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1. INTRODUCTION

The smart energy system is mainly a new generation of smart power systems, it is a revolutionary
technological form of electricity networking. It intelligently integrates the power system with communication
technologies to control the distribution networks, transmission, and electricity generation. As a result,
attractive, communicative and qualified system can cope the challenges of power networking [1-3]. It should
be mentioned, the conventional power systems are originally planned and controlled by utilities to feed
the costumers within the same country, and as evidenced in Figure 1.
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Figure 1. Traditional power flow in the conventional grid [4]
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A smart grid delivers a high efficiency, availability and flexibility. It is interdisciplinary integrated
power grid depends on many elements such as digital sensing, smart metering, online monitoring, automation
instruments to build a two-way communication-based power system allows the operation and consumer to
interact each other to enhance service reliability compared with the existing power system. Nowadays,
increasing two-directional power flows as exemplified in Figure 2, the grid is being augmented with many
technologies to handle the evolving challenges such as energy storage, demand response, and generation [5].

Figure 2. Smart energy grid emerging system

There are many successful examples of smart grid networks, Telegestore is founded in 2005 in Italy
and considered the case study used in this review [6]. Telegestore project is the first grid used smart meters to
connect 27 Million customers. Also, it is claimed to be the world’s first smart grid caters to the residential
scale. This smart power system offers a tremendous savings in energy. Smart powr grid is combined of three
important elements, communication, information technology, and electric power. These elements operate
in certain maner to enable feedback communication between the utility and consumer. The electrical
transmission of energy implemented both from the electricity provider to consumer and vice versa [7-9].
When the consumers have PV systems generates electrical energy higher than the customer needs,
the consumer sells the surplus energy to the utility company with incentive prices [10]. Sustainable
development requires affordable access to the energy resources which is necessary to fulfil the basic needs
and serve productive operations without affecting the chances of future generations. The conventional energy
resources drive world economy vyet fossil fuel combustion emits 56.6% of the greenhouse gases.
Thus, concerns over the greenhouse gases emissions, that causes climate change pushes the efforts to
integrate the renewable energy resources (wind and PV) into the power grids. However, the generated energy
is random since it depends on wind or solar radiation. Therefore, such systems are intermittent as its outputs
exhibit high fluctuations. Moreover, it is non-dispatchable since its output can not be manipulated to adapt
any external command. In contrast, traditional grids have variability but variability in renewable energy
generation is a challenge in power system operations especially when the penetration of renewable
generations is high [11-13].

2. LITERATURE REVIEW

It is revolutionary electric grid have a fast pace of research and development. USA has intensive
work on the smart grid. The smart grid can be built by the coordination of the Department of Energy (DOE)
and the Electric Power Research Institute (EPRI) with national project titled “Intelligent grid [14].
This project works integrates the power grid with computation systems to enhance the reliability of power
systems. Also, DOE affiliates with industrial parties through the “grid wise” program. The aim of this project
is to regulate the communication and power system standards. The developed grids also require analysis
and simulation instruments, trial infrastructure, smart engineering sound security and market framework.
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European Technology Platform (ETP) embrace the notion the power grids in Europe have to be economical,
very flexible to meet consumer’s needs, easily accessible, and reliable [15, 16]. Also, cost efficient
way of producing solutions to upgrade the conventional must be used to achieve the requirements.
Therefore, technical standards and regulations to integrate power system and IT-based systems ensuring
successful upgrading of old system to new smart arrangement. The international institutions define the smart
power grid differently, but they agree on its framework. National Institute of Standards and Technology
(NIST) consider the smart grid as a delineated power systems network use two-way feeding using
information technology such as cyber communications security, intelligence and computing. To enhance
the power quality and reliability, optimizing facilities to avert peak load challenges, and assuring power
plants efficiency and capacity of power networks, the network must be resilient by disruption predictive
maintenance and self-healing responding to disturbances occur due to the high penetration of renewable
generators, Figure 3 explains the construction of any smart grid [17-20].
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Figure 3. Smart grid implementation and implications

