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this mode of operation, the reference values are determined by
main grid [8], [9]. The best place to do load shedding is where
the voltage at the instant of fault clearance increases. Once
voltage is in an acceptable range, load shedding is not
necessary; otherwise, the voltage drop determines the amount
of load shedding [10].
It is demonstrated that in MGs the frequency changes with
normal load changes tends to be much higher than bulk power
system, e.g., using low droop coefficient may lead to large
variations in frequency [11].
Using rate of change of the frequency (RCOF) increases the
sensitivity of MG to emergency conditions so it may improve
emergency condition detection. On the other hand, it can be
used to detect source of disturbance, and to estimate the power
imbalance [12].
Studying real time voltage stability based on reactive power
reserve and voltage stability margin, is investigated in [13].
Coordinating emergency voltage and reactive power control
using local online measurement is presented in [14]. Lack of
reactive power causes a drop in the system voltage. The voltage
drop causes overloading the line and as a result, relays are
activated [15].
Due to numerous contingencies in the power grids, using
only voltage or frequency for load shedding is not sufficient to
capture all post contingency conditions. The requirement of
considering both system frequency and voltage indices in
emergency control is shown in [16], [17]. Reactive power,
demonstrates its importance in the 14th August 2003 blackout,
which caused the collapse of the interconnected power system
of the Midwest and Northeast of United States and Canada [18],
[19]. In [20], reactive power is directly used into the reactive
power load shedding together with active power load shedding,
to address the voltage stability issue.
During recovery after islanding, some loads that were
disconnected by load shedding should be reconnected again. In
order to avoid large frequency deviations during the load
restoration, it was assumed that it is possible to define a certain
number of steps for load restoration. This number of steps can
be changed in accordance to the percentage of load shedding
[4], [21].
In this paper, a new load-shedding algorithm is proposed to
improve the stability of MGs in emergency conditions. The
proposed algorithm uses both voltage and frequency indices to
provide an intelligent load shedding. Furthermore, the impact
of reactive power on emergency conditions is studied. As a

Abstract—Maintaining balance between generations and loads is
an essential issue in power electronic-interfaced microgrids.
Furthermore, due to inherent changing of operation mode from
grid-connected to islanded, the risk of placing the microgrid in
emergency condition is increased. Therefore, it is vital to recognize
the emergency condition and implement an efficient approach,
accordingly. This paper introduces a new algorithm for under
voltage-frequency load shedding in AC microgrids. The proposed
algorithm uses the system frequency, rate of change of the
frequency, and voltage standard deviation parameters to
identifying emergency condition properly at the right time and
decrease the amount of load shedding to the least. The
effectiveness of the proposed approach is evaluated through a
typical microgrid test system.
Index Terms- Emergency control, load shedding, microgrids,
frequency index, voltage index.

INTRODUCTION
Literature review shows that recent blackouts occurred due to
various forms of instabilities [1]. Socio-economic impact of
blackouts are so destructive, therefore review their causes and
predict an appropriate approach for the future, is the only
remedy [2]. Different forms of instability have been presented.
For instance, under frequency load shedding (UFLS) and under
voltage load shedding (UVLS) to avoid frequency and voltage
instabilities [3], [4]. However, instabilities do not generally
happen in specific pure form, being weakness of these methods.
At UFLS of conventional power system, there is no fear for load
shedding, because the whole system may collapse for a
particular load [5].
Recently, several modern emergency control methodologies
such as wide area measurement system (WAMS)-based
emergency control, Simultaneous voltage and frequency-based
load shedding, and wave propagation-based emergency control
have been investigated [6].
Microgrid (MG) is a small scale power system formed at
distribution level to improve the efficiency, reliability, and
expandability of large power system. Using renewable energies
resources in these small-scale systems helps to reduce global
warming and to speed up entering the power industry in the
deregulated environments [7].
The most essential needs in an electrical network are the
balance between generation and load, and also an acceptable
voltage and frequency range. In MGs, and in grid-connected
mode, this issue is not challengeable because the main grid acts
as reference bus. Therefore, main grid is responsible to
compensate deficit between generation and consumption. In
1

result, it is recommended using voltage standard deviation for
load shedding. Simulation results are provided to evaluate the
effectiveness of the proposed approach.
The rest of this paper is organized as follows. Section II
describes the emergency control. The power deficit calculation
is illustrated in Section III. The proposed algorithm for load
shedding is introduced in Section IV. Section V includes case
studies and results. Section VI concludes the paper.

