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Abstract 
This article evaluates the impact of the interconnection of a microgrid to a local distribution system on power quality. A real-time simulation 
was used to carry out the study, applying national and international power quality standards, IEEE 1547 of 2018, IEEE 519 of 2014 and 
NTC 5001 of 2008. Phenomena of voltage harmonics, current harmonics, flicker and DC injection were evaluated on a microgrid case 
study. The results show that the interconnection of the microgrid produces a high impact on the current harmonics and the DC injection of 
the local distribution system, while the flicker phenomena and voltage harmonics have a lower impact. 
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Evaluación de calidad de potencia de la interconexión de una micro 
red a un sistema de distribución local utilizando simulación en 

tiempo real 
 

Resumen 
Este artículo evalúa el impacto en la calidad de la potencia eléctrica producido por la interconexión de una micro red a un sistema de 
transmisión, se utilizó la simulación en tiempo real como herramienta para llevar a cabo el estudio y se aplicaron las normas nacionales e 
internacionales de calidad de potencia IEEE 1547 de 2018, IEEE 519 de 2014 y la NTC 5001 de 2008. Los fenómenos de armónicos de 
voltaje, armónicos de corriente, flicker e inyección DC son evaluados sobre una micro red caso de estudio. Los resultados muestran que la 
interconexión de la micro red produce un alto impacto en los armónicos de corriente y la inyección DC del sistema de transmisión regional, 
mientras que, los fenómenos de flicker y armónicos de voltaje tuvieron un menor impacto. 
 
Palabras clave: calidad de potencia; micro red; Simulación en Tiempo Real (SimTR); armónicos; parpadeo; inyección DC. 

 
 
 

1.  Introduction 
 
Microgrid is the electrical network of the future on small 

scale and has attracted more and more attentions of power 
researchers and companies, as it offers three key benefits: 1) 
It increases energy efficiency through the use of distributed 
energy resources, 2) It reduces the carbon footprints in the 
production of electrical energy and 3) It improves the 
reliability of electricity delivered to end-uses [1,2]. 

                                                      
How to cite: Villarreal-Montoya, J.G, Gómez-Luna, E. and Marlés-Sáenz, E, Power quality assessment of the interconnection of a microgrid to a local distribution system using 
real-time simulation. DYNA, 87(213), pp. 28-33, April - June, 2020. 

At the global level and through the Paris Agreement, 195 
countries committed themselves to reduce the emission of 
greenhouse gas emissions, where an important means to meet 
with the objective of the Agreement is to start covering the 
energy demand by Microgrids, using renewable energies, [3]. 

Despite its benefits, the implementation of microgrids 
create a new challenge in maintaining the power quality of 
the network and in meeting the limits required by the 
standards [4]. The problems of power quality in microgrids 
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are more severe than those in traditional networks due to the 
natural intermittency of their distributed energy resources 
(DERs) and the increased use of power electronic converters, 
[3,5]. 

The purpose of this article was to evaluate the impact of 
the utility grid on power quality when a microgrid is 
interconnected to a local distribution system, applying the 
national and international power quality standards IEEE Std 
1547 of 2018, IEEE Std 519 of 2014 and NTC 5001 of 2008 
[6-8]. 

This study was carried out using Real-Time Simulation. 
First, a microgrid model was selected as a case study, then 
the selected model was simulated in a real-time laboratory, 
and finally the data were exported to MATLAB, where a 
detailed analysis was performed. 

In the context of this article, a microgrid comprises a MV 
(≈1–69 kV) locally-controlled cluster of DERs, including 
storage systems, that from the grid’s perspective behaves as 
a single producer or load both electrically and in energy 
markets, [2]. 

Section 2 provides an overview of the phenomena and 
their effects on power quality produced by the 
interconnection of a microgrid, according to the regulations. 
Section 3 presents the microgrid selected as a case study. 
Section 4 depicts the simulation scenarios and results and 
section 5 discusses the power quality results and assesses the 
impact and effects of the interconnection of the microgrid to 
a local distribution system. 

 
2.  Power quality mechanism caused by interconnection 

 
According to [3,9,10], the interconnection of a microgrid 

to the electrical distribution system can affect the waveform 
of voltage and current. Hence it is necessary to comply with 
the power quality parameters, in order to ensure a safe 
interconnection. 

