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Abstract — With the growing ease of implementation of 

microgeneration systems, there is also an increase in the 

generation of electricity from Decentralized Production 

based on renewable energy sources. Although this increase 

has recognized advantages, there are certain operating 

conditions that can result in grid overvoltages and 

consequent disconnection of the microgeneration system. 

To address this issue, a theoretical solution is presented to 

control the microgeneration system, based on a 

decentralized regulation that, by modifying the values of 

Active Power and Reactive Power, can mitigate the 

overvoltage at the point of connection of the 

microgeneration system to the grid. This adjustment is 

carried out in the real inverter control software, based on 

the results obtained from the theoretical Matlab / Simulink 

simulations. The obtained results show that the proposed 

strategy guarantees the control of the grid voltage. 

 

Index Terms — Microgeneration, Active Power, Reactive 

Power, Voltage Regulation, Overvoltage, Power Quality. 

 

 

I. INTRODUCTION 

N Portugal, the use of renewable energy sources for  

electricity production has been a part of Portuguese life for 

several years. In recent years, there has been an increase in the 

production of electricity from renewable energy sources, 

namely from wind farms, photovoltaic solar plants, mini-hydro 

plants and thermal power plants from biomass and biogas 

combustion. 

With the support of the Portuguese Government and with the 

changes to the National Electric System, there is an increasingly 

pronounced introduction of technologies that, through 

renewable energy sources, allow a decentralized production of 

electricity, not only in Portugal, but also in some European 

countries. 

The concept of Decentralized or Distributed Production has 

had several definitions over the years, as well as several studies 

of applicability and impact on the operation of the power grid. 

Decentralized Production, among other definitions, is 

characterized by the possibility of producing energy on a small 

scale, or of reduced power, in locations close to consumers. The 

energy produced is then injected into the power grid at locations 

close to consumers. In this way, in addition to consuming, 

consumers are also producers of electricity, through the 

installation of microgeneration systems. [1][2] 

In this paper, it’s studied a problem caused by the installation 

and creation of too many microgeneration sites. This problem 

is the increase of the voltage value beyond the one defined by 

standards that aim to define the correct operating ranges that 

establish safety conditions for all users of the network. The 

standard that defines this limit is the norm NP EN 50160 [3]. 

The voltage rise above the set value is called overvoltage. In 

Portugal, this value is 253 V. 

The work carried out consists in the study and application of 

a theoretical solution presented and worked on previous works. 

A practical assembly is carried out in laboratory context in order 

to verify if the theoretical solution presented is valid and able 

to mitigate the overvoltages. 

The solution consists of controlling the active [4] and 

reactive power [5] of an inverter through it’s own control 

software based on the theoretical results obtained in a Matlab / 

Simulink simulation to mitigate the overvoltage. 

II. THEORETICAL MODEL 

The theoretical model in Matlab / Simulink is based on an 

existing network [6] [7] and has been adapted to experimental 

and material conditions in the DEEC Energy Laboratory, 

Lisbon Technical University. 

A. Transformer LV/MV 

The connection between a Medium Voltage and a Low 

Voltage grid is made with the use of three phase power 

transformers. These transformers have their own characteristics 

that are variable and adequate to the pretended power level and 

to the voltage level of the connected grids. 

In Portugal the most common medium voltage grid values 

are 10 kV, 15 kV and 30 kV. 

The low voltage grid is characterized by a voltage effective 

value of 230 V phase to ground and 400 V phase to phase. 

In this work, the transformer used is a 250 kVA transformer. 

With this transformer there is an effective voltage value of 30 

kV in his primary windings and an effective voltage value of 

242.4 V phase to ground in his secondary windings.  
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Figure 1 -  Transformer Model. 

B. Resistance and series inductance, RL 

These elements are needed in the model because of a real 

limitation of the laboratory assembly. 

In the theoretical model, the transformer supplies a voltage 

value of 242,4 V phase to ground in the low voltage side. In the 

real assembly, this value is accomplished using two series 

autotransformers that have the function of allowing the voltage 

regulation in the micro-generator terminals.  

