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ABSTRACT 

The adaptive under frequency load shedding (UFLS) can 

be used to stabilize the system frequency by shedding an 

appropriate amount of load depending on the disturbance 

occurred. However, not only the total load to be shed is 

not minimized in this scheme, but also it may be inaccurate 

calculation of power deficit if the system is subjected to 

cascading failures during the shedding process. In this 

paper, a novel UFLS scheme is presented to minimize the 

amount of load shedding and keep the minimum frequency 

within the acceptable limit during severe disturbances and 

cascading failures. The shed load is minimized using 

genetic algorithm (GA) according to an objective function 

based on the system frequency. Multi scenarios of 

contingences are performed on the proposed system to 

collect the training patterns for an artificial neural 

network (ANN). The ANN can online determine the 

minimum amount of load shedding and keep the frequency 

within a safe margin. Although using the proposed scheme 

may cause the minimum frequency of the system to be 

below the minimum frequency of the adaptive scheme but 

the proposed method can perform minimal load shedding 

in various disturbance scenarios. Results are provided in 

the form of time domain simulations via 

MATLAB/SIMULINK. 

INTRODUCTION 

In remote areas, using of renewable energy sources (RES) 

in microgrids such as photovoltaics and wind turbines has 

become necessary [1]. In microgrids, the output power of 

some distributed energy resources (DER) might change 

and affect the system performance during extreme weather 

events. In case of sudden change in frequency, the battery 

energy storage systems (BESSs) could play an important 

role in load frequency control (LFC) of the microgrid as 

they could damp various oscillations. However, when the 

microgrid is in an islanded mode and during severe 

disturbances, BESSs may fail to stabilize the system 

frequency due to their capacity limitation [2]. 

Accordingly, ULFS can be used as the last line of defence 

to maintain the power system in a stable condition. It 

protects the system from a total collapse by keeping the 

system frequency within the acceptable limits [3]. 

According to IEEE standard, ‘‘under frequency load 

shedding must be performed quickly to arrest power 

system frequency decline by decreasing power system load 

to match available generating capacity’’ [4]. The UFLS 

scheme sheds a certain amount of load in predefined steps 

when the frequency falls below certain predefined 

threshold values in order to prevent a blackout [5]. Load 

shedding techniques are commonly classified into three 

main categories: conventional, adaptive and computational 

intelligence-based [6]. 

 

The conventional technique was first introduced in [7] and 

then used in [8-10]. It based on the consideration of the 

worst case of generation loss. It sheds a certain amount of 

load in stages (3-6 stages) when the frequency reaches the 

threshold values. The amount of load shedding is decided 

off line based on simulation and experience. In this 

scheme, the cumulative disconnected load amount varies 

from 30 up to 50% of the total load [11]. Although this 

scheme is simple and does not require modern relays, but 

a specified amount of load is shed without considering the 

amount of power deficit. As a result, in most cases the 

amount of shed load will be more or less than necessary. 

 

The adaptive scheme was first presented in [12] to 

overcome the conventional scheme problems. In this 

scheme, the power deficit is estimated using the swing 

equation by measuring the rate of change of frequency 

(ROCOF). Therefore, there is no need to determine the 

worst probable contingency because the amount of load to 

be shed is based on the calculated power deficit. In [13,14], 

some modifications are applied to the above-mentioned 

scheme to improve its performance. In such schemes, 

before triggering any load shedding step a certain measure 

is carried out to estimate the power provided by primary 

frequency control to minimize the amount of shed load in 

each step. The main disadvantage of this scheme is that, 

the power deficit is calculated immediately at the time of 

disturbance. Therefore, any change in power system 

parameters or power system deficit during load shedding 

process will cause inaccurate calculation of power deficit 

and the corresponding amount of load shedding. In [3,15], 

the additional power deficit is considered during load 

shedding process. So, the adaptive scheme could be 

improved by updating the value of power deficit before 

each step to avoid under/over shedding due to power 

deficit change. 
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The computational intelligence-based techniques include 

the artificial neural networks (ANN), adaptive neuro-fuzzy 

inference system (ANFIS), fuzzy logic control (FLC), 

genetic algorithms (GA), and particle swarm optimizations 

(PSO). These techniques can easily solve the nonlinear, 

multi objective problems in power systems that cannot be 

solved by the conventional methods [16,17]. The main 

advantages of these techniques are the ability of providing 

the optimum load shedding at any value of power deficit. 

Therefore, they can deal with modern and complex power 

systems. Some drawbacks of these techniques which 

restrict their implementation in real life are they require 

modern relays and robust means of communication and in 

some cases the response may be slow [6]. 

 

In this paper, a novel UFLS scheme ANN-based is 

presented. During the load-shedding process, two 

guidelines have been considered: 

• Minimizing the load-shedding amount. 

• Keeping the frequency trajectory within limits.  

