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Abstract-- With the advent of the smart grid and growing 

renewable energies, a number of connections from decentralized 

sources in the network have increased considerably, and the 

greater the penetration of distributed generation the greater the 

impact on the network, affecting the quality of energy and 

especially the voltage levels . In this paper it is proposed the use 

of the SST functionalities to minimize the impact on the voltage 

levels caused by high microgeneration connections. To evaluate 

the performance of the SST, a simulation with the PSIM software 

of a low voltage distribution network with 30% and 60% 

distributed generation penetration index is performed. 

 
Keywords- component; power electronics converters, power 

quality, power transformer,  smart grid.  

I.  INTRODUCTION 

he global power sector has undergone a large process of 

organizational restructuring, but still maintains the same 

characteristics of the system presented at the end of the 

nineteenth century, so that the main elements of a simplified 
representation are: generation, transmission and distribution. 

But currently, the greatest challenge of this sector has been, 

besides to generate, to transmit and to distribute electricity, to 

do it with a high degree of reliability, lower cost, availability, 

quality, safety and minimum environmental impact[1]. 

As most consumers are connected to the secondary 

distribution system, they are affected by low quality energy, 

since the compensation that occurs in the transmission does 

not guarantee any improvement in the quality of the energy 

delivered to them, and concerning to distribution, this 

evolution has been much slower[2]. 

Smart grids emerge to solve these problems of control 
and stability of tension and energy quality. A technology 

which is a safer and more intelligent power distribution 

architecture with great real-time monitoring and control 

capabilities. This technology also takes into account the need 

to incorporate different types of energy sources into the grid, 

such as renewable decentralized generators, and create new 

perspectives for integration with new types of consumers, such 

as electric vehicles[3]. 

With this new layout, the power flow is bidirectional, 

allowing users to generate their own energy through, for 

example, solar or wind power plants, in which they are 
connected to the grid, allowing to sell to the concessionaires 

the surplus energy generated, which characterizes the 

distributed generation. Thus it is created a figure called  

                                                        
 

"prosumer"[4], which is one that besides consuming energy it 

also produces. 

 Distributed generation can expand the supply 

market, alleviating the system as a whole, since it is close to 

the regions of consumption [5]. Considering that energy 

production, now served by large generating units, is diluted 

among consumers through distributed generation. 

This new network design makes it necessary 
intelligent electronic systems to manage and stabilize this 

system both CC and CA [6] [7]. To fill this gap, the electronic 

transformer or solid state transformer was developed which, in 

addition to performing the conventional transformer paper, 

also performs other functions of electric power quality and 

interaction with DC and AC voltages. This device is key to 

ensuring the proper functioning of REIs, as can be seen in Fig. 

1 where, in the framework proposed by the Future Renewale 

Eletric Energy Delivery and Management (FREEDM) 

Research Center, which is one of the centers that investigate 

intelligent networks , the SST is the central equipment of the 
entire distribution network, being responsible for all control of 

this branch of the network in which it was introduced, relating 

to DC and AC loads [8] [9]. As can be seen in this figure, the 

SST can both supply AC loads and has the capacity to supply, 

through a DC bus, a DC micro-DC, being able to receive 

power originating from the distributed generation, and can 

also supply DC loads. If the insertion of power in the network 

is greater than the demand, the SST can store this energy in 

batteries and reuse when necessary or send this excess to the 

MV network, performing an intelligent control of the power 

flow. It is also observed that the SST interacts with all the 
loads in the inserted arm through the communication, being 

able to manage the whole network in an accurate and safe way  

[10]. 

 
Fig. 1 - Diagram of the future distribution system proposed by FREEDOM 

 

Thus, the objective of this work is to use some of the solid 

state transformer functionalities to control the power flow of 
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the electric distribution network in order to solve the problem 

of raising the voltage level that occurs when there is an excess 

of power injected in the distribution network by distributed 

generation: the SST can store all or part of the surplus energy 

in batteries and, at the time of greater energy use or at times 

when charging is higher, this stored energy can be re-inserted 
into the system. [11] 

II.  COMPARISON BETWEEN LFT AND SST 

The current electricity distribution network is 

characterized by different voltage levels. The adequacy and 

insulation between the different levels of the network are 

performed by conventional low frequency transformers (LFT) 

operated at a frequency of 50/60 Hz line. The transformer is 

the most reliable and efficient electrical device, however, the 
LFTs lose flexibility because they do not have the ability to 

intelligently control bidirectional power flow, interaction with 

DC loads and energy quality functionalities, being these 

requirements for modern distribution networks. So, analyzing 

the evolution and modernization of the electrical system, it is 

pertinent to imagine that the transformer, a key element of the 

system, also undergoes modifications in order to fit the smart 

grid. Thus, the replacement of the conventional LFT with a 

medium or high frequency, with suitable electronic converters 

coupled to its input and output, results in the Solid State 

Transformer (SST), as represented in Fig. 2.[12 -14] 
Although conventional LFT has been used since the 

introduction of CA systems for voltage conversion and 

insulation and if it is a mature, inexpensive, efficient and 

reliable technology, it still has several disadvantages, such as:  

• Bulky and heavy size; 

• Core saturation produces harmonics, which results in large 

energizing currents; 

• Unintended characteristics on the input side, such as voltage 

drops, influence the output voltage; 

• High losses compared to their average operating load; 

• All conventional transformers suffer from non-perfect 

voltage regulation; 
• They lose flexibility because they do not have the capacity 

for bidirectional control of energy, which is a requirement for 

modern distribution networks. 

