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Abstract: This article describes the optimization models recently applied to the design and opera-
tion of power systems towards forming smart grids and identifies trends, barriers, and possible gaps
in this area. Models are described to optimize the design and operation of power systems consider-
ing renewable energies, distributed generation, microgrids, demand management, and energy stor-
age systems. It was concluded that it is necessary to validate many of the models formulated re-
cently to optimize the operation through tests with real data and on a large scale. Furthermore,
demand management and microgrids are aspects in which it is necessary to develop models for
optimal power flow. Finally, it is necessary to predict stochastic variables with greater precision so
that these models adapt to the real behavior of the system.
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1. Introduction

Power systems are in constant development, the progress of cities drives the ad-
vancement of electricity supply systems. The great changes that are observed in the cur-
rent power systems concerning previous decades are evident. These changes aim to in-
crease the efficiency of the systems, reduce the environmental impact caused by the gen-
eration of electricity and guarantee sustainability over time.

It has been suggested that one way for the sustainable development of power sys-
tems is the creation of smart grids (Smart grids). Smart grids integrate electrical and com-
munications infrastructure with advanced automation and process information technol-
ogies [1].

The smart grid concept is broad, and its extension depends on the needs of the system.
This term has been defined as a modernization of the energy supply system to automati-
cally monitor, protect and optimize the operation of the interconnected elements [2, 3].
According to the Electric Power Research Institute (EPRI), some of the benefits expected
from the implementation of smart grids are Greater reliability and power quality, security
and robustness against risky events, energy efficiency, and environmental effects; finan-
cial benefits [2].
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Figure 1. Desirable of smart grids in general and for each stage of the power system.

In Figure 1, a summary of the desirable characteristics of smart grids is shown.
Among these, greater efficiency, greater control, and reliability are sought in the electricity
supply system, taking into account the characteristics of the network. The requirements
of smart grids also add greater complexity to the energy supply system, which generates
a series of challenges to be addressed [1,4]. One way to ensure that the implementation of
smart grids is truly beneficial for the electricity supply and its sustainability is to apply
optimization techniques to minimize or maximize certain desired factors. For example, in
planning, optimization makes the most of available economic and environmental re-
sources. In addition, the optimization applied to the operation helps to guarantee tech-
nical safety conditions during the operation of the system. Optimization techniques have
been applied to power systems since the mid-1960s [5], and they have played an important
role in planning and operation. These techniques have been used for different types of
problems such as cost reduction in the design of the facilities, minimization of costs in the
operation of generation plants, minimization of emissions in thermoelectric plants, mini-
mization of losses in operation, minimization of costs in the design of transmission lines,
among others. To solve each optimization problem, it is necessary to develop a model that
allows the most appropriate techniques to be applied. An optimization model is a mathe-
matical representation of a system in which a set of decision variables must mini-
mize/maximize an objective function, subject to restrictions [6,7]. Because of the evolution
of power systems, the models applied for optimization must integrate the changes made
in the structure of these systems so that they can be applied and their results are repre-
sentative of reality[7-11]. In this sense, this paper initially describes some aspects that have
been considered in the most recent research related to smart grids and the new complexity
of power systems. Then, the optimization models applied to the design and operation of
power systems on the way to creating smart grids are described. Likewise, trends, barriers,
and possible gaps in this field of study are identified. Accordingly, this study’s main issue
is network data envelopment analysis to measure organizational ambidexterity and effi-
ciency of regional power companies in Iran. To achieve this goal, in the continuation of
the article, the theoretical foundations of the research are reviewed, and the mathematical
model for calculating ambidexterity and efficiency is introduced. After that, the research
method will be explained, and in the fourth section, the relevant calculations will be ana-
lyzed, and finally, the necessary conclusions will be drawn from the research findings.

2. Characteristics and current trends of power systems

At present, for the reduction of environmental impact and sustainability over time,
forms of generation based on renewable sources such as wind energy, solar energy and
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hydraulic energy have been implemented. The worldwide installed capacity of these en-
ergy sources has reached 1,849 GW for the year 2015, with an increase of 8.7% with respect
to 2014, including hydroelectric generation [8].

