
 25th International Conference on Electricity Distribution Madrid, 3-6 June 2019 
 

Paper n°  677 
 

 

CIRED 2019  1/4 

EFFICIENT OPEN-SOURCE POWER QUALITY ANALYSER AND SMART METER 
 

 Francisco G. MONTOYA  Raúl BAÑOS  Alfredo ALCAYDE F. M. ARRABAL-CAMPOS 
 Univ. of Almeria – Spain Univ. of Almeria – Spain Univ. of Almeria – Spain Univ. of Almeria – Spain 
 pagilm@ual.es rbanos@ual.es aalcayde@ual.es fmarrabal@ual.es 

 

ABSTRACT 

Typically, end-users do not have access to their energy 
consumption in real time nor the quality of the power they 
receive because electric energy meters are complex or 
closed to be handled. In addition, most electricity 
companies refuse to provide such information and limit 
themselves to simply sending energy consumption 
monthly. Some are promoting new ways of interacting with 
the user, but they are a minority and sometimes only do so 
as a marketing technique. To solve this problem, 
information must flow to the user in a transparent and 
effective way. Having information about energy 
consumption and the power quality is vital to be able to 
propose energy saving targets and safeguard or protect 
electrical devices, so that there is no damage or 
malfunction that reduces their lifespan. This work presents 
a real study in a house using an innovative low cost device 
known as openZmeter (oZm) based on free and open-
source software and hardware that provides real time 
accurate information for power and energy consumption, 
as well as power quality measurements. Measurements 
have been carried out over several months in a home to 
control the energy and power usage.  

INTRODUCTION 
There is a growing need for automated measurements for 
new 21st century power grids [1]. These networks have 
emerged as a logical evolution of the traditional grid to 
accommodate new energy models based on renewables 
and autonomous systems using new technological 
paradigms that make markets more efficient and result in 
a benefit in the fight against climate change. To ensure the 
successful deployment of micro-grids, new advanced 
measurement systems must be deployed throughout the 
network to report information in real time. Among its 
functions, there should not only be a measurement of 
energy or power, but also other types of measures are 
expected such as those related to power quality. 
 
The EU directive 2012/27/EC establishes that an 
intelligent measurement system is defined as "an 
electronic system that can measure energy consumption, 
providing more information than a conventional meter, 
and can transmit and receive data using a form of 
electronic communication". Therefore, it is necessary to go 
further in the use of these advanced devices so that both 
operators and end users can access truthful and quality 
information, so as to achieve a more stable, reliable and 
accessible network for all.  
 
To facilitate this process, it is vital to use free and open 
source systems as recommended by different public bodies 
such as the EU [2]. The advantages of using such systems 
that can interoperate according to open international 
standards are widely documented, as they facilitate 

integration and allow a better analysis of the data collected. 
Likewise, the open-source philosophy allows different 
actors such as users, operators, etc. to add useful new 
features that cannot be realized when using closed 
commercial systems. 
Following these guidelines, a newly developed device by 
the universities of Almeria and Granada [3], called 
openZmeter (hereinafter oZm), has been used (see figure 
1). oZm is a single-phase open source multifunction power 
analyzer that measures power quality and power 
consumption according to international standards such 
IEC-61000-4-30 and EN-50160. Thanks to its advanced 
capabilities, it is possible to measure a large number of 
parameters that are only within a high-end meter's scope. 
The rest of the paper is organized as follows: the Material 
and Methods section presents the detailed overview of the 
experiments carried out along with the devices used. The 
Results and Discussion section presents the results of our 
experiments. The Conclusions section presents the main 
conclusions of the this study. 

 
Figure 1. openZmeter multifunction power analyzer. 
 

MATERIAL AND METHODS 
The oZm system was installed in a typical home in the city 
of Pombal in Portugal for several weeks. A family of 4 
people, 2 adults and 2 children live in the house. It has an 
overall area of 102 m2 and has the typical appliances of a 
European home, including a washing machine, 
dishwasher, electric heater, etc. The installation was made 
in the low voltage box at the entrance of the house as 
shown in Figure 2. The measurements were made every 
200ms according to the IEC-61000-4-30 standard, 
although oZm is able to perform 3s, 1min, 10min and 1h 
aggregations. The nominal voltage of the network is 230V 
and the nominal frequency is 50 Hz. 
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Figure 2. View of the low-voltage circuit breaker panel 
with oZm. 
 