The IEEE Std 1547-2018 establishes criteria and 
requirements for interconnection of DERs with electric 
power systems. For power quality requirements, the standard 
provides the limitations of the phenomena, DC injection, 
flicker and harmonics, [6]. 

These phenomena were evaluated at a point of common 
coupling (PCC) in the microgrid case study, as required by 
the standard. Below each phenomenon and how it was 
evaluated are explained. 

 
2.1.  Harmonics measurement 

 
The measurement of harmonics is performed in 

accordance with IEEE Std 1547-2018 and its referred 
standard IEEE Std 519-2014. The harmonics phenomenon 
was evaluated for voltage and current and the THD and TRD 
indexes were used, respectively. The eq. (1)-(2) show the 
expression to calculate these indices. 
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ℎ>1

𝑉𝑉1
× 100% (1) 

𝑇𝑇𝑇𝑇𝑇𝑇 =
�𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟

2 − 𝐼𝐼12

𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
× 100% 

(2) 

 
2.2.  DC injection measurement 

 
The DC injection was measured in accordance with the 

IEEE Std 1547-2018 and its extended serie the IEEE Std 
1547.1-2005, [11]. The DC injection index is calculated by 
eq. (3). 

 

𝐼𝐼𝐷𝐷𝐷𝐷 =
𝐼𝐼0

𝐼𝐼𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
× 100% (3) 

 
2.3.  Flicker measurement 

 
The flicker measurement was performed in accordance 

with IEC-61000-4-15. The index used for the flicker 
measurement was the Epst, which is calculated by eq. (4). 

 
𝐸𝐸𝑝𝑝𝑟𝑟𝑟𝑟 = (0,0314𝑃𝑃0,1𝑟𝑟 + 0,0525𝑃𝑃1𝑟𝑟 + 0,0657𝑃𝑃3𝑟𝑟

+ 0,28𝑃𝑃10𝑟𝑟 + 0,08𝑃𝑃50𝑟𝑟)1 2�  
(4) 

 
The eq. (1) - (4) were implemented in Matlab and they 

were calculated for multiple scenarios of the microgrid case 
study. 

 
3.  Microgrid selected as a case study 

 
Fig. 1 presents the microgrid selected as a case study. 
The microgrid was developed by the Canadian company 

OPAL-RT Technologies and was published in 2015 in the 
International Conference on Sustainable Mobility 
Applications, [12]. 
• Wind generation: a wind turbine delivering a maximum 

power of 10 kW at a wind speed of 15 m/s. 
• Solar Generation: includes a type SunPower solar panel, 

delivering a maximum power of 5 kW at 1000 W/m2 
irradiance. The PV film is connected to the grid through 
a 2-level IGBT inverter. 
 

 
Figure 1. Microgrid case study 
Source: The Authors. 
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• Storage system: a lead-acid battery connected to the grid 
via a 2-level IGBT inverter. The purpose of the battery is 
to absorb or deliver the difference between the power 
generated by the renewable sources and the total load 
power. 

• Residential loads: Three R-L loads representing a 
neighborhood. 
The microgrid is connected to a large distribution network 

and includes: 
 

4.  Simulation scenarios and results 
 
The microgrid is a complex electrical network which 

creates big technological challenges for its simulation, due to 
the number of parameters and components to be introduced. 
Unpredictable climate changes, the parameters of renewable 
energy resources, the power electronics, the control system 
and communications are key factors that make microgrid 
essential for the use of non-traditional simulations.  

Real-Time Simulation is a solution that allows studying 
these systems by simulating the effects of multiple scenarios 
under risk free conditions close to reality, prior to their 
implementation in the field. The microgrid case study 
presented in Fig. 1 is simulated in real time, using the Real-
Time laboratory of the company PTI S.A. For the 
development of this simulation, the OP5600 simulator and 
the RT-LAB software were used, [13,14]. 

Five scenarios were simulated in the microgrid case 
study. The scenarios show the behavior of the microgrid on a 
typical day, recreating high, medium and low load demand 
values. In addition, a zero scenario was simulated, which 
corresponds to the utility network operating prior to the 
interconnection of the Microgrid to calculate the power 
quality reference values of the utility. 