In the transmission of electrical energy, greater flexibility and efficiency have been
sought, especially over long distances with the use of direct current transmission lines
(HVDC: High voltage direct current transmission). This type of system can provide ad-
vantages such as power flow control, cost reduction and can allow the interconnection of
asynchronous systems [9].

In the field of energy distribution, distributed generation and microgrids are trends
that are currently being implemented and that are seen as alternatives to reduce the losses
that exist in the transmission of large blocks of energy over long distances. Among the
strategies at the distribution level, active demand or demand response, is another way
that is being implemented to control the flow of energy in power system:s, it is about con-
sumers being able to know their electricity consumption and make decisions that help to
improve the operation of the system [10]. However, these technologies have been applied
mainly in developed countries and it is an open field of research for them to be in wide-
spread use in the future.

2.1. Renewable energy

One of the most important advances in power systems has been the use of new en-
ergy sources, especially those that have a lower environmental impact. The generation of
electrical energy through renewable sources is growing rapidly, in fact, during 2015
worldwide the installed capacity in GW of renewable energies has exceeded that installed
in thermal generation, about 147GW renewable compared to 38GW thermal [8 ]. In such
a way that the world trend is towards the growth of renewable energies. In recent years
this progression has been evident.

Within renewable energy sources, hydro energy is the one with the highest installed
capacity in the world, followed by wind energy and solar energy (Figure 2). However, the
installed capacity in photovoltaic solar energy is growing rapidly, in the same way that
wind energy has a higher growth rate than hydroelectric. As shown in Figure 3, the
growth of wind and solar photovoltaic energy sources has been sustained in the last five
years, these growth rates indicate that in the coming years the penetration of renewable
energy sources will increase. In such a way that it can be said that electrical systems today
and in the future are characterized by a constant increase in the addition of new energy
sources with a particular emphasis on renewable energies.

2.2. Impact of generation variability

The existence of renewable energies such as solar energy and wind energy, implies
that there is a dependence on climatic conditions for the generation of electricity. The na-
ture of the climate is variable, and although there are techniques to predict its behavior,
there are always factors of uncertainty. Environmental phenomena can seriously affect
the operation of power systems, for this reason interest has been generated in the study
of these systems in the face of changes in environmental conditions that may affect gener-
ation [11].
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Figure 2. Installed capacity in GW of renewable energies in the years 2000 and 2017. Historical
growth of installed capacity in GW of photovoltaic solar energy and wind energy in the last five
years.
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Figure 3. Historical growth of installed capacity in GW of photovoltaic solar energy and wind
energy in the last 20 years.

Due to their variability, the high penetration of wind and solar energy can affect the
design, operation and planning of power systems. Research has been carried out to verify
the impact of this type of generation on the power system. The results have shown that as
wind generation exceeds 20% of the demand, problems can occur with the control of fre-
quency, stability and power balance, in such a way that to maintain the reliability and
flexibility of the system it is necessary to increase the power reserves in the system [13,14].

Holttinen et al. propose that integration into large power blocks can help maintain
power balance and system reliability through international exchanges [12]. However, this
should result in a strengthening of the transmission system to be able to transfer larger
blocks of energy and greater monitoring against possible events. On the other hand, the
connection of photovoltaic energy to the networks has effects, both in a stable state and in
a transitory state. The impact of the integration of photovoltaic energy depends on the
level of penetration that it can have in terms of the total demand of the system, as well as
the topology of the connection and the type of installation; which can range from residen-
tial to large-scale photovoltaic plants. According to Eftekharnejad et al. from penetration
levels of 20% with respect to the total generation, deviations are observed mainly in the
system's stress profile [13].

