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Abstract—The work aims to improve the existing fast load
shedding algorithm for industrial power system to increase
performance, reliability, and scalability for future expansions.
The paper illustrates the development of a scalable algorithm
to compute the shedding matrix, and the test performed on a
model of the electric grid of an offshore platform. From this
model it is possible to study the impact on the transients of
various parameters, such as spinning reserve and delay time.
Subsequently, the code is converted into Structured Text and
implemented on an ABB PLC. The scalability of the load
shedding algorithm is thus verified, confirming its performance
with respect to the computation of the shedding matrix and the
usefulness of the dynamic simulations during the design phase
of the plant.

Index Terms—fast load shedding, industrial power system,
energy management system, offshore platform.

I. INTRODUCTION

Industrial power systems require energy management sys-

tems (EMSs) to ensure the operations of industrial plants [1],

[2]. One of the main functionalities of the EMS is the load

shedding (LS). LS is used when the frequency falls below

safety thresholds. If the generators are not able to stop this fall

and to restore the values to the nominal ones, it is necessary

to reduce the power absorption. This is where LS comes in,

taking care of shedding loads avoiding the blackout.

LS is very effective in stand-alone grids, where there are

great difficulties in frequency stability related to the production

of electric power, but it is also useful in grid-connected

plants to handle sudden trips of the external connections. The

two principal LS methods used are the fast load shedding

(FLS) [3], [4] and the frequency-based load shedding, such

as the underfrequency load shedding (UFLS) [5], the hybrid

frequency-based load shedding [6] and the neural-network

underfrequency load shedding [7]. These systems can be

integrated, and generally the UFLS is the backup for the

FLS [8]. The FLS is by definition the fastest and it is event-

driven: it requires measurements of power and circuit breaker

status from the generators; its architecture is described in [9].

Dynamic simulations are very useful to optimize parameters

and to check the effectiveness of the LS algorithm [10], [11],

[12]. FLS functionalities in the industrial sector generally does

not have a high degree of scalability. The algorithm proposed

in this paper was developed starting from an existing offshore
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Fig. 1. General structure of the algorithm.

plant, but was structured with an intrinsic scalability that

would allow its expansion and application to different plants

and scenarios. Moreover, dynamic models were developed to

study the impact of parameters and to optimize their choice,

minimizing the load to shed to maintain stability.

The load shedding algorithm is generally implemented

in the distributed control system (DCS) of the industrial

plant [13], therefore one important requirement to meet was

to develop the code also in Structured Text, ensuring the com-

patibility with PLCs, maintaining a high degree of scalability.

II. PROPOSED ALGORITHM

The structure of the FLS algorithm is described in Fig. 1. It

is important to introduce the concepts of “event” and “prior-

ity”: the events are the undesired and unplanned perturbations

that may bring the system to instability. For every possible

event foreseen in the design process, the load shedding al-

gorithm has to calculate the loads to disconnect in order to

keep the system in safe conditions. The priority of the load

represents how much the load is important for plant operations.

The priority may change during the operations of the plant, so

it can be set dynamically. There is the possibility that more

loads have the same priority. The most important loads can be

set as “non sheddable”.

The proposed algorithm can be divided in two parts. The

first one is the load selection algorithm (LSE). The inputs of

this section are:

• The load list with their priorities;
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TABLE I
EXAMPLE OF THE SHEDDING MATRIX.

Load list Event no. 1 Event no. 2 . . . Event no. m

Load no. 1 0 0 . . . 1
Load no. 2 0 0 . . . 1
Load no. 3 0 1 . . . 0
. . . . . . . . . . . . . . .

Load no. n 1 1 . . . 0

• The graph of the grid;

• The number of foreseen events.

This section is dived in two subsections with different

purposes. The first subsection is the power mismatch (PM)

calculation: here the minimum power to shed in order to

maintain stability for every event is computed, according to

the status of the grid. It is important to notice that the opening

of one bustie does not imply a loss in the power generated,

but the division in two sub-networks. For each sub-network

the PM is computed, and if it is positive a shedding action is

required. The second subsection is the load selection: in this

second part the algorithm selects the load to shed for every

PM (thus for every event) according to their priority and to

the status of the circuit breakers. The sum of the power of

the shed load is the actual power shed (PS). PS must always

be greater than PM. If there are loads with the same priority,

the usual choice is to first shed the one with the higher power

absorbed, in order to minimize the number of loads switched

off.

The output of the load selection (LSE) algorithm is the

shedding matrix (SM), that represents a list of loads to switch

off for every event foreseen. The rows of the matrix represent

the loads, while the columns represent the events. An example

of matrix is shown in Table I.

