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Load Shedding and Frequency Relaying - |

Hello, friends. So, today we are going to discuss about the load shedding and frequency relaying
scheme. So, we know that in a power system when it is working in stable or normal condition with

a fundamental frequency of let us say 50 Hz or 60 Hz.
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| Introduction

»When a power system is in stable operation at
normal frequency (50 Hz), the total mechanical
power input from the prime movers to the
generators is equal to:

Protal = Pioad T Ploss S

» Any significant upset of the balance of the said
equation causes a frequency change.

The total mechanical power input from the turbine that is given to the generator that is governed
by this equation, where the total power is equal to the power that is delivered or governed by the
load and the power that is associated with the losses. So, the balance of this equation is disturbed,

then that is going to cause a change in frequency in which we are interested.
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| Reason for change in Frequency |

» When insufficient mechanical power input is given to the

system, the rotors slow down. Hence, to maintain f,, speed
governing system will supply energy to the system.

» Conversely, when excess mechanical power input is given to
the system, the rotors speed up and absorb energy.

» Any change in speed causes change in frequency.

So, let us see first what are the reasons for change in frequency? So, whenever the mechanical
power input that is given is not sufficient to the system, and in that case, rotors slow down. Hence,
to maintain the reference frequency speed of the governing system will supply this energy to the
system. On the other hand, when excess mechanical power input is given to the system, the rotors
speed up and absorb energy. So, that means any change in speed that is going to cause the change

in frequency.
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| Reason for change in Frequency |

» For gradual changes in load, governors adjust the mechanical

input power to the generators to maintain f,,.

» Conversely, sudden and large changes in load result in sudden

and large change in generation capacity.

» This imbalance results in a rapid frequency decline.



So, for gradual change in load, that means, if the load is changing gradually, then governors are
capable to adjust the mechanical power input that is given to the generators with reference to the
reference frequency and we can maintain the frequency however, when rapid change that is going
to occur in the load, then that is going to result in sudden or large change in generation capacity
and this unbalance resulting rapid change in frequency and usually most of the cases frequency

will decline.
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| Impact of case of change in Frequency

» If governors and boilers cannot respond quickly, the system may

collapse.

» The solution is to drop the load ragl)dly, selggvelv and

temporarily.

This can:

1) Avoid prolonged system outage.

2) Restore customer service with minimum time delay.

So, now, let us see what are the impacts in case of changing frequency? So, if frequency changes,

then what will happen? So, if governors and boilers cannot respond quickly, because these are the
very huge inertia system, then the system may collapse. The solution is to drop the load rapidly,
selectively and temporarily. So, these three things is very important, that we have to drop the load,

we have to remove the load rapidly, we have to also remove the load selectively.

So, that appropriate frequency balance that should be there. And we have to remove this load
temporarily, because we need to again come back to the original condition. So, that there should
not be any revenue loss. So, this can be avoided, means if we remove the load rapidly, selectively
and temporarily, then that is going to avoid prolonged system outages and it will also restore

customer service with minimum time delay.
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| Importance of Rate of Frequency Decline

1. Frequency creates a balance between supply and demand and
hence, extremely important for all users.

2. Frequency is the only variable quantity that remains constant in
all parts of the network.

3. Reduction in frequency is responsible for total blackout of all or

part of an interconnected network due to failure of power
. . . . —\
station or transmission line.

So, importance of a rate of frequency declines, that governs by major three factors. The frequency,

that is going to create balance between the supply and the demand. And hence, this is extremely
important for all the users available in the power system network. Moreover, frequency is the only
variable quantity and that remains constant in all parts of the network. And reduction in frequency
is responsible for total blackout or maybe sometimes partial blackout or sometimes the part of the
interconnected network that may come out of the service, because of the failure of power station

or transmission line.
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{ What is the Rate of Frequency Decline? |
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» For constant frequency operation,&eneration =Load + Losses?

» The difference of power is transferred through Tie Line.