2.3. Distributed generation

One of the trends in the supply of electrical energy is distributed generation, in gen-
eral, it is about providing active power sources directly connected to the distribution net-
work or at the user's point of measurement [14,15]. This concept is also known as decen-
tralized or embedded generation. Currently, distributed generation systems are being
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used through different technologies such as thermal generation, renewable energies, fuel
cells, among others. Most of these technologies require power electronics to inject power
into the grid efficiently and reliably, in addition to guaranteeing the quality of the power
supplied. Compared to traditional centralized power systems, systems based on distrib-
uted generation can greatly reduce losses in feeders and investments in transmission and
distribution networks [16]. These systems allow mutual support with the macro network,
a greater use of available equipment and resources and a reliable supply with a higher
quality, therefore the efficiency and security of the network can be increased.

2.4. Flexible AC drive systems

Flexible alternating current transmission systems (FACTS: Flexible AC Transmission
Systems) are power electronic devices that, when installed in an electrical power network,
allow the power flow to be regulated and to maintain the stability of the system [17]. They
provide the desired impedance, active power and reactive power in order to maintain
stability on all buses; increase the load limits and reduce the losses of active and reactive
power of the power system. FACTS devices are currently used due to the previously men-
tioned benefits, and it seeks to expand their application to be able to exercise greater con-
trol over energy exchanges that help maintain the balance of power and stability in the
network in the face of possible variations in generation. or cargo.

2.5. Direct current transmission

In recent times there has been a trend towards direct current transmission (HVDC:
High voltage direct current transmission) due to the advantages that have been evidenced
over AC lines. Among the advantages are the reduction of losses due to the fact that reac-
tive power does not circulate in HVDC systems; In addition, the transmission capacity in
HVDC is greater because there is no skin effect and the use of fewer conductors implies
lower cost and less weight, over long distances. Additionally, today the efficiency and
controllability of AC-DC and DC-AC converters have improved compared to previous
times [18]. Thanks to the advantages that have been mentioned, HVDC systems are being
used for the connection of offshore wind plants [19], since the inconveniences of AC trans-
mission by underwater cable are reduced. Also, this type of transmission lines is being
used for international connections and between networks of different characteristics in
terms of frequency and voltage levels, since AC-DC converters with current technology
allow to control the frequency of the system and adapt the level of voltage for energy
exchange [18]. Initially HVDC technology was based on thyristors, but technology based
on transistors has been developed, which allows to obtain almost all the improvements of
individual FACTS controllers, that is, transfer of large blocks of power, deliver or absorb
a certain amount of power necessary to maintain voltage, quickly control emergencies to
avoid very high levels of fault currents, among others [9].

2.6. Energy storage

An energy storage system has the ability to be flexibly charged and discharged to
accumulate surplus energy and supply it when appropriate [20]. Recent developments in
power electronics technologies have made the application of energy storage techniques a
viable solution for modern power systems.

Technologies used as energy storage systems include: hydraulic and compressed air
pumping systems, batteries, capacitor banks, flywheels, superconducting magnetic en-
ergy storage and hybrid storage systems [twenty-one]. Recently, hybrid storage systems
have become popular as they allow the benefits of different technologies to be integrated
into the same system.

These systems can be applied to solve various problems in current power systems.
For example, they can be used to balance the network through auxiliary services, moni-
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toring and load leveling. In addition, it can supply the reserve increase to handle the un-
certainty of wind generation, which can help improve the efficiency of the system opera-
tion, improve power absorption, lower the cost of fuel and reduce CO2 emissions [22].

2.7. Demand management

In the evolution of power systems towards smart grids, it has been concluded that
consumers play a very important role and that they can contribute to improving the per-
formance of the grid. Demand management consists of using incentives to achieve ade-
quate consumption patterns to improve the operation of the power network [23].

The benefits of demand management are technical, economic and environmental. In
the technical field, the security and reliability of the network can be increased, since the
response time of the demand is much less than that of large generation plants. In the eco-
nomic sphere, the reduction of demand peaks can be achieved, avoiding additional in-
vestments. and in the environmental aspect, polluting gas emissions can be reduced by
avoiding demand peaks that are generally covered with thermal generation [24,25].

Demand response programs are strategies that can be applied to achieve a change in
end-user consumption, either through changes in the price of energy or through incen-
tives to reduce consumption. Demand response programs can be with direct user partici-
pation or through electricity markets or agencies in charge of demand response [26]. In
any case, with the use of digital communications and smart energy meters, the demand
response becomes a quick control mechanism on the grid.