 

Therefore, the replacement of the conventional transformer by 

the SST, is not characterized by a simple exchange since, 

besides the electronic transformer perform the same functions 

of the conventional one, it has some advantages and functions 

to improve the quality of the energy, like for example[15 -18]: 

 

• Size and reduced weight due to its high-frequency 
transformer: the size of the transformer is inversely 

proportional to its frequency, hence a smaller transformer for a 

higher frequency; 

• Instantaneous voltage regulation; 

• Power factor correction; 

• Active and reactive power flow control; 

• Active power filtering of harmonic content at the input; 

• Good voltage regulation capability; 

• The output may have different frequencies and number of 

phases than the input; 

• Possibility of DC input or output; 

• SWELL and SAG correction capability, provided that the 

existing energy storage is sufficient; 

• Ability to maintain output power for some cycles due to the 

energy stored in the DC link capacitor (this time depends on 

the capacity of the capacitor). 

The three-stage topology is the most studied among 
researchers in the field of solid state transformers, mainly for 

application in electrical networks [19] [21] [23] [25]. A three 

step SST model can be seen in Fig. 2. 

 

 

                                  Fig.2 - Structure of an SST 

 

The Input Stage is responsible for rectifying the input 

voltage and powering an HVDC link. The Isolation Stage is 

composed of a high frequency transformer; on each side of the 

transformer there is an electronic circuit that switches at a 

frequency of a few kHz the voltage of the HVDC link to pass 

through it, and on the other side of the transformer there is a 

circuit that rectifies the voltage by feeding an LVDC link. The 

Output Stage is the inverting step, responsible for 

transforming the alternating voltage at the desired frequency. 

However, because of its great flexibility, each stage can 

change its function depending on the direction of the power 

flow, for example, the Input Stage can work as Output Stage, 

if necessary [20]. 

The solid-state transformer can perform different functions 

on the smart grid, but this research will limit its scope to SST 

applications as an interface for distributed generation and 

smart grids. Distributed generation is made up of renewable 

energy sources such as photovoltaic panels and wind turbines. 

These sources, many times, have a variable voltage or 

frequency or may even be a DC voltage. The SST is flexible 

enough to allow the connection of these sources with the 

traditional network, or even act as a device to improve the 

quality of the energy as shown in Fig. 3. [22] [24] [26]. 

 

 
              Fig. 3 - Overview of SST applications on the network 
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III. Problems Generated for Distributed Generation 

Penetration 

Distributed Generation (GD) can be defined as any 

generation source integrated internally into the distribution 

system, regardless of its nature, renewable or non-renewable 

[27]. With Smart Grid and the increased presence of 

distributed generation technology, the network layout is 

changed: most of the topologies of the power system where 

power flows from the centralized source to the load 

traditionally have a share of that power coming from 

decentralized sources, which are usually closer to the centers 

of consumption, thus relieving the central generation. 

The low penetration of the distributed generation in the 

network does not represent risk conditions for the operations 

of the system, even in the distribution network of low voltage. 

However, if the number and power of the decentralized 

sources increases, this presence can not be disregarded since 

the limits of transformers, lines and aspects related to energy 

quality must be respected, such as the level of voltage [28]. 

In Brazil, the installed power limit of microgeneration is 

determined by ANEEL Resolution Normative nº. 482 of April 

17, 2012, which defines as limit the value of the maximum 

power available to the consumer unit in which the micro 

generator will be connected. That is, the maximum rated 

power of a residential photovoltaic system must be equal to 

the value of the power in which the concessionaire makes 

available to the customer to meet its installed load. In this 

way, the level of photovoltaic penetration can be defined 

according to equation 1. 

 

Penetration_FV(%) =
   

     
                                      (1) 

 
Where: 

Penetration_FV (%) - level of penetration of photovoltaic panels 

in the system; 

PFV - total installed power of photovoltaic panels in the     

system; 

Pload - power available to meet system loads. 

 

Analyzing this definition, if a penetration level is 60%, it 

means that more than half of the consumers have installed 

photovoltaic panels, considering that the power of each of the 

GD is equal to the power supplied by the concessionaire to 

meet the installed load declared by the corresponding unit. 

