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Abstract- With the swift expansion of using renewable energies, especially wind parks, and its integration into the current 

transmission systems, the challenges that face the electric power system are becoming an interest. These challenges represent 

the stability and reliability of the power system due to suddenly cutting off wind energy from the system which requires setting 

robust grid requirements. Modern grid codes oblige wind generator manufacturers and operators to make technology with 

special control (ride-through disturbances) to minimize the disconnection of huge power generation due to transient 

disturbances. One of the most substantial grid incorporation requirements for wind energy is the fault ride-through (FRT). 

Until lately, the concentration was for the sake of the evolution of various wind turbine generator technologies to promote the 

FRT capabilities of wind parks without transmission system characteristics taking into consideration (e.g. contingencies, 

current protection schemes, system configurations…etc.).This paper presents the development of FRT criteria according to the 

characteristics of the Egyptian case under study for any wind parks intending to be linked with a high voltage transmission grid 

and also the effects on various types of protection due to the high penetration of wind energy according to the type of wind 

generator's technology. Dynamic studies on Egyptian Case modeling have been done which has a particular nature in that wind 

resources are highly concentrated in a specific region and no conventional power plants exist in such a specific region, also, the 

wind parks are interconnected to the load by a long extra high voltage (EHV) transmission line. Aggregated modeling of 

technologies of diverse wind generators in wind parks with studying various scenarios of disturbances has been done. The 

DIgSILENT_Power Factory software has been used for simulation to achieve the goal of the study. 

Keywords: FRT, Wind Energy, S.C analysis, DIgSILENT_Power Factory, Doubly Fed Induction Generator (DFIG), FSIG 

 

1. Introduction  

Due to Global Warming, all countries around the world 

trend towards large-scale renewable energy resources to 

protect the environment through minimizing carbon 

radiation. As a result, of the high penetration of renewable 

energy the system operators face many challenges to 

maintain their grids stable and reliable. Renewable energy 

resources have acceptance compared with non-renewable 

energy [1– 6]. Wind power has become among the important 

new technologies inside electrical systems. Over the latter 

few years, energy generated from wind parks has been raised 

speedily. Wind energy has lately gained high importance in 

all countries worldwide and is considered among the 

essential renewable sources which give us both friendly 

environment and lower-cost power. As reported in Global 

Wind Energy Report 2023, it is foreseen to add more than 

680 GW of novel installations offshore and onshore wind 

power in the upcoming five years up to 2027– which is 

about 136 GW of new constructions per year [7].  
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Referring to the New & Renewable Energy Authority’s 

latter yearly report issued, the Republic of Egypt targets 

reaching around 42% of gross power generated from 

renewable by 2035 inclusive of 14% from wind. 

Result to highly increase of wind energy in the power 

system; the grids face many challenges to ensure their 

stability and security. All of these because wind power is 

unstable (choppy) and available just over specific durations 

of the day. So, generation from wind may decline or be 

disconnected unexpectedly. Also, one of the other 

unparalleled matters concerning wind energy technology in 

Egypt is that most high wind velocity regions are located in 

the Gulf of Suez (at 280 km distance from the loads) and on 

two banks of the Nile River. Due to the high penetration of 

wind power concentrated in specific regions of the country 

and not geographically spread into the network all over the 

country and is integrated at definite points to high voltage 

power systems. All of this leads to several challenges and 

additional operational constraints. A grid code is a technical 

framework to be followed by transmission system operators 

(TSOs) and power plant operators; it intends to maintain grid 

reliability. Though in multiple countries, most desired grid 

codes regarding the integration of renewable energy have 

been specified, they are continuously upgraded as new 

control technologies are developed. In the following, some 
examples of previous research work tackling those 

challenges. 

References [8, 9] define the wind-power integration 

rules of 12 countries, including Denmark, Ireland, the UK, 

and Germany. Therefore, the requirements of those countries 

for wind power integration into their national transmission 

grids. These requirements include reactive power control, 

frequency regulation, fault ride-through, power quality, and 

communication scheme Also, various issues like offshore 

wind parks, the ramp-rate limits, forecasting, and the future 

trends of grid codes. 

