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Abstract. This paper presents a comprehensive short-circuit analysis for the grid connection of a 

photovoltaic power plant, combining standardized analytical methods with numerical algorithms 

implemented in specialized software. A detailed electrical network model is developed, incorporating 

sources, transformers, transmission lines, and loads. Short-circuit currents are evaluated for multiple fault 

types and operating conditions. The results demonstrate strong agreement between analytical and numerical 

approaches and support optimal equipment sizing and the safe operation of modern power systems 

integrating renewable energy sources.  

1 Introduction 

The increasing complexity and interconnection of 

modern electrical networks have imposed progressively 

higher requirements regarding safety, reliability, and 

protection of power distribution and transmission 

systems. In this context, the accurate calculation of 

short-circuit currents represents an essential step in the 

design and sizing protection equipment, the selection of 

circuit breakers, and the prevention of major system 

failures. Inaccurate estimations may lead to over 

dimensioning or under dimensioning of equipment, with 

direct implications on both costs and network safety 

[10]. 

Classical methods for short-circuit current calculation 

are internationally defined and standardized. The most 

used approaches include: 

• symmetrical (three-phase) method – based 

on network impedance parameters and 

assuming ideal or average conditions. This 

method is standardized by the IEC 60909 

standard, which provides procedures for 

determining three-phase, single-phase, and 

two-phase fault currents, including correction 

factors depending on source type and network 

configuration [2], 

• symmetrical components method – allows 

the analysis of unbalanced faults, such as 

single-phase or phase-to-phase faults, by 

decomposing the network into equivalent 

symmetrical component networks. This 

approach is widely used according to IEEE Std 

141 and IEEE Std 399 guidelines, especially in 

industrial and transmission systems [3], [4], 

• numerical methods and computer 

simulations – in complex networks with 
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renewable sources and power electronic 

equipment, analytical methods may be 

insufficient. Numerical algorithms based on 

impedance matrices enable the calculation of 

short-circuit currents for dynamic topologies 

and various operating conditions, ensuring 

both compliance with standards and high 

accuracy for modern applications [1], [7]. 

This paper proposes an improved methodology for 

short-circuit current calculation in complex electrical 

networks, integrating the advantages of standardized 

approaches and numerical algorithms for fast and 

accurate determination under various operating 

scenarios. The main contributions of this study include 

[1], [7]: 

• development of an analytical framework for 

modeling electrical networks with complex 

sources and loads, 

• implementation of an efficient algorithm for 

short-circuit current calculation in variable 

topologies [1], [7], 

• validation of the proposed method through 

comparison with experimental data and 

standard simulations, demonstrating its 

accuracy and robustness in real scenarios [8], 

[9]. 

This approach enables optimization of equipment sizing 

while supporting operational decision-making in 

modern networks characterized by smart technologies 

and distributed energy sources [10]. 
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2 Electrical network modeling using 
paladin DesignBase software 

With the increasing complexity of electrical networks 

and the number of interconnected components, the use 

of specialized software applications for power system 

analysis has become standard practice in both design 

and operational activities. 

These tools allow detailed network modeling, 

automated calculations and rapid evaluation of multiple 

operating scenarios. 

A relevant example is the Paladin DesignBase software, 

used for short-circuit analysis, load flow studies and 

protection coordination. 

The platform provides an integrated modeling 

environment in which system components—such as 

transmission lines, transformers, generators, and loads 

are represented through parametric models based on 

their actual electrical characteristics [7]. 

Short-circuit current calculations performed with this 

application rely on algorithms defined by international 

standards, particularly IEC and IEEE procedures for 

fault analysis. The software uses mathematical models 

based on system impedance matrices and numerical 

solution methods, enabling fast determination of fault 

currents for various fault types (three-phase, phase-to-

phase, and single-phase-to-ground faults) [1], [7]. 

Compared to traditional analytical methods, software-

based implementations offer several advantages: 

• the ability to analyze large-scale networks with 

many nodes and elements, 

• rapid evaluation of multiple operating 

scenarios, including topology changes or 

integration of new energy sources, 

• inclusion of detailed equipment models and 

additional factors, such as generator 

contributions or system dynamic 

characteristics [1], [7]. 