2.1. Motives of smart grids

Nowadays, the earth encountering a rising ecological pollution caused by mainly high CO; level
and other greenhouse gases emissions due to the excessive fossil fuels combustion. It is a serious cause
of climate change that nations are struggling to reduce [21]. The forest fires in Australia and USA due
to the high temperature of the global warming. Other issues such as sea level rising, floods, polar areas
melting and unstable climates. From the energy sector that contribute most to global warming is the power
generation sector. Thus, developed countries endeavor to mitigate these effects by conducting fast pace
research projects to improve the performance of the renewable energy generation as environment friendly

Advantages and recent advances of smart energy grid (Mohammed Qasim Taha)



1742 O ISSN: 2302-9285

alternative source of energy [22]. Current renewable generators (PV, thermal and wind) trends are increasing
due to the advances of smart power grid concept.

2.2. Construction

Smart grid networks intelligently integrate electric utilities with smart communications systems that
make distribution systems more active [23]. The communication and protection systems used in smart grids
are IT-based is susceptible to cyber wars and hacking attacks and vulnerable to any natural disturbance.
Thus, complicated encryption systems are used to face the harming interferences and cyber-attacks.
The weather detectors also can provide weather reports in real time to sense the natural disruptions early.
Security schemes are also used to provide auto maintenance hence shortening repair time power shortage in
power grids [24].

2.3. Self-healing feature

This term describes the capability of the grid to predict and quickly response to the technical
disturbances occur in the system depending on the data acquisition by grid sensors and information
transmitted by the communication system [25]. Thus, disturbance to distribution transformer can be detected
and coded command is sent to the protection tools to automatically isolate the fault. The auto command can
save the network from further damage without waiting the operator interference preventing the blackouts in
surrounding areas [26].

2.4. Smart & efficient

Each sector of the smart grid includes all parts of the conventional power grid such as generators,
transmission, distribution and consumer. Thus, it required to be equipped with so called advanced sensor
infrastructures (ASI) to provide technical parameter information in smart grid [27]. Table 1 show
the comparison of the Smart system with the conventional system. The current research works on smart grids
are aimed to increase the flexibility to integrate the working conventional power generation with distributed
renewable generators in the forms of micro-grids and Smart grids to accommodate small scattered generators
and customers. More efficient smart grid able to integrate mega renewable generators can be more useful in
terms of environment improving. Whereas, current smart grid designs are focused in preserving power
quality [28, 29]. Therefore, technical issues harm the consumers and utilities of electric energy is reduced to
the minimum. Unstable voltage, fluctuating frequency and harmonics are the most common problems
in the smart grids. Therefore, several devices such as collector, recording data, automation, sensors, smart
meters, real time data display, data management, and two-way communication applications are added
to the power grid [30].

Table 1. The general comparison between the current power system and the smart energy grid

No Conventional power systems Smart energy grid

1. Centralized generation. Distributed renewable generation with plug and play
feature

2. One-way communication Two-way communication of energy resources
interconnection

3. Electromechanical system Self-monitoring by many sensors and monitors

4. Small number of sensors Self-healing. Ability to detect and respond to faults

5. Failures and blackouts need manual restoration. Adaptive for islanding, using pervasive and extensive
control [31]

6. Manual monitoring Limited control Greatly expanded control using data acquisition

7. Cannot be integrated with PV systems Can integrated with all sorts of renewable generators

8. Vulnerable toward cyber attacts, vandalism, and natural effects  Resilient toward attacks, natural effects, and vandalism
with rapid restoration capabilities [32]

However, the network becomes very complex in terms of communication and coordination among
the sensors. EPRI designed a new network includes AMI, active control, and data management. Other aspects
such as internet network, energy storage, hybrid cars, portals consumers and distributed generators are used
to create smart management at the consumer end [33]. The intelligent infrastructure installed in the power
grid as shown in Figure 4, to assure the maximum accessibility in a broad range. The integrated data sensors
and communication technologies between consumers and the power grid enhance the resilience of
the network. As a result, raw information from the sensors is sent by fiber optic cables or wireless networks
to be processed for further controlling steps [34]. There are some supporting elements such as SCADA
are used to analyze, diagnose, and predict the pattern of power flow incautiously. They work in dynamic,
fast, and real time to assure the stability of the grid.
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Figure 4. Smart grid model and scenario by EPRI [35]