So, now, let us see what is the rate of frequency decline? So, to understand this, let us consider the
system of two generators. On one side we have group of generators that is S1 and on another side
we have a group of generators denoted by S2. The capacity of the group of generators on S1is 1
gigawatt, that is 1000 megawatt. And the capacity of generation of the other group of generators
S2, that is also 1 gigawatt. Load on the S1 side that is 0.8 gigawatt and the load on S2 sides, that
is 1.2 gigawatt.

So, the additional 0.2 gigawatt power, that is supplied by the Tie Line which is connected between
the S1 group of generators to the S2 group of generators or between area 1 and area 2. So, we
know that for constant frequency operation, generation should be equal to the load plus losses and
whatever difference is there that has to be transmitted or governed by the Tie Line.
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| What is the Rate of Frequency Decline?

» If the total load + losses are equal to the total
mechanical power input, there is no change in the

frequency.

» If the tie line is suddenly lost (may be due to a fault),
the kinetic energy in the S1 generators must increase to
absorb the excess power input and S2 generators must
slow down. SR ——

Now, if the total load plus losses are equal to the total mechanical power input, there is no change
in the frequency. However, if a tie line is suddenly tripped maybe because of fault or maybe
because of permanent fault or temporary fault, then the kinetic energy in the S1 group of generators
increased and to absorb the excess power input and at the same time for S2 generators it slow

down.
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| What is the Rate of Frequency Decline?
» The expression for the initial rate of change of frequency is

AP df/dt = initial rate of change of frequency (pu)
Q—- AP = decelerating power (pu) of connected kVA
H= inertial constant , MW-sec/MVA or KW-sec/kVA

df_
dt

» The larger the inertia constant, the slower the frequency
decline for a given overload.

So, to understand that whenever such thing is going to happen, then the initial rate of change of

frequency when there is a tripping of tie line, because of something, then that is governed by the

equation which is given as the rate of change of frequency that is % = —:'—:, where df/dt is the

initial rate of change of frequency in per unit, AP is the decelerating power in per unit that is
connected in kVA, and H is the machine inertia constant, which is normally given in megawatt

seconds per MVA or kilo watt seconds per kVA.

Larger the value of inertia constant, the slower is the decline of the frequency. And this negative

sign indicates that the frequency is declining with reference to the fundamental or base frequency.
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| A case study |
If the tie line is suddenly lost, the frequency drop is given by,
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» For constant frequency operation,&eneration =Load + Lossesq

» The difference of power is transferred through Tie Line.

So, let us consider one case study to understand the concept of the decline in the frequency. So, if

the tie line is suddenly lost maybe because of fault or some other issue, then the frequency drop is

a _
dt
normally 200 megawatt of power is governed by this tie line 0.2 gigawatt, so that | have put here

200
1000/0.85

given by this equation, —%. So, AP, that can be calculated as what is the load lost. So,

And if you put the value of delta P and H, where H for S2 group of generators that is 4.

df AP _ 017
dt ~ 2H  2x4

= —0.0213pu



So, you will get the value of df/dt that is minus 0.0213 per unit. And if you multiply this value
with the fundamental frequency let us say 50 Hz, then the df by dt that will comes out to be minus

1.065 Hz per second.

‘;—f = —0.0213 x 50 = —1.065Hz/sec. And as | told you, this negative sign indicates that the

frequency is going to reduce.
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| A case study |

» As the frequency drops, load power reduces.

» A Frequently used relationship is that 1% frequency drop (0.5 Hz)
produces 2% load reduction.

» The resulting load cha

, the entire load in the system,
corresponds to 0.02%1200 £ 24 MW,

» This reduces the generation
the decay.

iency to’ 200-24 =176 MW, slowing

A case study
If the tie line is suddenly lost, the frequency drop is given by,
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The Negative rate of change indicates frequency drop. =




So, as the frequency drops load power also reduces. So, we can say that 1 percent drop in frequency
that is going to produce the 2 percent reduction in the load. So, if 2 percent reduction in load is
there, then 2 percent of 1200 that is the entire thing then, because that is the capacity of this load
available on S2 group of generators. So, we have 24 megawatt of loads that has to be reduced, and
if this has to be reduced, then with reference to our total generation that is 200-24. So, 176

megawatt of the generation deficiency is there.
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| A case study

7

» However, at this frequency (45 Hz), Generating plant station
auxiliaries would probably collapse and stable operation would not be
possible. Motor driven auxiliaries will slow down, reducing generator

output.
/ /

» Safety margins in generator and motor cooling and bearing lubrication
systems may become dangerously small.
» Hence, the only option is Load Shedding.

