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ABSTRACT Changing power system configuration may result in load shed recovery (LSR) because
topology change can provide power flow control in meshed network. Some topologies may favor generation
redispatch as compared to others and can eliminate line congestion which leads to LSR. One of the known
methods for topology change is called transmission switching (TS) and research conducted in the past
showed that TS is an effective means of mitigating load shedding. However, another method of topology
control also exits and it is referred as intentional islanding (IIS). In this manuscript, we explore IIS as a
potential solution for LSR. IIS based on generator coherency has been presented in literature for mitigating
cascading failures. However, IIS has not been explored solely as a LSR mechanism. In this paper, we
compare the LSR based on IIS with well known LSR algorithm based on TS. The comparison is performed
for IEEE 39-bus system and IEEE 118-bus system. The results show that IIS has a potential to perform
better than TS in terms of computational efficiency and LSR.

INDEX TERMS Contingency analysis, load shed recovery, intentional islanding, transmission switching,
topology control.

I. INTRODUCTION

Power systems, now a days, are being operated close to their
stability limits due to increasing electricity demand. One of
the main goals of power system operators is to keep the power
system secure and stable while meeting the variable power
demand. However, in case of a disturbance, for example line
outage, the nearby lines have to carry the weight of the failed
lines’ power. This rerouting of power flows may cause over-
load of various lines, thus resulting in a cascade of failures.
Cascading failures, which are a series of successive power
failures that propagate throughout the power system, cause
large socioeconomic damages. The 2003 North American
blackout, for instance, was the result of two line outages in
the state of Ohio that left about 55 million people without
electricity. One such recent event was the blackout in South

America in June 2019 which affected Argentina and parts of
Brazil, Paraguay, and Uruguay [1]. In such instances, load
shedding might be the only solution to prevent cascading
failures and keep the system stable.

Researchers in the past have developed algorithms to
minimize the amount of load shed while also preventing
cascading failures [2]. Topology control has been proven
useful for load shed recovery (LSR). Topology changes can
provide power flow control in meshed networks because
some topologies may favor generation redispatch as com-
pared to other topologies [3], [4]. In this paper, we consider
two types of topology control methods. One is named Trans-
mission Switching (TS) [5], [6], and the other is known as
intentional islanding (IIS) [7], [8]. The aim of this paper is to
compare these two topology control methods with respect to
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computational efficiency and amount of load shed recovered
after N-2 line contingencies. These two methods have been
discussed in the past but no comparison amongst the two
exists. In this paper, we try to fill this gap by comparing
these methods in terms of LSR and computational efficiency.
In the past, IIS has been discussed as a mitigation scheme
for cascading failures. This work however, explores IIS as
a LSR mechanism. LSR algorithms based on TS have been
developed in [9], [10]. In this manuscript, we compare IIS
based LSR algorithm with a well known TS based LSR
algorithm.

The novelty and main contribution of this work are the
simulation-based demonstration of an IIS method that can
perform better than existing TS algorithms with the following
features: i) no MIP based modification to optimal power flow
(OPF) formulation as done in [10], [11]; ii) at least one order
of magnitude faster than LSBmax algorithm when seeking
a solution for the IEEE 39-bus and IEEE 118-bus system
[12]; iii) better LSR than the CE/ESM, LBTS, and LSBmax

algorithms [12], [13].
The rest of the paper is organized as follows. Section II

introduces TS and IIS, respectively. Section III introduces
the DC optimal power flow (DCOPF) and AC optimal power
flow (ACOPF) based formulation used in TS and IIS algo-
rithms. Section IV describes the experimental setup. Section
V describes the results and comparison between the IIS and
the CE/ESM algorithm. Subsection V-D compares the IIS al-
gorithm with the existing computationally fast TS algorithms
from literature. Section VI concludes the findings.

II. PRELIMINARIES
A. TRANSMISSION SWITCHING (TS)
TS is a planned line outage. Removing a line from the
power system changes its topology and the new configura-
tion may result in generation redispatch which can reduce
load shedding. This concept was first introduced in 1980s.
Research in the past has shown TS as an effective means
of reducing line overloads [9], [14], reduction of line losses
[9], corrective voltage violations [15], security enhancement
[16], and improving economic dispatch [17], [18] using ma-
chine learning algorithms [19] and in hydro-electric context
[20]. TS based-resiliency model is proposed for extreme
weather event scenarios [21]. Stochastic optimal TS model
is developed to improve the power system security margins
under renewable uncertainties [22]. TS aware mixed-integer
linear programming model is developed for multi-scenario
transmission network expansion planning (TNEP) problem
[23]. Moreover, TS is also used for LSR [24], [25], which
is the main focus of this paper. Despite of all its advantages,
TS is being used by industries on limited occasions [9], [26].
One of the main reasons for its limited use is the complex or
computationally expensive algorithms proposed in literature
to find the best TS candidate for larger systems [26].