Table 1 presents the 5 simulated microgrid scenarios, 
including scenario 0 that corresponds to the microgrid  
 

Table 1. 
Microgrid scenarios simulated 

Scenario Load 
(kW) 

Psolar 
(kW) 

Pwind 
(kW) 

Pbat 
(kW) 

Putility 
(kW) 

0 0,0 0,0 0,0 0,0 0,0 
1 15 -0,06 7,92 7,10 0,0 
2 30 4,7 7,55 18,0 0,1 
3 45 -0,07 20,6 24,0 -0,1 
4 10 5,0 0,0 4,9 0,0 
5 30 0,0 20,6 9,6 0,2 

Source: The Authors. 
 
 
Table 2. 
Simulation scenarios results. 

Scenarios THD 
(%)  TRD (%)  Flicker  Inyección 

DC (%)  
0 0,07  0,08  0,014  0,08%  
1 0,11 ✔  0,90 ✔  0,04✔  0,33%✔  
2 0,11 ✔  1,46 ✔  0,05✔  0,34%✔  
3 0,11 ✔  2,43 ✔  0,05✔  0,31%✔  
4 0,11 ✔  1,07 ✔  0,04✔  0,37%✔  
5 0,11 ✔  0,88 ✔  0,04✔  0,26%✔  

Objectives 
IEEE 1547 5% 5% 0,35 0,5% 

Source: The Authors. 
 
 
disconnected from the electrical distribution system. For  
scenarios 1 to 5 the battery was 100%. 

Once the real-time simulation was carried out, the data for 
each scenario were exported to Matlab where a detailed 
analysis was performed, the power quality parameters 
mentioned in section 2 were calculated. Table 2 shows the 
results obtained from the Real-time simulation. 

Another requirement of the IEEE Std 1547-2018 is to 
comply with the limits of individual harmonic distortion for 
the current. Fig. 2 depicts a graph showing the individual 
harmonic distortions of current as a percentage of the rated 
current.  The graph also shows that each harmonic 
component satisfies the standard. 

 
Figure 2. Individual harmonic distortion of current for three scenarios 
Source: The Authors. 
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5.  Analysis of results 
 
All the phenomena evaluated in the microgrid case study 

comply with standard requirements. This is due to the design 
of the microgrid, since it has multiple elements such as third-
order filters, link capacitors, and fast control actions for 
inverters, which help maintain an adequate service of electric 
power. In this section, the results of each of the power quality 
phenomenon are discussed. 

 
5.1.  Harmonic measurement results 

 
According to [15–18], the presence of harmonics is one 

of the most important phenomena in the study of power 
quality and its evaluation is essential for the interconnection 
of new non-conventional energy sources. The findings are 
discussed in terms of the harmonics phenomenon. 

 
5.1.1.   Harmonic voltage results 
 

Voltage harmonics had a low impact on the 
interconnection of the microgrid to the distribution system. 
Its index THD did not vary considerably and remained 
constant in comparison with the different simulated 
microgrid scenarios, thus complying with standard limit 
requirements. The findings also show that the 
interconnection of the microgrid does not produce significant 
voltage harmonic contamination. 

 
5.1.2.   Harmonic current results 

 
The current harmonics, measured by the TRD index, had 

a high impact on the interconnection of the microgrid, since 
its value increased significantly. From the results, it is clear 
that the TRD varies according to the power delivered by the 
renewable energy sources and the storage system.  

On the other hand, compliance of harmonics with 
standard regulations does not necessarily mean that it is not a 
source of concern for microgrids. The fact that its value 
increases along with the penetration of renewable energies 
and the battery bank, adds to other findings from other studies 
[17,18]. 

The results indicate that the phenomenon of current 
harmonics will be more severe with the increase of the 
penetration of unconventional energy sources, which should 
be paid more attention for future studies. 

Finally, and based on Fig. 2, the results indicate that the 
third and ninth harmonics are relatively large respect to the 
fundamental. Therefore, if necessary, the first step to reduce 
the harmonic content of the signal would be to install an 
appropriate filter. 

 
5.2.  Flicker measurement results 

 
The flicker phenomenon has a medium impact on the 

interconnection of the microgrid. The results obtained, which 
were measured by using the Pst index, comply with the IEEE 
Std 1547 of 2018 and indicate that the microgrid case study 

does not present any problem derived from this phenomenon. 
Therefore, its value did not vary considerably because of the 
interconnection of the microgrid and remained unchanged in 
the different simulated scenarios. 
 
