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ABSTRACT 

EDP Labelec is responsible for the safety analysis of the 

earthing system of every new substation in the Portuguese 

distribution grid, and over the past 15 years has developed 

and perfected an integrated methodology for designing 

earthing systems. The company has also 30+ years of 

experience in earthing field measurements, and is 

responsible for performing almost all earthing 

measurements in substations from Portugal’s electrical 

grid. The methodology was described and validated in 

previous publications.  

The key goal of this paper is to present the results of the 

application of this integrated methodology to the design of 

a 40 MW PV Power Plant Earthing Grid, which was a 

novelty both for the Portuguese generation park, and for 

EDP Labelec. 

To accomplish this, it is described the main steps and 

challenges of the design work including the soil model 

conception and validation, the workarounds needed to 

simulate this large grid in the CDEGS software, the results 

extraction and analysis and the improvement measures 

design. Finally, after the PV Plant was built, its earthing 

impedance and voltage gradients were measured on site 

and presented in this paper, to validate the results of the 

study. 

INTRODUCTION 

EDP Labelec is an EDP Group company created with 
human and material resources from the former EDP 
Central Laboratory, having as part of its mission to provide 
specialized technical support to the EDP Group. 
The company is responsible for the safety analysis of the 
earthing system of every new substation in the Portuguese 
distribution grid and, since 2004, has developed and 
perfected an integrated methodology for designing 
earthing systems. EDP Labelec has also 30+ years of 
experience in earthing field measurements, and is 
responsible for performing almost all earthing 
measurements in substations from Portugal’s electrical 
grid. The main objective of the integrated methodology is 
to ensure the safety of people near the facility in analysis 
against HV short-circuits, while providing the best 
optimization of material and economical investments in 
the earthing system. This methodology was described and 
validated in previous publications [1] and [2].  
Occasionally, there is a request from a customer to design 

an earthing grid for a new type of Power Facility. In this 

paper, it will be described the application of the integrated 

methodology to a large PV Power Plant, with an area of 

about 100 ha and a power of about 40 MW, a complete 

novelty in the Portuguese generation park.  

It will be described the main steps and challenges of the 

design work including the soil model conception and 

validation, the workarounds needed to simulate this large 

grid in the CDEGS software, the results extraction and 

analysis and the improvement measures design. Finally, 

after the PV Plant was built, its earthing impedance and 

voltage gradients were measured on site and will be 

presented in this paper, to validate the results of the study. 

METHODOLOGY 

Preliminary analysis 

The analysis of the power plant’s earthing system starts 

with the collection and analysis of all relevant data for the 

study provided by the customer. 

• Plant plans and layouts; 

• Earthing grid plans and data; 

 
Figure 1 - PV Power plant layout 

• Network data, including lines/cables and shield 

wires parameters – the plant will be connected to 

the Portuguese transmission network, at the 150 

kV level; 

• Maximum single-phase short-circuit current, 
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specified on the feeder; 

• Maximum fault clearing time; 

• Type of fence for the plant perimeter; 

• Types of surface material layers inside the PV 

plant. 

After this preliminary analysis, EDP Labelec started the 

modelling phase. In this phase, it was identified some 

challenges: the plant will cover almost 100 ha of land, 

dozens of times the area of the largest facility EDP Labelec 

had designed to date. This would pose some doubts about 

the ability of accurately model the soil and the ability of 

the CDEGS software to deal with such a large earthing grid 

model. Also, the plant itself will surround an existing 

transmission substation and some transmission lines, 

which can be seen in Figure 1. 

These problems were covered in time, as it will be seen 

next. 

Ground resistivity measurement and modelling 

The first step of the work is the ground resistivity 

measurement on site and development of a soil model for 

the study. In this case, the customer supplied very detailed 

3D geoelectrical studies of the site. 

In Figure 2 on can see a geological survey of the site. 

 
Figure 2 - PV power plant soil composition and measurement 

locations (red dots) 

 

A total of ten 2D geoelectrical profiles were measured to 

try to accurately model the soil in the whole area. 