Ref [10] presents a smart fault ride-through criterion for 

Wind parks that use Doubly Fed Induction Generators 

(DFIG) to achieve control in the real and reactive power 

throughout disturbances happening in the network. This 

leads to DFIG controlling the rotor and grid side converters 

during disturbances through its work in a smooth way, 

injecting reactive power to the network and reducing strain 

on power electronic converters therefore fulfilling stability 

for the grid. In ref [11- 13] a novel vigorous and efficient 

control design to alleviate voltage drops in a grid-integrated 

doubly fed induction generator (DFIG) wind energy 

conversion system without any further hardware in the 

system has been presented. 

Ref [14, 15] presents a control scheme called swap 

which has suggested for permanent magnet synchronous 

generator-based wind parks grid-connected. During voltage 

dips at the point of common coupling (PCC), this scheme 

converts the wind turbine operation from maximum power 

point tracking (MPPT) mode to LVRT mode. The grid 

synchronization occurs by controlling active power to agree 

with grid current limits with reactive power injection to the 

grid according to the sag value. Moreover, the proposed 

technique uses the inertia of the generator rotor to store 

excess energy during voltage sags.  

The important functions of protection schemes represent 

avoiding potential damage caused by incident faults and 

reducing the effects of these abnormal conditions on the 

other sound parts of the grid, consequently, limiting the 

negative impacts of faults on the service continuity and 

system stability and therefore, enhancing the reliability and 

dependability of entire power system. Till now wind parks 

utilize normal and non-integrated protection schemes which 

not convenient with their particular nature. Also, researches 

related to wind parks protection are still limited. The fault 

component-based protections are largely used in 

transmission systems protection, which is reliable when the 

positive and negative sequence impedances are nearly equal. 

But in power systems integrated with renewable energies, 

there is a difference between these impedances. So, it is 

important to study the adaptability of fault component 

protection [16- 18]. A modern communication-based duple 

time-current-voltage tripping (Dual−TCV) characteristic for 

directional overcurrent-based relays (DOCRs) which takes 
into consideration the FRT criteria of wind parks through 

taking rapid procedures for fault clearing in high voltage 

transmission systems, also digital overcurrent protection with 

non-standard characteristic [19- 22]. With increased 

connection of generation from wind within tightly 

interconnected grids, this can lead to gradually breakdown 

for the entire electric system. So, networks operators should 

set vigorous requirements within the grid code to ensure the 

integrity of the system. 

 The main contribution of this study focuses on avoiding 

disconnecting wind turbine generators during disturbances 

for a certain time through providing a FRT profile suitable to 

the characteristics and protection schemes of the power 

system under study and also, studying the effects on various 

types of protection due to the high penetration of wind 

energy according to the kind of wind generator's technology. 

2. Technologies of Wind Turbine Generator & Ride 

Through Criterion 

There are several kinds of wind generator technology 

worldwide fixed and variable speed (e.g. SCIG Type 1, 2 – 

DFIG Type 3 – FSFC Type 4). Currently, Egypt has 

approximately 1600 MW of wind parks in service and uses 

SCIG (Type 1, 2) – DFIG (Type3) technologies shown in 

Figure 1, and it targets to arrive around 42% renewable by 

2035 including 14% from wind energy. Except for the 

control and technology strategies diversity according to 

every manufacturer, several dynamic and transient generator 

responses exist, even when making the differentiation in the 
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same technology. So, a general model for a chosen 

technology isn't adequate to prove if the response of wind 

units achieves the grid code constraints, so it's a prerequisite 

to possess particular models as system operator demand [23]. 

Figure 2 shows the response of different technologies of 

turbine-generators under short circuit conditions on generator 

terminals. The foremost commonly used protection types in 

the case of large wind parks are distance, differential, and 

overcurrent protection schemes. These kinds of protection 

require various sensitive requirements to discover 

disturbance and send a signal to the protection device to 

work and isolate faults. Most modern protection necessitates 

a minimum current value (I pick up) to work. If the value of 

the short circuit current arriving at the protection relay is less 

than its lowest set value, the relay might not operate, and the 

fault stays unmonitored. 

 

Fig.1.Wind Turbine Generator (WTG) classification based 

on applied technology [24] 

 

Fig.2. Generalized Fault Current Response of Wind 

Generators [23] 

If a wind plant doesn't supply enough short circuit 

current as expected, the protection device may not sense the 

disturbance. Note, that Type-1 & Type-2 are considered the 

same because during simulation the resistance of the rotor is 

fixed [23]. 