The connection scheme for oZm is described in figure 3. 
This scheme shows a possible configuration (among 
others) where the connection between the thermal breaker 
and the differential breaker of the house is made, so that 
all the energy flows through it. The 230V mains voltage 
feeds the electronic circuitry of the oZm and at the same 
time it is acquired for later measurement by means of a 
typical resistive network. Further details of the electronics 
scheme and the acquisition stage can be obtained in [REF]. 
 

 
 
Figure 3. Schematic view for the before and after of a 
typical oZm installation. 
 
 

RESULTS AND DISCUSSION 
The data collected shows relevant information from the 
following parameters: 
 

• Voltage 
• Current 
• Active power 
• Reactive power 
• Active energy 
• Frequency 
• Harmonics 
• Voltage events 

 
All this information is analyzed in real time by the oZm 
through different implemented algorithms to obtain values 
such as RMS values or harmonics. Figure 4 shows the 
main screen or dashboard where the main parameters of 
the electrical installation are shown. In the upper right part 
there are some counters that are always visible in any tab 
or view. The real time value of the RMS voltage, RMS 
current, active power, frequency and active energy is 
indicated. In the middle part there is a graph for the last 
two hours of voltage, current, active power and frequency. 
This way, you can see the recent evolution with a time 
aggregation of 3 seconds. It can be clearly seen in the 
graphs of current and active power, the periods of 
consumption as well as variations in the value of the input 
voltage. 
 
 

 
 
Figure 4. Main view or Dashboard of oZm with RMS 
voltage, RMS current, active power and frequency. 
 
A detail graph is shown in figure 5 and figure 6 for the 
voltage and current, respectively. The evolution of the 
RMS voltage can be seen for a full day with aggregation 
of 3s. It can be observed how the supply is not regular, 
presenting several voltage drops below the limits accepted 
by standard (10%). Likewise, the current shown in figure 
6 has a base level of approximately 2 amperes during the 
whole day. The waveform confirms the non-linearity of 
typical home devices. 
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Figure 5. Detailed view for the voltage.  
 

 
 
Figure 6. Detailed view for the current.  
 
oZm is not only capable of displaying voltage and current 
information but also allows detailed analysis of variables 
such as frequency. Figure 7 shows a composition for a 
series of measurements of one day, one week and one 
month with different levels of aggregation. 
 

 
Figure 7. Frequency detail for a one-month period and 1-
minute aggregation (top), 1 week and 1 min aggregation 

(middle) and 1 day and 3 seconds aggregation (bottom).  
 
You can see how if the resolution increases, finer detail 
arises when using the 3-second aggregation level. It is also 
observed that there are small deviations within the 
standard up to 49.9 and 51.1 Hz. 
 
Figure 8 shows the analysis performed for voltage 
disturbances using the ITIC/CBEMA curve. It is possible 
to visualize the voltage events occurring for a specific 
period as well as to obtain statistical information in 
graphical mode on the right. 
 

 
 
Figure 8. ITIC/CBEMA curve with some statistical 
information on the right. 
 
Finally, figure 9 is included to highlight part of the energy 
information generated by oZm is shown. It shows a 
heatmap with different levels of detail for the consumption 
made in a 24-hour time horizon on different days of the 
year. It is possible to choose aggregation values of 1 hour 
up to 10 minutes, in such a way that a pixel map is obtained 
that helps to understand where the user's consumption is 
made, so that action policies can be established based on 
these results. 
 

 
Figure 9. Heatmap for different aggregation levels. From 
top to bottom, lower to higher aggregation interval. 
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CONCLUSIONS 
A real study carried out in a house in the city of Pombal in 
Portugal using the electric quality analyzer and energy 
meter oZm has been presented in this paper. Several weeks 
of energy consumption as well as electrical events have 
been studied. It has been shown that oZm is a versatile, 
powerful and low-cost device that can bring many 
advantages if integrated into the Smart grid, thanks to its 
autonomous and cloud communication possibilities. As 
future work we are working on the implementation of a 
more advanced module for electricity tariffs that allows to 
obtain the energy bill in real time, as well as simulations 
for different contracting scenarios. 
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