5.3.  DC injection measurement results 

 
The phenomenon of DC injection had a high impact on 

the interconnection of the microgrid, as its value increased 
considerably. The results complied with the IEEE Std 1547 
standard of 2018 and did not present important variations in 
the different scenarios; however, its values were close to the 
limit required by the standard, a finding to be considered in 
future studies. 

 
6.  Impact produced on power quality by the microgrid  
     interconnection 

 
Current harmonics poses one of the main problems in 

power quality when using microgrids and the integration of 
renewable energy sources. Our findings are supported by 
[16,18,19] and guide IEEE 1547.2-2008 [20]. In [18], it was 
found that the third current harmonic is relatively high and, 
as such, special attention should be paid to it. Additionally, it 
was found that current harmonics and the TRD index increase 
with the penetration level of renewable sources, as shown in 
the first 3 scenarios. 

The DC injection phenomenon shows a high impact due 
to the interconnection of the microgrid. However, the 
literature, reveals that this phenomenon is not studied as 
frequently as is current harmonics. Therefore, future power 
quality studies should have this as one of their aims. 

The microgrid design in this case study guarantees good 
functioning of the network leading to compliance with the 
power quality limits required by standard regulations. This is 
because microgrid incorporates multiple elements such as a 
third-order filter in the photovoltaic system and battery bank, 
link capacitors, and quick control actions for inverters, which 
help maintain an adequate supply of electric power. 

Table 3 summarizes the most relevant phenomena and the 
effects of microgrid interconnection on power quality 
 
Table 3. 
Main effects produced by the microgrid interconnection. 

Phenomenon Impact* Effects on the electrical grid 

Current 
harmonics High 

Temperature Transformers increment, 
which overheats the neutral conductor. 
The above can cause an erroneous trip 

for overcurrent.  
Insulation life decrement. 

Voltage 
harmonics Low No important effect 

Flicker Medium Can cause remarkable fluctuation on 
luminic loads 

DC injection High 
Distribution transformer saturation that 

creates an objectionable harmonic 
source 

Source: The Authors. 
*  A qualitative indicator resulting from the increase of the indexes due to 
the microgrid interconnection. 
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The greatest impacts of the microgrid interconnection are 
the current harmonics and the DC injection.  The severity of 
the harmonic pollution depends on the power electronic 
converter technology, its filtering, and its interconnection 
configuration. According to [20], there is concern about the 
contribution. However, the problem has been reduced 
because the new inverters come with solid state technologies 
that use PWM modulation for their operation. These new 
inverters can generate a clean output and normally meet the 
requirements of IEEE Std 1547 of 2018. 

Currently, new technologies such as filters and smart 
inverters are emerging in response to the negative effects 
generated by the interconnection of renewable energies. 

 
7.  Conclusions 

 
This article evaluates the impact of the interconnection of 

a microgrid to a local distribution system on power quality. 
Real-time simulation was used as a tool to perform the study, 
applying national and international standards, NTC 5001 of 
2008, IEEE 519 of 2014 and IEEE 1547 of 2018 for power 
quality. 

The interconnection of the microgrid to the local 
distribution system had a high impact on current harmonics. 
Index TDD showed important variations produced by 
different levels of penetration of renewable sources and the 
battery bank. However, the phenomenon always complied 
with the objectives established by the regulations. 

The third and ninth current harmonics are relatively large, 
so they must be considered for the possibility of installing of 
filter. 

The interconnection of the microgrid had a low impact on 
the voltage harmonics.  Index THD remained constant when 
comparing the different simulated scenarios and met the 
limits required by current regulations. 

The interconnection of the microgrid had a high impact 
on the phenomenon of DC injection, (0.37%), and was close 
to the limit required by the norm (0.5%). It is suggested that 
this phenomenon be paid special attention in future studies of 
power quality. 

 The interconnection of the microgrid had a medium 
impact on the flicker phenomenon.  Its results meet the 
requirements of the IEEE Std 1453 standard of 2015 and does 
not pose a special concern for any scenario. 

Because of the complexity of a microgrid, real-time 
simulation is a solution that allows carrying out studies of 
multiple scenarios under conditions close to reality. 

In real-time simulation, a substantial amount of time is 
saved, compared to off-line simulation. In our study, off-line 
simulation took 4 hours, while real-time simulation took1 
minute. 
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