Transmission grid codes set the technical requirements 

which should be achieved when connecting large-scale wind 

parks into the EHV power system. These grid codes stipulate 

that wind technologies should assist the control of 

transmission system's frequency and voltage, remarkably as 

worked in conventional plants, and also guarantee wind 

parks response during exceptional operating conditions of the 

system (like in status of voltage dips). The prime general 

requirements include FRT criteria, extended limits of voltage 

and frequency variance, control of active power, frequency, 

reactive power, power factor, and voltage organization 

abilities [25- 28]. Grid codes set the responsibilities of the 

wind park operators and the technical needs that wind turbine 

technology has to achieve to be interconnected to the high 

voltage system. Network code restrictions vary from one 

system to another and concentrate on the testing ways 

applied within the investigation of fault ride-through criteria 

of the turbine power plant and their response during a 

network disturbance. Fast growth in wind generation planned 

to be connected to the transmission system has driven the 

necessity to evolve rigorous code requirements for wind 

turbine plants to maintain the stability and security of electric 

systems. Owing to the varieties of technologies found in 

large wind parks increase the challenges regarding their 

ability to in-feed the short circuit location by enough fault 

current to boost the network during faults and make 

protection relays able to feel the fault and isolate the faulted 

area. References [19], [29- 33] show the challenges of large-

scale renewable energies integration in power grids referring 
to different kinds of ride-through capabilities used in turbine 

Generator technologies. One of the various existed 

protections known as crowbars protection which comprises 

low-ohmic resistors that enter via electronic components to 

the rotor loop to dominate the high rotor current throughout 

the disturbance. The FRT profile as stated in the Egyptian 

wind code [34] and also, FRT profiles for many countries 

everywhere worldwide according to their grid codes [35] are 

shown in Figure 3. 

 

(a) Fault ride through profile for Egyptian Wind Farm [34]  
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(b) Fault ride through profile for many countries [35] 

Fig.3. FRT characteristics in Egyptian Grid Code and 

Worldwide 

3. Case Study 

3.1 Case Study characterization 

A case study on a portion of the Egyptian electric grid 

has been simulated. The substantial objective of this research 

is to develop a fault ride-through (FRT) that suits with the 

state of the Egyptian High Voltage transmission grid. Also, 

the characteristics of different types of wind turbine 

generators during the disturbances, and the protection 

requirements due to large-scale wind parks integration have 

been modeled. Z1, Z2, Sho, Ga-Elz 220kV, and B-west 

500kV substations are very near to areas where most of the 

large-scale wind generation concentrates. These wind parks 

are installed and concentrated at the Gulf of Suez (280 km 

distant from the load Centre) and are distributed on two 

banks of the Nile River. To formulate a FRT criterion 

convenient with a specific network, it is vital to understand 

the characteristics of that network. In this case study, a weak 

network where distant wind parks are connected to the EHV 

system has been chosen. All wind parks concentrate in 

specific regions far away from load center and aren’t 

distributed over the entire network. To grasp the performance 

of different WTG technologies, a case study has been 

modeled to perform a comparative study for several WTG 

types. To assure an equitable principle of differentiation, all 

types of WTG are connected identically for similar network 

conditions. For developing all models, these different 

turbines models are collected as aggregated models (which 

means that wind park would be modeled by one equivalent 

model representing the entire wind park) using 

DIgSILENT_Power Factory software. A robust external grid 

with an elevated level of short-circuited has been used. Also, 

currently, there's no traditional generation near wind parks. 

The grid has 500 kV and 220 kV voltage levels. Some kinds 

of wind generators like SCIG (Types 1 & 2) and DFIG (Type 

3) have been utilized. 

There are diverse factors which may affect WTG 

characteristics and therefore, the short circuit current, e.g. 

short-circuit capacity of WTG, the long distance of WTG to 

the Point of Common Coupling (PCC), power system 

protection characteristics, level of voltage at the connection 

point, and power system characteristics at that faulted area of 

the network. To evaluate the fault ride-through capability 

used for each kind of Wind Park, there is a need to combine 

the voltage profiles of closed bus bars during the worst 

disturbance situation. The voltage profiles for these bus bars, 

i.e. Z1 (220kV), Z2 (220kV), Sho 220kV, Ga-Elz 220kV, 

and B-west 500kV are displayed for all five scenarios. 

