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Abstract – This paper discusses the implementation of the 
renewable energy sources and the energy storage system to the 
smart grid by means of simulating toolkit of Modes. The output 
curve of photovoltaic and wind power plant is also the part of this 
paper. This paper analyses the difference between residential and 
commercial load. The test system was made in Modes for 
modelling all possibilities. The possibility of connection energy 
storage is analysed. The storage system is used for charming the 
load peaks during the day to compare smart grids with energy 
storage and without it.  
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I. INTRODUCTION

Smart grids combine the traditional techniques with 
innovative digital solutions, thereby increasing the flexibility of 
managing the power supply through efficient exchange of 
information. One recent application of intelligent networks is 
the integration of individual operations of electricity produced 
from renewable sources that follows the expansion of the 
environment objectives set by the European Commission. In 
this continuously evolving system, the customer becomes an 
active participant in the energy system with transparent energy 
flows entering the energy market and using it effectively. Smart 
grids increase the quality of service. Operating costs are 
decreasing, and competitiveness of network operators is 
growing. These are benefits for environmental sustainability 
and for the whole system. Energy distribution networks are 
changing. In the near future, electric network will enable an 
efficient exchange of energy from sources with minimal 
greenhouse gas emissions. The development of electro mobility 
and conversion of entire cities into new and more modern 
district with low impact on the environment are increased. [1]–
[3]. 

Smart grids use a two-way transmission of electricity and 
information to create advanced automated network for power 
supply. The use of advanced information technology, intelligent 
network capable of transmitting electrical power with greater 

efficiency and able to respond to the wide range of operating 
conditions and contingencies. Intelligent networks can respond 
to events that occur anywhere on the network, such as 
production, transmission, distribution and consumption of 
electricity, and take adequate response. For example, if there is 
a failure of the transformer in the distribution network, 
intelligent network automatically changes the energy flow and 
restores the operation of the transmission network. Transaction 
information is collected by means of intelligent networks and 
their subsystems, which then allows the operator to quickly 
identify the best solution to secure networks against attack and 
vulnerability caused by different eventualities [4]–[6]. 

Smart grids can be considered as an electricity system that 
uses two-way cyber secure transmission of information and 
computational tools in an integrated form of the entire electrical 
network. This results in a system that is clean, safe, reliable and 
flexible working with high efficiency. Two-way transmission 
in smart grids means that consumers do not only consume 
energy but also supply energy to the network. For example, 
generating the electricity by using photovoltaic panels and 
turning it into supply to the network. Thanks to real-time 
measurements, users can actively participate in the operation of 
the system [7]. 

II. MODELING THE POWER SYSTEM WITH A SMART GRID

For modelling purposes of the smart grid, we had used the
simulation toolkit of Modes. A power system at a medium and 
low voltage level was modelled. To that power system, we 
started to implement smart grids with all features offered by this 
intelligent power system.  

The smart grid is divided into two voltage levels as well. The 
voltage level 22 kV is considered the backbone of the grid, and 
there are conventional power energy sources, such as biogas, 
hydropower plant, and also wind. Main load at this level is 
divided into intelligent buildings and other commercial parks. 
So the daily load diagram is also divided according to the 
average consumption for the commercial and residential load 
diagram.
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Fig. 1. Output of daily load diagram for a modelled power system. 

The program “Modes” has several parameters for setting 
blocks of the daily load diagram. We always use the whole day 
for modelling the smart grids. Fig. 1 shows the curve of the 
daily load diagram for a modelled power system. It can be seen 
that the commercial load diagram has one peak during the day, 
when many people are at work and the building needs to be 
supplied. Otherwise the residential load has two peaks. The first 
one is in the morning, when population is getting up, and the 
other is in the evening, when people are watching television 
with the lights turned on. 

