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ABSTRACT 

In this work, we develop and implement in computer a 

methodology that assists in the management of the distri-

bution network (planning and operation) in order to offer 

predictive solutions (considering multiple criteria), re-

garding the problem of load shedding. We use relocating 

loads and/or load shedding techniques, sometimes re-

quested by the Transmission System Operator-TSO, some-

times from a contingency in the interconnected power 

transmission system. The solution developed offers relia-

bility, productivity and efficiency through an architecture 

that uses adaptive algorithms and predictive analysis. This 

solution is based on the Multi objective Evolutionary Al-

gorithm in Tables MOEA/T [1], which was initially devel-

oped for the problem of restoring energy in distribution 

systems. The methodology developed in this research ad-

dresses the problem of load shedding, seeking to minimize 

the number of consumers without electricity supply and the 

number of switching operations, considering multiple cri-

teria. However, it is necessary to obtain an adequate 

switching operations plan so that it does not impede the 

implementation in practice and that results in solutions 

that include: the absence of overload in the network and 

substations, the maintenance of voltage levels within the 

intervals required by law and the maintenance of network 

radiality. To achieve these objectives, techniques are used 

which determine the switching sequence required for the 

load shedding plane obtained. Priority is also given to sup-

plying priority consumers and selective cutting of loads in 

conditions of exhaustion of the relocation possibilities be-

tween the primary feeders.  

INTRODUCTION 

Motivation 
 

The studies related to the load shedding problem are con-

ducted through computer simulations in traditional power 

flow programs, based on the experience of the electric util-

ity analyst, and in order to meet electrical safety re-

strictions networks.  

Therefore, to perform these studies, the operation of a 

power system complies with certain conditions that can be 

expressed in the form of sets of load and operating con-

straints.  

However, even if the distribution system has contingency 

or energy deficit, such as the shutdown of feeders and gen-

erators, it should be able to continue its operation without 

interrupting the supply of electric power, seeking to avoid 

the loss of system stability, violation of standards of elec-

trical quantities and not reach the equipment overload lim-

its and facilities. 

For the distribution system continues to operate within the 

operational constraints, the load control actions should be 

taken. These actions are implemented procedures in con-

tingency situations or emergency and have basic criteria 

adopted by the various actors involved (generation, trans-

mission, and distribution) [1-4].  

Among these actions, we can mention the load shedding, 

which is characterized by interruption of electricity supply 

through the automatic or manual shutdown of transmission 

lines or distribution circuits that can be subdivided into - 

indirect load shedding by intentional reduction in the volt-

age level on the buses, direct load shedding, that cutting 

load (manual or automatic) or load relocation of facilities 

[2]. 

Objective 
 

In order to solve the load shedding problems, load control 

actions in primary distribution systems are generally ap-

plied due to two characteristics situations - i) contingencies 

in its network of primary distribution [1]; ii) reducing the 

availability of supply system (generation and/or transmis-

sion) that may occur due to contingencies or power ration-

ing [2].  

The first condition is result from contingencies that cause 

loss of feeders, or part of them, in the primary distribution 

systems. It seeks through load control actions to maintain 

the maximum amount of state load (energized consumer 

units). For this, there are the operational constraints of the 

feeders, for example, voltage level and the maximum load-

ing of these feeders. Under these conditions of contingen-

cies, the load shedding actions should be considered as a 

last option, always running only after the exhaustion of at-

tempts to relocation loads.  

The second situation is related contingencies in generation 

or transmission that also imply load control actions in the 

electricity distribution system in medium voltage systems. 

In such cases, the problem is due to lack of supply in dis-

tribution substations that leads to energy deficit to meet the 

demand of consumers request of the distribution system. 

Thus, this work addresses the load shedding in medium 

voltage made in the event of reduction of the supply sys-

tem availability (generation and/or transmission) and it 

uses based on a robust genetic algorithm with proven in 

the literature, but originally applied to another kind of 

problem. 
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Contribution 

The main contribution of this work is the development in 

computer, a methodology for the treatment of load shed-

ding problem. Therefore, we used network reconfiguration 

techniques applied to the analysis of relocation and load 

shedding in large distribution system. This methodology 

intends to assist in the operating steps and planning distri-

bution systems with no requirement for any simplification, 

in the modeling of the problem or the amount of the elec-

tric grid equipment to be considered. Thus, the method en-

ables optimally - (i) obtaining appropriate network recon-

figuration plans (electrical switches operations) in situa-

tions it is necessary to relieve load; (ii) determination of 

practicable required switching sequence to implement the 

plan obtained; (iii) prioritization of care of special consum-

ers; (iv) selective cutting load in exhaustion conditions of 

load relocation possibilities from the feeders. 

