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Development of a Black Start Decision Supporting
System for Isolated Power Systems
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Abstract—Black start is the primary procedure deployed
for rapid recovery from a complete blackout. For isolated power
systems such as the Taiwan power system (TPS), a reliable and effi-
cient black start procedure is more important than interconnected
power systems. In this paper, a black start decision-supporting
system (BSS) with an interactive graphical user interface (GUI)
has been developed. BSS can rapidly generate optimal black start
strategies according to the updated system data configuration and
objective function; furthermore, BSS can automatically simulate
the strategies and visualize the results. By applying the BSS to
evaluate the black start strategies for TPS, the effectiveness of
BSS has been demonstrated. The BSS has been utilized by Taiwan
Power Company (TPC) for black start planning with comparison
to traditional manual planning. With the aid of BSS, the dis-
patchers are equipped with more support and the restoration risk
can be much alleviated.

Index Terms—Black start, decision support system, graphical
user interfaces (GUI), power systems.

I. INTRODUCTION

N OWADAYS, the demand for reliable and sufficient power
supply is becoming increasingly intensive. Although the

reliability of power supply has been enhanced by progressive
controlling apparatus, there is still a possibility of large area
blackout, such as the Northeast Blackout of 2003 in the United
States and Canada [1] and the blackout in Japan on March 11th,
2011 caused by the tsunami [2]. Since Taiwan is located on the
Pacific Ocean seismic zone and the subtropical monsoon cli-
mate region, power system infrastructures risk being damaged
by earthquakes, landslides, typhoons, and mudflows. Also, the
increased load has caused decreased stability in TPS and raised
the possibility of blackouts. As an isolated power network with a
confined structure due to the land shape, TPS is likely to collapse
if a fault is not handled properly due to the failure or mal-opera-
tion of protection devices. Since 1976, Taiwan has suffered over
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two large-scale blackouts [3], [4], which have caused consider-
able economic loss and threatened national security. To facili-
tate the service recovery and reduce the relating loss, black start,
the procedure to restore power supply by self-starting black start
units (BSU), is the first task after a severe blackout occurs.
Due to the complex characteristics of the power systems

under an extreme condition, black start is commonly formulated
as a multi-objective and dynamic decision-making problem.
Various problems and issues related to generators, power
devices and transmission systems have been carefully studied
for the improvement in power restoration [5]–[10]. Based on
the general restoration guidelines [11]–[15] and the experience
of operators, power utilities used to pre-establish the black
start schemes to meet their particular criteria and requirements.
However, due to unexpected situations, black start is rarely
progressed exactly as planned. To automatically generate the
most suitable black start schemes, knowledge-based expert
systems functionally strengthened by the decision supporting
techniques have been widely utilized [16]–[20]. Emerging
modern optimization techniques have also received much
attention to solve the multi-objective problems [21]–[23].
As the state-of-the-art publications in regards to black start

decision making mostly focus on the approaches and algorithms
[24]–[28] yet putting less illustration on the tool realization for
actual power systems, this paper presents not only the formula-
tion and optimization methodology to the black start problem
that comprises multiple factors regarding system characteris-
tics, components, and simulation results, but also the structure,
tasking and linking of the core modules of the developed deci-
sion-supporting tool named BSS for actual isolated power sys-
tems such as TPS. Since the problem is a non-differentiable
mixed integer nonlinear programming (MINLP) problem that is
difficult to be solved by traditional mathematical optimization
techniques, a hybrid approach combining the graph algorithm
and swarm intelligence is adopted to achieve the optimal so-
lutions. With the modular structure and multi-thread program-
ming, the developed BSS can efficiently evaluate the optimal
black start strategies according to the prevailing system condi-
tion and the planning objectives. Moreover, the BSS can ease
the verification process by the function of simulation automa-
tion. Through practical application to TPS, it is justified that the
BSS is able to compute the optimal black start strategies in a
timely fashion, including the ones established manually by TPC
dispatchers and also the alternative plans which are not explored
by the manual planning, in sense of minimizing the value of the
formulated objective function [29].
The paper is organized as follows: Section II describes the

formulation of the black start optimization problem. Section III
delineates the optimization algorithm and the composing mod-
ules of BSS. Section IV demonstrates the applicability and
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adaptability of BSS. Finally, the conclusion is presented in
Section V.

