3 inches in diameter  
3.  Experiments were carried out by measuring the soil resistance that has been additives in the form of charcoal 

and salt are added to several grounding holes. Seen in the experimental table measuring soil resistance using a 
120 cm electrode 

 
Table 1. Measurement results  

Depth 
(Cm) 

Measurement results 
(Ohm) 

Measurement Scale 
(Ohm) 

10 1,2 1 
30 1,1 1 
50 0.6 1 
70 0.4 1 

90 0.2 1 
120 0.1 1 

 

 

Figure 1. Graph of measurement results  

Results and Discussion 
Analysis of research calculations is carried out to determine how much resistance and resistivity of coconut shell 

charcoal. 
1. Calculate  RA value and value� (tube plane ground resistance) 
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Table 2.Resistance Value Calculation Results (�) 

Depth 

(Cm) 

Measurement results 

(Ohm) 

The calculation results  

(Ohm) 

10 1,2 0.16 
30 1,1 0.15 
50 0.6 0.9 

70 0.4 0.7 
90 0.2 0.5 

120 0.1 0.2 

 
 

 
Figure 2. Graph of the Calculation of Resistance Value (�) 

 

After doing the calculation, the results of soil resistivity are stated in table 3 of the resistivity during wet conditions. 
 

Table 3. Value Calculation Results Resistivity (RA) 

Depth 

(Cm) 

Measurement results 

(Ohm) 

The calculation results  

(Ohm) 

10 1,2 0.007 
30 1,1 0.002 

50 0.6 0.0014 
70 0.4 0.0010 
90 0.2 0.0007 

120 0.1 0.0004 

 
 

 
Figure 3. Graph of Value Calculation Results Resistivity (RA) 
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Conclusions  
After testing, it is found that the resistance value has decreased, it can be seen that the average value of the 

measurement results is 0.6 Ω and from the calculation of resistance is 0.4 Ω. This is influenced by the electrode's 
proximity to the source of the spring in the ground so that it affects the electric current flowing through the electrode and 
causes the current density to decrease so that the value of grounding resistance will be smaller. Another thing is that the 
nature of salt as an electrolyte with very good conductivity. Besides that, the nature of salt that can bind the soil can 
change the soil composition to become denser to maintain the soil's water content. Soil moisture is maintained so that it 

can reduce the value of grounding resistance. Also, charcoal contains activated carbon, which is hygroscopic, so that it 
can increase the soil's electrical conductivity or electrical conductivity. The value of grounding resistance can be reduced 
by adding charcoal and salt additives and varying the electrode's depth. This is according to the theory where the 
grounding resistance value is influenced by the type of soil, the size and type of electrode used, and the depth of 
electrode planting. 
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