Complete enumeration (CE), [9], or exhaustive search
method (ESM) [10] is one of the well known methods to
find the best TS candidate. This method involves switching

lines, one by one, one at a time to find the best TS candidate.
Fig. 1 shows a flowchart for CE/ESM. For understanding,
consider CE/ESM as a two step process, where the first level
(shaded green color) determines the list of unfaulted branches
that needs to be checked. The blocks shown in shaded color
(orange) represent the choice of either the ACOPF or DCOPF
formulation. Note that the CE/ESM algorithm is agnostic to
the choice of formulation. In the second step, the branches
from the list will be tested to find the best TS candidate with
minimum load shedding. Assuming that electrical power
system is N-1 compliant, we consider non-trivial N-2 con-
tingencies. Non-trivial contingencies are a subset of con-
tingencies that require load shedding even after generation
redispatch. Note that the proposed algorithm is valid for any
N-k line contingencies, where k=1,2,3,..n. After detecting
a non-trivial contingency, the algorithm removes/switches
a line to check whether load shedding is improved or not.
This process is repeated for all healthy lines in the system.
Switching a line that results in minimum amount of load shed
is the best TS candidate. An advantage of CE/ESM is the
guarantee of finding a TS candidate for LSR, thus making it
the standard base case for comparing newer algorithms [9],
[10]. CE/ESM performs well for small systems but for larger
systems, with a multitude of lines, the process of switching
each line and running DC optimal power flow (DCOPF) to
find the best TS candidate is computationally expensive and
potentially intractable in time.

For a given fault 
(N‐2 contingency)

RUN DCOPF/ACOPF 
with dispatchable 

loads

Any load 
shedding?

End

Make a list of 
remaining healthy 

branches

Select a branch “n” 
from the list of 

branches

Remove branch “n” 
from remaining 
healthy system

Does 
removing branch 

“n” produce 
islanding?

Run DCOPF/ACOPF 
and save the value of 
load shedding after 
removing branch “n” 

All branches 
checked?

Best TS candidate is 
with minimum load 

shedding

End

n =n+1

Yes

No

Yes

Yes

No

No

Step 1 
Step 2

FIGURE 1: Flow chart for complete enumeration/exhaustive
search method.
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In [11], a computationally less expensive mixed inte-
ger program heuristic algorithm (MIP-H) is presented. But,
large-scale test of MIP-H algorithm showed that it is not
scalable. Researchers in [10] presented a mixed-integer pro-
gramming model for AC power flows (MIPAC). MIPAC is
a modification of an existing mixed-integer linear optimiza-
tion model called linear-programming approximation of AC
power flows (LPAC) model [27]. LPAC is computationally
slower than CE/ESM. When seeking the best single switch-
ing action for IEEE 118-bus system, replacing CE/ESM by
MIPAC resulted in an average speedup of approximately 2.3
times.

In [13], researchers presented the limit branches TS
(LBTS) algorithm, based on line flow thresholds, which
performs approximately 108 times faster than the CE/ESM
for the IEEE 118-bus system. Although LBTS is computa-
tionally fast, results showed that it is capable of recovering
only 5.2% of load shed compared to CE/ESM after (N-2) line
contingencies for the IEEE 118-bus system. In [12], authors
proposed the LSBmax algorithm based on selecting the can-
didate for TS using proximity to the load shedding bus where
the most load is expected to be shed after a contingency. The
LSBmax algorithm performs approximately 22 times faster
than the CE/ESM for the IEEE 118-bus system and achieves
a LSR of 98%. As such, the performance of the LBTS and the
LSBmax algorithms, for the IEEE 118-bus system, indicate
the need for another method with faster and accurate (i.e.,
higher LSR) operation. In this manuscript, we assume that
maximum LSR is achieved by CE/ESM and refer to it as base
case. The results of IIS are compared with the base case.