II. PROBLEM FORMULATION

The formulation of the black start optimization problem is
the fundamental base to develop the most important computa-
tion module of BSS. In this section, the problem formulation,
including the objective function and constraints, is illustrated in
detail.

A. Objective Function

For the ease of illustration of the proposed objective function,
we first define as the matrix representing a black start path in
the transmission system with buses by

(1)

where if the energizing bus (i.e., the energizing
bus in the order) in the black start path is Bus , otherwise

. Since the repeated energization is not allowed and the
total number of the energized buses along the black start path is
one more than the number of switches to be operated, the two
relations among the entries are derived as

(2)

(3)

where denotes the number of switches to be operated in the
energizing path.
The overall objective of black start is to apply voltage from

the BSUs to the target units through the transmission system as
quickly and safely as possible; thus, the objective function is to
seek the which has the lowest cost in terms of the efficiency
and security of the energizing procedure. In this study, the cost
is expressed as a function of , namely, , which encom-
passes two sub cost functions: the cost related to the efficiency
of the BSUs and target units, i.e., , and the cost related
to the efficiency and security of the power transmission process,
i.e., . The items in the two sub functions are normalized
with respect to their corresponding optimums. The detailed il-
lustration of and are as follows.
1) , Cost Related to the Units: Based on engineering

judgment, we formulate by the efficiency indices of the
participating BSU and target unit, respectively, in the given .
The efficiency index of a unit is defined by the unit’s startup
time, generation capacity, and the total relative switching times
to the other units, which are all very important factors to affect
the efficiency of restoration and the service recovery. As seen in

where (4)

where (5)

the efficiency indices of a BSU and a target unit are defined as
and , respectively, and where

capacity of the BSU;

startup time of the BSU;

startup time of the target unit;

maximum power generation of the target unit;

consuming power of the target unit;

maximum number of targets, which is determined by
(6);

total number of BSUs;

minimum required switching times to the th target unit;

minimum required switching times to the th BSU.

The efficiency index of a unit can represent its priority during
black start. The larger index corresponds to the higher priority.
The number of can be determined by

(6)

depending on the total capacity of the BSUs in the system, where
denotes the capacity of the BSU, and stands for the

consuming power of the target unit with the highest effi-
ciency index. Note that the consuming power of the LNG units
should be bundled with the power requirement of the corre-
sponding LNG stations.
Having and , now we can formulate as

(7)

by the reverse of the normalized efficiency indices of the BSU
and target unit, where and with the weight and penalty
parameters, and are given by

where and are the largest efficiency indices of BSU and
target unit, respectively, among all of the BSUs and target units
in the system.
2) , Cost Related to the Power Transmission Risks:

is composed of two parts: and , which cor-
respond to the cost associated to the system components and the
cost reflected from the simulation result.
Considering the general guidelines [13]–[15], [30], [35] and

based on engineering judgment [29], [31]–[34], can be
expressed by the three key factors which will highly affect the
security and efficiency of the power transmission process. The
three factors are illustrated as follows.
The sum of susceptance: While energizing transmission

lines under light load condition, the accumulated susceptance
of transmission line will cause overvoltage due to Ferranti
effect and other transient behaviors, which would not only
increase the failure rate of equipments such as transformers and
breakers, but also lead to miss-tripping of protection relays that
may fail black start operation.
The number of switches: The risk of harmful switching surges

and other transient phenomenon would be increased with the
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growing number of switches to be operated. Though many pro-
tection devices have been used to mitigate switching surges haz-
ards, the action of these protection devices often produce relay
tripping, which may fail the black start procedure. Also, as each
switch operation needs to be under deliberate confirmation, the
black start procedure will be prolonged when there are more
switching operations in a black start path.
The number of transformers: While energizing the transmis-

sion grid during black start, the nonlinear behavior of trans-
formers may cause potentially sustained non-harmonic oscil-
lation and transient ferro-resonance overvoltage which would
bring severe damage on transmission equipment. The large in-
rush current also increases miss-tripping possibility of the as-
sociated protection relays and the harmful impacts on trans-
formers. For reducing the failure rates, the operation times of
transformers during re-energization is also an important factor
to be optimized.
Summing the above, is expressed as