To illustrate the problem two real specific situations were 

analyzed. The first case considers that the National System 

Operator – ONS, requests the relief of a predetermined 

load amount, considering that the electrical system in high 

voltage may leave the normal operating state. In this con-

dition the distribution system is intact.  

Thus, trying first with load relocation in the distribution 

system alleviate the amount needed. If you can’t, because 

the requested amount is large, or because there is no pos-

sibility of relocation, part to selective load is shedding, un-

til in the end the amount set is reached.  

The second situation considers that there is a contingency 

in the high voltage system (protection/processing equip-

ment, transmission lines, etc.). In this case the first step is 

to isolate the defective supply system.  

After the defect has been isolated, two other situations may 

arise - i) shutdown substations, where you need the reloca-

tion loads by opening and closing switches at distribution 

feeders to restoring all or part of the affected feeders, 

checking if the solution obtained in medium voltage ap-

plies in the high voltage system; ii) overhead in substa-

tions, requiring the execution of load shedding actions 

such as the relocation of the feeders or part of them in not 

affected substations. 

In the situation (i), a solution may not be feasible in high 

voltage because it contains rearrangements between sub-

stations powered by a single transmission line. Also, if the 

reallocate the load is not possible to bring the system to the 

normal or emergency operation, then it will be necessary 

to cut loads. In situation (ii), are made attempts to load re-

location of feeders in medium voltage network, and if you 

can´t return the system to normal operation, starts the load 

shedding operations. 

To develop the methodology, was used as the basis the pro-

cedures for power restoration after the occurrence of con-

tingencies in the medium voltage presented in [7]. There-

fore, to perform these studies, must be considered that the 

operation of a power system complies with certain condi-

tions that can be expressed in the form of sets of load and 

operating constraints.  

However, even if the distribution system has contingency 

or energy deficit, such as the shutdown of feeders and gen-

erators, it should be able to continue its operation without 

interrupting the supply of electric power, seeking to avoid 

the loss of system stability, violation of standards of elec-

trical quantities and not reach the equipment overload lim-

its and facilities. 

DEVELOPMENT 

This section will present: the basic methodology, mathe-

matical formulation and the proposed methodology. 
 

Mathematical Formulation  

The load shedding problem can be modeled considering 

technical constraints, economic, or other. 

Thus, the problem can be established as - i) minimize the 

number of switching’s; loads out of service; losses; ii) 

maintain the ability to supply substations and feeders; iii) 

respect the flow capacity feeders; iv) comply with the volt-

age magnitude limits on system buses; v) maintain com-

pliance demand (power flow equations); vi) maintain the 

radial characteristic configuration of the distribution sys-

tem.  

The load shedding problem makes use of network recon-

figuration techniques and basically consists in determining 

a radial configuration that alleviates the amount of re-

quested load and minimize the number of switching oper-

ations given various restrictions established. 

The formula can be summarized as - i) penalties for solu-

tions that violate the restrictions 𝑋(𝐹), 𝐵(𝐹) and 𝑉(𝐹); ii) 

use of Node-Depth Representation, an abstract data struc-

ture capable of storing and manipulating generating forests 

efficiently, ensuring that all changes will also produce a 

generating forest; iii) solve 𝐴𝑥 = 𝑏 using the power flow 

algorithm of forward/backward sweep with RNP, which 

naturally organizes all nodes according to a relationship 

known as Model Father-Son every setting 𝐹, that is with-

out the need for an algorithm that makes ordering. 

The equation is then written as: 

 

𝑀𝑖𝑛. 𝜙(𝐹), 𝜓(𝐹, 𝐹0), 𝛾(𝐹, 𝐹0), 𝜔(𝐹), 
        and 𝑤𝑥𝑋(𝐹) + 𝑤𝑏𝐵(𝐺) + 𝑤𝑣𝑉(𝐹) 

(1) 

s.t: Power flow calculated using the 

RNP, 𝐹 is a forest. 
 

wherein: 

F is a forest graph representing a distribution system con-

figuration , wherein each tree in that forest corresponds to 

a feeder connected to a substation; 𝜙(𝐹) is the number of 

consumers out of service in a configuration 𝐹; 𝜓(𝐹, 𝐹0) is 

the number of switching operations required to transfer the 

maximum possible number of consumers to obtain a con-

figuration 𝐹 from a configuration 𝐹0; 𝛾(𝐹, 𝐹0) is a load 

shedding amount for obtaining an 𝐹 setting from a config-

uring 𝐹0, after exhausting the charge transfer attempts. 