2.8. Micro networks

A microgrid is an independent power system comprising distributed generation,
charging, energy storage, and control devices, in which the distributed generation and the
storage system are directly connected to the user in parallel [16]. This type of system has
been studied since the early 2000s and is proposed as an effective means to convert the
distribution network into an active network, which will help the large-scale integration of
distributed generation and the transition from the traditional power grid to smart power
grids; The idea is to convert energy distribution networks into systems that allow the most
efficient management of demand and generation. One of the advantages of microgrids is
that they can work in isolation, which allows supplying electrical energy to remote areas.

3. Optimization models

The evolution of power systems implies a series of advantages. Advantages include
greater flexibility, reliability, and control in energy management. On the other hand, this
implies a greater complexity of the system and large investments in up-to-date technology.
This leaves an open field for optimization problems, either to achieve appropriate and
increasingly efficient designs, to make decisions in cost / benefit dilemmas or to achieve
an economic, reliable, sustainable and safe operation.

3.1. Optimization of renewable energy systems and the impact of resource variability

Several reviews have previously been made on optimization applied to hybrid sys-
tems [27-30]. Taking into account the models, methods and programs that have been used,
one of the main aspects to which optimization has been applied is the design of hybrid
systems. The models for optimizing the design of hybrid systems have focused on the
dimensioning, combinations and location of the components, taking the costs and relia-
bility of the system as the main constraints. In order to evaluate the costs of the design
and its reliability, some indices have been used that are shown in Table 1. The fastest
growing renewable energy sources have been the focus of more research on optimization.
Accordingly, the main focus point has been the systems with wind and photovoltaic gen-
eration. The dimensioning and location aspects of these types of energy have been widely
addressed [31-34] from the reduction of costs, emissions and increased reliability. Among
the recent advances in optimization models for the design of renewable energy systems,
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Rodrigues, Bauer and Bosman reviewed the models available for the design of offshore
wind farms and made a proposal for a multi-objective optimization model for the location

of turbines. wind power within a pre-designed grid [35]. It is still necessary to carry out
different tests and comparisons to this algorithm.

Table 1. Indices to evaluate designs of power systems with renewable energies.

Indicator

Description Ref

Indices for cost evaluation

(NPC: Net present cost)

It reflects the energy cost of a particular system and includes the initial cost [30]
of all system components, the cost of any component replacement over the
life of the system, and the cost of maintenance.

(TAC: Total annualized cost)

Represents the cost per year of capital plus the annual cost of facility mainte- [27]
nance and repairs. It can be calculated by dividing the net present cost by
the present value annuity factor.

(LCC: Life cycle cost)

It is the sum of all recurring and non-recurring costs that take place during [29,30]
the life cycle of a system. Includes purchase price, installation, operating
costs, maintenance and residual value at the end of its useful life.

(COE/LCE: Levelized cost of energy)

It reflects the cost of energy as a ratio of the annualized cost of the system  [27,29,30]
over the total energy delivered.

Indices for reliability evaluation

LPSP: Loss of power supply probability It is the relationship between the deficit of power supplied over the electric-  [27,29,30],

ity demand in a certain period of time.

LLP: Load loss probability It is defined as the period of failure over the total working time of the sys- [30]
tem.
UL: Unmet load It is the load that cannot be served over the total time of a period. [29,30]
SPL: System performance level It is defined as the probability of unsatisfied load. [27,30]
LOLH: Loss of load hours It is the sum of the expected loss in hours in a given period (Generally one [30]

year), the time in which the system cannot supply enough power to supply
the load is quantified, excluding the effects of maintenance and damage to

components.
LOLR: Loss of load risk It is defined as the probability that a failure is generated in the system to [30]
cover the daily electricity demand due to deficiencies in renewable energy
sources.
LA: Level of autonomy It deals with two parameters: the total number of hours in which the loss of [30]

load occurs and the total number of hours of operation. If the autonomy in-
creases, the system will be more reliable, but at the same time the cost in-

creases.