(8)

comprising the factors , , and namely, the normalized sum
of susceptance, number of switches, and number of transformers
to be operated along the energizing path, respectively, where

where is the susceptance of the th transmission line taking
into account the equivalent susceptance of the available com-
pensation devices, is the number of switches between the
starting transmission bus and the terminal transmission bus, and
is the number of total transformers in . , , and

denote the minimal sum of susceptance excluding compensa-
tion devices, the minimal , and the minimal , respectively,
among all of the possible energizing paths considering all the
combination of end units.
On the other hand, is formulated by the worst case sim-

ulation results of since the simulation results can precisely
demonstrate the influence of transmission constants on voltage
variation at each bus and reflect the safety level. By making use
of the root mean square (RMS) values, and of the sim-
ulated transient peak and steady-state voltages, respectively, at

buses, is expressed as

(9)

where

where and are the vectors composed of the sampled tran-
sient peak voltage (p.u.) and steady-state voltage (p.u.)
at the th energizing bus, as given, respectively, in

(10)

(11)

Integrating and , is further expressed as

(12)

where , , , and
.

Finally, combining and , the overall objective
function is formulated as shown in

(13)

Note that, if the starting BSU and target unit are specified, the
objective function can be reduced to the minimization of
with the localized values of , , and .

B. Constraints

The optimization problem is subject to the following general
constraints [30], [35].
1) The limit of BSU’s capacity is given by

(14)

(15)

where to are the lower and upper bounds of the
BSU’s capacity.

2) The boundaries of voltage secure range are given by

(16)

(17)

where is the maximum overvoltage tolerance, while
and are the lower and upper bounds of voltage

secure range, respectively.
3) The limit of transmission lines’ loading capacity is given
by

(18)

(19)

where and denote the real and reactive power of
the th energizing transmission line with the maximum
loading capacity of and , respectively.

III. METHODOLOGY AND STRUCTURE OF BSS

A. Optimization Approach

The optimization problem of (13) is a MINLP. As a graph
search problem, it is also a NP-complete problem since the
searching graph contains negative cycles due to the negative
susceptance values. It is rather difficult, if not impossible, to
solve problems of such kind using mathematical programming
techniques. Thus, we resort to a hybrid optimization approach
combining a path tracing algorithm based on the property of
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Fig. 1. Optimization methodology of BSS.

adjacency matrix and an Ant Colony Optimization (ACO)
algorithm that holds the merits including: the distributed com-
putation structure to be easily multi-threaded, the flexibility to
be embedded with alternative algorithms for state transition
and parameters update, and the adaptability to the system
change. The methodology is depicted in Fig. 1, including the
initialization and optimization computation phases. The two
phases are described in the sequel.
1) Initialization Phase:
Step 1: Searching scope initialization
Regarding each transmission region as a node as shown in

Fig. 2, one can derive a regional adjacency matrix . Sup-
pose the BSU and the target unit locate at Node (Region )
and Node (Region ), respectively, and the entry in row and
column of the raised to the power is more than or
equal to 1, i.e., . Only the nodes on the paths passing
through regions (for to ) from Region to
Region are included in the valid searching scope. is the
upper boundary of referring to the utility’s planning require-
ment (e.g., for TPC, is set to 1) and is the minimal
such that .
Step 2: Transformer state initialization
The default statuses of transformers are configured as

switched off except for those connecting the end units to the
transmission system. If the end transmission buses are of
different voltage levels, the statuses of the essential step-up or
step-down transformers closely around the end transmission
buses will be reconfigured as switched on. This step is neces-
sary when the transmission voltage is required to be kept in
the same level as far as possible during black start, such as
addressed in TPC’s black start planning criteria [29], [31].
Step 3: Parameters initialization
With the adjacency graph of transmission system as illus-

trated in the symbolical Fig. 3(a), where the vertices represent
the buses and the edges with equal weight of 1 represent the
branch lines, one can derive the minimum number of passing
edges/switches, i.e., (also equals ), and the paths

Fig. 2. Adjacency graph of the transmission regions in TPS.