3.2 Wind Parks Modeling and Simulation 

In this case study, 220 kV and 500 kV lines, distance 

protection (zone-based protection, and main protection with 

signaling) have been used five scenarios of three-phase faults 

have been simulated. The fault time in case of protection 

depending on the zone is 120 ms for zone-1 and 400 ms for 

zone-2 and for main protection is 120ms. For understanding 

and analyzing the performance of enormous wind parks 

regarding the WTG technology utilized, this study has been 

executed. So, the resultant fault current from every wind 

generator and voltage curves of each bus bar under study 

have been registered. The prime objective of the research is 

to develop a fault ride-through (FRT) that is appropriate to 

the state of the network under study. The reasons that have 

driven to evolve study cases of weak and independent 

connections are the nature of this case where just wind 

energy is connected to PCC and there are no traditional 
power plants near to this region. This study includes five 

different contingencies as follows: - 

3.3 Results & Discussion 

3.3.1 At normal operation: 

2.001.601.200.800.400.00 [s]

400.00

300.00
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100.00

0.00

-100.00

20/0.69KV: Active Power of Z1 Wind Park 

20/0.69KV: Reactive Power of Z1 Wind Park 
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DIgSILENT 
Normal Operation Z1

    

  Date:  7/12/2023 

  Annex: 1 /3

D
Ig

S
IL

E
N

T

 

Fig.4. P, Q, V, and I at normal operation 

3.3.2 Contingency one (F1) 
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A 3-phase short circuit on Z1-Ga_1 (220kv) high voltage 

transmission line has been implemented close to substation 

Z1 (220kV) at a distance of about 10%. This transmission 

line is protected by a zone-based protection scheme (distance 

protection without signaling). The voltage profile of the bus 

bars under study is indicated in Figure 6.  

By looking at Figure 6, it is observed that the worst 

voltage level is on Z1 (220kV) prior Zone-1 protection 

works. The second bus bar affected is Z2 (220kV) then sho 

(220kV). The voltage at Z1 (220kV) and Z2 (220kV) gets 

back to 17% and 23% of its normal value after Zone1 

protection is worked respectively. After Zone-2 protection 

works and the fault is fully removed, the voltage restores its 

value as soon as possible and gets back to its normal value. 
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Fig.5.Case study for the wind parks connected to the Extra High Voltage (EHV) transmission grid
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Fig.6. The voltage response of different bus bars under study 
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Fig.7. The active & reactive power output, voltage & current 

response of Z1 W.F 
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Fig.8. The active & reactive power output, voltage & current 

response of Z2 W.F 

Figure 7 shows the active and reactive power, voltage, 

and current response of (FSIG) respectively during and post 

isolating the fault. Figure 8 shows the active and reactive 

power, voltage, and current response of (DFIG) respectively 

while and after clearing of the fault. 

3.3.3 Contingency two (F2) 

A 3-phase Short Circuit on Z2 –Alm-St_2 (220kV) high 

voltage transmission line has been implemented close to 

substation Z2 (220kV) at a distance of about 10%. This 

transmission line is protected by a zone-based protection 

scheme. The voltage profile of the bus bars under study is 

shown in Figure 9.  

From the curve in Figure 9, it is observed that the worst 

voltage level is on Z2 (220kv) prior Zone-1 protection 

works. The next station affected is Z1 (220kV) then sho 

(220kv). The voltage at Z2 (220kV) and Z1 (220kV) get 

back to 12% and 15% of its normal value after Zone1 

protection is worked respectively. After Zone 2 protection 

works and the fault is fully removed, the value of voltage is 

restored as soon as possible and gets back to its normal 

value. 