@ n

Similarly, if 1 have let us say 10 percent reduction in frequency, then that is going to reduce 20

percent reduction in the load. So, if | consider this 20 percent with reference to the load value that
is 1.2 gigawatt, then we have to reduce the load of 240 megawatt. And with reference to these if |
consider a 10 percent reduction in frequency with reference to the base frequency 50 Hz, then my

new frequency will be 45 Hz.

So, generating plant station auxiliaries at this 45 Hz frequency would probably collapse and stable
operation would not be possible. Sometimes, motor auxiliaries available in the power station, that
will also slow down. So, stalling effect is there. Safety margins in the generator and motor cooling

and bearing lubrication systems that will also accede with reference to some threshold value.

Hence, the only option in this case if we wish to avoid all these things, then we have to go for load
shedding. So, that our frequency is not going to decline below a certain limit. So, let us see what
do you mean by the load shedding?
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| Concept of Load-shedding |

» In case of a fault in an electrical system, there is a reduction in

V and f which in turn produces system disturbances.

PSSO

» The system disturbance depends on the magnitude of fault,

area where the fault occurs, and the time taken by the

protection relays.
SRS

. 13
So, whenever there is a fault in any electrical power system network, then there has to be reduction
in voltage as well as frequency both, which in turn produces system disturbances. The system
disturbances depend on the magnitude of fault, area of where the fault occurs and the time taken

by the relays to operate in case of particular fault.

(Refer Slide Time: 10:19)
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| Concept of Load-shedding |

» The generating station tries to recover through AVR system

and speed governor control systemi(for a small reduction).

» However, for a large reduction in f, to normalize the system

quickly and also to safeguard the remaining loads, some non-

critical loads are disconnected.

» This process is known as|load-shedding.

So, the generating station tries to recover almost using automatic voltage regulator system and
speed governor control system if the reduction is small. However, for a larger reduction in

frequency to normalize the system quickly some non-critical loads need to be disconnected from



the power system network and this process of disconnection of load, non-critical loads basically,

that is known as load shedding.
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| How do we Define Load-Shedding?

» Load-shedding is defined as the removal of load from
the supply over certain periods when demand

becomes greater than power supply.

rJ'It'is also known as rolling blackout.

@ ;

So, let us see how do we define the term load shedding? So, load shedding is defined as the removal

of load from the supply over a certain period when the demand becomes greater than the power
supply. And this type of phenomena is also known as rolling blackout. So, we can tell that the load
shedding is defined as the removal of load from the supply at certain periods, normally we remove
non critical loads and this is known as load shedding and sometimes it is also known as rolling
blackout.
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| How to carry out Load-shedding?

» Load-shedding is achieved using an efficient load-

shedding arrangement through: ;Lﬂ’
9%

a frequency relay withgifferent stages of frequency
setting.

Now, let us see how we can carry out load shedding? So, a load shedding is achieved, as | told you
load shedding is nothing but the removal of non-critical loads, so that my frequency is going to
maintain. So, load shedding is usually achieved using an efficient load shedding arrangement
scheme. And this scheme whatever load shedding arrangement scheme we decide, that is decided

by a frequency relay with different stages of frequency setting.

So, if let us say we have 50 Hz frequency is the fundamental frequency and if this frequency falls
let us say from 50 Hz to 49.5 Hz, then we have to remove let us say x percentage of load if still
my frequency declines from 49.5 Hz to let us say 48.5 Hz, then again another x percentage of load

| need to remove and so on.
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| How to carry out Load-shedding? |

» The non-critical loads connect
to the first stage (for example, if
the normal frequency is 50 Hz, Shedding
the first stagem s 50 (Normal)
49.8 Hz, second stage 49.5 Hz,
third stage 49.2 Hz, etc.), then
the next priority of loads to the
second stage, and the

subsequent one to the third
stage.