Other indices

Carbon emissions stream

It indicates the level of carbon emissions from a spatial point of view, it is re- [36]
lated to the amount of energy generated or consumed from thermal sources.

CVaR: Conditional value-at-risk

It is a measure of the investment risk, it represents the expected value of the [31,37]
scenarios that are below a certain percentage of deficit.

The approach of modeling the design of hybrid systems as a multiobjective optimi-
zation problem makes sense in order to achieve compromises between the different indi-
ces that account for the goodness of the systems. This approach has already been used for
the design of hybrid systems [38,39] and has been implemented in commercial programs
[28].

Other optimization problems that arise are related to the operation of the system.
These have been specified with objective functions ranging from cost minimization to loss
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reduction, with restrictions on the state variables of the system. One of the points of inter-
est in optimizing systems with renewable energies such as solar or wind is the variability
of these resources. In this sense, proposals have been made to manage the variability in-
troduced by renewable energy sources.

Martinez and Anderson proposed a formulation of the commitment of units with
safety restrictions to handle high penetration of variable generation due to renewable
sources. The model is formulated as a probabilistic optimization problem (chance-con-
strained optimization), which allows taking into account the uncertainty in the generation
and in the load [40]. For their part, Taghavi et al. proposed a probabilistic reactive power
dispatch taking into account the variability of energy sources and other elements of the
system such as FACTS and HVDC. The model was formulated as an optimization prob-
lem with linear fuzzy logic and discrete strut estimation was applied for the solution. It
was shown that this model can be used with less computational load compared to other
probabilistic methods such as the Monte Carlo method [41]. However, both proposals still
need to be tested with larger-scale systems and real data.

Summers et al. propose a stochastic model for multi-period optimal power flow
(FOP), which minimizes operating costs subject to various restrictions. In this work, two
new approaches to the FOP with stochastic variables were analyzed: (a) the expected def-
icitapproach and (b) the robust approach in terms of distribution (Distributionally robust),
both optimization paradigms under uncertainty. Using simple numerical examples, it was
demonstrated that these approaches allow making compromise decisions between cost
and risk and that the second one provides greater computational efficiency [37]. However,
it is recommended to study in more detail the benefits of this type of optimization and the
development of distributed optimization algorithms for application to large-scale systems.

As mentioned, one of the areas that has not been covered in research related to opti-
mization of systems with renewable energies is the adaptation and application of the mod-
els proposed to large-scale networks. It can be said that the models presented are still in
the testing phase and it is necessary to carry out tests with real data.

3.2. Models for the design and operation of distributed generation and microgrids

Currently there is a growing interest in the development and improvement of pro-
grams and algorithms for the optimization of the design of distributed generation systems.
These techniques must cover the main design details, evaluate the risk considering the
uncertainty and have high precision in the search for the solution. In relation to distrib-
uted generation planning, the proper location of the units plays a crucial role in improving
the performance of the system; therefore the optimal location of distributed generation in
power systems has been a point of interest in current research. Additionally, distributed
generation from renewable sources brings with it variability and uncertainty. In this sense,
Atwa and El-Saadany proposed a probabilistic technique for the localization of distrib-
uted wind generation formulated as a mixed integer linear optimization problem, which
showed more precise results than other methods based on capacity factors [42]. Abdelaziz
et al. designed an algorithm to model distributed generation based on renewable sources
for planning unbalanced networks. They were able to integrate probabilistic models of the
load, wind generation and photovoltaic generation, and determine the optimal location
of the generation in the distribution system. With this, a considerable reduction in annual
losses due to the integration of distributed generation was obtained [32].

Other works such as Peng et al. They have also focused on the optimal location of
distributed generation through statistical methods. However, the model used in this re-
search differs by taking into account the minimization of pollutant emissions together
with costs and losses [43].

On the other hand, Shahzad et al. introduced the concept of load concentration factor
(LCF) to optimize the location of distributed generation, the proposed method simplifies
the necessary calculations to minimize losses and adapt the stress profile [44]. The load
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concentration factor indicates the amount of load connected at a certain point in the power
system.

