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                                                                                   Chapter 4   
 

PROPOSED LOAD SHEDDING SCHEME 
 
 

4.1  Formulating a Load Shedding Scheme 

 
Following factors are considered when analyzing existing load shedding schemes and 

designing of the proposed load shedding schemes for the Sri Lankan network. 

These include: 

a) Maximum anticipated overload 

b) Number of load-shedding steps 

c) Time delay 

d) Size of the load shed at each step 

e) Frequency settings 

 

4.2 Maximum anticipated overload 

 

Load Shedding Scheme should be able to shed a load equal to the maximum anticipated 

overload. Logically, there is no reason to limit load-shedding to any percentage of loads. 

Indeed, it is desirable to shed 100% of load, preserving interconnections and keeping 

generating units on line and synchronized, than to allow the system to collapse with 

customers still connected. Even if 100% of the load is shed, service can be restored rapidly. 

But if the system collapses, a prolonged outage would result. For this reason, it is 

necessary to evaluate the cost of the load-shedding scheme in light of the probability that 

an overload of a given severity can occur [1]. 

 

CEB Policy on Power System Operations, maximum loading on a generator is less than 

20% of the total gross generation. CEB is following single outage criterion which is 

mentioned in section 3.2.3.  

 

In the existing scheme 50% of the load will reject after operation of all the stages, but due 

to maximum loading on a generator is less than 20% of the total gross generation and 

single outage criterion, Maximum anticipated overload will be 20% of the total load. But 
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when consider n-2 outage criterion it is better to use value in-between 20% to 50%. This 

value will be fine-tuned during identifying of step sizes of each load shedding stage.  

 

4.3 Number of load-shedding steps 

 

The basic and simplest load shedding scheme is one in which the predetermined 

percentage of the load is shed at once when a group of relays senses a frequency drop. 

Even though this scheme will arrest any anticipated frequency decline, it will often 

disconnect far more customers than necessary. As per reliability concern it is not an 

acceptable method. An improvement then would be to use two groups of relays, one 

operating at a lower frequency than the other, and each shedding half the predetermined 

load. The higher-set relays would trip first, halting the frequency decline as long as the 

overload was half or less of the worst-case value. For more severe overload, the frequency 

would continue to drop, although at a slower rate, until the second group of relays to shed 

the other half of the expendable load. 

 

The number of load shedding steps can be increased virtually without limit [13]. More the 

number of steps, the system can shed load in small increments until the decline stops which 

enable almost no excess load need be shed. But such a scheme may be difficult to 

coordinate since there are so many steps.  

 

Most utilities use between two and five load-shedding steps, with three being the most 

common [1]. In existing Load Shedding scheme use six steps where the last step is purely 

base on rate of change of frequency. So this scheme can be accepted since five steps Load 

Shedding schemes are accepted universally.         

 

 

4.4 Time Delay 

 

Time delays of the existing Load Shedding Scheme are 0.1sec, 0.5sec, 1sec and 1.5 

seconds respectively from Stage I to IV. Stage V is an instantaneous stage. The important 

rule for Load Shedding Scheme is to use minimum possible time delays and lesser the 

delay, the more easily the scheme can cope with severe system disturbance [1].  
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So simulations were carried out using PSS®E software to improve the time delay settings. 

For these simulations rate of change of frequency function is disabled since it is not 

possible to obtain time delay values if load shed from this instantaneous function. 

 

As per the section 3.4, CEB network is more viable to collapse during HMOP conditions 

especially during 00:00 hrs to 05:00 hrs of the day due to low system inertia Constant. So 

simulation was done with the similar load condition.  

 

4.4.1 Simulation 1 

Figure 4.1: Frequency response of the System for Simulation 1 

 

Above simulation results were obtained with existing Frequency settings. System was 

simulated with Load and Generation balance of 950 MW and after 2 seconds Norochcholai 

Power Plant was removed from the system rejecting 190 MW, this is equal to the 20% of 

the generation that time. Four stages of the Load Shedding Scheme were operated rejecting 

251.12 MW of the loads. Minimum frequency was 47.90 Hz and Frequency stabilized at 

50.59 Hz.  
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4.4.2  Simulation 2 

 

Figure 4.2: Frequency response of the System for Simulation 2 

 

Above simulation results were obtained by changing the time delay to 0.5 sec for all the 

stages except stage I (Time delay = 0.1 sec). System was simulated with Load and 

Generation balance of 950 MW and after 2 seconds Norochcholai Power Plant was 

removed from the system rejecting 190 MW, this is equal to the 20% of the generation that 

time. Three stages of the Load Shedding Scheme were operated rejecting 201.2 MW of the 

loads. Minimum frequency was 48.09 Hz. 