The installation of the two autotransformers must be 

considered in the theoretical simulation. The effects of 

resistance in the windings and the dispersion flow result in a 

resistance and inductive reactance that will have to be 

considered in the theoretical model [8]. This resistance and 

reactance are named equivalent resistance and equivalent 

reactance. 

Next figure shows a simplified model of the equivalent 

resistance and reactance. 

 
Figure 2 - Simplified model of equivalent resistance and reactance. 

Their calculations are presented next. 

The resistance and reactance voltage drop is given by 

equation (1.1). 

 ( )MG R MG eq eqV V I R jX     (1.1) 

The current produced by the micro-generator, IMG, is given 

by equation (1.2). 
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With the substitution of the equation (1.2) in the equation 

(1.1), is given equation (1.3). 
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For low values, 0º < ɸMG < 35º, of the phase difference 

between voltage and current, ɸMG, the square root is 

approximately one and equation (1.3) can be simplified to 

equation (1.4), [14]. 
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With these equations it’s possible to obtain some estimates 

to the resistance and reactance.  

C. Micro-generator model and control 

The micro-generator used was developed in previous studies, 

but for the current project was adapted to the laboratory 

conditions. 

The micro-generator model is used to give theoretical results 

about Active Power and Reactive Power, that are applied in the 

real micro-generator to mitigate overvoltage situations. The 

control using the Reactive Power is achieved obtaining a correct 

power factor that can be applied to micro-generator. This value 

is also obtained from the theoretical model. 

In a simple way the micro-generator model used in Simulink, 

consists in an alternating current source which is used to 

represent the behavior of the voltage inverter used in the micro-

generator and is controlled to provide a current of a certain 

value. This value is obtained based on active power, P, that is 

to be injected in the network and in the value of the voltage to 

the terminals of the micro generator, VMG. 

This way, the micro-generator is represented by equations 

(1.5) and (1.6). 
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The reference for the micro-generator modeling is the phase 

of the voltage VMG(t). 

The active power injected in the grid is given by equation 

(1.7). 

 cosMGef MGef MGP V I    (1.7) 

From last equation, the effective value of the current is 

calculated by equation (1.8). 
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Considering the previously defined expressions, the 

alternating current, injected by the micro-generator in the grid, 

is obtained as function of the active power and the voltage of 

micro-generator terminals. This gives equation (1.9). 
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With the last expression, the micro-generator model is 

defined and implemented in Simulink. 

The solution studied to mitigate overvoltage situations is 

based on a decentralized regulation, based on a local closed-

loop regulator of the voltage at the connection point. This 
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regulator allows to act on the reactive power and on the 

reduction of active power if necessary. 

The idea of a decentralized regulation is to update the 

algorithm for the regulation of the existing micro-generator´s 

through an Internet connection that allows the access and 

respective control of the parameters of the equipment. 

One of the objectives of decentralized regulation would be to 

have a behavior similar to the one represented in Figure 3 where 

the entire process would have an automatic character and 

preferably with minimal or no user intervention. 

 
Figure 3 - Example of a decentralized regulation. 

It is important to note that LV networks have a resistive 

character superior to the inductive character, which implies that 

large voltage variations that are necessary to compensate for a 

possible overvoltage are not possible only through the control 

of the reactive power. For large offsets would require high 

reactive power values that would be outside the micro-

generator's specifications. For example, the micro-generator 

used in the practical assembly in the laboratory only allows a 

variation of a power factor in the intervals of 0.8 to 1 (leading 

or lagging). [6] 

The control scheme of the voltage regulation system is 

showed on Figure 4. 

 
Figure 4 - Diagram of the network voltage regulator. 

The regulation system aims to ensure that the angle of phase 

shift of the current in relation to the voltage at the output of the 

micro-generator is the correct one to guarantee the voltage 

given by the reference value. 

The regulation is made by comparing the measured value of 

the voltage read at the output of the micro-generator with a 

reference value that is lower than 253 V (above this value, it is 

in overvoltage). If the comparison results a negative difference 

means that the effective value of the voltage at the output of the 

micro-generator is higher than the reference value and that in 

this case adjustments must be made to the micro-generator 

offset until the comparison is zero. 