Fig. 3. (a) Adjacency graph. (b) Construction graph.

of minimum edges/switches among all the possible paths
from the source vertex to the target vertex by Dijkstra al-
gorithm. The minimal number of passing edges/switches from
each vertex to the target vertex , i.e., , will also be
computed by Dijkstra algorithm and be used to represent the
weight of each vertex, as the number marked upon each vertex
in Fig. 3(b). These parameters will be utilized in the following
phase.
2) Optimization Computation Phases: In this phase, we

combine the path search principle of ACO [36] and the property
of adjacency matrix based on Graph Theory to yield optimal
black start paths. By giving favor to the candidates of high
potential, the optimization procedure can be accelerated while
maintaining the foraging diversity in the stochastic process.
Since the minimization of transformers’ operation times as
the highest priority [29], [31] has been ensured by Step 2, the
optimization can now be focused on the remaining factors.
In ACO, as the switching operation relates to the risk of high
surges and the prolonged restoration procedure [32], the favor
would be distributed to the candidates of fewer passing switches
[29], [31], which in a sense serve as a promising solution base
from which the intelligent swarm’s moves would diverge and
auto-catalyze. The four procedures in this phase are described
as follows.
Procedure 1: Ant colony system initialization
A weighted construction graph is first es-

tablished as depicted in the symbolical Fig. 3(b), where is
the set of vertices weighing , is the set of suscep-
tance-weighted edges that fully connect all the vertices, and
is a vector whose components represent the pheromone trail
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Fig. 4. Flowchart of the path tracing algorithm based on the property of adja-
cency matrix.

strength. The pheromone trail strength on the edge
that connects and is initialized by

otherwise
(20)

where is a small positive value and is the set of
edges composing the path . ants are initially positioned on
the starting vertex that represents the connecting transmission
bus of BSU.
Procedure 2: Solution construction
Each ant will move randomly to construct its solution by in-

crementally adding one vertex to its partial strategy following
the state transition rule which favors the moves to more lightly-
weighted vertices that are also connected by the edges with
denser pheromone and less cost. For the th ant at , the next
vertex to visit can be determined by the pseudo-random-pro-
portional rule [21] so as to balance the discover of new edges
and the utilization of cumulated knowledge. The desirability

of adding edge to the partial strategy is dynami-
cally determined by the reverse of the cost associated with the
edge and vertex as shown by

(21)

where is the susceptance of edge considering the
installed reactive compensation devices, is theminimal
susceptance of all the connected edges without taking reactive
devices into account, is the weight of , and
is the minimal weight of all the connected . If are not
all positive, only the connected with negative will be
considered in the state transition process.
Procedure 3: Diversity development
For each strategy construction step, the pheromone is updated

based on the local pheromone updating rule [21] to increase the
diversity of solutions. Once all the ants have reached , the

Fig. 5. Graph composed of all the feasible paths containing three
edges for the adjacency graph of Fig. 3(a).

pheromone trial will be updated by the global updating rule as
shown in

(22)

where is a pheromone decay parameter with and
is determined by

otherwise
(23)

where is the path of minimal cost , is the translation
factor, and is the minimal normalized number of switches
considering all the feasible paths containing the edge in
all the graphs (for to ) derived by the
path tracing algorithm as introduced in the following.
Path tracing algorithm
The path tracing algorithm is illustrated in Fig. 4, given the

global parameters: (the total number of vertices), (the index
of the starting vertex which represents the connecting transmis-
sion bus of BSU), (the index of the target vertex which rep-
resents the connecting transmission bus of target unit), and
(the adjacency matrix of the power system). Based on the prop-
erty of adjacency matrix in Graph Theory, the paths containing
edges can be traced from rear to front by recursively tracking
the multiplication process to yield the power of matrix, . The
traced paths can form a directed graph with the as-
cending and descending layers between the two end vertices as
depicted in Fig. 5.
In the path tracing computation module as seen in Fig. 1, the
to power of are processed in parallel to trace the

paths containing to edges, where is adjusted depending
on the power system scale and the viable range of the number
of switches in a black start path from the utility’s point of view.
The global pheromone updating rule, which is coalesced with
the output of the path tracing computation module, can facili-
tate a compromise between the minimization of the number of
switches and the exploration of the paths containing smaller sus-
ceptance and more compensation devices, while developing so-
lution diversity.
Procedure 4: Ranking adjustment
The discovered candidates will be simulated automatically by

PSS/E and EMTP in accordance with the user-specified ener-
gization mode. The simulated transient peak voltage and steady
state voltage at each bus along the black start path will be used
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Fig. 6. Core modules of BSS.

Fig. 7. Tasking and linking within and between the modules and user interface
of BSS. (Note: The user interface block are the options of settings.)

to compute the corresponding and the total for the
adjustment in candidates’ final ranking.