B. INTENTIONAL ISLANDING (IIS)
In order to avoid cascading failures, IIS is utilized to stabilize
the system [7], [8], [28], [29]. IIS divides the power system
into smaller independent subsystems, which are disconnected
through a selected set of transmission lines known as “cut
set”. These islands are independent from each other and
stable internally. It is important to keep the power frequency
in the islanded region in an acceptable range and hence
decrease the gap between generation and load.

The IIS algorithms proposed in [28], [29] to mitigate cas-
cading failures, focus on power system stability and are based
on generator coherency. We propose to divide the power
system into a pre-deterministic islands such that generation
is greater than demand, i.e.,

∑
i∈NG

PGi >
∑

j∈ND
PDj

in each island, as explained in Section IV-C. Moreover, in
this work we develop four cases of creating islands to show
that specific topologies may result in different amount of
LSR. We leave the optimal method of creating islands for
future work. The flow chart for IIS is shown in Fig. 2. For
every non-trivial contingency, we divide the power system
into predetermined islands as explained later in subsection
IV-C. We then find the total load shedding by summing the
load shedding in each island. The aim is to compare this total
load shedding in IIS case with the load shedding achieved in
TS case.

Any load 
shedding?

For a given fault 
(N‐2 contingency)

Yes

No
Run DCOPF/
ACOPF with 
dispatchable 

loads

end

end

Run DCOPF/ACOPF with 
dispatchable loads for each 
island and sum the load 

shedding from each island

Yes

Compare the two load 
shedding values

No

end

Save the amount 
of load shedding

Divide the power 
system into 
intentional 
islands

Is load
shedding in 

islanding < load 
shedding without 

islanding?

Islanding is useless in 
this case

Perform islanding

FIGURE 2: Flow chart for intentional islanding (IIS).

III. OPF FORMULATION FOR TS AND IIS
A. DCOPF FORMULATION
The electricity network is a set of N buses (or nodes) con-
nected by a set of L transmission lines (or edges or branches),
with controllable generators G and dispatchable demand D
located at a subset NG ⊆ N and ND ⊆ N of the buses,
respectively. The operating cost of a generator is a function
of its active output power ciPGi where i ∈ NG [30]. The
cost of load shedding is given by cjPDj where j ∈ ND.
The objective is to minimize the cost of generation and load
shedding. DCOPF based formulation is given below:

min
∑
i∈NG

ciPGi +
∑

j∈ND

cjPDj (1)

subject to :

B.θ = PGi − PDj ∀ i, j ∈ N (2)∑
i

PGi =
∑
i

PDi ∀ i ∈ N (3)

PGi
min ≤ PGi ≤ PGi

max ∀ i ∈ NG (4)

P
Dj

min ≤ PDj ≤ PDj
max ∀ j ∈ ND (5)
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∣∣∣∣ 1

xij
(θi − θj)

∣∣∣∣ ≤ P ij
max ∀ i, j ∈ N (6)

θimin ≤ θi ≤ θimax ∀ i ∈ N (7)

All variables are either presented as matrices or vectors. PGi

is the output of each generator and PDj is the power deliv-
ered at each load. PDj is dispatchable load and is modeled
as “negative generation” with negative cost in the objective
function. The interested reader is pointed to Section IV of
[31] for details on the dispatchable loads. Since, PDj is
negative, the value for cj is negative to assign a positive cost
for load shed, where cj is a function of value of lost load
(VoLL). Note that the cost associated with load shedding
cj in objective function (1) is larger than cost associated
with generation ci. Eq. (2) represents active power flow
constraints. B is bus susceptance matrix and θ represents bus
voltage angles. Power balance at each node is given by (3).
Constraints (4)–(7) represent the generation limits for online
generators, the load limits for dispatchable loads, the thermal
limits on lines, and the minimum and maximum limits for the
bus voltage angles, respectively.