The pervious graph is very useful for designing smart power 
energy sources for the smart grid. According to the load, we 
must design supplement of power to ensure the power stability 
in every moment. For this purpose, we had used the model of 
photovoltaic power plant and also the model of wind power 
plant. The whole smart grid is regulated by the energy storage 
system to eliminate the peaks of load during the day. The 
cooperation of these power sources is important for maintaining 
the stability of frequency and voltage. 

Fig. 2 shows that the energy storage system uses the storage 
energy for reduction of the peak of load diagram (marked in 
red). The battery is charging during the night and day when the 
load is under the limit for regulation. The aim of using the 
energy storage system is smoothing the load and making it more 
effective. This energy can be used in standby mode for eventual 
blackout or just for regulation of the active power. Also, Fig. 2 
displays the power supplied from a wind power plant that is 
regulated for constant power; in case of strong gusts of wind, 
the supplied power is increased. The most unpredictable is 
photovoltaic power plant. Besides, Fig. 2 shows the output of 
active power during sunny days so this state isn’t very difficult 
for regulation. A different situation appears when the sky is 
cloudy and supplied power has an oscillating character. 

Fig. 2. Cooperation of photovoltaic, wind and energy storage with load in the 
smart grid. 

Reconciliation of all this renewables and energy storage 
systems together with load in the grid is a challenge for all 
technicians. We also know some smart grids that are self-
sufficient and can operate in the island mode as well. But all of 
them are only at the level of a demonstration project, lacking a 
proper legislation and financial background in order to 
implement these new technologies in practice. 

III. MANAGEMENT OF ENERGY STORAGE SYSTEMS

The stability of the system and the steady state maintenance 
influence many factors, in particular operating parameters. The 
energy storage system (ESS) belongs to the core elements of the 
smart grid. By combining these systems and renewable energy 
sources, we can ensure the stabilization and storage of 
excessive energy during production in peaks and then use that 
energy in case of increased load. By the ESS we have two 
modes of storage. The control of frequency and integration of 
large amount of renewable energy sources so the need for high 
power to cover the energy demand, it is microgrid application 
for connection to the main grid. In the island operation mode, 
the main task of ESS is improving the system quality, ensuring 
the grid stability, and quick response for transient phenomena 
[8], [10], [11]. 

Energy storage systems can be used as centralized or 
decentralized. The centralized systems operate according to the 
same principle as the central controller, and regulation of the 
microgrid is controlled by the central system in which, if 
necessary, the entire capacity of the storage is used. From the 
perspective of the central storage, these can be connected to the 
DC voltage node or in combination with power electronic 
components to the AC voltage node. This model of centralized 
energy storage is typical for the microgrid with a small overall 
load and a low number of sources. The decentralized 
configuration of ESS is an accumulation system connected 
directly to each source through various electronic interfaces. 
With this configuration, each storage system is responsible for 
managing and optimizing the output power from the sources 
with which it is connected [9]. 
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In the microgrid, control of the active power provided by ESS 
needs to be monitored continuously in cooperation with the 
primary control. The ability of the grid to respond to the 
changes in the active power is based on monitoring the changes 
in frequency. If the system frequency is increasing, it means that 
the produced active power is greater than the consumption at 
the time and thus it is necessary to absorb the energy in ESS 
when it allows the current state of charge. When the load is 
increasing, there is a lack of active power in the grid and thus 
the system frequency decreases. If the value of the system 
frequency is close to the minimum, it needs to be injected power 
from ESS to maintain the stability and required quality. The 
control of the microgrid with ESS by means of reactive power 
is not optimal. It is more appropriate to set the value of reactive 
power on the charging device to zero, and thus charging and 
discharging will start in the absence, respectively surplus, of 
active power in the grid. Secondary control in the charging 
system ensures that the output power fell to zero and control of 
the charging and discharging according to the requirements of 
primary regulation. This management is done by comparing the 
output power from the ESS and the reference value of active 
power. The result of this comparison is the value that controls 
the charging process [10], [11]. 