Within this study, results obtained using theoretical 

calculation methods are compared with those obtained 

using the software application. This comparison allows 

evaluation of the agreement between analytical and 

numerical methods, highlighting both advantages and 

potential differences as a function of the level of 

network model detail [8], [9]. 

2.1 Network Topology 

The case study analyzed in this paper refers to a 

photovoltaic power plant connected to the high-voltage 

distribution network through a 110/20 kV substation. 

The analyzed system includes, shown in Figure 1: 

• photovoltaic inverters, 

• transformer substations, 

• medium-voltage cables, 

• infrastructure for power evacuation to the 

transmission network [5], [6]. 

The system modeling was carried out using Paladin 

DesignBase software to determine short-circuit currents 

at various points in the network [7]. 

 

 

Fig. 1. Single line diagram 

2.1.1 Photovoltaic inverters 

Table 1. Technical characteristics of the inverter. 

No. 

crt. 
Parameter Value 

1 Model SG350HX 

2 Technologies String inverter 

3 DC/AC voltage level 1500 V c.c./ 800 

V c.a. 

4 AC power (30°C) 352 kW 

5 Total installed AC power 42 MW (35°C) 

6 Peak short-circuit current 𝐼𝑝 580 A 

7 Initial symmetrical short-

circuit current 𝐼𝑘
′′ 

310 A 

8 Steady-state current 𝐼𝑘 254 A 

9 Maximum current 254 A 

     
EPJ Web of Conferences 372, 04007 (2026) https://doi.org/10.1051/epjconf/202637204007

APS 2026

2



2.1.2 Transformer substations 

The electrical energy produced by the inverters is 

stepped up to 20 kV through transformer substations 

installed within the photovoltaic park. 

These substations are manufactured by Sungrow 

Power Supply Co., Ltd. and are used to collect the 

energy generated by inverter groups. 

Table 2. Technical characteristics of 20/ 0.8 kV power 

transformers. 

No. 

crt. 
Parameter Value 

1 Model MVS6400-LV MVS3200-

LV 

2 Voltage level 20 kV / 0.8 kV 

/ 0.8 kV 

20 kV / 0.8 

kV 

3 Rated nominal 

power 

6400 kVA 3200 kVA 

4 Vector group Dy11y11 Dy11 

5 Cooling type ONAN ONAN 

6 Positive 

impedance 

8% 7.7 % 

7 Short-circuit 

losses 

49.295 kW 26.98 kW 

8 No load losses 4.2 kW 2.4 kW 

9 No load current 0.5 % 0.5 % 

2.1.3 Medium voltage cable network 

The transformer substations are interconnected through 

a medium-voltage cable network of type NA2XS(F)2Y 

12/20 (24) kV, with aluminum conductors and XLPE 

insulation. 

Table 3. Technical characteristics of the MV cable. 

N

o. 
crt

. 

Cross 
sectio

n of 

the 
cable 

Leng

th 

(m) 

R1 

(Ω/k

m) 

X1 

(Ω/k

m) 

C1 

(µF/k

m) 

Ima

x 

(A) 

Ith 
1s 

(k

A) 

1 

3x1x2

40 
mm² 

2709 0.161 0.126 0.28 351 
22.

6 

5 

3x1x4

00 

mm² 

2373 0.102 0.118 0.34 451 
37.
6 

7 

3x1x6

30 

mm² 

4438 0.063 0.110 0.42 649 
59.
2 

2.1.4 HV/MV power transformer 

The photovoltaic power plant is connected to the 

transmission network through a 110/20 kV power 

transformer installed in the grid connection substation. 

Table 4. Technical characteristics of the HV/ MV power 

transformer. 

No. 

crt. 
Parameter Value 

1 Voltage levels 110 kV / 20 kV 

2 Rated apparent power 50 MVA 

3 Frequency 50 Hz 

4 Connections Group YNd11 

5 Cooling Type ONAF/ ONAN 

6 Positive Impedance 13.9 % 

7 Short-circuit losses 164.85 kW 

8 No load losses 19.07 kW 

9 No load Current 0.09 % 

2.1.5 Evacuation power line (110 kV) 

The evacuation of electrical energy to the power system 

is achieved through two underground 110 kV cable 

lines, A2XS(FL)2Y 1x800RM/50. 