B. Core Modules of BSS

The BSS is composed of configuration, computation, and
output modules, as illustrated in Fig. 6. The tasking and linking
of the core modules are presented in Fig. 7. Through the op-
timization computation, the BSS can display all the feasible
black start strategies ranked by their corresponding priorities
according to the latest system and equipment data, parameters
of objective function, and other options of settings which are
updated and tuned via the interactive GUI as seen in Fig. 8. For
simulation automation, the strategies are written into files in a
unified format and converted into a series of automation files
to launch simulations in PSS/E 29 and ATP/EMTP 4. To offer
intuitive and user-friendly demonstration of the output black
start strategies and the corresponding simulation results, the
components together with their energization mode, operation
timing and simulated voltages on the energizing path are visu-
alized by vivid icons, symbols, and charts with annotation in
addition to table text and simulation waveform.

Fig. 8. GUI of BSS for the update of system and equipment data, configura-
tion of optimization and simulation settings, and demonstration of strategies and
simulation results.

TABLE I
SETTING OF WEIGHTS AND PENALTIES IN THE OBJECTIVE FUNCTION

IV. APPLICATION RESULT

Since the north region of TPS has intensive load but limited
generation, TPC has manually planned the re-energizing paths
for the north region, which start from the most powerful hydro
BSUs in Region 2, i.e., Ming-Tan BSU and Da-GuanII BSU,
to the target power plants in Region 1, i.e., Xie-He Plant and
Lin-Kou Plant, in face of large-scale blackouts in Taiwan. Thus,
the application cases, in which the BSS is used to compute the
black start strategies fromMing-Tan andDa-GuanII to Lin-Kou
and Xie-He, are demonstrated in this section to prove the effec-
tiveness of BSS. The default weights and penalties in the objec-
tive function and the default energization modes for simulation
are stated first. The application results of BSS are discussed in
the sequel.
Selection of weights and penalties
BSS offers the flexibility that operators can input the de-

sired values of weights and penalties through GUI to meet their
particular planning needs. Based on TPC’s elaborate calibra-
tion and tuning procedure, the default weights and penalties
of the objective function are shown in Table I. The weight on
the number of transformers is set much heavier than the other
factors, i.e., , , , signifying that the value of
will be kept in its minimum as the re-energization of transmis-
sion system is required to be kept in the same voltage level as
far as possible during black start. The weight on the number
of switches is heavier than the number of susceptance because
the switching operation would cause increasing risks resulted
from transient phenomena and prolonged restoration duration.
The penalties are set to 1 in general unless there is a need of the
stressing force empowered by the exponent such as the case of
TPC, where the penalty of is set to 1.5 to prevent the number
of switches from being excessively distant from its minimum.
Energization modes
Operators can also specify the desired energization mode of

the output black start paths through GUI. There are three default
energization modes [29], [31], given here.
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Fig. 9. Top three black start paths from Min-Tan BSU to Xie-He Plant.

1) Mode 1: Sequentially energize each transmission line of
with full voltage of BSU;

2) Mode 2: Simultaneously energize all the transmission
lines of with full voltage of BSU;

3) Mode 3: Simultaneously energize all the transmission
lines of with step-rising voltage of BSU.

A. Test of BSS’s Applicability

By the BSS’s computation, the optimal black start paths
under the three default energizing modes from Ming-Tan BSU
to Xie-He Plant all turned out to be the path , as illustrated
in Fig. 9, which is correspondent with one of the plans estab-
lished by TPC for the northern Taiwan [29], [31]. In addition
to the strategy of first priority, for comprehensive views, BSS
also displays all the other feasible strategies ranked by their
respective priorities; in this case, and are evaluated as
the strategies of second and third priorities, respectively. As
the terminal buses are preset by TPC, the strategy’s priority is
determined based on its cost value defined by (12). The less
cost the strategy has, the higher priority it will receive. Table II
is the report of every cost factor’s value of , , and
that composes . It is shown that the factor of is
the largest among the three strategies, possessing one switch in
excess of the minimum; yet the factor of is the smallest
since it explores more shunt reactors of larger capacity. For
the observation of transient phenomena, BSS also provides the
simulated voltage variation and three-phase waveform at each
bus on the energizing path. Fig. 10 demonstrates the simulated
voltage variations under Mode 2 at the terminal transmission
bus connected to Xie-He Plant of the top three strategies. It
is shown that has the lowest transient and steady state
voltage comparing to the others. As the voltage along the
energizing path would keep rising progressively under Mode
2, the simulation result at the terminal bus on the path reveals
that is the most secure solution in terms of the transient
and overvoltage risk. By applying proper sets of the installed
40-MVar three-phase shunt reactors connected to Bus 1900,
Bus 1700 and Bus 1650, it is proven that the voltage variations
at each bus on , , and can be regulated within the
secure range [30] during the black start procedure; the three
strategies are thus justified to be feasible and applicable [29].
Further tests have also proven that the strategies generated via
BSS is corresponding to the other black start plans established
by TPC from the BSUs to the designated target units [29],
while with all the feasible backup plans included.