Often, high levels of penetration, based on this definition, 

may seem somewhat unrealistic. However, it is evident that 

the regulation links the nominal installed capacity of micro 

generation and the charge declared by the consumer, making 

possible that high values of penetration levels can be 

experienced by the network. 

In [29] it presents an analysis of the behavior of a 

distribution network of BT before a penetration of GD of 10%, 

30% and 60%, taking as base of reference the network without 

GD and the ideal behavior. The result has a positive and 

negative impact, depending on the amount of microgeneration 

connected to the network and its characteristics. For example, 

in the analyzed network, the non-connected voltage of GD is 

below ideal (1pu) and, with the penetration of 10% GD, the 

value was very close to the desired one, resulting in a positive 

impact, however, the higher the amount of photovoltaic units 

connected to the grid, the higher the voltage level and the 

more distant it was from the range considered as ideal, causing 

in this way a negative impact. 

The work of [8] carried out measurements in four rural 

distribution networks in Spain, with the objective of analyzing 

the impact caused by the high presence of photovoltaic 

generators installed along the networks. In the nodes closest to 

the generation the overvoltage levels reached up to 14%, and 

the limit stipulated by the distributor was 7%. 

It should be emphasized here that the behavior of one 

network can vary to another, since it depends on the load 

profile and the characteristics of the system being analyzed. 

The methods suggested by the literature to control voltage 

levels and counteract the negative impacts generated by the 

high penetration of distributed generation are: transformer 

TAP control, reactive injection control, asset injection 

restriction control, network reinforcement control and by load 

management [30] [31] [32] [33] [34]. The implementation of 

all voltage control strategies mentioned above causes some 

damage to the network, such as limiting the connection of 

decentralized generator units, the need to install other 

equipment to improve the quality of power, exchange of 

network cables, as well high investments and long periods of 

interruption to apply some methods. An alternative to these 

procedures is the use of the SST functionalities to perform the 

function of a common transformer, but also contribute to the 

control of voltage levels, power factor correction and also 

provide the possibility of storing a portion of the power that 

does not was requested by the load, due to the entrance of the 

photovoltaic units. 

 

                       IV. Simulation Results 

 

To evaluate the expected performance of the SST, a 

simulation was performed using the PSIM / POWERSIM 

software of a distribution network with the characteristics of 

table I, with GD penetration values of 30% and 60%, always 

maintaining constant load. With this simulation it is possible 

to analyze the behavior of the network with the TBF and 

compare it with the SST. 
 

 

TABLE I 

SIMULATION PARAMETERS 

Parameters Values 

Voltage Medium 13,8kV 

Voltage Low (rms) 127V 

Frequency 60Hz 

Network impedance 500 + j1.3mΩ 

Load Inductor 500 mH 

Load Resistor 250Ω 

 

 

 

In figure 4 and 5 a network with LFT of 15kVA / 220Vrms 
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that has a penetration of GD of 30% is presented. The change 

in the voltage levels between the phases and the impact of this 

penetration in the quality of the energy are notorious. In 

Figures 6 and 7 the LFT is replaced by an SST and 

consequently the disturbance in the network is changed and 

the voltage levels are corrected by the SST's ability to control 

the power flow and also by adjusting the voltage levels and the 

phase angles that are transmitted to the low voltage network. 

As the amount of GD connection increases, the distortion 

generated is higher, as can be seen in Fig. 8 and 9 that show 

the network with the LFT in which the penetration index 

increased from 30% to 60%. By inserting the SST in the above 

mentioned conditions, we also observed in Fig. 10 and 11 

again the correction of the disturbances generated by the 

distributed sources and the improvement of the energy quality. 

By analyzing the images, we noticed the improvement for 

both the line voltage and the phase voltage. 

 

 
                     Fig.  4 - Phase voltage for 30% of GD 

 

 
      Fig.  5 - Line voltage for 30% GD 

 

 

 
          Fig.  6 - Phase voltage for the network with 30% GD with SST 

 

 

 
 

Fig.  7 - Line voltage for the network with 30% GD with SST 

 

 
Fig.  8 - Phase voltage for 60% of GD 

 

 
Fig.  9 - Phase voltage for 60% of GD 

 

 
Fig.  10 - Phase voltage with 60% GD network with SST 

 

 
Fig. 11 - Line voltage with 60% GD network with SST 
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                      V. CONCLUSION 

 When we analyze the results of the simulations, we 

conclude that it is an exchange of LFT for an SST that adds to 

the network features that go far beyond raising or lowering the 

voltage level. Among the resources that the SST possesses, a 

substitution capacity with efficiency as an alternative to the 

literature to minimize the impact of the high penetration of the 

distributed generation proved to be effective, when controlling 

the voltage levels without the need to install new equipment 

changing cabling, restricting the installation of photovoltaic 

panels or large periods of interruption. 
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