In cases where the limits of regulation through the reactive 

power are exceeded, for example when the phase shift from the 

current to the voltage implies a power factor higher than the 

limits stipulated by the equipment - in practice the power factor 

has a regulation interval between 0.8 to 1 (leading or lagging) - 

the voltage regulation only through the reactive power becomes 

insufficient to mitigate the overvoltage. In these cases, it is also 

necessary to decrease the active power. 

The decrease of the active power, when necessary, is done in 

a gradual and linear manner until the equilibrium situation with 

a voltage value at the output of the micro-generator, below the 

overvoltage limit, is reached. 

III. EXPERIMENTAL SETUP 

In order to validate the theoretical results presented by the 

MATLAB / Simulink model used in the present work, was used 

the experimental circuit presented below. 

 
Figure 5 - Simplified schematic of connections made. 

To overcome the lack of a photovoltaic panel capable of 

providing the desired DC power to the inverter, the DC 

generator set in the laboratory is used as the DC source. 

Although the theoretical model was originally developed 

considering a three-phase installation, the experimental model 

is monophasic and his adjustment was made in the theoretical 

model to consider the experimental setup. 

Two autotransformers groups are connected to the output 

terminals of the inverter. The autotransformers are used to 

allow voltage control at the output of the inverter to the values 

intended. Those values are 420 V phase to phase voltage, or 

242.4 V phase to ground voltage. 

After the group of two autotransformers, it’s made the single 

phase connection to the low voltage grid of the laboratory of 

230 V, phase to ground voltage. 

The equipment used consists on a solar inverter Sunny Boy 

SB3000TL-21 with a nominal power of 3 kW [9]; a computer 

program called Sunny Explorer [10] used to do the control of 

the solar inverter through the configuration of the active power 

and power factor (reactive power); and two power meters Fluke 

1735 Power Logger Analyst [11].  

The two groups of autotransformers are: 

• 2 Metrel Transformers, with nominal power of Sn = 

10.14 kVA; 

• 2 Officel Transformers, with nominal power of Sn = 

11.7 kVA. 

The methodology used consists mainly of three steps: 

1) Estimate the equivalent resistance and inductance by 

means of practical tests by adjusting to the theoretical value 

obtained by the formulas 

2)  Put the obtained values of the resistance and inductance 
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in the Simulink simulation and obtain the theoretical results of 

the active power, reactive power and power factor. 

3) Through the program Sunny Explorer configure the solar 

inverter/micro-generator with the theoretical results obtained 

and verify if the practical results are acceptable in relation to 

the theoretical ones. 

IV. OUTCOME PRESENTATION AND ANALYSIS 

In this section the goal is to present some results obtained 

during the course of this project. 

There were several experiences where the purpose was to test 

if the theoretical solution developed through the Simulink 

model was correct and if it could be implemented in a real 

micro-generator. 

In every experience with different voltage and active power 

values as reference the goal was to see if the system could be 

controlled to the defined voltage value. As well to see the 

impact of that control in the active and/or reactive power being 

injected in the grid. 

In this chapter it’s shown some results that prove the correct 

functioning of the model and the experimental set up. 

In every example, Vinv, is measured at the micro-generator 

terminals. 

A. Active Power of 2000 W 

This active power level is the lowest of all active powers 

experimented in this project. 

 The value of voltage used as reference is 250 V. 

 
Figure 6 - Active power of 2000 W and voltage reference of 250.  

Table 1 – Results of the experiment with active power of 2000 W. 

 Sim. Fluke Sunny Exp. 

Active Power [W] 2000 2017 2000 

Reactive Power 
[VAr] 

-1280 -1297 -1343 

Vinv [V] 250 249,9 249,87 

 

The theoretical power factor obtained through the Simulink 

simulation is 0.83 (leading). 

 

As Figure 6 and Table 1 shows, the real micro-generator 

system can control the voltage obtaining values that are lower 

than it’s reference 250 V. As for the active power, the values 

that are being injected into the grid are those that are expected 

to be. This means that our system, can control the voltage to the 

value that is referenced without losing active power. This 

happens because the system is absorbing reactive power and 

that is enough to keep the voltage below what is defined.  

B. Active Power of 2200 W 

 
Figure 7 - Active power of 2200 W and voltage reference of 250. 