The results were surprising, because the resistivity 

measurements spanned 4 orders of magnitude, from as low 

as 4 Ωm up to 4000 Ωm. 

A photo of some of the 2D profiles can be seen in Figure 

3. 

It was determined that the soil would only be accurately 

modelled, if the model would be composed of both 

horizontal and vertical layers. So, the final soil model can 

be seen in Figure 4 and Figure 5. 

 

 
Figure 3 - Soil resistivity 2D geoelectrical studies 

 

 

 
Figure 4 - Soil model (horizontal view, top layer) 
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Figure 5 - Soil model (cross-sectional view) 

 

It is possible to see that the soil model is extremely 

complex, and it would be desirable that a certain degree of 

validation was achieved.  

It was measured the global earthing impedance of the 

existing connected facilities: transmission substation 

earthing grid and the transmission line towers earthing 

electrodes. The measured value was 0.30 Ω.  

After modelling the whole set in CDEGS software, using 

the soil model of Figure 4 and Figure 5, the simulated 

value was 0.32 Ω (+7%), enabling the validation of the soil 

model. The first challenge is surpassed. 

Transmission network modelling 

The next step is the modelling of the EHV network 

connecting to the existing substation and the new small 

substation, using the software EMTP-RV and the data 

supplied by the customer, which was in turn, supplied by 

the TSO.  

The model includes accurate line/cable configurations and 

lengths, as well as conductor and shield wire parameters. 

Every power line span and tower is modeled, with its 

earthing impedance values. 

The last measured values of the transmission substations 

earthing impedances are also included in the model.  

 
Figure 6 - Transmission network model (simplified) 

 

With this model, using EMTP-RV, various things can be 

determined. Inputting the maximum single-phase short-

circuit current forecasted by the transmission network 

operator, it is possible to determine not only the expected 

maximum short-circuit current on the new substation, but 

also (once the new substation’s earthing impedance is 

determined) the current distribution between the substation 

earthing grid and the power lines shield wires or cables 

sheaths that connect to it. 

Substation earthing grid modelling and safety 

analysis 

The third step is the modelling of the substation earthing 

grid, using the CDEGS (Current Distribution, 

Electromagnetic Fields, Earthing and Soil Structure 

Analysis) software package, one of the most powerful 

tools available in this area. 

The PV power plant model, in CAD DWG file format, was 

supplied by the customer and converted to the CDEGS file 

format. A lot of work was needed to trim and adapt the 

model to be used by the software. Only the following 

components of the CAD file were kept: 

• Coper earthing electrodes; 

• Insulated HV cables; 

• PV panel sets’ outlines; 

• Fences and their earthing electrodes. 

Then, the soil model determined in the first step was also 

entered. Many adaptations and tuning was needed, 

including some support by the CDEGS team. This was the 

part of the work that took most of the time, by far. 

The resulting model (Figure 7) was composed of almost 

30000 elements, which is coincidentally also the CDEGS 

limit. 

With these data, CDEGS calculated the expected earthing 

impedance for the base earthing grid. This value was then 

applied to the EMTP-RV EHV network model, from 

which the short-circuit current division was calculated. 

 

 
Figure 7 - PV power plant CDEGS model 

Red: HV cables and copper electrodes 

Blue: PV panel sets’ outlines and EHV towers 

Black: Fences and substations 
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The short-circuit current value dissipated by the plant 

earthing grid was then used by CDEGS to determine 

ground potential rise (GPR) and thus, the expected touch 

and step voltages around the new facility. 

The safety limits for these voltages were also determined 

using the CDEGS package. This calculation is based on 

IEC 60479-1 technical specification and follows the 

recommendations of IEC 61936 and EN 50522. The 

maximum fault clearing time, which has great influence in 

the calculated safety limits, was supplied by the TSO. 

Normally, there are different types of surface material 

layers inside a power plant, for example: asphalt or gravel. 

In this case, different safety limits were calculated for 

every type of surface material layer. 

The touch and step voltages results were then exported to 

an in-house developed application (in MATLAB). The 

application generates touch and step voltages charts based 

on a color scale. Values over the safety limit are 

represented by shades of red.  