 

When comparing Simulation 1 & 2, in Simulation 2 only three stages were operated which 

reduced rejecting loads by 49.92 MW and also increased the system frequency by 0.19 Hz. 

So from the above study it can be identified that reducing the time delay will make system 

more reliable. 

 

Before carryout the next Simulation, it should be identified the maximum time required to 

trip a feeder from Load Shedding Scheme. Following factors should be consider when 

selecting the maximum time value,   

a) Operating time of the Load Shedding relay. 
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b) Operating time of the Interposing auxiliary devises  

c) Operating time 33 kV Circuit Breaker  

 

a) Operating time of the Load Shedding relay. 

 

Operating time of the Load Shedding relay can be estimated as 40 ms because most of the 

frequency relays in CEB network are numerical type and these relays will operate below 

20 ms. Please refer appendix C. 

 

b) Operating time of the Interposing auxiliary devises  

 

As per the below specifications CEB is recommending to use minimum interposing 

auxiliary relays in-between relay and the circuit breaker trip coil, so 20 ms time delay is 

sufficient for this factor.  

 

“Relay contacts shall be suitable for making and breaking the maximum currents which 

they may be required to control in normal service but where contacts of the protective 

relays are unable to deal directly with the tripping currents, approved auxiliary contacts, 

relays or auxiliary switches shall be provided. In such cases the number of auxiliary 

contacts or tripping relays operating in tandem shall be kept to the minimum in order to 

achieve fast fault clearance times. Separate contacts shall be provided for alarm and 

tripping functions. Relay contacts shall make firmly without bounce and the whole of the 

relay mechanisms shall be as far as possible unaffected by vibration, shock and bump or 

external magnetic fields. [6]”  

 

c) Operating time of the 33 kV Circuit Breaker 

 

33 kV Circuit Breaker will trip within 3 cycle  after trip signal received to the trip coil, so 

operating time of the Circuit Breaker can be considered as 60 ms. Please refer appendix D. 

 

Minimum Time delay  =  Operating time of the Load Shedding relay + Operating  time of 

the Interposing auxiliary devises + Operating time  33 kV Circuit Breaker                        

 =  40 ms + 20 ms + 60 ms  
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                                      =  120 ms 

 

Pickup (PU) and Operated (OP) frequency values of each stage of existing Load Shedding 

Scheme with the above time value and rate of change of frequency of -0.85 Hz/sec can be 

found in Figure 4.3. 

 

Figure 4.3: Pickup and operated time of each stage of existing scheme 

 

From Figure 4.3, it can be identified that Stage III & IV will pick up before operation of 

Stage II, Stage V will pick up before operation of Stage III & IV and also Stage V will 

operate before operation of stage IV. So to overcome above complications new time setting 

is identified as 150 ms and this setting is proposed to Stage II to V. Stage I is not changed 

since it is the initial stage of the Load Shedding Scheme.  

 

Pickup (PU) and Operated (OP) frequency values of each stage of proposed Load 

Shedding Scheme with the new time settings and rate of change of frequency of -0.85 

Hz/sec can be found in Figure 4.4. 

 

 

 

 



 

                                                                                                            Page 25 of 60  

 

Figure 4.4: Pickup and operated time of each stage of new scheme 

 

With the use of new time delay to all the stages except stage I (Time delay = 0.1 sec) 

 

4.4.3 Simulation 3 

Figure 4.5: Frequency response of the System for Simulation 3 

 

System was simulated with Load and Generation balance of 950 MW and after 2 seconds 

Norochcholai Power Plant was removed from the system rejecting 190 MW, this is equal 
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to the 20% of the generation that time. Three stages of the Load Shedding Scheme were 

operated rejecting 167.15 MW of the loads. Minimum frequency was 48.17 Hz. 

 

When comparing Simulation 1 & 3, in Simulation 3 only three stages were operated which 

reduced rejecting loads by 83.97 MW and also increased the system frequency by 0.27 Hz. 

Frequency Stabilized at 49.75 Hz. So from the above study it can be found best time delay 

value for proposed Load Shedding Scheme.  

 

Table 4.1: Proposed Load Shedding Scheme with new delay time settings. 

Stage 
Load to be  

Remarks Tripping Criteria 
Tripped (%) 

I 5 5% Load on only freq. based 48.75 Hz + t=100 ms 

II 5 5% Load on only freq. based 48.50 Hz + t=150 ms 

III 10 

 
7% Load on only freq. based 

48.25 Hz + t=150 ms 
OR 

 
3% Load on only freq. based 

49 Hz AND df/ft = 

+ df/dt based 0.85 Hz/Sec 

IV 10 

 
7% Load on only freq. based 

48.00 Hz + t=150 ms 
OR 

 
3% Load on only freq. based 

 
49 Hz AND df/ft = 

+ df/dt based 0.85 Hz/Sec 

V 10 

 
6% Load on only freq. based 

47.50 Hz + t=150 ms  
OR 

 
4% Load on only freq. based 

 
49 Hz AND df/ft = 

+ df/dt based 0.85 Hz/Sec 

VI 10 
10% Load on  df/dt based 49 Hz AND df/ft = 

 
0.85 z/Sec 

 

4.5 Size of the load shed at each step 

 

The size of the load-shedding steps should be related to expect percentage overloads [14]. 

