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A new Approach for Load shedding scheme

Abstract. Depending on the power system condition in terms of operating reserves, and equipment availability, the severity of the disturbance may
cause parts of the power system to be islanded, or to lose synchronism and enter a complete blackout. The aim of this paper is to design an
automatic under frequency load shedding scheme which can be able to safeguard the power system against major disturbance involving multiple
contingency events. The proposed load shedding scheme is tested on a real model of network. The simulations were performed on a dynamic model
of the power system using the software package SICRE.

Streszczenie. W zalezno$ci od stanu systemu elektroenergetycznego pod wzgledem rezerw operacyjnych i dostepnosci sprzetu, intensywno$é
zaktocenia moze spowodowac wyspowe funkcjonowanie cze$ci systemu elektroenergetycznego lub utrate synchronizmu i catkowitg przerwe w
dostawie pradu. Celem tego artykutu jest zaprojektowanie schematu automatycznego odcigzania pod czestotliwoscig, ktéry moze zabezpieczy¢
system elektroenergetyczny przed powaznymi zakiéceniami obejmujgcymi wiele zdarzen awaryjnych. Zaproponowany schemat odcigzania
testowany jest na rzeczywistym modelu sieci. Symulacje przeprowadzono na dynamicznym modelu systemu elektroenergetycznego z

wykorzystaniem pakietu oprogramowania SICRE. (Nowe podej$cie do schematu zrzucania obcigzenia)
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Introduction

Many studies have been implemented with the aim of
power system reliability [1]. A Multi-agent method for
service restoration in a complex shipboard power system
[2], multi-functional flexible power conditioner [3], V2G
(Vehicle to Grid) technology for power system balancing [4],
network congestion assessment [5], and time-stamped
synchronized measurements [6]. In [7], an algorithm for
determining the polygonal and circular tripping
characteristics of distance protection was presented. It was
demonstrated that, the approach makes it possible to more
effectively determine the protection settings that will ensure
its correct functioning in an electrical power system.

When the system splits into islands due to a large
disturbance, load shedding is the only possible protection.
Disturbances that cause the islanding are, in most cases, a
trip of a generating unit. The loss of a generating unit in
such an island may represent a large percentage of an
island’s generation and causes a rapid decline in the
frequency. Under such conditions the primary regulation is
not adequate, and so we have to use load shedding.

In order to prevent an unwanted frequency decline, we
have to detect the under frequency condition and act
properly. When the frequency drops to a pre-set limit the
load-shedding must be triggered. The load-shedding is
performed in several steps with a proper delay and with the
correct amount of load being shed. The main purpose of
load-shedding is to bring the frequency back to within
acceptable limits.

In the first part of the paper we describe the
methodology adopted for the design of settings of load
shedding scheme, especially the number of load-shedding
steps, the size of the load to be shed in each step and the
frequency threshold.

In the second part of the paper we describe the
considered data network used to test the performance of
developed under frequency load shedding scheme.

The last part of the paper deals with simulations of the
frequency response following the tripping of a major power

plant. Simulations for different scenarios were
performed on a dynamic model of the power system in
isolated operation using the software package SICRE.
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Methodology

In the process of determining the best under frequency
load-shedding scheme, we consider the following criteria
(8], [9:
* Fmax: The value of the first threshold of the frequency is
generally chosen on the basis of the network experience.
*  Fmin: The minimum stage before islanding has to be
sufficiently high to avoid that during the delay time of the
relays the frequency does not reach the Islanding activation
frequency.
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Fig.1. Minimum stage before islanding

+ APmax: The amount of load to be shed for each stage
has to face to the loss of an entire power plant of medium or
large size.

* The number of stages.
(1) LS _ Deficitmax
=

APmax

Where Deficitmax is the maximum of load that do not cause
reactive violations and over voltage on the HV level.

Deficitmax = 50% of the total load.
» The frequency threshold for each stage is calculated

adopting the uniformity criterion:

) (Fmax—Fmin)

(2) Fi(Hz) = Fmax — (i—1 s

load
stable

* In order to avoid unexpected intervention of
shedding in occasion of electromechanical
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Frequency oscillations, the relay are set with a time delay of
0.1s.

Consider hypothesis

The model of the power system included all the
highvoltage levels (60, 90, 150, 220 and 400kV). We
assumed an isolated operation for the power system, as
there is no need for underfrequency load shedding
protection in an interconnected system.

The loads in the power system were modeled by a direct
connection to the 60kV level, or to the 220kV, 90kV, 30kV
level in some cases.

The system loading corresponds to a typical winter day
with peak demand. The model of the system includes larger
(1200MW) and medium (800MW) power plants which
represent respectively 16% and 10% of the total generation.
The data are given in the Table 1:

Table 1. Active and reactive power generation, loads and losses

MW 8925 7611 7352 259

MVar - 2666 3602 -939

The coefficients of the load model used in the study are
given in the Table 2:

Table 2. Load components characteristics.

Kpv Kqv Kpf Kaf

1 2.5 1 0

The load dependence on voltage and frequency are
given by the following form [10]:

P=ra (1) ("

3) Vo ) fo
Qc = Qo (%)Kq (%)W

The settings of the turbine governor droop, used are:
5% for gas and steam power plants.

Dynamic simulations
Considering the abovementioned criteria, the settings of
the proposed load shedding scheme are given as follow:

Table 3. Load shedding settings

Stage | Frequency threshold Delay Load shedding
(Hz) step
1 49.3 0.1 10
2 49 0.1 10
3 48.8 0.1 10
4 48.5 0.1 10
5 48 0.1 10

In order to test the proposed under-frequency load
shedding scheme we set up several simulating credible and
extreme scenarios.

» Credible scenarios are aimed to test the performance of
load shedding in case of the most probable events. The
credible scenario selected (scenario1) is the loss of 26% of
the total generation (2000MW).

» Extreme scenarios are aimed to test the performance of
load shedding in case of events that causes the complete
operation of the load shedding scheme (activation of all the
stages of load shedding). The extreme scenario selected
(scenario2) is the loss of 50% of the total generation
(3840MW).

The results for each
respectively in Fig. 2 and Fig. 3.

In the first scenario, Fig. 2, the frequency drops to just
under 49Hz. Therefore, 20% (1477MW/729MVAr) of the

scenario are presented,
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total load is shed and bring the frequency back above
49.7Hz.
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Fig.2. System response for scenario1 "loss of 2000MW”.

As can be seen in Fig. 3 (second scenario), the full
extent of load-shedding is activated, shedding 50%
(3692MW/1823MVAr) of the total load. The frequency drops
to just under 48Hz, with a delay time of the relay sufficiently
short to avoid that the frequency falling below the limits of
47 .5Hz.
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Fig.3. System response for scenario2 "loss of 3840MW”".

The frequency stays above the limits and bringing back
to within acceptable limits, so the scheme is considered
successful. A schematic illustration of the amount of the
load to be shed for different steps is shown in Fig.4.
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Fig.4. Appropriate scheme for under frequency load-shedding

Conclusion
The aim of this paper was to design an automatic under
frequency load shedding scheme which can be able to
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safeguard the power system against major disturbance
involving multiple contingency events.

Using dynamic simulations of the power system to test
the proposed load shedding scheme, the results showed
that the scheme was able to prevent an intolerable
frequency drop during exceptional events with a significant
production deficit in the island.
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