The value 1 is associated to the load to be shed, while 0 to

the load not to be shed. It is useless to update the shedding

matrix faster than cycle time of the acquisition of power

measurements, so generally the LSE algorithm is executed

every 0.5–2 seconds. The second part of the algorithm is the

event detection and shedding action (ED-SA) This second part

uses as inputs:

• The shedding matrix SM previously computed

• The status of the circuit breakers

The purpose of this section is to detect if an event occurs

and take the action needed to shed the load according to the

SM. When an event occurs, this section of the algorithm is

triggered, and produce a signal to open the correspondent

circuit breaker of the load as output. Therefore ED-SA must

be executed faster, and the delay time between the event

and the end of the breaking phase of the circuit breaker

is generally 100 – 250 ms. The events considered by the

proposed algorithm are:

• Trip of a single generator

• Opening of one bustie (and so reconfiguration of the grid)

• Loss of every generator inside a building (fire & gas

event)

• Blackout of the external grid

The proposed LSE algorithm works without limits on the

number of generators and load, and up to three busbars. The

topology of the grid is not preset, but it is an input: this

ensures a high scalability. It also works when one or both

the busties are open. The code is developed in MATLAB, that

allows a simple management of the matrices, with many pre-

set functions. From the MATLAB environment it is possible

for example to import and export code in C, generate executa-

bles, perform dynamic simulations on Simulink to verify the

functioning of the algorithm and from here export Structured

Text (ST) code for programmable logic controllers (PLC) and

other controllers. PLCs offers the advantage to be a real-

time system with a defined cycle time selected during design

phase. Once the ST code has been developed, it can be

downloaded to different PLCs. The algorithm considers gas

turbines functionalities, e.g., gas turbines output power losses

with rising temperatures and changes in the combustion mode

with Dry Low Emission (DLE). In the range of the combustion

change, the SR parameter is generally zero (or very low) due

to gas turbine combustion instability. Generally, this range of

power is avoided during normal operation, but it may occur

in some situations. Thus, for safety reasons, it is considered

in this study. The algorithm allows to handle a second event:

after a first event (e.g., the trip of a generator), the algorithm

do not stop all the operations, but allows a second event

algorithm to handle any issues while the main algorithm is

restarted. This functionality can be easily implemented in

a PLC, programming to stop the FLS algorithm for a few

seconds (to settle the power transient) and relying on a UFLS

algorithm in the meantime.

Fig. 2 represents the flowchart for the events regarding the

generators, the other events present minimal changes with

respect to the presented one. The power mismatch (PM) is

computed as

PMi = Pgen
i
− (SRtot − SRi) , (1)

where Pgen
i

is the power output of the generator that trips,

while (SRtot − SRi) is the spinning reserve of the remaining

generators. The spinning reserve for this kind of application

is defined as the instantaneous pickup capability, i.e., the step

change in the power that a generator can take without going to

underfrequency condition. Sometimes it is called incremental

reserve margin (IRM). This parameter is usually given from

the manufacturer of the generator, but it may be changed

performing dynamic studies on the grid, as will be shown.

III. VALIDATION AND RESULTS

The effectiveness of the algorithm has been tested with

dynamic simulations on a model of an industrial power system.

The model created represents an existing offshore platform,

whose diagram is represented in Fig. 3. Connections to the

external transmission grid are not generally used: all the power

is produced locally by four gas turbines.
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Fig. 2. Flowchart for the events regarding generators.
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Fig. 3. One-line diagram of the power system under study.

The starting point of the dynamic model is the swing

equation, which describes the rate of change of the frequency

(ROCOF):

df

dt
=

f0

2
∑

n

i=1 HiSni

(Pg − Pl) , (2)

where Hi and Sni
are the inertia constant and the nominal

apparent power of the i-th generator respectively, f0 is the

nominal frequency, Pg is the power produced by the generators

and Pl is the power absorbed by the loads. From (2) it is possi-

ble to see the variation of the frequency in the system after the

TABLE II
GENERAL ELECTRICAL CHARACTERISTICS OF THE SIMULATED TURBINE.

IN BRACKETS THE USUAL RANGES FOR RATED POWER AND INERTIA

CONSTANT ARE INDICATED.

Rated power (ISO conditions) [25–30 MW] 28
Aternator speed [rpm] 1500
Nominal frequency [Hz] 50
Inertia constant H [2–3 s] 2.5
Nominal voltage [kV] 10

0 2 4 6 8 10 12 14

time [s]

47

47.5

48

48.5

49

49.5

50

50.5

fr
eq

ue
nc

y 
[H

z]

with load shedding
without load shedding
shedding action completed
threshold for underfrequency protection

Fig. 4. Frequency behavior with (blue solid line) and without (red dashed
line) the shedding action.

event (e.g., the loss of power of one generator). Stand-alone

industrial systems tend to have lower inertia and, conversely,

higher per-unit accelerating power (the difference between

the generated and the requested power) compared to national

power systems, resulting in high frequency oscillations. The

variation of the frequency is the input to the turbine-governor

model, that has been tuned to represent narrowly the behavior

of the gas turbines used in the plant, whose data are reported

in Table II.