@ :

So, let us see how we can carry out the load shedding? As I told you when load shedding is carried

out non-critical loads, that should be disconnected first. So, for example, as | told you, if our system
frequency or base frequency is 50 Hz, then the first stage of frequency setting that can be 49.8 Hz.
So, if frequency falls from 50 Hz to 49.8 Hz then first stage of load shedding is done. If the
frequency is this still falls from 49.8 Hz to the 49.5 Hz, then second stage of load shedding is

carried out.

And from, again it still frequency falls from 49.5 Hz to 49.2 Hz, then third stage of load shedding
scheme that is to be performed. So, normally, the question comes how many stages we have to
include. So, whether we have to include the 3 stage, 5 stage, 7 stage that depends on the utility and
application. In most of the cases, most of the utility they will consider three stages. So, in three
stages most of the utility will have the or will remove the load depending upon the fall or reduction

in frequency with reference to the fundamental frequency.
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| Concept of Natural Load Shedding |

)

Q.

» Loss of G, imposes an\Incfeased load on G,. Hence, G, has to
supply the load but its speed decreases.

» The load reduction, which is influenced by the frequency
reduction, is related to the total original load (1+AP).

Walter A. Elmore - Protective Relaying Theory and Applications-CRC Press

Now, let us see what is the concept of natural load shedding? So, to understand this, | have
considered the generator 1, which is giving some power and that is again delivered and | have also
considered the generator 2, which is also giving some change in power and the total power of this
1 and delta P that is delivered here.

Now, if generator 2 is lost. So, | am opening this switch because of some reasons maybe fault or
somewhere else. So, whatever is the additional load AP that has to be supplied by generator 1. So,

now generator 1 has to supply the entire requirement of load that is 1 + AP instead of 1.0.
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__ New Operating Frequency for Natural Load Shedding

10 Open swit =0

1+4AP

fi= new stable operating frequency (Hz)
f,= rated frequency (Hz) ‘
AP= per unit load reduction (based on remaining generation)
d= pu change in load with respect to pu change in frequency

Walter A. Elmore - Protective Relaying Theory and Applications-CRC Press




So, in this case, if | calculate the new value of frequency which is stable, then this is given by the

AP
d(1+AP)

equation that is f; = f, [1 - ] where ft is the new value operating frequency in Hz, that is

given by the original fo, that is our rated frequency or base frequency in Hz, where delta f is the
change in frequency. This delta f that can be calculated using this equation, which is nothing but
the ratio of AL/d, where d is nothing but the per unit change in load with reference to the per unit
change in frequency.

So, in this case, if we wish to calculate this numerator AL, then this can be calculated using this
which is nothing but AL = % , Where d value that can be given by the change in load with

reference to the change in frequency. So, if | put the value of Af from here, then that is this value.

So, AL is nothing but d(1Apr) . So, if you put this value here, then you will have the equation of
. AP . .
new value of stable frequency, that is equal to f; = f, [1 — d(TAP)]' So, here the d factor which is

there in the denominator of this equation that plays an important role.
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| Importance of ‘d’ in Natural Load Shedding

» The ‘d’ factor may vary from@t depends on
the mix of loads. Most of the Ttitities assume d=2 (a
2% decrease in load for each 1% decrease in
frequency.

» An exact value of ‘d’ can be determined by observing
the variation of load with frequency on the system
under consideration.

0 - .

So, normally its value varies from 0.5 to 7 and its value depends on the mix of loads, most of the
utilities will consider the value of d that is equal to 2 which indicates that 2 percent decrease in
load for each 1 percent increase in frequency. So, if there is a 1 percent decrease in frequency, then

2 percent decrease in load.