Theo et al. recently reviewed planning and optimization techniques for distributed
generation and highlighted the main aspects to improve in this area [45]. Among them:

e  Assessment of renewable resources: Employing modern techniques for fore-
casting meteorological data can improve the reliability of designs.

e  Generation models: these are currently very specific, so it is necessary to
generalize them and develop models for new technologies.

e  Load model: particularly in the industrial field, it is recommended to inquire
about the impacts of different types of processes on electricity demand.

e  Energy storage model: it is required to develop detailed models of storage
systems according to current technology.

On the other hand, there is a need to improve the dispatch of distributed generation
so that the operation of the system is as efficient as possible. In this area, distributed gen-
eration dispatch models have been developed that take into consideration technical and
economic criteria to optimize the operation of the grid, among them the one developed by
Ansarian et al. [46], which is based on a fuzzy multiobjective function to simultaneously
optimize costs, reliability, losses and stress profile.

Distributed generation and microgrids are widely related. It can be said that mi-
crogrids are a natural evolution of distributed generation. In fact, the first concept intro-
duced by Lasseter et al. defines them as a solution to take advantage of the potential of
distributed generation by integrating them to the loads, where the set of loads and micro-
generators operates as a single system supplying power and heat [47]. According to the
review carried out by Fathima and Palanisamy, the investigations regarding the optimi-
zation of hybrid generation systems and micro-grids have focused mainly on economic
and environmental aspects, although the restrictions that guarantee energy quality and
stability are also important. of the system for interconnection with the network [27].

The design of isolated microgrids has been formulated as an optimization problem,
which allows obtaining the appropriate sizes of the components, minimizing costs and
restricting the LPSP [48]. Recently, different formulations have been made for the problem
of sizing microgrids taking into account hybrid generation and energy storage [49-51].
According to Gamarra et al. [52] sensitivity analysis has been revealed as a critical step in
microgrids planning to develop a robust design in terms of economic feasibility.

In terms of controlling the operation of the system, one of the most important prob-
lems is deciding the mode of operation of the microgrid, that is, to operate connected to
the main network or to operate in island mode. In the case of isolated microgrids, active
and reactive power dispatch formulations have been made, and optimal power flow con-
sidering the integration between conventional energy sources and renewable sources [53-
56]. On the other hand, the operation of micro networks connected to a macro power sys-
tem has been considered. In this sense, the power network has been modeled as a “system
of systems” through a control strategy that incorporates distributed energy resources,
storage devices and loads; an objective function is used to minimize power exchanges
between microgrids and guarantee operation within technical limits [57]. However, this
approach is preliminary and it is still necessary to formulate a detailed model of optimal
power flow for the network with operating microgrids.

3.3. Flexibility of transmission systems

As mentioned, the evolution of power systems towards smart grids implies greater
flexibility and control in the transmission of electrical energy; FACTS and HVDC trans-
mission make it possible to add these characteristics to power systems.

One of the common characteristics of FACTS and HVDC transmission lines is that
they depend on power electronics devices, therefore, one of the points of interest has been
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to integrate these devices to models of operation optimization, such as power dispatch or
optimal power flow. In this sense, several investigations have been formulated [58,59].

Recently, Vanitha et al. proposed a method that considers several objective functions
for the optimal power flow problem incorporating FACTS devices such as Static Synchro-
nous Compensators (STATCOM). They demonstrated the application of the differential
evolution algorithm and fuzzy additive programming with weights for the evaluation of
multiple objectives, as a holistic optimal solution to the system [17].

Several authors have tried to integrate HVDC transmission into the formulation of
the optimal power flow problem using different models [19,55,60,61]. Mainly models
based on heuristic methods and artificial intelligence have been used to deal with the
mathematical complexity of power electronics device models.

One of the applications of HVDC transmission is the connection of offshore wind
plants. Khraijah and El-Amin proposed a planning model for large offshore wind plants
connected by a multi-terminal HVDC transmission system. However, this proposal needs
to be implemented in real cases for its complete validation [62-70].