The minimization of load shedding is carried out using GA 

at different cases of power deficit.  Multi scenarios of 

contingencies are performed to collect a training data for 

ANN which online can specify the minimum amount of 

shed load at any value of power deficit. The proposed 

UFLS scheme is compared with the UFLS scheme 

presented in [3]. In [3], a novel UFLS scheme was 

presented which considered the variations of power 

generation in the microgrids during the load shedding 

process.  The comparison between two schemes is carried 

out with the aid of several simulation studies which may 

affect the effectiveness of UFLS schemes. 

POWER DEFICIT CALCULATION 

In load shedding process, the amount of power deficit can 

be calculated by applying the swing equation. The swing 

equation use the first frequency derivative immediately 

after the disturbance to estimate the power deficit [10], 

[12-14].  
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derivative immediately after the disturbance in Hz/sec, 

Heq is the equivalent inertia constant in sec, fn is the 

nominal frequency in Hz. 

In microgrids, the output power of RES varies with time. 

Thus, it is necessary to update the total power deficit 

during the load shedding process continuously [3]. 

Accordingly, when an additional power deficit occurs 

during the load shedding process, Pd should be updated for 

the next steps of load shedding according to (2). 
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Where Pd_new is the total amount of power deficit in pu, 

Pd_old is the old amount of power deficit calculated in the 

previous step in pu, _|t t newf =
 is the change in frequency 

derivative in Hz/sec. 

PROPOSED LOAD SHEDDING SCHEME 

The aim of the proposed load shedding scheme is to 

maintain the minimum frequency to be above 58.4 Hz and 

minimize the amount of load that should be shed. For this 

reason, GA optimization technique is used with a fitness 

function as:  
 

                     (min( ) -  58.4)fitness abs f=                  (3) 
 

Where f is the microgrid frequency in Hz. By attaining a 

minimum fitness, the minimum load can be achieved, and 

the frequency will be within acceptable limit. A protection 

plan of four steps load shedding is chosen. Table 1 shows 

the size of each step at different frequency threshold 

values. 

Table 1 Frequency setting of four steps plan 
 

Frequency of Load 

Shedding (Hz) 

Amount of Load 

Shedding (%) 

59 35 

58.8 30 

58.6 20 

58.4 15 

 

In this study, Multi scenarios of contingences are 

performed off-line on the proposed system by using GA to 

collect the training patterns for ANN. The contingences 

considered are in the form of power disturbances at t=0.5 

sec due to islanding and an additional change in wind 

speed ranging from 7.8 m/s to 12 m/s with a step of 0.2. 

Several tests were performed on ANN by varying number 

of hidden layers as well as the number of neurons in each 

hidden layer. ANN feed forward Multi-Layer Perception 

(MLP) architecture is considered. One hidden layer with 5 

neurons is used with a tansigmoidal activation function 

and supervised training via a back-propagation technique. 

After training the neural network and check its validity of 

work, the algorithm of the proposed scheme can be carried 

out. Fig. 1 Shows the flowchart of proposed UFLS scheme. 

The power deficit (Pd) is calculated using eq.1 then the 

minimum amount of load shedding (Ps) is evaluated using 

the trained ANN. Afterwards the activation of the steps is 

carried out according to the flowchart depending on the 

threshold values of frequency. If any change in power 

deficit occurred between steps, the updated power deficit 

is calculated using eq.2 and the corresponding value of 

load shedding is evaluated immediately by ANN. 
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Fig. 1 Flowchart of the proposed UFLS scheme 

 

It should be noted that, the change in power deficit is 

detected from a step decrease in frequency derivative. As 

a result, the load shedding amount is updated continuously 

using ANN at any value of power deficit. Therefore, if the 

updated value of power deficit differs from the 

predetermined value, the percentage of shed load in the 

previous steps will be compensated immediately. The 

updated value of power deficit is used also in 

determination of the next steps to prevent under/over 

shedding. 

PROPOSED MICROGRID MODEL 

Fig. 2 shows the understudy microgrid system. The loads 

in this distribution system are 3 MVA. Load 1 (L1) is a 

critical load that never shed, and the shedding amount is a 

percentage of load 2 (L2). 
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Fig. 2 Proposed microgrid model 

The diesel generator (G) is 1 MW and it operates at 500 

KW with a reserve capacity of 50 %. The wind turbine 

generator (WTG) is 1 MW at a nominal speed of 12 m/s. 

The simplified wind farm model presented here generates 

power using a relationship between the nominal wind 

speed and nominal power. The photovoltaic system (PV) 

is 500 KW. The battery energy storage system (BESS) is 

500 KW, 100 KWH. Here, PV system and BESS are 

system-level model that do not contain any power 

electronics, but they are useful for testing the case study.  

