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a  b  s  t  r  a  c  t

Power  system  blackouts  harm  economic  activities  and  worsen  the  customers’  welfare.  Smart  grids’  self-
healing  capacity  is  an  important  feature  for  future  power  systems  and  it should  also  include the  ability
to  manage  the  distributed  energy  resources  to  ensure  power  supply  for a longer  time.  This  is required
because  the  duration  of  a  blackout  is unknown  and  bulk  power  system  blackstart  is a complex  task.  The
deployment  of microgrids  can  overcome  these  challenges  since  they may  be operated  in an  autonomous
way.  This  paper  proposes  a  methodology  for microgrid  management  in islanded  conditions  aiming  to
maximize  the  duration  of power  supply  taking  into  account  the  availability  of  renewable  sources  and
stored  energy.  In order  to accomplish  this  goal, some  management  options  are  considered,  such  as  load
shedding,  dispatch  of expensive  fossil  fuel  sources,  and  demand  response  actions.  The  control  actions
are  determined  with  the  help  of  a fuzzy  logic  methodology.  The  proposed  approach  is  validated  with  a
modified  IEEE  34  node  sample  system.

© 2017  Published  by  Elsevier  B.V.

1. Introduction

Power system blackouts are harsh occurrences and cause
multimillion-dollar financial losses in industrial and commercial
activities due to their high scale [1]. Self-healing features in smart
grids regard to high level of automatic preventive, corrective and
restorative capacity that will address options for management of
outages, automatic system restoration, and implement strategic
improvements in power system security, reliability and availability
[2,3]. An option to achieve a more reliable and resilient power sys-
tem is through microgrids deployment. Microgrids are small-scale
power systems with distributed energy resources (DERs), control-
lable loads and islanded operation capacity [4]. These DERs include
small-scale renewable wind and photovoltaic plants, gas microtur-
bines, combined heat and power (CHP) units, reciprocating engines,
and energy storage systems (ESSs) like batteries, fuel cells and
flywheels. In emergency conditions, electric vehicles can also be
considered an important energy source. Such features are the key
to their higher reliability and resiliency, which refers to the sys-
tem’s ability to withstand extreme and rare incidents in an efficient
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way while ensuring the least possible interruption in power sup-
ply, and further enabling a quick recovery and restoration to the
normal operation mode [4]. All these concepts shed some light on
self-healing feature regarding to service restoration, grid reliability
enhancement, resiliency, economic competitiveness, outage rates
and costs decrease [1].

In order to operate in islanded mode, there must be enough
power generation and energy storage capacity to supply the loads,
or at least the most important ones. The energy management
system (EMS) is responsible for managing and controlling power
sources and loads, monitoring the coupling point to the main grid,
and taking control actions with a technical and economic basis.
Sensing and metering devices besides robust and reliable commu-
nication systems are required for both centralized and distributed
control approaches.

It is not reasonable, however, to consider that a typical microgrid
has enough installed power capacity to supply all its customers,
due to the high financial investment required. The ESSs are not
planned to supply the load for a long period of time and the most
common power sources are renewable-based, i.e. photovoltaic and
wind, which are intermittent and cannot assure the power sup-
ply continuously. Planning the operation of these power sources
requires both a reliable short term forecasting tool and an efficient
dispatching sequence for the available power units, accomplished
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Nomenclature and variables

ACC Achievable cycle count
ANEEL Brazilian Electrical Energy Regulatory Agency
ANN Artificial neural network
CHP Combined heat and power
DER Distributed energy resources
DoD Depth of discharge of an ESS
DR Down-ramp for fossil units
DT Down-time for fossil units
EMS  Energy management systems
ESS Energy storage systems
F Set of fossil-based power units
FL Fuzzy logic
i Power generation unit
Ich Charging current of an ESS unit
Idch Discharging current of an ESS unit
MUC  Microgrid oriented unit commitment
Nf Number of fossil units
Nr Number of renewable-based units
Ns Number of storage units
PCC Point of common coupling
Pg Active power generation from unit i
PLoad Active power load
Ploss Active power losses
PREN Current active power from renewable generator
PREN,NOM Nominal power of a renewable generator
PV Photovoltaic power
R Set of renewable-based plants
REN Renewable-based power
RPPR Renewable power penetration ratio
S Set of energy storage systems
Si Shut-up and down costs for fossil units
SOC State of charge of an ESS
T Total expected islanded time
TOFF Minimum off-line time for fossil unit
TON Minimum online time for fossil unit
U Unit i status (On/Off)
UC Unit commitment
UR Up-ramp for fossil units
UT Up-time for fossil units
V Nodal voltages
� ESSs’ charging/discharging status

by a microgrid-oriented unit commitment (MUC), which is the unit
commitment problem oriented to microgrid conditions.