After the study of the system configuration reveals that there is relatively high probability 

of losing certain generating units and transmission lines. So load shedding blocks should 

be sized accordingly.  

 

Since Sri Lankan network is large, there are many possible events causing only a small 

percentage overload in itself. In this case, a number of overload situations may be lumped 

together and handled in one step. On the other hand, it may be sufficient to shed a 
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percentage of the overload in a few equal steps. In existing scheme 5% and 10% of step 

sizes were used and by simulation using Power System Simulator (PSS®E) software 

analyzed any future improvement is needed. 

 

If we considered Simulation No. 3 with the proposed new time settings, System frequency 

was stabled at 49.75 Hz even after operation of the load shedding stage three. This 49.75 

Hz value is inside the system normal frequency range of 50.5 Hz to 49.5 Hz [2]. 

Stabilizing System frequency at 49.5 Hz will also accepted since it is in the normal 

operating frequency range. So simulation done with reducing stage 3 step size from 10% to 

5%. For these simulations also rate of change of frequency function is disabled and it will 

be analyzed later. 

 

4.5.1 Simulation 4 

  

 

System was simulated with Load and Generation balance of 950 MW and after 2 seconds 

Norochcholai Power Plant was removed from the system rejecting 190 MW, this is equal 

to the 20% of the generation that time. Three stages of the Load Shedding Scheme were 

operated rejecting 121.14 MW of the loads. Minimum frequency was 48.17 Hz and rate of 

change of frequency (df/dt) is -0.765 Hz/Sec. Frequency stabilized at 49.56 Hz.  

 

Figure 4.6: Frequency response of the System for Simulation 4 
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When comparing Simulation 1 & 4, in Simulation 4 only three stages were operated which 

reduced rejecting loads by 129.98 MW and also increased the system frequency by 0.27 

Hz. Frequency Stabilized at 49.56 Hz. So from the above study it can be found best step 

size for Stage 3 of proposed Load Shedding Scheme.  

 

When system disturbance occurs with n-1 stability criteria as per the proposed scheme only 

up to stage 3 will operate. Next Simulation will be done when simultaneous two 

disturbances occurred at same time in the system. 

 

4.5.2  Simulation 5 

 

Figure 4.7: Frequency response of the System for Simulation 5 

 

System was simulated with Load and Generation balance of 950 MW and after 2 seconds 

Norochcholai Power Plant and Victoria Power Plant was removed from the system 

rejecting 240 MW, this is equal to the 25% of the generation that time. Four stages of the 

Load Shedding Scheme were operated rejecting 204.74 MW of the loads. Minimum 

frequency was 47.95 Hz and Frequency Stabilized at 49.80 Hz. 

 

System frequency was stabled at 49.80 Hz even after operation of the load shedding stage 

four. This 49.80 Hz value is inside the system normal frequency range of 50.5 Hz to 49.5 
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Hz [2]. Stabilizing System frequency at 49.5 Hz will also accepted since it is in the normal 

operating frequency range. So simulation done with reducing stage 4 step size from 10% to 

6%. For these simulations also rate of change of frequency function is disabled and it will 

be analyzed later. 

 

4.5.3 Simulation 6 

 

Figure 4.8: Frequency response of the System for Simulation 6 

 

System was simulated with Load and Generation balance of 950 MW and after 2 seconds 

Norochcholai Power Plant and Victoria Power Plant was removed from the system 

rejecting 240 MW, this is equal to the 25% of the generation that time. Four stages of the 

Load Shedding Scheme were operated rejecting 167.81 MW of the loads. Minimum 

frequency was 47.97 Hz and Frequency Stabilized at 49.50 Hz. 

 

When comparing Simulation 5 & 6, in Simulation 6 reduced rejecting loads by 36.93 MW 

and Frequency Stabilized at 49.50 Hz. So from above study it can be found the best step 

size for Stage 4 in the proposed Load Shedding Scheme.  
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In the existing Load Shedding scheme 20% of the load will be rejected based on the rate of 

change of frequency (dt/dt). So simulation was carried with dt/dt setting to identify system 

response for this step size. 