B. ACOPF FORMULATION
For ACOPF-based formulation, the objective function (1)
and constraints (4)–(7) remains unchanged. Additional con-
straints are given below:

SGi − SDj = diag(V)Y
∗
busV

∗ ∀ i, j ∈ N (8)∣∣∣V iY
∗ i→j

line, row−iV
∗
∣∣∣ ≤ Si→j

max ∀ i, j ∈ N (9)∣∣∣V jY
∗ j→i

line, row−jV
∗
∣∣∣ ≤ Sj→i

max ∀ i, j ∈ N (10)∑
i

QGi =
∑
j

QDj ∀ i, j ∈ N (11)

QGi
min ≤ QGi ≤ QGi

max ∀ i ∈ NG (12)

Q
Dj

min ≤ QDj ≤ QDj
max ∀ j ∈ ND (13)

V i
min ≤ V i ≤ V i

max ∀ i ∈ N (14)

Similar to DCOPF formulation, all variables are either ma-
trices or vectors. Bar above a variable is used to present
complex numbers. Complex conjugate is shown by operator
(.)∗. Constraint (8) gives apparent power flow. Y bus is the bus
admittance matrix. Bidirectional apparent power flow line
limits are presented by constraints (9) and (10). Constraints
(11)–(13) are similar to (3)–(5) but for reactive power limits.
Constraint (14) gives the maximum and minimum limits for
the bus voltage magnitudes. Eq. (1)–(14) are adapted from
[12].

IV. EXPERIMENTAL SETUP
A. COMPUTATIONAL ENVIRONMENT
Simulations are performed on a 3.89 GHz windows com-
puter with 16 GB RAM without utilizing parallel process-
ing. All simulations are performed using MATPOWER [31].
MATPOWER Interior Point Solver (MIPS) was used to run
DCOPF with dispatchable loads [32].

B. TEST CASES
Two test cases are considered in this case study. Data from
MATPOWER test cases is used for IEEE 39-bus system [33],
[34]. Data from [35] is used for IEEE 118-bus system [36]
with line limits taken from [37]. As in [11], our emergency
ratings are set to 125% of normal ratings. Table 1 shows the
details of the test systems used.

TABLE 1: Details of the two test systems.

Test systems # of buses # of generators # of branches
IEEE 39-bus 39 10 46
IEEE 118-bus 118 54 186

Authors in [38] removed the elements of the radial trans-
mission system while using the IEEE 118-bus system in CL.
This was done as the system would not be considered as N-
1 compliant without the removal of the radial transmission
elements in the N-1 CL and these elements are not subject to
any standards of reliability as standardized by Federal Energy
Regulatory Commission (FERC). Hence, we considered N-
2 non-trivial line contingencies (L1 & L2) without including
the radial transmission lines for the same reason mentioned in
[38]. We developed a contingency list (CL) based on DCOPF
and ACOPF formulation. CL is a list of contingencies that
will overload the remaining components of power system.
Non-trivial contingencies is a subset of CL that will result in
nonzero load shed after a generation redispatch [11].

Note that we only considered N-2 non-trivial line contin-
gencies (L1 & L2). N-2 contingencies that involve generator,
i.e., G1 & L1 and G1 & G2, are beyond the scope of this
work. The reason of not including generator contingencies
in present work is that islands considered in this work are
predetermined and a generator contingency might impact
the rule on which islands are formed, i.e.,

∑
i∈NG

PGi >∑
j∈ND

PDj in each island. Hence, forming optimal islands
for contingencies involving generators is left for future work.
Table 2 shows the non-trivial CL for the two test systems.

TABLE 2: Non-trivial CL for the two test systems.

Test systems DCOPF L1 & L2
CL

ACOPF L1 & L2
CL

IEEE 39-bus 9 4
IEEE 118-bus 368 2770

C. FORMATION OF AREAS AND ISLANDS
We divided IEEE 39-bus system and IEEE 118-bus system
into three pre-determined areas as shown in Figs. 7 and 4.
Note that division of these areas are not optimal but based
on a rule mentioned in section II-B, i.e.,

∑
i∈NG

PGi >∑
j∈ND

PDj in each area. For IEEE 39-bus system, we
modified the areas defined in MATPOWER test case [33].
For IEEE 118-bus system, the areas are defined in [39]. The
interested reader is pointed to [33] and [39], for more details
on mathematical formulation of cutsets and areas. The cut set
used for IEEE 39-bus system is between buses 14-15, 4-3, 39-
1, 16-17 and is shown in Table 3. Similarly, the cut set used
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for IEEE 118-bus system is between buses 23-24, 38-65,47-
69, 49-69, 65-68, 37-43, 42-49 and is shown in Table 4.

