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Abstract— It is known that there is huge amount of power
loss from production to end users in a power system. In the
literature, it is mentioned that 33% of the generated energy is
only delivered to the end users and 2/3 of it is used as the
primary energy and therefore released as the waste energy.
Therefore, many countries in the Europe has planned to reduce
lost energy to 50%. On the other hand, the smart grid
technology plays unavoidable significant role in the power
system from generation to the end users in order to provide
efficient, reliable, safe and controllable energy for the users,
prosumers, policymakers, and system operators. This paper
introduces current smart grid technologies and their impacts on
the efficiency increment in a power system.
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l. INTRODUCTION

Generation, transmission, and distribution of the
electrical energy systems are known as a power system [1].
Generation unit consists of energy sources like solar energy,
wind energy, diesel generator, hydropower systems, biomass
energy, geothermal energy, transformers and so on. Likewise,
transmission unit includes many power switches, breakers,
reactive power compensation units and transmission lines as
the distribution units incorporates transformer, power
switches, and distribution lines [2-4].

Due to the numerous numbers of component used in a
power system, there is huge amount of power losses from
production to end users. It is mentioned in Ref. [5] that 33%
of the generated energy is only delivered to the end users and
2/3 of it is used as the primary energy and therefore released
as the waste energy. So that some countries in the Europe has
planned to reduce lost energy to 50%.

Increasing energy consumption of nations due to
advancing technology and the environmental problems
caused by the production of electrical energy based on fossil
fuels with limited capacity have revealed the need to
modernize traditional electricity grids [6]. Traditional
mechanical grids with centralized power generation, one-way
information and power flow have been incorporated with the
information and communication technologies in order to
make the power system as the smart grid system. This
combination makes the smart grid technology to play
unavoidable significant role in the power system from
generation to the end users in order to provide efficient,
reliable, safe and controllable energy for the users,
prosumers, policymakers, and system operators [7-9]. Thanks
to the fact that smart grids facilitate the grid integration of
renewable energy sources and battery storage, it has led to the
existence of many prosumers with small power values. Figure
1 shows the basic smart grid system.
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The smart grid presents many simplicities for users and
utilities. First of all, the remote reading is allowed by smart
grid technology therefore the monitoring and shedding of
loads in urgent situations are easily provided. Remote reading
and control, which is widely used in smart grids, allows
increasing the data density of the power system. In addition,
smart grids make available the demand forecasting and
management by using the previous consumption and
generation data [10-11]. Data transmission methods,
communication technologies and security issues have been
investigated from different aspects in the smart grid
environment. In this respect, smart metering is of great
importance in energy generation, transmission, and
distribution. For example, by determining critical load
thresholds, subscribers can be prevented from being de-
energized in case of power shortage in the grid [12-14]. In
addition, thanks to the smart grid's facilitating the integration
of renewable energy sources into the grid and energy storage,
the AC power system is supported by DC power and the
interruptions that may occur can be prevented. In addition to
increasing grid reliability, energy storage enables different
applications in smart grids such as electric vehicles, energy
policies and power system management [15-17].
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Fig. 1. Smart grid basic

On the other hand, the fact that many small power
consumers are also producers at the same time and they can
cause big problems such as voltage and frequency fluctuation
in the grid. Therefore, the impacts of distributed energy



sources connections to the grid and the smart inverter
mitigating these adverse effects attract many researcher [18].
The smart inverter is one of the multifunctional power
electronic systems used to convert DC to AC power. The
smart inverter plays an importantrole in the efficient and safe
operation of a grid-connected solar or wind energy system
[19]. Many researchers have presented the usage of the smart
inverter in various fields [20-24]. This paper presents the
conditions used in the analyzes of smart inverter grid support
functions. For this purpose, it is checked whether
comprehensive, uniform and consistent test methods are
provided as much as possible. The four key items taken from
the tests are showed in the below Fig. 2[25].
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Fig. 2. Basic test methods [25]

Due to many reasons such as the development of
technology and the increase in electronic devices used,
capacity limitations of electricity production, increasing
population, and climatic conditions, the electrical energy
distribution network becomes very complex, but it also brings
along many problems such as system slowdown, power cuts,
and noise in the system. For this reason, a smart network is
needed in order to develop the network, that is, to enable the
system to be used more efficiently, reliably and quickly. For
this reason, many tests and factors are used to support the
smart network [26].

Power factor in a power system has a significant effect on
energy saving. Low power factor means high reactive current
drawn from the grid that reduces the active current capacity
of the power system. So that, systems with high reactive
current draw will increase the cost and power losses of the
network. On the other hand, high power factor decreases the
reactive current and increase the active current drawn from
the grid. Therefore, the system will be more efficient and the
cost will be reduced. Another important point is that the delay
of the power factor correction will cause the power losses in
the network to increase. In order to increase the stability of
the system, several tests performed to fix the power factor
play important roles like minimizing power losses in the
smart network, and creating more reliable and fast power
transmission environment [27].

Another important issue is that especially if renewable
energy systems are integrated into the grid, they cause
fluctuations in frequency and voltage. So that, it is important
to stabilize the voltage and frequency in order to mitigate
these fluctuations. Power electronics technologies are mostly
used for a smooth grid interactive inverter that are required to
be tested in order to meet several requirements. These tests
include some functions while providing energy transmission
to a network. These functions include situations such as
adapting to frequency and voltage changes in the system.

Thus, voltage/reactive power test, frequency/active power
test, voltage/active power test and active/reactive power test
are done in order to balancing the active power, minimizing
the frequency fluctuation, and contributing the reliability and
infrastructure of the power grid [28].