The active and reactive power, voltage, and current 

response of (FSIG) respectively during and post-clearing of 

the fault are shown in Figure 10. Figure 11 shows the active 

and reactive power, voltage, and current response of (DFIG) 

respectively while and after fault clearing.  
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Fig.9. The voltage response of different bus bars under study 
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Fig.10. The active & reactive power output, voltage & 

current response of Z1 W.F 
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Fig.11. The active & reactive power output, voltage & 

current response of Z2 W.F 

3.3.4 Contingency three (F3)  

A 3-phase Short Circuit on Ras-Sho_1 (220kV) high 

voltage transmission line has been implemented close to 

substation sho (220kV) at a distance of about 10%. This 

transmission line is protected by a Zone-based protection 

scheme. The voltage profile of the bus bars under study is 

indicated in Figure 12.  

From the curve in Figure 12, it is observed that the worst 

voltage level is on Sho (220kV) substation prior Zone-1 

protection working. The next station affected is Ga-Elz 

(220kV) then B-West (500kV). The voltage at Sho (220kV) 

and Ga-Elz (220kV) gets back to 4.1% and 54% of their 

normal value after Zone1 protection is worked respectively. 

After Zone 2 protection works and the fault is fully removed, 

the value of voltage is restored as soon as possible and gets 

back to its normal value. 

Figure 13 shows the real and reactive power, voltage, 

and current response of DFIG in sho W.F respectively while 

and after fault clearing. Figure 14 shows the real and reactive 

power, voltage, and current response of DFIG in Ga-Elz W.F 

respectively while and after fault clearing. 
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Fig.12. The voltage response of different bus bars under 

study 
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Fig.13. The active & reactive power output, voltage & 

current response of sho W.F 
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Fig.14. The active & reactive power output, voltage & 

current response of Ga-Elz W.F 

3.3.5 Contingency four (F4)  

A 3-phase Short Circuit on Ras-Ga-Elz_2 (220kV) high 

voltage transmission line has been implemented close to 

Substation Ga-Elz (220kV) at a distance of about 10%.This 

transmission line is protected by a Zone-based protection 

scheme. The voltage profile of the bus bars under study is 

indicated in Figure 15. 

By looking at the curve in Figure 15, it is observed that 

the worst voltage level is on Ga-Elz (220kV) prior Zone-1 

protection works. The following bus bar affected is Sho 

(220kV) then B-West (500kV). The voltage at Ga-Elz 

(220kV) and Sho (220kV) gets back to 8.9% and 61% of its 

normal value after Zone-1 protection is worked respectively. 

After Zone-2 protection working and the fault is fully 

removed, the value of voltage is restored as soon as possible 

and gets back to its normal value. 
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Fig.15. The voltage response of different bus bars under 

study 
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Fig.16. The active & reactive power output, voltage &current 

response of Ga-Elz W.F 
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Fig.17. The active & reactive power output, voltage & 

current response of sho W.F 

Figure 16 shows the real and reactive power, voltage, 

and current response of DFIG in Ga-Elz W.F respectively 

while and after fault clearing. Figure 17 indicates the real and 

reactive power, voltage, and current response of DFIG in Sho 

W.F respectively while and after fault clearing. 

3.3.6 Contingency five (F5)  

A 3-phase Short Circuit on Ras-Sam500_1 (500kV) high 

voltage transmission line has been implemented close to 

substation Ras (500kV) at a distance of about 10%. A 

signaling protection scheme (distance protection with 

signaling) is applied to this line. The voltage profile of the 

bus bars under study is indicated in Figure 18. 

By looking at the curves in Figure 18, it is observed that 

the worst voltage level is on B-West (500kV) and reaches 

10.4% of its nominal value. The following bus affected is 

Sho (220kV) then Ga-Elz (220kV). After protection works 

and the fault is fully removed, the voltage restores rapidly 

and gets back to its normal value. 
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Figure 19 indicates the real and reactive power, voltage, 

and current response of DFIG in B-West W.F respectively 

while and after fault clearing. Figure 20 shows the real and 

reactive power, voltage, and current response of DFIG in Sho 

W.F respectively while and after fault clearing. 
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Fig.18. The voltage response of different bus bars under 

study 
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Fig.19. The active & reactive power output, voltage & 

current response of B-West W.F 
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Fig.20. The active & reactive power output, voltage & 

current response of sho W.F 

220 and 500 KV transmission voltages are levels of 

voltages used in the network under study. Five bus bars and 

various kinds of protection schemes were selected. Five 

contingencies have been formed. Finally, different voltage 

profiles in figures 6, 9, 12, 15, and 18 could be incorporated 

with each other to gain the singular ultimate voltage duration 

profile suitable to the current study case and should be 

obliged for all generation companies desire connecting to the 

high voltage power system achieving this curve. 