1) IIS for IEEE 39-bus System

Table 3 shows the four cases of islanding created by mixing
different area combinations for IEEE 39-bus system. “Island-
ing 4" is created by dividing IEEE 39-bus system into three
islands where each island is equal to an area. Note that all
three areas have

∑
i∈NG

PGi >
∑

j∈ND
PDj . “Islanding

1” is created by dividing the system in two islands, i.e.,
combining area 1 and area 2 as one island while area 3 is
considered a separate island. Similarly, “islanding 2” and
“islanding 3” have two islands in each case as shown in
Table 3. Transmission line cut set in Table 3 shows which
transmission lines are required to cut to obtain the four cases
of islanding. The idea here is to show that different way of
islanding a power system may result in different LSR.

FIGURE 3: Division of IEEE 39-bus system into three areas.

2) IIS for IEEE 118-bus System

Table 4 shows the four cases of islanding created by mixing
different area combinations for IEEE 118-bus system. To
differentiate islanding names from IEEE 39-bus system, we
used letters instead of numbers for IEEE 118-bus system.
“Islanding D" is created by dividing IEEE 118-bus system
into three islands where each island is equal to an area. Note
that all three areas have

∑
i∈NG

PGi >
∑

j∈ND
PDj . “Is-

landing A" is created by dividing the system in two islands,
i.e., combining area A and area B as one island while area
C is considered a separate island. Similarly, “islanding B"
and “islanding C" have two islands in each case as shown in
Table 4. Transmission line cut set in Table 4 shows which
transmission lines are required to cut to obtain the four cases
of islanding.

FIGURE 4: Division of IEEE 118-bus system into three
areas.

D. METRICS
As mentioned above, if there exists the best TS candidate, the
base case (i.e., CE/ESM) will find it. Hence, we assume that
the maximum LSR (i.e., 100%) is achieved by the base case
and we will compare the IIS algorithm with the base case.
Three solution metrics from [12], namely the percentage load
shed reduction (%LSR), the worst speedup (WS), and the
average speedup are used to compare LSR and computational
efficiency of the IIS algorithm with base case.

The idea is to see if IIS algorithm performs faster than the
CE/ESM, but should be capable of achieving the %LSR of
the CE/ESM. LSR in the CE/ESM and the IIS is given by
(15), where τ is ESM or IIS and (LSi) is load shed during
contingency i where, i ∈ {CL}.

LSRτ =

CL∑
i=1

(LSi)without τ −
CL∑
i=1

(LSi)τ (15)

%LSR for IIS is given by (16).

%LSR =
LSRIIS

LSRCE/ESM
× 100 (16)

To compare the computational performance of the IIS
algorithm with the CE/ESM, we assume that the CE/ESM
has a speed (unit-less quantity) of one. IIS algorithm with
speed of greater than one means that the IIS algorithm is
faster than the CE/ESM. Moreover, from the entire CL, we
want to compare the maximum time taken by IIS algorithm,
i.e., the worst case with the worst case in CE/ESM. Speedup
in the worst case is given by (17).

WS =
Tmax. CE/ESM

Tmax. IIS
≥ 1 (17)

The average speedup (Sµ) achieved by the IIS algorithm
is the ratio of average time taken by the IIS algorithm
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TABLE 3: Intentional Islanding (IIS) for IEEE 39-bus System.

Areas PG (MW) PD (MW) Transmission line cut set between buses

Islanding 1 Area 1 + Area 2 4940 4095 14-15, 4-3, 39-1Area 3 2427 2159

Islanding 2 Area 1 + Area 3 4898 4543 14-15, 16-17Area 2 2469 1711

Islanding 3 Area 2 + Area 3 4896 3870 16-17, 39-1, 3-4Area 1 2471 2384

Islanding 4
Area 1 2471 2384

16-17, 14-15, 3-4, 1-39Area 2 2469 1711
Area 3 2427 2159

TABLE 4: Intentional Islanding (IIS) for IEEE 118-bus System.

Areas PG (MW) PD (MW) Transmission line cut set between buses

Islanding A Area A + Area B 4940 4095 23-24, 38-65, 47-69, 49-69, 68-65Area C 2427 2159

Islanding B Area A + Area C 4898 4543 43-34, 42-49, 47-69, 49-69, 65-68Area B 2469 1711

Islanding C Area B + Area C 4896 3870 23-24, 34-43, 42-49, 38-65Area A 2471 2384

Islanding D
Area A 2471 2384 23-24, 38-65,47-69, 49-69,

65-68, 34-43, 42-49Area B 2469 1711
Area C 2427 2159

(Tµ IIS) for the CL to the average time taken by the CE/ESM
algorithm (Tµ CE/ESM ). Sµ is given by (18).