IV. THE OUTPUT OF LOAD AND ESS COOPERATION

The cooperation of ESS and load was made by means of 
Modes. Fig. 3 displays the output active power from ESS. The 
areas where this system is charging and the time when the 
energy is used for supplement to the grid can be seen. The 
whole operation of ESS is regulated by the availability of the 
active power in the grid, so it influences the load at the 
minimum rate. Fig. 3 also shows the state of charge curve. This 
state is important for secondary regulation of the power system. 
It tells how much energy in the system is available for the 
regulation. This is important for maintaining the power stability 
because the system is charging according that curve. We can 
effectively manage the daily production when we know values 
of battery state of charge curve. And finally we have there the 
power flow in the regulation line in comparison with ESS and 
without them. We can see the effectivity of usage the energy 
storage systems. There are chamfered peaks during the day. The 
ESS in program Modes works on the principle of regulation the 
active power in the power line. When the value of the active 
power flow is increased over the set value, it causes the supply 
of the power from ESS. When the value is lower than the set 
value it means that ESS is charging the energy and increase the 
load. The first peak was chamfered when using 70 % of the 
capacity of ESS. The second peak was chamfered when using 
90 % of the capacity of ESS, which is the limit of its usage. This 
ESS was designed for chamfering all peaks during the day. 

Fig. 3. Output of the Energy storage system. 

Fig. 4 shows the final curve of energy power flow, using 
ESS. As mentioned in the previous chapter, the principle is 
based on the power flow over the line in the regulation area. It 
regulates the total active power in one area of regulation. The 
battery in ESS is charging with active power from 0 MW to 
0.7 MW. The average value of charging is 0.2 MW, which 
means that the prevalent time of the day is when the 
consumption of ESS is of about 0.2 MW. The maximum power 
that can be used from the battery is nominal minus 10 %. So we 
have used all of the power from battery for shaving peaks and 
after that the battery is charged during the night or off peak 
periods. Moreover, the smart grid power balance can be 
maintained by charging or discharging the energy storage as 
needed. The ESS control capability of balancing between 
generation and consumption may be restricted by the available 
system capacity. The hierarchical control of the smart grid can 
be divided into three sections, as the big interconnected power 
systems. 

Primary control ensures the regulation of frequency and 
voltage deviation from the reference values. The deviation 
arises from the internal control fool of voltage and frequency. 
Primary regulation ensures the fastest response to every change 
within production and consumption and increases the system’s 
stability. 

Secondary control ensures that the electrical metering values 
are within the reference limits. This level provides also the 
synchronization control loop for seamless connection of the 
smart grid to the main grid, and also its disconnection if 
necessary. 

Tertiary control ensures the regulation of power flow 
between the microgrid and the main grid. 

P
  
[M

W
]

PV_with ESS  [MW] PG_ ESS  [MW]

t  [h]

State of charge  [p.j.] PV_without ESS  [MW]
 1

0

1

2

3

4

5

0 10000 20000 30000 40000 50000 60000 70000 80000



Power and Electrical Engineering 
2016/33 

25 

Fig. 4. Final curve of energy power flow regulated by ESS. 

V. CONCLUSION 

The aim of modelling the smart grid with ESS in the program 
“Modes” was to analyze the impact of its operation within the 
smart grid. The model of ESS was invented and described by 
the author of the program. The whole analyzation of 
implementation renewables and ESS to the grid needs a 
complex view on the new way of the power energy sector. 
There are some results from hypothesis and simulations of 
smart grid. The simulation study also demonstrates power 
generation from renewable energy sources that are used for 
coverage of the load during the day. Our analyses suggest that 
it is possible to implement ESS to the grid and use it for 
chamfering the load peaks by charging and discharging the 
ESS. The aim of ESS is to ensure the load curve as smooth as 
possible. The present paper also highlights the importance of 
monitoring the state-of-charge for ESS. This state is the basis 
of maintaining the active power in the smart grid and in the 
island mode operation when there is no possibility of 
connecting the smart grid to the main grid. 
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