Several papers propose different approaches for microgrid
operation in emergency conditions. Ref. [4] proposes a resiliency-
oriented microgrid schedule considering the load curtailment
minimization during an outage as objective function. According
to the authors, the final solution is economically optimal as it
guarantees minimal load curtailment and customer inconvenience.
Ref. [5] investigates the feasibility of a decentralized multiagent
operation control in normal and emergency conditions. During
the emergency, the different agents assist each other to stabi-
lize the microgrid, to perform restorative actions, and to negotiate
excess/absent power with other external sources.

In Ref. [6] the authors propose a control framework for micro-
grids aiming to minimize operation costs and to maximize revenue
when operating in grid-connected mode. In islanded mode, the
objective is to maximize the load supplied by the available dis-
patchable and nondispatchable DERs. Ref. [7] develops an inexact
stochastic fuzzy chance-constrained optimization model for elec-
tric schedule management of a regional microgrid aiming to

minimize CO2 emissions in a risk-averse scenario. A fuzzy energy
management system for a microgrid is also presented in Ref. [8],
where the goal is to minimize the initial investments and operation
costs in a system with a fuel cell, an electrolyzer and a desalina-
tion plant. A fuzzy-based EMS  is also investigated in Ref. [9], where
the goal is to minimize control actions and improve system stabil-
ity through assessing new set points for dispatchable generators
and storage systems. The performance of fuzzy-based EMSs is also
investigated in Ref. [10] concerning voltage and frequency stability
after sudden load changes, and in Ref. [11] regarding the behavior of
a small microgrid with double-fed induction generator-based wind
turbine. Refs. [12–16] investigate some technical issues regard-
ing to microgeneration control, droop methods in inverter-based
DERs, blackstart procedures, islanded operation of microgrids, and
protection issues.

Some investigations on unit commitment (UC) in microgrids are
addressed in Refs. [4,17–20]. Ref. [17] presents a multiobjective
approach considering the minimization of customers’ electricity
bill and the maximization of system’s stability. As these objectives
are conflicting, the authors propose a lexicographic ordering for the
two objective functions. Ref. [18] investigates the UC  problem in
microgrids applying the concept of probability of self-sufficiency,
which indicates the capacity to meet the local load and provides
guidelines to assess the ESSs sizes to achieve the desired self-
sufficiency. Ref. [19] solves the UC problem with carbon emissions
constraining using dynamic programming and Ref. [20] applies a
mixed-integer linear approach to solve it and considers stochas-
tic models to cope with generation and load uncertainties. None of
them addresses the problem of resilience of microgrids by manag-
ing the systemı́s resources in order to maximize the time of energy
supplying. This is the main core of this paper, as discussed ahead.

Considering that a microgrid has limited power generation
capacity, it is not possible to ensure an uninterruptible power sup-
ply after the occurrence of a blackout followed by an islanding
action. In this paper, an approach for islanded operation of micro-
grids which aims to maximize the number of customers supplied
during a minimum period T is formulated. This period T may  be
determined according to the historical data of outages duration for
a given system.

This paper builds on microgrids subject by considering that
there is not enough installed capacity to supply the customers con-
tinuously, different from Ref. [4]. In addition to it, the demand
management is considered as an option to match the proposed
goal, i.e. it is not restricted only to balance power. To accomplish
it, three different operation modes are proposed to the microgrid
– emergency, critical, and survival. A centralized control approach
is applied, instead of a decentralized one [2,3,5], to manage the
operation after the recomposition procedures.

Thus, this paper aims to contribute in microgrids investigation
by:

• introducing a fuzzy-based methodology to determine the oper-
ational schedule in order to maximize the amount of customers
supplied in the system when operating in islanded mode during
a given minimum period of time T;

• formulating a microgrid oriented unit commitment (MUC) for
isolated operation.

This paper is organized as follows: Section 2 describes the pro-
posed fuzzy-based management, its basic features, inputs, outputs
and the operation steps, including the modified UC problem. Sec-
tion 3 presents some simulations considering different generation
scenarios. Finally, Section 4 presents the conclusions.



https://isiarticles.com/article/94916