Table 5. Technical characteristics of the HV cable. 

N

o. 

cr

t. 

Len

gth 

(m) 

R1 

(Ω/k

m) 

X1 

(Ω/k

m) 

C1 

(µF/k

m) 

R0 

(Ω/k

m) 

X0 

(Ω/k

m) 

C0 

(µF/k

m) 

Im

ax 

(A) 

1 1950 
0.03

63 

0.11

0 

0.253

5 

0.18

15 

0.05

8 

0.121 
694 

3 Short-circuit analysis using Paladin 
DesignBase 

3.1 Parametrization of network elements 

The parameterization of the electrical network is a 

critical stage in the modeling process, as the accuracy of 

the results depends directly on the correctness of the 

input data for each system component. 

Within the software environment, each component is 

defined by a set of specific electrical parameters: 

3.1.1. Power sources and generators 

Power sources are characterized by rated voltage, 

apparent power and equivalent internal impedance 

(Figure 2). 

For short-circuit analysis, the internal impedance is 

expressed through resistive and reactive components 

(Figure 3). 

 

a)  

Fig. 2. Utility Bus: a) load flow contribution, b) short-circuit 

contribution 
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b)  

Fig. 2. Utility Bus: a) load flow contribution, b) short-circuit 

contribution 

 

a)  

b)  

Fig. 3. PV: a) load flow contribution, b) short-circuit 

contribution 

3.1.2. Power transformers 

Transformers are defined by rated power, winding 

voltages, short-circuit voltage and load losses. 

These parameters are used to determine the 

equivalent impedance in the network model. 

3.1.3. Transmission lines 

Electrical lines are modeled using resistance and 

reactance per unit length and total line length. 

These values determine the total impedance included 

in the network impedance matrix, presented in Figure 4. 

a)  

b)  

Fig. 4. 1 kV cable data: a) 300 mmp; b) 400 mmp 

 

a)  

b)  

Fig. 5. 22 kV cable data: a) 300 mmp; b) 400 mmp 

3.1.4. Electrical loads 

Loads are introduced using: 

• active and reactive power values, or 

• equivalent impedance. 

In short-circuit studies, loads may be either 

explicitly modeled or neglected, depending on 

simplifying assumptions. 
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3.2 Simulation scenarios (Figure 5) 

a)  

b)  

Fig. 5. Short-circuit: a) basic option; b) control for IEC 60909 

4 Case study results 

The short-circuit current analysis was carried out 

according to the methodology defined by the 

international standard IEC 60909 [2]. 

In the simulations, the following assumptions were 

adopted: 

• system voltage was considered at the nominal 

value, 

• loads connected to the network were neglected 

in the calculation of short-circuit currents, 

• contribution of the sources was limited 

according to the characteristics of the 

equipment, 

• analysis was performed for three-phase and 

single-phase faults. 

The results are presented in Table 6, for maximum three 

phase short-circuit currents, in Table 7, for maximum 

single phase short-circuits currents, in Table 8, for 

minimum three phase short-circuits currents and in 

Table 9, for minimum single phase short-circuits 

currents. 

 

 

 

 

 

Table 6. Maximum Three Phase Short-circuits Currents. 

Bus name 

Pre-fault 

voltage 

(kV) 

Sk" 

(MVA) 

Ik" 

(kA) 

ip 

(kA) 

Sb 

(MVA) 

 Ib 

(kA) 

Ik 

(kA) 

St_Bara_110_kV 110 1245.704 6.546 14.212 1245.704 6.546 6.546 

St_Bara_20kV_S1 20 317.005 9.162 21.761 317.005 9.162 9.162 

St_Bara_20kV_S2 20 314.998 9.104 22.046 314.998 9.104 9.104 

TS1_20kV_S1 20 302.923 8.755 20.247 302.923 8.755 8.755 

TS1_20kV_S2 20 276.177 7.982 17.595 276.177 7.982 7.982 

TS1_B_800V_S1 0.8 42.979 31.054 79.050 42.979 31.054 31.054 

TS1_A_800V_S2 0.8 42.514 30.718 78.195 42.514 30.718 30.718 

 

 

Table 7. Maximum Single Phase Short-circuits Currents. 