On the other hand, it has sought to optimize the location and adjustment of the
FACTS devices in the transmission network, in order to improve the performance of the
transmission system. In such a way that different models have been formulated to opti-
mize the localization of the FACTS [71-78].

3.4. Optimal demand management

The study [69] reviewed demand response programs, pricing methods, and optimi-
zation algorithms. This research obtained some important conclusions for the optimiza-
tion of demand management:

¢ Demand response schemes tend to be more successful while end-user par-
ticipation is higher, therefore these schemes must be attractive and appropri-
ate to the type of user.

e To optimize demand management, accurate prediction of demand in real
time is essential, for which algorithms based on fuzzy logic, game theory and
neural networks have been applied, but it is a field that still has much to
explore.

¢ Another fundamental pillar to achieve demand management is the availabil-
ity of accurate system data in real time, which is why technologies for system
monitoring will be decisive in the evolution towards smart grids[79-85].

Table 2. Classification of publications reviewed between 2010 and 2016 according to the character-
istics of current systems and the type of optimization problem that it seeks to solve

Type of prob-  Aspect to optimize Characteristics towards the formation of smart grids
lem Renewable Energies  Distributed Genera-  Transmission system Energy storage
and their variability  tion and Micro Grids flexibility
Design issues Costs [31,38,39,62] [62] - [38]
Reliability [31,38,39,62] [62] - [38]
Location and di- [31-33,35,42] [32,33,42,43], [63-68] [50,71]
mension [44,48,49,51]
Operation Units Commitment [72,73] - - -
problems . .
Active and reactive [41,59,74] [46,51,54] [41] [54]
power dispatch
Optimal power [19,37,55,75], [76] [53,57] [17,19,55,60,77] [57]

flow
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According to Wang et al. The flexibility of the system demand implies that there may
be power quality problems, such as fluctuations in the system voltages, therefore it is rec-
ommended to apply the optimal flow of power in AC and in real time to guarantee the
proper operation of the system[70]. However, it is necessary to propose models to inte-
grate demand management strategies into optimal power flow algorithms[86-91].

5. Conclusions

Worldwide, many efforts have been made to develop safe, economical and sustaina-
ble electric power systems. For this, numerous optimization models have been developed,
changing the conception of modern power systems. Table 2 shows a classification of the
reviewed publications according to the characteristics of current power systems and the
optimization problem addressed. The new trends in optimization models aim to take into
account multi-objective functions that allow making trade-offs between different perfor-
mance indices such as the cost of energy and the probability of loss. Also, stochastic vari-
ables have been incorporated that allow modeling the behavior of the system closer to
reality, with sources and demand that may vary from one moment to another. After re-
viewing the most recent works in the field of power system optimization, it is evident that
there is much research to be done to achieve the change towards smart grids. In this sense,
the following points of interest are raised as possible future research:

e Validation of algorithms for the optimization of the operation of renewable
energies that take into account the effects of the variability of these sources.
Several models that perform this type of optimization were reviewed, but in
almost all cases they have not been validated with real large-scale systems.

e Exact prediction of renewable resources and electricity demand. With the
variability introduced by renewable sources and demand management, it is
necessary to have an accurate prediction of these values in the future to
properly adjust the system and reduce losses and costs while it is possible to
increase the reliability of the system.

e Formulate optimal power flow algorithms that can model the demand re-
sponse and be able to predict the benefits of demand management programs
before they are executed.

e Model microgrids for optimal power flow considering their connection to the
power system. Although some research has been done in this regard, these
are in the early stages and this type of model is needed.

One of the great challenges is seen to be able to obtain models that are closer to the
reality of smart grids, since it is expected that in the near future the complexity of the
network will increase. The incorporation of communication systems between energy man-
agement companies and end users is necessary, but this can lead to other types of vulner-
abilities in the network, such as cyberattacks or failures in electronic systems, which must
be evaluated. Finally, it is recommended to carry out an exhaustive review of the optimi-
zation methods currently applied, since it is an area of research that will allow a solution
to the models that are proposed considering the characteristics of smart grids.
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