Fig. 10. Simulated voltage variations at Bus 100 of the top three black start
paths during black start procedure under Mode 2 (linked to PSS/E).

TABLE II
VALUES OF THE NORMALIZED FACTORS FOR COST COMPUTATION

Fig. 11. Optimal black start paths from Da-GuanII BSU and Min-Tan BSU to
Lin-Kou Plant, respectively.

B. Test of BSS’s Adaptability

As seen in Fig. 11, the optimal black start paths from
Ming-Tan BSU and Da-GuanII BSU to Lin-Kou Plant provided
by BSS are and , respectively, where the subscript
number separated by the comma denotes the th priority. It
is confirmed that and correspond to the rest black
start plans established by TPC for the north region [29], [31].
Suppose that the transmission line between Bus 3281 and Bus
220 is damaged during the blackout; the pre-established plans
must therefore be updated accordingly in a timely fashion.
In response to the system change, BSS can rapidly generate
the alternative set of optimal strategies and the respective
simulation results. To re-energize lines from Da-GuanII BSU
to Lin-Kou Plant, the original path is replaced by
as seen in Fig. 12. As Bus 1751 is on one side connected to
a transformer and on the other connected to the underground
cables with large phase-to-ground capacitance, the voltage
variation at Bus 1751 requires careful observation for the path’s
feasibility confirmation. Fig. 13 shows the simulated voltage
at Bus 1751 while energizing lines following under
Mode 2. The red solid line and the blue dotted line denote the
voltage variations before and after applying the proper sets
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Fig. 12. Top two alternative black start paths fromDa-GuanII BSU to Lin-Kou
Plant after the transmission line from Bus 3281 to Bus 220 is damaged.

Fig. 13. Voltage variations of Bus 1751 before and after applying the shunt
reactors at Bus 2000, 1910, and 1750 while energizing transmission lines along

under Mode 2 (linked to PSS/E).

TABLE III
APPLIED SETS OF 40-MVAR SHUNT REACTOR FOR THE BLACK START

STRATEGIES AND

Fig. 14. Voltage variations of Bus 1751 before and after applying the shunt
reactors at Bus 2000, 1910, and 1750 while energizing transmission lines along

under Mode 2 (linked to PSS/E).

of 40-MVar shunt reactors at Bus 2000, 1910, and 1750 as
noted in Table III, respectively. It reveals that after applying
the reactors, the transient voltage at Bus 1751 can be lowered
down to 1.020 p.u., which is within the secure range.
The alternative strategy with second priority, i.e., , is

also demonstrated in Fig. 12. The corresponding simulation re-
sult of under the same simulation settings as is
presented in Fig. 14. It is clearly shown that the overvoltage
phenomenon at Bus 1751 is severe while adopting the strategy

, which further justify the higher priority of because
has fewer switches, less susceptance, and more secure

transient and steady-state voltage behavior. However, as
explores more buses that are connected to reactive devices of
larger capacity, e.g., Bus 2150, which connects to five sets of
40-MVar shunt reactors, the strategy is also considered as
a feasible alternative countermeasure [29]. The application re-
sult not only justifies the adaptability of BSSwhile encountering
changes in power systems, but also demonstrates the flexibility
of BSS in simulation scenario settings for ease of strategy veri-
fication and validation.

V. CONCLUSION

For isolated power systems such as TPS, a reliable and ef-
ficient black start procedure is more important than intercon-
nected power systems. In this paper, a black start decision-sup-
porting system (BSS) has been developed. The BSS currently
serves as an offline black start planning tool in TPC with high
computation efficiency. Built from the modular structure, the
supporting functions of BSS can be easily extended and further
integrated into online monitoring and control systems. BSS sig-
nificantly reduces the evaluation and simulation time of black
start strategies and offers reliable solutions as references, which
the dispatchers can make proper adjustments according to the
prevailing operation concerns, such that the pressure of dis-
patchers can be greatly relieved while dealing with a severe
blackout.
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