Sµ =
Tµ CE/ESM

Tµ IIS
≥ WS (18)

V. SIMULATION RESULTS

A. DCOPF FORMULATION BASED SIMULATION
RESULTS

Fig. 5 shows the comparison between DCOPF formulation
based base case (CE/ESM) and DCOPF formulation based
IIS for IEEE 39-bus system. Note that %LSR of base case
(CE/ESM) is 100%. Moreover, WS of base case is taken as
one. For IEEE 39-bus system, total load shedding for CL
without using TS or IIS algorithms is 1884 MW . Amount
of load shedding after TS is 1494 MW . The amount of load
shedding after islanding 3 is 689 MW . %LSR in islanding
3 is three times more than base case. These results show
that IIS can perform better than TS. Moreover, the WS of
islanding 3 is 23 times faster than base case. The reason for
this speedup is that in IIS algorithm we divided the system
into small islands as shown in flow chart of Fig. 2. Running
DCOPF for small islands is faster than CE/ESM.

Fig. 6 shows the comparison between DCOPF formulation
based base case (CE/ESM) and DCOPF formulation based
IIS for IEEE 118-bus system. Note that , for %LSR, islanding
A, B, C, and D performed better than TS base case. Islanding
A %LSR is 120% of base case with speedup of 87 times
of the base case. From Figs. 5 and 6, we can conclude that
DCOPF formulation based IIS has potential for better LSR
and improved computational performance as compared to
DCOPF formulation based TS.

0 5 10 15 20 25 30

0 50 100 150 200 250 300

Base case
 (CE/ESM)

Islanding
1

Islanding
2

Islanding
3

Islanding
4

%LSR WS

FIGURE 5: Comparison of DCOPF formulation based base
case (CE/ESM) and DCOPF formulation based IIS for IEEE
39-bus system.

0 10 20 30 40 50 60 70 80 90

0 20 40 60 80 100 120

Base case
 (CE/ESM)

Islanding
A

Islanding
B

Islanding
C

Islanding
D

%LSR WS

FIGURE 6: Comparison of DCOPF formulation based base
case (CE/ESM) and DCOPF formulation based IIS for IEEE
118-bus system.

B. ACOPF FORMULATION BASED SIMULATION
RESULTS
Fig. 7 shows the comparison between ACOPF formulation
based base case (CE/ESM) and ACOPF formulation based
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IIS for IEEE 39-bus system. Note that %LSR of base case
(CE/ESM) is 100%. Moreover, WS of base case is taken as
one. Note that none of the IIS cases performed better than the
TS base case but IIS performed computationally fast than the
base case. %LSR achieved by islanding 2 is 74% of the base
case with the speedup of 10.6 times compared to base case.

Figs. 8 shows the comparison between ACOPF formu-
lation based base case (CE/ESM) and ACOPF formulation
based IIS for IEEE 118-bus system. Note that , for %LSR,
islanding A, B, C, and D performed better than TS base case.
Islanding A %LSR is 205% of base case with speedup of 89
times of the base case. From Figs. 7 and 8, we can conclude
that ACOPF formulation based IIS has potential for better
LSR and improved computational performance as compared
to ACOPF formulation based TS.

0 2 4 6 8 10 12

0 10 20 30 40 50 60 70 80 90 100

Base case
 (CE/ESM)

Islanding
1

Islanding
2

Islanding
3

Islanding
4

%LSR WS

FIGURE 7: Comparison of ACOPF formulation based base
case (CE/ESM) and ACOPF formulation based IIS for IEEE
39-bus system.
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FIGURE 8: Comparison of ACOPF formulation based base
case (CE/ESM) and ACOPF formulation based IIS for IEEE
118-bus system.