Table 2 - Results of the experiment with active power of 2200 W. 

 Sim. Fluke Sunny Exp. 

Active Power [W] 2200 2235 2199 

Reactive Power 
[VAr] 

-1462 -1470 -1533 

Vinv [V] 250 249,8 249,76 

 

In Figure 7 and Table 2, is shown another example of the 

system being able to control the voltage to the defined limit, 

250 V. In this case, active power is bigger than in the last 

example. This means that the reactive power absorbed will also 

be bigger, as is shown.  

The theoretical power factor obtained is 0.82 (leading). 
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C. Active Power of 2400 W 

 
Figure 8 - Active power of 2400 W and voltage reference of 251. 

Table 3 - Results of the experiment with active power of 2400 W. 

 Sim. Fluke Sunny Exp. 

Active Power [W] 2400 2430 2399 

Reactive Power 
[VAr] 

-1074 -1103 -1162 

Vinv [V] 251 250.8 250.78 

 

As active power is becoming bigger, the system is able to 

reach higher voltages at his terminals. 

In this case, the reference value for voltage is 251 V.  

The system, can control the voltage and keep it lower than 

the defined value. As for active power being injected to the grid 

that is the value of power that is also defined. 

The power factor obtained for this case is 0.9 (leading). 

 

D. Active Power of 2600 W 

 
Figure 9 - Active power of 2600 W and voltage reference of 252. 

Table 4 -  Results of the experiment with active power of 2600 W. 

 Sim. Fluke Sunny Exp. 

Active Power [W] 2600 2610 2599 

Reactive Power 
[VAr] 

-337.8 -311 -369 

Vinv [V] 252 251.9 251.89 

 

In Figure 9 and Table 4, it’s visible that the difference for the 

other examples is the amount of reactive power that is being 

absorbed by the micro-generator. This is related with the power 

factor obtained for this case which is 0.99 (leading). Since this 

value is almost unitary, the amount of reactive power is lower 

in relation with the other cases. However, the system is 

correctly controlled, and the voltage is as is defined. The active 

power being injected is also the one defined by the reference. 

 

E. Active Power of 2800 W 

 
Figure 10 - Active power of 2800 W and voltage reference of 253. 

Table 5 -  Results of the experiment with active power of 2800 W. 

 Sim. Fluke Sunny Exp. 

Active Power [W] 2800 2807 2799 

Reactive Power 
[VAr] 

-524.3 -509 -567 

Vinv [V] 253 252.9 252.87 

 

This is the final experiment and in this case the voltage value 

that is being referenced is the maximum that Portuguese law NP 

EN 50160:2001 admits. Above this value the system is in the 

situation of overvoltage. And in that case, it would shut down 

itself until the voltage at is terminals became lower than the 

maximum, 253 V. 

Both Figure 10 and Table 5 show that the micro-generator is 

able to be controlled and to stay with a voltage value lower than 

the maximum. The active power that is also being injected is 

the one defined, and reactive power that is being absorbed by 
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the micro-generator is enough to keep the voltage controlled. 

The power factor obtained for this case is 0.98 (leading). 

V. CONCLUSION 

In this work, a theoretical approach developed as a possible 

solution to mitigate overvoltages introduced by 

microgeneration systems has been developed and 

experimentally tested. 

The proposed solution allows the identification of a possible 

overvoltage depending on the grid characteristics in which the 

microgeneration system is connected. This identification is 

possible from a simulation in Matlab / Simulink environment 

using a model representing the grid and the microgeneration 

system. The results obtained from the simulation are then used 

to generate the settings to control the equipment. 

The impact of these commands on reducing the overvoltage 

is analyzed. In particular if this is eliminated and if the 

microgeneration system is operating within the values defined 

by standard NP EN 50160, thus ensuring the overvoltage 

mitigation. 

More than one case were studied. The tests performed, 

besides testing the theoretical solution in the mitigation of 

overvoltages above 253 V, also allowed to test if the system 

could be correctly controlled for any value of active power and 

reference voltage. 

The experimental results show that the proposed approach 

produces the expected results, controlling the active and 

reactive power injected in the grid, thus avoiding overvoltages 

and the disconnection of the microgeneration system from the 

grid. 
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