So, if we have 5 percent decrease in frequency then 10 percent decrease in load like that. So, the
exact value of d, that is normally determined by observing the variation in load with frequency on

the system which we are going to consider.
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| Concept of Natural Load Shedding
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So, if I plot a graph of, let us say what is the behaviour of my system frequency for several
combinations of inertia constant with a different percentage of the overload, then you can see that
| have seen the graph where on x-axis | have considered the time in seconds and on y-axis | have
considered the frequency in Hz with 60 Hz as the base frequency. Then you can see (as shown in

above slide) that for three different inertia constant H, that is 4, 7 and 10. | have shown the graph.

So, you can see (as shown in above slide) the four graphs are sold for three different value of
inertia constant. And for four different values of percentage of overload, starting from 10 percent
overload, 30 percent overload, 50 percent overload and 100 percent overload. So, you can see the
two worst cases 10 percent overload, there is a slight decline in frequency and it will take more
time, whereas you can see here 100 percent overloading is there this curve declines very rapidly

and it will take also a very small time period.

So, this is going to have an important consideration and we need to know that what are the factors
which we need to consider, when we design any intelligent load shedding scheme, because load

shedding scheme is always associated with under frequency relay.
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__ Factors to be Considered for Load-shedding Scheme

Maximum anticipated overload .

Number of load-shedding steps/ y Jvt %
Size of the load shed at each step

Time delay

Location of the frequency relays

Gy LI i LOE D =
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So, there are various factors which are associated with the load shedding scheme. And we need to
consider these factors when we design an effective or intelligent load shedding scheme. And these
factors are, the first factor is the maximum anticipated overload, which any load shedding scheme

need to be considered.

The second is the number of load shedding step, so whether you are going to have three step or
five step. Size of the load shed at each step, so from x to y, if you are going to shed the load whether
you will shed 10 percent or 20 percent or 30 percent, so that is there. The fourth is the setting of
the frequency. Fifth is the how much time delay that is allowed. And sixth, last but very important,

that is the location of frequency relays.
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| 1. Maximum anticipated overload |

» There is no limit of percentage of load to be shed by any load
shedding schemes.

» However, it is recommended to define a percentage of shed loads
which is equal to maximum anticipated overload.

» Moreover, it is also important to evaluate the cost of load
shedding scheme with respect to the probability of occurrence of
severe overload.

ey 2
So, if I consider the first one that is the maximum anticipated overload factor, then there is no limit
of percentage of load to be shared by any load shedding scheme, so no such standard exists.
However, most of the utilities recommend that to define a percentage of load shed which is equal
to the maximum anticipated overload, that has to be defined by most of the utilities. So, it is
important to evaluate at the same time the cost of load shedding scheme with respect to the
possibility of occurrence of severe overload.

(Refer Slide Time: 20:15)
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| 1. Maximum anticipated overload |

» Hence, a study is also required with reference to this severe
overload which results in failure of generators, big transmission
lines and buses.

» The area/portion of a system, which realize severe generation
deficiency, need more comprehensive load shedding schemes.

» Further, it is also necessary to consider load reduction factor

which reduces overload in case of reduction in frequency.
s

' %
So, hence, there is a need to study or a study is required with reference to severe overload, which

results in the failure of generators, failure of big transmission lines and buses. So, the area or the



portion of a system, which realize severe generation the efficiency, that has to be designed or that

has to be governed by a very comprehensive load shedding scheme.

So, where the area or the portion or the network in which the severe deficiency of generation is
there, load is always higher than the generation, then effective loads shedding scheme is required,
where generation is almost equal to the load or where generation is higher than the load required,
then the load shedding scheme is not that much important. At the same time, it is also necessary

to consider the load reduction factor which reduces the overload in case of reduction in frequency.
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| 1. Maximum anticipated overload |

» Therefore, in order to design an effective load shedding scheme,
it is safest to consider load reduction factor equal to zero.