C. AVERAGE SPEEDUP VS. WORST SPEEDUP
Figs. 5-8 show that the WS improved from the smaller (i.e.,
the IEEE 39-bus system) to the larger test system (i.e., the
IEEE 118-bus system). The reason is that the number of
transmission lines increases for larger test system, which
makes the base case computationally expensive. On the other

hand, IIS algorithm divides the system into small islands
which reduces the computational burden hence WS increases
as we move from smaller test case to larger test cases. This
feature of scalability helps to implement IIS to real world
larger systems. Moreover, Figs. 9 - 12 show that the average
speedup gained by IIS is larger than the WS, which means
most of the contingencies in CL take lesser time than the time
taken by the worst contingency.
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FIGURE 9: Comparison of DCOPF formulation based aver-
age speedup vs. worst speedup for IEEE 39-bus system.
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FIGURE 10: Comparison of DCOPF formulation based av-
erage speedup vs. worst speedup for IEEE 118-bus system.
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FIGURE 11: Comparison of ACOPF formulation based av-
erage speedup vs. worst speedup for IEEE 39-bus system.

D. COMPARISONS OF IIS WITH LBTS AND LSBMAX

ALGORITHMS
Results presented in section V showed that IIS has potential
to perform better than TS base case in terms of LSR. The aim
of this section is to compare the computational performance
of the IIS algorithm with two existing computationally fast
TS algorithms, other than CE/ESM, from literature. LBTS
[13] and LSBmax [12] showed computational superiority
compared to CE/ESM.
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FIGURE 12: Comparison of ACOPF formulation based av-
erage speedup vs. worst speedup for IEEE 118-bus system.

1) DCOPF formulation based comparison

Table 5 compares the performance of the DCOPF formula-
tion based IIS algorithm with the DCOPF formulation based
LBTS and LSBmax algorithms. Note that the %LSR and Sµ

for each algorithm are calculated with respect to the innate
CE/ESM, i.e., using (16) and (18), respectively. By transi-
tivity, we can establish the comparison of the IIS algorithm
with LSBmax and LBTS algorithms through their respective
CE/ESM. For both test cases, i.e., IEEE 39-bus and IEEE
118-bus test system, the IIS algorithm not only achieves a
higher %LSR, but is faster than LBTS and LSBmax algo-
rithms.

TABLE 5: Comparison of the performance of the DCOPF
formulation based IIS algorithm with DCOPF formulation
based LBTS and LSBmax algorithms for the IEEE 39 and
IEEE 118-bus test systems. For IIS algorithm, we selected
islanding 3 and islanding B for the IEEE 39 and IEEE 118-
bus test systems, respectively.

IEEE 39-bus IEEE 118-bus

LBTS %LSR - 5.2
Sµ - 108

LSBmax
%LSR 100 99
Sµ 4.6 22

Intentional
Islanding

%LSR 306 120
Sµ 26 112.8

2) ACOPF formulation based comparison

Table 6 compares the performance of the ACOPF formula-
tion based IIS algorithm with the ACOPF formulation based
LBTS and LSBmax algorithms. Note that the %LSR and
Sµ for each algorithm are calculated with respect to the
innate CE/ESM, i.e., using (16) and (18), respectively. Again,
by transitivity, we can establish the comparison of the IIS
algorithm with LSBmax and LBTS algorithms through their
respective CE/ESM. For both test cases, i.e., IEEE 39-bus
and IEEE 118-bus test system, the IIS algorithm achieves a
higher computational performance compared to LBTS and
LSBmax algorithms. For IEEE 118-bus test system, the
%LSR achieved by the IIS algorithm is greater than the
%LSR achieved by LBTS and LSBmax algorithms.

TABLE 6: Comparison of the performance of the ACOPF
formulation based IIS algorithm with ACOPF formulation
based LBTS and LSBmax algorithms for the IEEE 39 and
IEEE 118-bus test systems. For IIS algorithm, we selected
islanding 2 and islanding A for the IEEE 39 and IEEE 118-
bus test systems, respectively.

IEEE 39-bus IEEE 118-bus

LBTS %LSR - 15.4
Sµ - 70.7

LSBmax
%LSR 85 85
Sµ 4.6 11.4

Intentional
Islanding

%LSR 74.3 205
Sµ 13.4 128.8

E. COMPARISON OF ISLANDING A WITH ISLANDING B,
C, AND D FOR IEEE 118-BUS SYSTEM
Results above showed that different islanding topology yields
different LSR. The aim of this section is to show that one
islanding topology is not optimal for every contingency.
Similar to finding best TS candidate, there is a need to find
optimal islanding for each contingency, and is left for future
work.