In the following figures, it is presented two examples of 

the results for the touch voltages in two of the PV power 

plant parks (the upper one, and the right one). 

 

 
Figure 8 – Touch voltages in the upper park, base scenario 

 

 
Figure 9 - Touch voltages in the right park, base scenario 

In the base scenario, the whole PV power plant and its 

surroundings were safe, regarding step voltages. On the 

opposite, considering touch voltages, some portions of the 

power plant were not considered safe, as it can be seen in 

Figure 8 and Figure 9 (red areas). Thus, is was necessary 

to develop safety enhancement proposals.  

Safety enhancement proposals 

In this case, as only small peripheral portions of the PV 

park were considered not safe, the measures needed to 

improve the base earthing grid were almost surgical, and 

were based on installing horizontal copper electrodes. 

These were developed to attain the best optimization of 

new copper electrodes. 

For every tested modification of the base earthing grid, 

new CDEGS and EMTP-RV simulations must be run each 

time. Although a usual substation CDEGS model 

simulation runs in less than a minute, in this case, the huge 

30000 element model took several hours to simulate, so 

this task was also very time-consuming. 

In Figure 10 and Figure 11 it can be seen, in pink color, the 

new copper horizontal electrodes to be installed in the 

upper and right parks of the PV plant, in order to bring 

touch voltages below allowable limits. 

 

 
Figure 10 – New copper horizontal electrodes (upper park) 

 

 
Figure 11 – New copper horizontal electrodes (right park) 

 

In Figure 12 and Figure 13, one can see the resulting touch 

voltages plots, after running the simulation with the 

additional electrodes presented above.  
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Figure 12 - Touch voltages in the upper park, enhancement 

proposal 

 

 
Figure 13 - Touch voltages in the right park, enhancement 

proposal 

 

It is possible to see that the resulting touch voltages are 

below the allowable limits. The final proposal, sent to the 

customer, indicated a total of about 3500 m of additional 

copper electrodes to be installed in the PV plant. The 

expected substation isolated earthing impedance was 0.93 

Ω and the expected plant global earthing impedance was 

0.20 Ω. 

Validation measurements 

Finally, after the facility construction, EDP Labelec can 

provide the service of measuring the earthing impedance 

and touch and step voltages, to validate the results of the 

study. 

In this particular case, the costumer requested other 

company to do the measurements. The measurements were 

sent to EDP Labelec for validation and comparison with 

the simulated values. 

The measured substation isolated earthing impedance was 

0.91 Ω (+2% error in simulation) and the measured plant 

global earthing impedance was 0.20 Ω (equal to simulated 

value). 

Regarding touch and step voltages, 16 points were 

measured along the 100 ha of the PV plant. The points 

were chosen to evaluate the most critical areas identified 

during the simulations. All measured points presented 

touch and step voltage values below the computed 

allowable limits. 

The study, and the PV Plant earthing system, were 

therefore validated and safe for the customer. 

CONCLUSIONS 

This paper presented the results of the most demanding and 

challenging application of EDP Labelec’s earthing system 

design methodology to date. 

As seen previously, the main challenges were: 

• The area of 100 ha, dozens of times larger than 

the previous largest earthing grid ever designed 

by EDP Labelec. 

• The complexity of the soil model, with large 

vertical and horizontal variations, spanning 3 

orders of magnitude. 

• The topology of the plant, surrounding a EHV 

transmission substation, with many cables, 

electrodes, fences, EHV towers, etc., distributed 

along the area. 

• The computational complexity. Almost 30000 

elements were included in the model, reaching 

the software limits. 

Despite of these challenges, the study resulted in very 

surgical measures to improve the plant’s earthing grid. 

The earthing resistance and touch and step voltages were 

measured on site, validating the results of the design. 

It can be concluded that the validation of the simulations 

results in this complicated case, which almost reached 

some limits, once again contributed to improve and attest 

the robustness of the integrated methodology used by EDP 

Labelec for earthing systems design.  
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