» This is due to the fact that load reduction factor is usually not
known and varies with respect to time. =

» In addition, it should be remembered that an isolated system,
which does not have spinning reserve, cannot be
resynchronized. :

[ )

So, we need to consider the load reduction factor. And in order to design effective load shedding
scheme, most of the utilities will consider load reduction factor that is equal to 0, on a safer side.
So, this is due to the fact that load reduction factor is usually not known and it varies with reference
to time further, when we are going to design a load shedding scheme and a particular system, we
are considering is an isolated system which does not have any spinning reserve, then this type of

isolated system should not be resynchronized.
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| 2. Number of load-shedding steps |

1. Simplest and initial load shedding scheme:

The predetermined percentage of the load is shed at
once when a group of relays senses afrequency drop.

Limitation: This scheme will often disconnect far more
customers than necessary.
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| 1. Maximum anticipated overload

» Therefore, in order to design an effective load shedding scheme,
it is safest to consider load reduction factor equal to zero.

» This is due to the fact that load reduction factor is usually not
known and varies with respect to time. =

» In addition, it should be remembered that an isolated system,
which does not have spinning reserve, cannot be
resynchronized.

’ 25
So, all these factors that is, which we have considered out of that we consider the first factor that
is the maximum anticipated overload. So, in this lecture, we started our discussion, what is the
load shedding, how we can define the load shedding and how the load shedding is associated with

the rate of frequency of decline.

And then we have discussed one case study and after that we have seen that there are several
factors, which are important when we consider or when we design an intelligent load shedding
scheme. And the first factor which we have discussed that is the maximum anticipated overload.

The second factor that is very important is the number of load shedding steps.

So, let us consider this factor also. So, when we consider the number of load shedding steps that
is required by any intelligent load shedding scheme, then an initial load shedding scheme is there,
if we consider any initial load shedding scheme, then the predetermined percentage of load is shed
at once when the group of relays senses a frequency drop. So, the limitation of this scheme is that

this scheme will often disconnect far more customers than the necessary.
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| 2. Number of load-shedding steps |

2. Recent Scheme:

> It utiIizesto groups of relays, Jone operating at a
lower frequency other, and each shedding
half the predetermined load.

» The higher set relays would trip first, halting the

. R

frequency decline as long as the overload were half or
less of the worst-case value.

@ v

So, normally this type of scheme is not used. And nowadays in most of the cases, in this scheme

when the number of load shedding steps are required, most of these schemes they use to group of
relays, one relay is operating at lower frequency than the other and each shedding or load shedding

is done half the predetermined load.

So, the higher set of relays would trip first and the lower set of relay would trip later on. So, that
when higher set of relay trips initially or first, then that is going to halt the frequency declined as

long as the overload were half or less the worst-case value.
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[ e
| 2. Number of load-shedding steps |

» For more severe overloads, the frequency would continue to
drop, although at a slower rate, until the second group of relays
operated to shed the other half of the expendable load.

» The number of load shedding steps can be increased virtually
without limit.

Rt
» With a great many steps, the system can shed load in small
increments until the frequency decline stops; almost no excess
load need be shed.




So, for more severe overloads the frequency would continue to decline. Then the second group of
relays that is going to operate or that comes in picture, so that is why two group of relays are used
in this case. The number of load shedding steps that can be increased are virtually, there is no limit
specified in the standard. However, in most of the cases with several steps, the system can share

the load in small increments until the frequency decline that is stop.
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| 2. Number of load-shedding steps

» Disadvantages:

1. Such a scheme may prevent system recovery.
2. It may also be difficult to coordinate so many steps.

» Most of the utilities use two to five load shedding
steps. Three are the most common.

T
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However, the main disadvantage of this scheme is that such a scheme may prevent system recovery
and at the same time, it is very difficult to coordinate with so many steps. So, for example, number
of load shedding steps | consider seven steps. So, it is very difficult to coordinate these seven steps.
So, that is why most of the utilities they use the steps between two to five when we consider any

load shedding scheme, however, three steps are the most common.

So, when you consider any load shedding scheme, and when you decide the number of load
shedding steps, then most of the utility they will use these three steps. So, first step, second step
and third step to decide the number of load shedding steps. So, with this background, I will stop
here and the remaining factors which are going to affect the design of the intelligent load shedding

technique that we will discuss in the next class. Thank you.