SIMULATION STUDIES 

To verify the effectiveness of the proposed scheme, the 

proposed scheme (scheme 1) is compared with the scheme 

presented in [3] (scheme 2). Fig. 3 shows the shed load 

using ANN at different values of power deficit due to multi 

scenarios of contingencies mentioned above (microgrid 

islanding and wind speed change at t=0.5 sec). 
 

 
Fig. 3 Comparison between two schemes at different 

power deficits 
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Different scenarios of disturbances are carried out on the 

proposed model. The simulation results are presented in 

the following sections. 

Scenario 1 (Microgrid islanding) 

Microgrids could have a grid interconnection to improve 

system economics, operation and availability. More 

potential issues with microgrids integration into the main 

grid are during a fault in the grid. Accordingly, the power 

from main grid to the microgrid should be interrupted 

(islanding). Therefore, if the microgrid receives power 

from the main grid before disconnection, it would suffer a 

frequency decline after islanding. Consequently, some 

loads should be shed to maintain the frequency to be within 

permissible limit [15]. In this case study, the power from 

main grid to microgrid is 500 KW. So, any islanding will 

cause a power deficit of 500 KW and a frequency decline 

until activation of UFLS relay. Here, the microgrid is 

islanded at t=0.5 sec. Fig. 4 Shows the frequency of 

microgrid due to islanding where scheme 1 sheds 94.5 KW 

(in a single step) which is enough to keep the frequency 

within acceptable limit. On the other hand, scheme 2 sheds 

175 KW (35% of power deficit) and the other steps can be 

skipped due to primary frequency control effect. 

 
Fig. 4 Scenario 1 ــ Microgrid frequency after islanding 

 

Although the minimum frequency of scheme 1 is below 

that of scheme 2 but scheme 1 can perform minimal load 

shedding compared to the other scheme keeping the 

frequency within a permissible limit. In addition to that, 

the two schemes have almost the same settling time. 

Scenario 2 (Change in wind speed during load 

shedding process)  

Any increase or decrease in wind speed will affect the 

output power of the wind farm. In this case study, the 

output power of wind farm is 1 MW at nominal speed of 

12 m/s. The microgrid is islanded at t=0.5 sec so UFLS 

process is triggered in consequence of 500 KW power 

deficit and an additional power deficit occurred after 

activation the first step at t = 0.7 sec due to decrease in 

wind speed to 11 m/s. Fig. 5 shows the microgrid frequency 

and shed load due to the microgrid disconnection with an 

additional power deficit.  

 

From Fig. 5 it can be shown that, despite the microgrid 

minimum frequency of scheme 1 is below that of scheme 

2 but the shed load in scheme 1 is minimized to be 

(Ps=347.5 KW) compared to scheme 2 which is (Ps=474.3 

KW).  

(a) 

 
(b) 

Fig. 5 Scenario 2 ــ (a) Microgrid frequency, and (b) Load 

shedding amount 

Scenario 3 (Change in Sun irradiance during load 

shedding process) 

The output power of PV panels is affected by temperature 

and sun irradiance. Therefore, any change in the weather 

condition or temperature will affect the power generated 

by PV panels.  In this case study, the output power of PV 

panels is 500 KW at certain temperature and sun 

irradiance. The microgrid is islanded at t = 0.5 sec when it 

receives 500 KW from the main grid and an additional 

power deficit occurred at t = 0.67 sec due to sun irradiance 

change (partial shading). The output power of PV due to 

this change reduced to 200 KW. Fig. 6 Shows the 

microgrid frequency and shed load due to microgrid 

islanding with an additional power deficit. 

  

From Fig. 6 it can be seen that, with additional power 

deficit not only the frequency is within acceptable limit but 

also the load shedding amount is minimized. The shed load 

in scheme 1 is minimized to be (Ps=421.8KW) compared 

to scheme 2 which is (Ps=520KW). 

  

From results of scenarios 2 and 3 it can be inferred that, 

for scheme 1 with additional power deficit, the previous 

load shedding steps are immediately compensated unlike 

scheme 2 which wait until the next step to compensate the 

shed load. Therefore, the proposed scheme can effectively 

improve the shedding process. 
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(a) 

 
(b) 

Fig. 6 Scenario 3 ــ (a) Microgrid frequency, and (b) Load 

shedding amount 

CONCLUSION 

This paper introduces a novel UFLS scheme that specify a 

minimal load shedding by achieving the frequency 

minimum permissible limit. An appropriate data-base of 

disturbances using GA is obtained for training ANN. The 

trained ANN can online adjust the minimum amount of 

load to be shed at any value of power deficit. It was 

confirmed that, when an additional power deficit occurs 

during the load shedding process, the proposed scheme can 

shed the minimum amount of load according to the 

updated value of power deficit to prevent the frequency 

from falling below the minimum permissible value. The 

simulation results demonstrate the effectiveness of the 

proposed load shedding scheme at different scenarios. 
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