3.3.7 Reactive Power Injection to Support the electrical 

system during disturbances 

One of the utmost important things is grid support during 

disturbances, especially in weak grid regions. Reactive 

power absorption from the Grid could take place in most of 

the older kinds of wind turbine generator technologies and 

therefore, need supplemental compensation devices at the 

wind power plant, during the disturbances. It is observed 

from Figure7&10 that the reactive power dips sorely during 

the disturbances additionally, the FSIG sucks a reactive 

power from the network, therefore, effects on the voltage 

level at the point of common coupling. Serious events may 

happen because of excess voltage dip at PCC that may drive 

to blackout or partial black-out.  Figures 8, 11, and 13 show 

the variance between FSIG and DFIG regarding the reactive 

power support. 

3.3.8 Effects of diverse generator technologies on protective 

relays 

The chart below presents the summary of protection 

performance issues for WTG technologies. After studying 

the current responses of DFIG (Type-3) technology obtained 

in Figures 8, 11, 13, and 14 found that distance relays may 

not face any problems due to the inception current value 

being high sufficient to make distance protection work in the 

first Zone. After a little time, the current declines rapidly to a 

rated value, capable of realizing second Zone and third Zone 

activation. Differential protection will not counter any issues 

due to the capability of the initial current to activate the 

relay. Over- current protection may counter problems due to 

time delays for protection coordination and the decaying 

response of WTG. 

On the other side after examination of the current 

response of FSIG (Type 1, 2) technology shown in Figures 7 

and 10, it's noted that distance relays may not face any 

problems due to the initial current value being high enough 

to make distance relays work in Zone-1. But after a little 

time, the current declines rapidly to a small value not 

sufficient to fulfill Zone-2 and Zone-3 working. Differential 

protection will not have any issues due to the capability of 

the initial current to activate the relay. Over-current 

protection will face problems due to time delays in protection 

coordination 
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Fig.21. Summary of protection performance issues for 

WTG technologies 

Also, after studying the requirements of the Grid Code, it 

is noted that the FRT requirements are not totally 

coordinated with under voltage protection as indicated in 

figure 22 i.e. for some specific cases, the under-voltage relay 

may trip before the FRT requirement is completely fulfilled. 

 

Fig.22. Under voltage and FRT co-ordination in Egypt 

4. Conclusions  

Due to the growing wind energy connected to the 

electric system, the decrease in cutting off large wind parks 

is requisite to retain a power system that is reliable and stable 

as possible. So, supporting the control system of wind park’s 

turbines with adequate Fault Ride Through (FRT) suitable to 

power system characteristics, its contingencies, and 

characteristics of the current protection system, is highly 

significant. 

This research focused on the impact of the connection of 

huge wind parks to the power system and also, the 

development of FRT criteria for every wind generation 

intended to be incorporated with the high voltage power 

system through dynamic studies on the Egyptian case model 

where wind speed is high in a specific area and no 

conventional generation in that regions, additionally, the 

wind energy linked to the load via long transmission line. 

Representing wind parks as aggregated models containing 

various wind generator technologies has been done along 

with studying various kinds of disturbances. 

The Results obtained from the study have been used to 

analyze the voltage levels at various bus bars to obtain the 

ultimate voltage versus time curve which is adequate with 

the network state under study, its contingencies, and current 

protection system characteristics. The study has shown that 

the DFIG technology used is better than FSIG technology 

especially during and after fault clearing because the FSIG 

technologies affect the protection relays. 

Also, the research showed that the grid code should be 

reviewed considering the total usage of Fault Ride Through 

features that existed within DFIG and ensuring the total 

integral among these features and protective relay settings. 

Therefore, a review of the grid code should be accomplished. 

Our recommendation for the future works is enhancement of 

the simulation model using real system events captured by 

disturbance records to improve the model capabilities. In 

addition, use different wind turbine models from various 

wind turbine suppliers at different renewable energy 

penetration levels to ensure these turbines comply with code 

requirements. 
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