frequency load shedding [24], [25], [26]. Although load
shedding is essential for MGs under overload conditions,
differences between these small-scale systems and
conventional power systems must be taken into account. In such
a systems, determination of the system inertia and the amount
of load that to be removed is not straightforward. According to
the swing equation for synchronous generators we have [23]
d D f (t )
D Pm (t ) - D PL (t ) = D PD (t ) = 2 H
+ D D f (t ) (1)

dt

EMERGENCY CONTROL

or using Laplace transformation we can obtain

Due to uncertainty in the nature of distributed generations
(DGs) as well as some contingencies, the MG may turn into
islanded mode and its returning to its original shape is a
significant process. In the MGs, the emergency conditions are
remarkably increased in comparison to traditional power
system. Thus, a reliable design of an algorithm for maintaining
stability in these conditions is essential. To achieve this,
measuring appropriate parameters, recognizing emergency
conditions and also managing an appropriate emergency
control procedure are vital [22]. In the connected mode,
imbalance power between generation and loads will be
compensated by the main grid. In the case of occurring severe
disturbances in the system, the MG turns into islanded mode to
avoid the probable collapse. Once the MG turns into islanded
mode, the local loads must be supplied. However, it is not
possible to supply all the MG loads because of generation
constraints in economic, planning and generation constraint.
Hence, load shedding will be inevitable. Generally, load
shedding procedure includes the amount of loads to be shed, the
number of load shedding steps, the amount of shed load in each
step, the location of load shedding and the time delays between
the steps [4].
The static and dynamic load shedding can be done. In the
static load shedding, the load shedding steps are constant, while
in dynamic load shedding, the dynamic characteristic of the
system determine the steps. Usually, the slow dynamic
components can be ignored in emergency control analysis and
design [9]. To avoid unnecessary load shedding, rate of change
of frequency (ROCOF) is normally recommended [12].
The islanded operating conditions occurs when a portion of
the utility system becomes electrically isolated from the
remaining part of the power system (because of disturbances
maintenance. The electrical islanding conditions should not be
continued for a long time, unless the aggregated active and
reactive DG generation closely matches the load demand [11].
Load shedding under one parameter (voltage or frequency) does
not have high reliability and increases the possibility of over
load shedding [16], [23]. In UFLS, the impact of voltage
variation on the frequency deviation is usually ignored and vice
versa for UVLS. In practice, where these two parameters are
dependent to each other, under voltage-frequency load
shedding (UV-FLS) will be useful [16].

D f (s) =

1
[D Pm (s) - D PL (s)]
2Hs + D

(2)

where, f, Pm, D, PD and PL are frequency deviation,
mechanical power change, load damping coefficient, load
generation imbalance proportional to the total load change and
system load change, respectively. The magnitude of power
deficit after disturbance is calculated as
d D f (t )
(3)
D PD (t ) = 2 H

dt

Assuming no speed governing at t=0+s (i.e., Pm  0 ), using
(1), one can write
- D PL (s)
(4)
D f (s) =
2Hs + D
The above equation formulates frequency deviation caused by
load changing. The power deficit is classified in a specific load
shedding table based on the load and its priority. In the
mentioned table, the load shedding can be classified within
different steps in terms of size and type [4], [27].
PROPOSED ALGORITHM

According to a load shedding table, load shedding steps
must be produced for the given case study. In general, the
proposed algorithm can be summarized in the following steps
(see Fig. 1).
 Step 1: Measuring voltage standard deviation ( SDVmes



) and comparing with the voltage threshold ( Vth ) to
make a decision. 
Step 2: Measuring frequency ( f mes ) and ROCOF (
f mes ), and comparing both of them with their
thresholds ( f thr , f thr ), to make a decision. Once
dismissing limits occurs, it checks out the time K to
1

see if it is over or not. Time K is used to avoid
1




unnecessary load shedding since the voltage may
change due to the reasons other than faults.
Step 3: If last steps dismiss their limit, calculate loads
for the required load shedding.
Step 4: Applying delay K ; it is required to see the
2

effect of load shedding.
 Step 5: Checking whether load shedding is still
required. If load shedding still needed, algorithm goes
back to Step 1, otherwise the algorithm is ended.
The thresholds and delays at each step in the proposed
algorithm are determined according to sensitivity and the
dynamic characteristics of the MG. As mentioned above, the

POWER DEFICIT CALCULATION

Most recent researches generally use only the system’s
voltage or frequency. The outages in power system as a serious
problem can be occurred due to various forms of voltage or
frequency instability or either both. It is shown that the active
and reactive powers affect the system frequency in under2

purpose of this paper is to design an effective algorithm for
emergency conditions of MGs. As will be shown later, the
voltage standard deviation parameter is used to better
identifying emergency conditions and prevent the system from
possible collapses.