Il. MATERIAL AND METHODS

The customers undertake responsibility for increasing
energy efficiency in smart grids. All subscribers in the grid
can contribute to the energy delivering efficiently, especially
with the selection of controllable efficient equipment and its
use at the appropriate time. By changing their current energy
usage habits, consumers will support the grid to be more
secure and minimize technical losses. Energy efficient use of
resources within the scope of energy supply and demand from
the grid with average energy consumption can be made with
smart grid management. The power and information flow of
traditional grid is given in Fig. 3 [29]. The power flow, which
is from the central power generating stations to the consumer,
and the information flow are unidirectional.
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Fig. 3. Power and information flow under the smart grid [29]

Considering the grid, energy generation, transmission,
and distribution as a whole, smart grids provide energy
efficiency by giving priority to renewable energy sources. If
renewable energy is produced more efficiently under current
conditions, energy storage is an alternative idea that can
increase efficiency. Giving the precedence to renewable
energy sources and energy storage applications will bring a
dynamic structure to distribution networks, the supply-
demand balance will be maintained, and carbon emissions
will be reduced [30-32]. Promoting demand-side
management and demand response programs in smart grids
involving Information and Communication Technologies is
an important priority. The operating stability of grid and user
efficiency can be achieved by protecting the grid from
overload with various price and incentive-based demand
response programs [33-34].

The smart meter is one of the important smart grid
technologies used to increase energy efficiency. In literature
existing studies to increase energy efficiency, it has been
determined that the feedback of the energy used at home to
the consumers through the screens leads to a reduction in
energy consumption. In this context, one of the most
important tasks of smart meters is to notify consumers of the
energy profile they use at any time [35]. In addition, by using
the data communication networks in the structure of smart
grids, it can offer the consumer to evaluate the energy usage
data according to the region. In this way, consumers can be
motivated to use energy efficiently. In addition to real-time
time display of energy usage, smart meter has the capability



of bidirectional communication with the center and remote
disconnection [36].

Another technology to increase efficiency in smart grids
is demand side management, which consists of two parts as
load management and demand management. Load
management means that the electrical loads used are
categorized and used at certain times, or in other words, their
usage time is shifted [37-39]. In this way, by changing the
load profile of the network, the total peak load of the system
can be reduced, and the load factor can be improved. Demand
management means optimizing consumption values
according to the price and reliability needs of customers.
Studies show that demand management can reduce total peak
load by 14% and total consumption by 8% [40].

There are several different tests for PV inverters such as
safety, grid-code, Electromagnetic Compatibility (EMC),
efficiency and power quality. Especially depending on the
country, some parameters can be changed due to different
power grid standards. However, some standard tests are
essential for all countries such as EMC tests and Grid-code
tests.

Electromagnetic Compatibility test [41] means it should
not adversely affect the operation of other electronic devices
around the emissions transmitted or emitted by the inverters
to the system. In other words, it contributes by making the
necessary tests to minimize the effect the operation of others.
EMC has international standards, which accepted by all such
as The Federal Communications Commission (FCC) and
Europe International Special Committee on Radio
Interference (CISPR). Both standards are very similar
parameters to each other. For this reason, it is thought that
meeting one of the two standards will also meet the
requirements of the other standard. Furthermore,
specification standards are different for conducted and
radiated emissions.

The grid code is a technical specification that defines
standards and parameters according to certain rules to ensure
the safe and smooth functioning of the electrical system [42].
In fact, it covers many issues such as evaluating any electrical
effect for the distribution and transmission of electrical
energy on electrical systems, checking or simulating that it
contains the necessary parameters and standards. Grid-code
test is very basic and important test to analysis and control
the several different points related about the grid such as
frequency stability, voltage stability, reactive power
capability, grid management, dynamic grid support etc. It is
standard test for safety because, the technology is developing
rapidly and its advanced smart inverters contribute to the
electricity grid in many ways, such as balancing active power
and keeping the frequency constant etc. Thus, grid-code test
is necessary for all type inverters and electric devices to
improve system reliability and efficiency.

I1l. DISCUSSION

Grid integration of renewable energy sources at low
power level does not pose a significant problem for the power
system. However, many distributed energy sources and high-
capacity grid connections cause significant problems.
Consequently, the grid connection of large-scale distributed
energy resources affects the power flow in the power system
and so they have to perform special requirements pertaining
to electrical properties. There are internationally accepted
standards such as CA Rule 21, UL 1741, IEEE 1547 and

IEEE 1547.1 in the USA, and IEC 61850 in Europe to test the
grid support functions of inverter and regulate the grid
connection of distributed energy sources [43-48]. Although
the standards accepted internationally are applied for the tests
of the grid support functions of inverter, each country applies
the electrical requirements according to its own power
system. Thus, a valuable standard for inverter test systems
has been established and a power system has been obtained
in which a renewable energy sources can be safely connected.
Connecting distributed energy sources to the grid by fulfilling
the determined electrical characteristics can regulate the
power flow, which is one of the most important problems of
power systems. Solving the power flow problem means
reducing losses and minimizing voltage deviations. To test
the functions of grid-connected inverters, it is important to
collect a large number of measuring points and fully automate
the tests. For this reason, it should not be forgotten that
coordination and adjustments are also important factors
affecting the results before performing the measurements.
Timing parameters important for control functions, such as
ramp rates and delay times, will also need to be tested in the
future and standardized definitions among these parameters.

1V. CONCLUSION

The smart grid technologies and their impacts on the
efficiency increment in a power system has been reviewed in
this paper. Specially, the smart inverter technologies have
been highlighted by introducing their invaluable roles in the
grid systems in order to increase the efficiency of a power
grid system. Moreover, the smart inverters’ test provided by
the producers have been addressed. Finally, international
standards of the smart inverter test have been given for the
validation of the tests done.
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