 

4.5.4. Simulation 7 

 

Figure 4.9: Frequency response of the System for Simulation 7 

 

System was simulated with Load and Generation balance of 950 MW and after 2 seconds 

Norochcholai Power Plant was removed from the system rejecting 190 MW, this is equal 

to the 20% of the generation that time. df/dt Scheme was operated rejecting 181.81 MW of 

the loads. Minimum frequency was 48.85 Hz and rate of change of frequency (df/dt) is -

0.92 Hz/Sec. Frequency stabilized at 49.85 Hz.  

 

System frequency was stabled at 49.85 Hz even after operation of the df/dt stage. This 

49.85 Hz value is inside the system normal frequency range of 50.5 Hz to 49.5 Hz [2]. 

Stabilizing System frequency at 49.5 Hz will also accepted since it is in the normal 

operating frequency range. So simulation done with reducing df/dt stage step size from 

20% to 12%.  
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4.5.5. Simulation 8 

 

Figure 4.10: Frequency response of the System for Simulation 8 

 

System was simulated with Load and Generation balance of 950 MW and after 2 seconds 

Norochcholai Power Plant was removed from the system rejecting 190 MW, this is equal 

to the 20% of the generation that time. Stage I of the Load Shedding Scheme and df/dt 

stages were operated rejecting 139.52 MW of the loads (107.7 MW from df/dt stage and 

31.82 MW from Stage I). Minimum frequency was 48.48 Hz and rate of change of 

frequency (df/dt) is -0.92 Hz/Sec. Frequency stabilized at 49.6 Hz.  

 

When comparing Simulation 7 & above simulation , 107.70 MW reject in above 

simulation, so df/dt stage reduced rejecting loads by 74.11 MW and Frequency Stabilized 

at 49.6 Hz. So from the above study it can be found best step size for df/dt step size for 

proposed Load Shedding Scheme.  

So maximum anticipated overload can be identified 41% of the total system load. 
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4.6 Frequency settings 

The determination of the frequency settings is depends on the system’s normal operating 

frequency range. The frequency of the first step should be below the normal operating 

frequency band of the system. Further first level should be set at below a certain value 

which the system could be recovered by system operator or system could be operated 

continuously for shorter period. Generally during very low off peak conditions system 

experiences 2-3 % sudden generation loss mainly due to tripping of wind plants. System 

frequency drops to around 49 Hz for the above said generation losses. By considering the 

above facts it was decided to remain in the existing initial frequency setting of 48.75 Hz 

[11]. Since existing frequency settings are in the steps of 0.25 Hz there is no point of 

changing frequency settings. 

 

4.7. Proposed Load Shedding Scheme 

 

After analyzing the simulation results new load shedding scheme can be proposed as 

shown in Table 4.2, 

 

Table 4.2: Proposed Load Shedding Scheme with new step size. 

Stage 
Load to be  

Remarks Tripping Criteria 
Tripped (%) 

I 5 5% Load on only freq. based 48.75 Hz + t=100 ms 

II 5 5% Load on only freq. based 48.50 Hz + t=150 ms 

III 5 

 
5% Load on only freq. based 

48.25 Hz + t=150 ms 
OR 

 
0% Load on only freq. based 

49 Hz AND df/ft = 

+ df/dt based 0.85 Hz/Sec 

IV 6 

 
6% Load on only freq. based 

48.00 Hz + t=150 ms 
OR 

 
0% Load on only freq. based 

 
49 Hz AND df/ft = 

+ df/dt based 0.85 Hz/Sec 

V 10 

 
8% Load on only freq. based 

47.50 Hz + t=150 ms  
OR 

 
2% Load on only freq. based 

 
49 Hz AND df/ft = 

+ df/dt based 0.85 Hz/Sec 

VI 10 

 
10% Load on  df/dt based 

49 Hz AND df/ft = 

 
0.85 Hz/Sec 
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Table 4.2 can be future simplify as shown in Table 4.3, 

 

                Table 4.3: Proposed New Load Shedding Scheme  

Stage 
Load to be  

Remarks Tripping Criteria 
Tripped (%) 

I 5 5% Load on only freq. based 48.75 Hz + t=100 ms 

II 5 5% Load on only freq. based 48.50 Hz + t=150 ms 

III 5 5% Load on only freq. based 48.25 Hz + t=150 ms 

IV 6 6% Load on only freq. based 48.00 Hz + t=150 ms  

V 10 

 
8% Load on only freq. based 

47.50 Hz + t=150 ms  
OR 

 
2% Load on only freq. based 

 
49 Hz AND df/ft = 

+ df/dt based 0.85 Hz/Sec 

VI 10 

 
10% Load on  df/dt based 

49 Hz AND df/ft = 

 
0.85 Hz/Sec 

 

                                 

 

 
 

 

 

 

 

 

 

 

 
 

 

 
 

 

 
 

 