𝜔(𝐹) are the power losses in the system configuration 𝐹. 

𝐴 is the incidence matrix of 𝐹; 𝑋 is the vector of line 
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currents in configuration 𝐹; 𝐵 is a vector containing the 

complex currents in the load bus (𝑏𝑖 ≤ 0) or current injec-

tions in bars of substations (𝑏𝑖 ≥ 0); 𝑋(𝐹) is the largest 

network load value in configuration F, as the biggest rea-

son 𝑥𝑗 𝑥�̅�⁄  in which 𝑥�̅� is an upper limiting current to each 

current 𝑥𝑗 in a line j. 𝐵(𝐹) is the largest amount of voltage 

drop in a setting 𝐹, as the biggest reason (bs bs̅)⁄ , where 𝑏𝑠 

is an upper bound for each injection current b𝑠 provided by 

a substation 𝑆; 𝑉(𝐹) is the highest value of voltage drop in 

a setting 𝐹, given by the greater of |𝑣𝑠 − 𝑣𝑘|/𝛿, where 𝑣𝑘 

is the magnitude of tension in pu in bus 𝑘 and 𝑣𝑠 is the 

magnitude of tension in pu in bus 𝑠 feeding the bus 𝑘, 𝛿 is 

the maximum allowable voltage drop, and 𝑤𝑠, 𝑤𝑏 e 𝑤𝑣 are 

weights set according to the value of operational con-

straints, and: 
 

𝑤𝑥 =
𝐴, 𝑖𝑓, 𝑋(𝐹) > 1
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒;

 

𝑤𝑥 =
𝐵, 𝑖𝑓, 𝐵(𝐹) > 1
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒;

 

𝑤𝑥 =
𝐶, 𝑖𝑓, 𝑉(𝐹) > 1
0, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒;

 

 

and A, B and C are positive values. 

Proposed method 

Considering the analysis to the case where there is a con-

tingency in supply system, and does not know in advance 

the amount required load to ease the system, the first step 

is to try the relocation of cargo via network reconfigura-

tion, allowing reallocate certain amount of charge for Sub-

stations feeders, different in order to reduce the loading of 

the SEs processors involved in contingency, reduce the 

number of operations, operating automatic switches only, 

and prioritizing keep loads of essential services (VIPs). At 

the end of the attempted relocation charges, if there is the 

amount that could be alleviated it contributes to the supply 

system to operate in a normal state or even in a state of 

emergency. This check is performed by applying a load 

flow analysis in high voltage type Newton Raphson. This 

analysis is carried out due to unforeseen contingencies, 

that is, when you do not know the charge amount to be 

relieved, then requiring a check of the impact on high volt-

age action taken in medium voltage. If the load relocation 

operations are not enough for the supply system to operate 

in its normal state, load shedding operations will be 

needed, considering also only the automatic key operation, 

prioritizing keep loads of VIPs consumers avoiding unnec-

essary switching’s and finally assessing whether the 

amount of cut/relocated solves the problem in supply sys-

tem. 

The methodology proposed in the planning of the opera-

tion, allows previous studies are conducted, assisting in the 

preparation of normative documents as the PCMC re-

quested by the regulator. In this situation, given a known 

load amount to be shedding in the system, this analysis 

seeks to reallocate loads between feeders in medium volt-

age network, belonging to the same SE or not, via network 

reconfiguration, in order to reduce the load SEs of the 

transformers involved in contingency and the number of 

maneuvers, only operating automatic switches, giving pri-

ority to VIPs loads and avoiding unnecessary switching se-

quences, and allowing switching operations such as ”open-

close” due CELPE request.  

In this type of action is not required to verify the impact on 

High Voltage/Subtransmission network, precisely because 

it assumes that it is previously known load amount (MW) 

to be relieved of the system.  

This analysis is necessary to determine the amounts circu-

lating in Transmission Lines - TLs and SEs, by loading 

level before the defects, for when the redistribution of 

flows (eg.: loss of a line of a circuit double) know is how 

and where you must be relieved of loading, which will de-

pend on the chosen cut-off criteria and load ranking.  