The regulating power and inertia of the loads are neglected

because they vary according to the loads connected and their

impact is limited, moreover it is safer to neglect their effect

rather than to consider them.

Simulations have been performed considering two genera-

tors connected, that is the harshest condition since the inertia is

low and the accelerating power is high. The event considered

at t = 2 s is the most frequent one: the trip of a generator.

The delay time include the ED-SA time, the delay in the

communication and the opening of the circuit breakers of the

loads; here it was assumed equal to 200ms.

Fig. 4 represents the frequency with and without the

shedding action. Without the LS, the nadir of frequency is

47.14Hz. This value would have triggered the protection

relay because it is under the underfrequency threshold, that

here is set at 48Hz. With the load shedding action, the
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Fig. 6. Frequency behavior with (blue solid line) and without (red dashed
line) the shedding action.

nadir of frequency becomes 48.63Hz, avoiding the trip of

the protection devices and allowing the grid to remain in

operation, even if at reduced power.

The dynamic model developed can be used not only for LS

algorithm validation, but also to optimize the parameters. This

process is represented in Fig. 5.

Once the model of the generator is selected, its parameters

of the turbine-governor model and H are set. Hence, the choice

of the SR parameter used as input in the LS algorithm and

total time delay remains, which must be made respecting the

underfrequency specifications and the safety threshold defined.

Performing many dynamic simulations, the trend of the

nadir can be plot obtaining a surface of correlation between

spinning reserve, delay time and nadir. The plot in Fig. 6

gives a visual representation of the frequency nadir as spinning

reserve and delay time vary. At every intersection of delay time

and spinning reserve set, a simulation has been performed, and

the resulting nadir has been plotted.

Fig. 6 is very useful in the correct design of the LS function
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Fig. 7. Trend of the frequency nadir with respect to delay time variation.
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Fig. 8. Trend of the frequency nadir with respect to SR variation.

of the plant, allowing an optimal selection of the SR parameter

and the maximum delay time needed to match the design

requirements, minimizing loss in operations and avoiding the

trip of the underfrequency protection relays.

Once one of these two value is set, it is possible to extract

a plot that highlights the impact of the other parameter. Fig. 7

shows the impact of the delay time when SR set at 6MW.

Up to 200ms there is not a great difference, but the impact

increases rapidly after that value.

Fig. 8 shows the impact of the SR parameter when the delay

time is 200ms.
The nadir decreases because SR here is defined as the

parameter that is given as input to the LS algorithm to calculate

the PM (the amount of load to shed). Considering a higher

spinning reserve, the load shed would be less, and therefore

the turbine will have to supply more power reaching a lower

nadir.

Therefore, two different plants can select different SRs



despite having the same turbine and an identical control

system, according to the safety margin on the underfrequency

threshold to obtain. The value of the spinning reserve set for

the LS algorithm is very important, because the higher this

value is, the lower the load to shed is, allowing the plant to

maintain a good degree of operation. As long as in the plant

under analysis the delay time cannot be lowered, only the SR

parameter can be selected. From Fig. 8, the maximum value of

the SR to use remaining over the 48Hz threshold is 8.4MW,

however it is advisable to consider a safety margin. To obtain

a safety margin of 0.5Hz on the underfrequency threshold

a SR = 6MW must be selected, while if the safety margin

requested is 1 Hz this value must be lowered to 3.1MW.

After this optimization, the developed algorithm has been

converted in Structured Text (ST) and imported in the

CODESYS environment, using the automatic code generation.

The ST code has been then downloaded on an ABB AC500

PLC for testing. Software tests in the CODESYS developing

environment and hardware tests on the PLC were conducted

to verify the computation of the shedding matrix. The ST is

IEC 61131-3 compliant, ensuring the compatibility of the code

with any PLC.

IV. CONCLUSION

The developed FLS algorithm adapts according to the

topology of the grid, thus allowing high scalability, relying

only on the inputs provided from the field or defined in the

design. The dynamic behavior of the algorithm was tested on

a model of an existing offshore platform. From this model it

was possible to study the impact on the transients of various

parameters, such as spinning reserve, inertia and delay time.

A model-based method was developed to obtain the optimal

value of the spinning reserve to set in the algorithm, to

ensure both safety and operability. The LS algorithm was

coded in Structured Text, making possible to implement the

algorithm on any PLC. The implementation on PLC allows to

integrate this algorithm on existing control systems using the

common industrial communication protocols, expanding the

functionalities of the plants without the need to completely

change the control system.
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