the local loads connected to the MG. As a result, voltage and
frequency of the MG may collapse. The power deficit between
23% to 31% of total generation has been considered in the
studies. The proposed load shedding approach is then applied
and verified to avoid this event. The results are provided via the
following two scenarios.
A. Case 1
According to the data provided in Table I, i.e., after
calculating the loads and DGs power outputs, assume that the
load demand is higher than generation in the MG, i.e.,
S MG  S Load  S Loss . Therefore, the MG may fall in an
emergency condition. This is mostly because of the inductive
loads which demands big amount of reactive power form the
MG system. The following study will show how reactive power
injection can help to improve the stability margin.
To show this effect the DFIG unit injects reactive power in
three scenarios, i.e., 0 pu, 0.2 pu, and 0.4 pu. The results are
provided in Fig. 3 and Fig. 4. Based on the voltage profile in
this case (Fig. 3(b) and 4(b)), it is recommended to use standard
deviation of voltage parameter (SDV) for load shedding. As it
can be seen in Fig. 3(a), in the scenario where the DFIG
injects no reactive power, the proposed load shedding approach
cannot stabilize the MG, thus, the system frequency and voltage
collapse. As a result, one can note that reactive power may
improve stability margin of the system. DFIG active and
reactive power output are shown in Figs. 3(c), 3(d), 4(c), and
4(d).

Start

SDVmes<Vth?

No

Yes

No
fmes<fthr?
∆fmes<∆fthr?

Time K1 is over?

Yes

Yes

No

calculating loads for load
shedding according to the
specified table

B. Case 2
In this case, the impact of system inertia on emergency control
is demonstrated. To perform this scenario, number of wind
turbines and DFIGs are increased in the test system of the case
1 (Fig. 2) Fig. 4 shows the results after implementing the
proposed algorithm on the new case study. As reported in [29],
it is expected that increasing penetration of wind power (i.e.,
increasing total amount of inertia), improves the system
frequency response. This fact is depicted in Fig. 4(a). Moreover,
more injection of reactive power by DFIGs improves the
voltage profile (see Fig. 4(b)).

Delay K2 sec

Yes

Load shedding still
needed?

No

DFIG

25KV/480V

Z1

End

Power grid

Fig. 1: Flow chart of the proposed load shedding algorithm
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A MG test system has been considered to evaluate the
effectiveness of the proposed method. As shown in Fig. 2, the
underlying MG includes three diesel generators and one DFIG
unit supplying six load blocks (each load block include several
loads but for simplicity all loads are shown in one block). DGs
and their local loads are in 480v and through Transformers
(480v/25kv) and lines (with Z1 parameter as shown in Table I
and for more information see [28]) in 25kv are connected to
each other. The electrical parameters of system are provided in
Table I. It is assumed that the MG system turns to the islanded
mode by a circuit breaker and accordingly DGs cannot support
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Fig. 2: The MG test system
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Table I
THE ELECTRICAL SYETEM PARAMETERS

Load 1

2.9+j2.3

DG1

3.125MVA

Line
parameters

Z1

Load 2

3.2+j1.6

DG2

3.125MVA

[r1 r0]

[0.01153 0.0413]

Load 3

4.6+j0.52

DG3

3.125MVA

[l1 l0]

[1.05e-3 3.32e-3]

Load 4

2.4+j0.3

DG4

10MVA

[c1 c0]

[11.33e-9 5.01e-9]

Load 5

3.7+j0.22

------

-------------

-------------

--------------------

Load 6

1.9+j1.2

------

-------------

-------------

--------------------
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Fig. 4: Performance of the proposed load shedding approach in the
presence of injecting reactive power by the DFIG. a) MG frequency,
b) MG voltage, c) DFIG reactive power output, and d) DFIG active
power outout.
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Fig. 5: Impact of system inertia on frequency and voltage response in
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CONCLUSION
This paper proposes a new under voltage-frequency load
shedding for MGs. The proposed approach considers both
voltage and frequency parameters as well as voltage standard
deviation for the load shedding in emergency conditions to
avoid any possibility of instability. As shown, detecting
emergency conditions becomes possible at the right time,
because of DFIG reactive power injection. Accordingly, this is
proposed to use the voltage standard deviation for load
shedding. A comprehensive MG test system is used to verify
the proposed approach, where a good performance is observed.
The results show that injecting reactive power can increase the
stability margin of the system. Similarly, higher penetration of
wind power increases inertia in the system, and, accordingly,
improves the system frequency and voltage in emergency
condition.
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