If the load relocation operations are not enough load shed-

ding operations will be necessary, giving priority to keep 

loads of essential services. There are several strategies that 

can be adopted to perform the load control action. 

 

Prioritization Consumers Considering Priority Levels 

As regards the procedures to be implemented for load con-

trol of the distribution system, it is incumbent of the elec-

tric power companies select the consumer units, substa-

tions and feeders, subject to transitional control actions of 

loads, taking account of the guidelines for prioritizing and 

cutting amounts of loads, considering the ONS determina-

tions and their own studies.  

In addition, they must prepare a quarterly study containing 

the prioritization of manual load shedding in substations 

and a document containing prioritization of manual load 

shedding in feeders.  

The customer list classified as special service has been de-

veloped and provided by the utility, using own metric. 

Based on the list of essential consumers the MOEA/RC 

prioritizes the relocation and/or load cutting of sectors that 

do not contain special consumers.  

In CELPE, the loads are distributed in 9 priority levels, 

which in turn, were grouped into three large groups of pri-

ority; high level (VIPs - 1, 2 and 3); middle level (4, 5 and 

6) and low level (7, 8 and 9) 

 

Calculation of the number of switching operations and 

identification of the switches and the switching se-

quence 

To calculate the number of switching operations must take 

into consideration that the switching operations, for execu-

tion of the cut, will be unique and the switching for relo-

cation between feeders is for relief of a substation or for 

restoring loads without supply are always performed in 

pairs. The order that these two operations are performed is 

crucial to the operation of the network in a radial way. To 

obtain the switches operated and the operation associated 

with the switches (opening, closing), we used an object in 

C++ named tuple that is simply an ordered set of elements 

that can be of different types. 

Thus, a forest 𝐹 has a switch vector modified in which are 

stored the switch code and the operation performed (0 = 
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open, 1 = closing and opening -1 = to cut). A forest 𝐹1 , 

generated based on a forest 𝐹0, you have this list, the 

switches and operations necessary to leave 𝐹0 and get 𝐹1 . 

The vector size shows the number of operated in switches. 

By applying the mutation operators (PAO or CAO), [6], 

this list is updated with the information of the operated 

switches. 

 
 

Definition of a final solution 

The goal of multi-criteria evaluation is achieved through 

an aggregation function, which gives every alternative of 

load shedding, an overall score within the feasible solu-

tions. The lower is this global note, best classified will be 

the solution to the relocation in the context of multi-criteria 

and/or cutting. The aggregation function considers weight 

and operational constraints and the number of VIPs con-

sumers changed for each configuration, as shown in Equa-

tion (1). The process of choosing the final solution begins 

by checking the feasibility of these solutions in the tables 

at the end of the evolutionary process.  

Thus, after the MOEA/LS reaches its stop criterion, sub-

populations store in tables are checked. For the case where 

the amount to be shed, only solutions that have reached 

this amount will be extracted and saved in a vector. We 

highlight that this objective could have been achieved only 

with load relocation, with load shedding or with load shed-

ding and load relocation.  

This auxiliary vector gathers only feasible solutions, that 

will be subsequently analyzed, in order to draw up a rank-

ing of options so that the operator can evaluate and choose 

among several feasible solutions which best meets your re-

quest. Verification of the tables is terminated when this 

feasible subpopulation is complete or when the analysis of 

all tables is finished.  

For the case where the amount of load shedding is pro-

vided, we decided to first check the table that stores the 

individuals who possess a load shedding greater than or 

equal to the requested. If during the evolutionary process 

of MOEA/LS is found a feasible solution from the point of 

view of load and relief that reduces the number of switch-

ing operations and with the least possible amount of high 

level consumers/cut, then removed this solution, it is de-

sirable, will be stored in more than one table, for example, 

the table that stores the configuration (individual) which 

reduces the number of customers VIPs high level trans-

ferred or cut and the table that has the settings of the feed-

ers that minimize resistive losses.  

Then, this vector formed exclusively for feasible solutions, 

is analyzed to be determined, one of these solutions, five 

subset consisting of: i) solutions that relocate only loads 

with the least number of maneuvers; ii) solutions that turn 

off only non-priority loads with the least number of ma-

neuvers; iii) solutions that turn non-priority loads and 

loads with low priority, with the smallest number of ma-

neuvers; iv) solutions that turn non-priority loads and loads 

with low and medium level of priority with the least num-

ber of maneuvers; v) solutions that consider the shutdown 

of non-priority loads and loads with low, medium and high 

level of priority with the least number of moves. At the end 

of the process, the algorithm features as output sequencing 

of switches that must be operated, and the reason for 

change.  