2.5. Interface and auxiliary systems

Smart interface between the used and the grid permits the distributed generators to ride through any
disturbance to restore the voltage stability in the whole grid. The distributed generation is expected to play
role to stabilize the power grid. A smart home is also equipped feedback systems to increase the efficiency of
the voltage restoration and harmonics elimination [36]. Thus, distribution generation includes more power
electronic devices to minimize harmonics, fluctuating generation failures. Energy management system
(EMS) is automated control core of the power grids. users require simple control architecture for easy
integration to avoid blockage. In an area where power outages are normal constraints, outage management
system (OMS) can be the main part of DMS. Location is another important factor of failures and interface
with geographic information systems (GIS) is vital in smart grid. Also, advanced metering infrastructure
(AMI) is providing dynamic rates, power quality monitoring, and remote measurement, load restraint.
More advanced topologies integrate distribution automation [37-40].

3. SMART GRID POLICY AND CURRENT WORKS

The advanced operation systems in smart grids is designed to avoid blackouts and facilitate
the integration of renewable generators with the distribution systems. The smart grid is illustrated in Figure 5
illustrate the integration of communication and information technology [41]. The demand of the high-power
quality, reliable energy supply and the rapid increase of global energy consumption motivate scientists to
discover new energy related technologies. Policy and decision makers have been promoting the use
of the renewable energy, especially the wind and the photovoltaic, which may be connected to
the distribution systems. Technical standards were established to create the procedures to interconnect
the distribution energy resources (DER) to the distribution grid. For example, IEEE 1547 which basically
required the DER not to cause any overvoltage or protection coordination challenge to the grid [42].

The continuous advancement in DER has led to lower cost and high penetration at larger size.
However, it has an adverse impact on transmission systems and voltage stability. The North American
Electric Reliability Corporation “NERC” provided a guidance to revise the standard PRC-024 to
accommodate the DER limits. The latest version of PRC-024-2 is mandated in July of 2016. A revision of
IEEE 1547-a was published in 2014 as a draft guidance to change the voltage-time and the frequency-time
setting of the inverter and to allow the voltage and the frequency ride through the fault and to give the utility
the option to allow the inverter to regulate the distribution voltage. [43- 45]. Nowadays, the research works in
improving the reliability of the system with to distributed energy resources, such that:

a. It provides an active power reduction in case of over-frequency.
b. It has the capability of the fault ride through (FRT).

c. It provides the grid reactive power and voltage support.

d. Itallows higher DER penetration level
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The above functions improve the grid resiliency and reliability due to robust voltage stability
and self-healing from voltage and frequency fluctuation and faults. Economically, in the long term the grid
can work without many current devices that are used to regulate the grid voltage [46].
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Figure 5. The technologies combine the smart grid structure [47]

Also, many works done on the smart meters, the meters should send the data that received by AMI
and send it to the data meter management system (MDMS) [48]. MDMS manages the data and analysis to
provide information for the utilities. AMI allows communication between utilities and meters to provide
the consumers with following functions: The price of a remote customer and usage time, Ability to collect,
store, and report customer energy consumption for any required period, Enhance the energy diagnosis using
detailed generated load profile, Identifying the location of a remote powered area using a metering function
that sends a signal when the meter is out and when the power is restored [49], Remote linking
and disconnection, Ability to detect the losses and theft activities, retailing energy service providers to
manage revenue using more effective management [50].

4. CONCLUSION

The smart energy grid is novel electric power system represent a drastic evolution of the traditional
electric grid such that energy flow is no longer unidirectional as well as the distribution system. farturemore,
the customer side can play very curtail role to stabilize the grid. The supply and demand sides play vital role
to keep the system resilient. The advantages, components, previous, and future advances of the smart grid
is presented in this review work to shed the light on this hot topic in the hulls of electrical research
institution. Several advantages of smart grids have been discussed such as: safety and reliability, self-healing,
efficiency, Intelligence, accommodating, environment friendly, quality and stability features.
The specifications have been invistigated from many aspacts such as: architecture, components, and areas.
The covered areas are integration with renewable distributed generators, control and monitoring, integration
with information and communication technologies, and distribution management. The smart grid enables
consumers to contribute on the stability restoration and control their energy consumption.
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