1) DCOPF formulation based comparison
Fig. 6 shows that, for DCOPF formulation based %LSR,
islanding A performed better than islandings B, C, and D.
Fig. 13 presents the contingency by contingency comparison
of islanding A with islandings B, C, and D. Out of 368
total N-2 non-trivial L1 & L2 contingency cases, islanding A
recovered less load shedding than islanding D in 147 cases.
These results showed that islanding A is not the optimal is-
landing topology for 147 cases. On the other hand, out of 368
total N-2 non-trivial L1 & L2 contingency cases, islanding A
recovered higher load shedding than islanding D in 40 cases.
But, the difference in LSR between islanding A vs. islanding
D for these 40 cases is higher than compared to 147 cases.
That is the reason why the overall result for islanding A is
better than islanding D. Fig. 14 shows the violin plot for the
distribution of the difference of LSR achieved (in MW) for
the cases where islanding A performs better or worst than
islanding B, C, and D, respectively.

0 20 40 60 80 100 120 140 160 180 200
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Islanding A < Islanding B

Islanding A = Islanding B
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Islanding A < Islanding C
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Islanding A > Islanding D

Islanding A < Islanding D

Islanding A = Islanding D

Number of DCOPF contingencies from CL

FIGURE 13: DCOPF based comparison of islanding A with
islandings B, C, and D for IEEE 118-bus system.
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FIGURE 14: DCOPF based violin plot for the distribution of
the difference of LSR achieved (in MW) for the cases where
islanding A performs better or worst than islanding B, C, and
D, respectively.

2) ACOPF formulation based comparison
Fig. 8 showed that, for ACOPF formulation based %LSR,
islanding A performed better than islandings B, C, and D.
Fig. 15 presents the contingency by contingency comparison
of islanding A with islandings B, C, and D. Out of 2770
total N-2 non-trivial L1 & L2 contingency cases, islanding A
recovered less load shedding than islanding B in 876 cases.
These results showed that islanding A is not the optimal
islanding topology for 876 cases. On the other hand, out
of 2770 total N-2 non-trivial L1 & L2 contingency cases,
islanding A recovered higher load shedding than islanding B
in 773 cases. But, the difference in LSR between islanding A
vs. islanding D for these 773 cases is higher than compared
to 876 cases. That is the reason why the overall result for
islanding A is better than islanding B. Fig. 16 shows the
violin plot for the distribution of the difference of LSR
achieved (in MW) for the cases where islanding A performs
better or worst than islanding B, C, and D, respectively.

0 200 400 600 800 1000 1200 1400 1600
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FIGURE 15: ACOPF based comparison of islanding A with
islandings B, C, and D for IEEE 118-bus system.

VI. CONCLUSION
Load shedding is the least priority of power system operators
but under emergency conditions, operators are forced to
perform load shedding to maintain the power system stabil-
ity and security. Topology control can reduce the required

FIGURE 16: ACOPF based violin plot for the distribution of
the difference of LSR achieved (in MW) for the cases where
islanding A performs better or worst than islanding B, C, and
D, respectively.

amount of load shedding after a contingency. In this paper,
we explored intentional islanding as a load shed recovery
(LSR) mechanism. We compared the load shed recovery
mechanism based on intentional islanding with complete
enumeration or exhaustive search method. We implemented
the algorithm on IEEE 39-bus system and IEEE 118-bus sys-
tem for N-2 non-trivial L1 & L2 contingencies. The %LSR
achieved by the DCOPF formulation based intentional is-
landing for IEEE 39-bus system is three times higher than
the the DCOPF formulation based complete enumeration or
exhaustive search algorithm. The %LSR achieved by the
DCOPF formulation based intentional islanding for IEEE
118-bus system is 1.2 times higher than the the DCOPF for-
mulation based complete enumeration or exhaustive search
algorithm. Similarly, the %LSR achieved by the ACOPF
formulation based intentional islanding for IEEE 118-bus
system is two times higher than the the ACOPF formulation
based complete enumeration or exhaustive search algorithm.
These results show that intentional islanding can be a poten-
tial solution for load shed recovery with notable speedup. The
speedup of intentional islanding algorithm increases as we
move from smaller system to larger system which is a good
indication that intentional islanding based load shed recovery
algorithm is scalable. Comparison of the intentional islanding
algorithm with existing TS algorithms showed the computa-
tional superiority of the intentional islanding algorithm. In
future, we will use parallel programming to further increase
the achieved speedup.
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