Bus name 

Pre-fault 

voltage 

(kV) 

Sk" 

(MVA) 

Ik" 

(kA) 
ip (kA) 

Sb 

(MVA) 

 Ib 

(kA) 

Ik 

(kA) 

St_Bara_110_kV 110 1381.0071 7.257 16.696 1381.007 7.257 7.257 

St_Bara_20kV_S1 20 0.000 0.000 0.000 0.000 0.000 0.000 

St_Bara_20kV_S2 20 0 0 0 0 0 0 

TS1_20kV_S1 20 0.000 0.000 0.000 0.000 0.000 0.000 

TS1_20kV_S2 20 0 0 0 0 0 0 

TS1_B_800V_S1 0.8 0.000 0.000 0.000 0.000 0.000 0.000 

TS1_A_800V_S2 0.8 0 0 0 0 0 0 
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Table 8. Minimum Three Phase Short-circuits Currents. 

Bus name 

Pre-fault 

voltage 

(kV) 

Sk" 

(MVA) 

Ik" 

(kA) 
ip (kA) 

Sb 

(MVA) 

 Ib 

(kA) 

Ik 

(kA) 

St_Bara_110_kV 110 533.792 2.805 5.704 533.792 2.805 2.805 

St_Bara_20kV_S1 20 245.695 7.101 15.158 245.695 7.101 7.101 

St_Bara_20kV_S2 20 243.688 7.043 15.305 243.688 7.043 7.043 

TS1_20kV_S1 20 236.802 6.844 14.410 236.802 6.844 6.844 

TS1_20kV_S2 20 218.603 6.318 13.024 218.603 6.318 6.318 

TS1_B_800V_S1 0.8 41.629 30.079 75.292 41.629 30.079 30.079 

TS1_A_800V_S2 0.8 41.138 29.724 73.600 41.138 29.724 29.724 

 

Table 9. Minimum Single Phase Short-circuits Currents. 

Bus name 

Pre-fault 

voltage 

(kV) 

Sk" 

(MVA) 

Ik" 

(kA) 
ip (kA) 

Sb 

(MVA) 

 Ib 

(kA) 

Ik 

(kA) 

St_Bara_110_kV 110 677.658 3.561 7.684 677.658 3.561 3.561 

St_Bara_20kV_S1 20 0.000 0.000 0.000 0.000 0.000 0.000 

St_Bara_20kV_S2 20 0.000 0.000 0.000 0.000 0.000 0.000 

TS1_20kV_S1 20 0.000 0.000 0.000 0.000 0.000 0.000 

TS1_20kV_S2 20 0.000 0.000 0.000 0.000 0.000 0.000 

TS1_B_800V_S1 0.8 0.000 0.000 0.000 0.000 0.000 0.000 

TS1_A_800V_S2 0.8 0.000 0.000 0.000 0.000 0.000 0.000 

 

5 Conclusions 

The short-circuit analysis aimed to: 

• determine the maximum permissible values for 

conductor and cable selection; 

• verify electrical equipment under thermal and 

dynamic stress conditions. 

The results show that the calculated maximum three-

phase short-circuit currents are lower than those 

considered in the original project design documentation. 

It is recommended that the maximum admissible 

current values of the equipment be equal to or higher 

than the calculated values. 

Table 9. Design conditions. 

No. crt. Switching electrical equipment 

Ik" maxim 

derivate 

(kA) 

Ik" 

considerate 

in design 

(kA) 

1 110 kV Bus bars 7.271 31.5 

2 20 kV Bus Bars 9.162 25 

3 
Transformers substation’s 20 kV 

bus bars 
8.991 20 

4 
Transformers substation’s 0.8 kV 

bus bars 
31.141 75 
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