The user to switch between the tabs you will see graph-

ically the location and the final State of the network to 

change the States of the switches. After changing the user 

can view the network characteristics of medium and high 

voltage, such as voltage, current, power, check the section 

loading graphically, among others 

RESULTS 

The results refer to the values of switching in automatic 

switches in the electrical system. The values have been ob-

tained based on the results of 100 simulations performed 

with the methodology. Some pareto borders obtained by 

MOEA/LS are illustrated in Figure 1 and Figure 2. 
 

 
Figure 1 - Pareto borders obtained for the load shedding of 100, 

200, 300 and 400 MVA system 

In Figure 2 are presented pareto borders, the set aggrega-

tion function and switching operations in automatic 

switches. 
 

 
Figure 2 - Pareto borders obtained for the load shedding of 100, 

200, 300 and 400 MVA system 

According to the pareto frontier generated, you can see the 

mapping of the solutions with the lowest number of 

switching operations in automatic switches proposed by 

the methodology MOEA/LS. 

 

PCMC vs MOEA/LS 

An average of feasible responses was obtained and com-

pared with the answers provided by PCMC. In 93% of the 

cases, the MOEA/LS provides best feasible answers that 

the answers provided by the PCMC, about the number of 

consumers without power supply. Only on 7% of cases, the 
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PCMC is better or provides responses like MOEA/LS. 

For the analyses of VIPs consumers affected by relocation 

and/or load cut in 85% of cases, the MOEA/LS proposes 

better automatic switching operations, i.e. hit fewer VIPs 

consumers, as shown in Figure 3. 

It was possible to compare the average number of switch-

ing operations required to relieve the amount needed. In 

29% of the time, the MOEA/LS presented feasible answers 

better than the PCMC, from the point of view of a lesser 

amount.  

This value appears worse than that proposed by the PCMC, 

however, must take into consideration that the PCMC pro-

poses mostly switching operations at the beginning of the 

feeder, shutting down the power supply completely, and 

the MOEA/LS try to minimize this kind of switching op-

erations that shuts down the feeder, proposing switching 

operations that transfer the maximum possible loads, and 

only when depleted these options, is that it is to cut loads 

as shown in Figure 4. 

 
Figure 3 - PCMC vs 
MOEA/LS - VIPs Consum-

ers affected 

 

 
Figure 4 - PCMC vs 

MOEA/LS - Number of 

maneuvers 

 

Simulation for contingencies supply system  

In this subsection are presented the results of comparative 

tests between the practical solutions proposed by 

MOEA/LS and the solutions proposed by PCMC. In 83% 

of cases, the MOEA/LS provides practical answers better 

than the answers provided by the PCMC, about the number 

of consumers without power supply. Only in 17% of cases, 

the PCMC is better or provides responses like MOEA/LS, 

as shown in Figure 5. 

Tests were conducted for the analysis of VIPs consumers 

affected by relocation and/or cutting. In 80% of the cases, 

the MOEA/LS proposes automatic switching operations 

are better, i.e. hit fewer VIPs consumers. The PCMC only 

20% of the time proposes better switching operations than 

the  

 
Figure 5 - PCMC vs 

MOEA/RC – Consumers 

without service 

 

 
Figure 6 - PCMC vs 

MOEA/LS – Number of 

switches 

Comparing the number of switching operations needed to 

relieve the required amount requested, in 37% of the time, 

MOEA/LS presented feasible responses better than PCMC 

to fewest number of switching operations (Figure 6). 

This is because almost always, the PCMC indicates the 

maneuver of turning off the feeder completely, which al-

ways requires a single maneuver, that is, not necessarily 

smaller switching operations offer a better response. 

CONCLUSION 
 

This work has relevance to the Brazilian electric power 

utilities because when applying the proposed methodology 

in a large real distribution system, it was verified that, in 

comparison with the currently used technique, the devel-

oped methodology is reliable and presents good results 

about: feasible switching operations in automatic switch, 

reduction in the number of switches and reduction of the 

number of consumers and consumers without priority at-

tention. In addition, the methodology has application ca-

pability in other similar systems and was integrated in a 

computer system with graphic environment allowing case 

studies and database storage 
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