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ABSTRACT 

This paper proposes an embedded system compatible 

with electronic power meters, which simulates the billing 

of dynamic tariffs. The system assists in the decision 

making of customers, regarding the best tariff modality, 

when there are doubts regarding the operation the new 

tariff model. The system is composed by embedded system 

and API Service. The proposed system was designed 

focusing in low cost components, applying the embedded 

system development methods for building the solution 

through open source development platforms such as 

NodeMCU, KiCad, C++ Language, MySql and Android 

Studio. The system was applied to assess the viability of 

the White Tariff in Brazil, which is a new dynamic tariff 

developed for low voltage customers.  

INTRODUCTION 

Currently, as the energy consumption is concentrated in 
specific hours of the day, utilities need to have high 
investments to assure providing power demands during 
peak hours. In this decade, the metering technology has 
evolved, the dynamic rates for low voltage consumers 
was regulated in several countries, including the USA, 
Spain, Brazil and others [1].  
According to normative resolution No. 733/2016 [12], 
customers with more than 250 [kW/h] can choose to be 
charged through the White Tariff at the beginning of 
2019. The others low voltage customers will be able to 
choose this tariff after 2020. 
The White Tariff is dynamic in relation to the 
consumption hour. The ANEEL defined three cost 
periods for workdays in Normative Resolution n° 
414/2010 [13]: Peak – Period of greater use of the power 
grid and consequently of greater cost, Intermediate – 
Average cost period between the periods of lowest and 
highest cost and Off-Peak – Period of smaller use of the 
power grid and consequently of smaller cost. For 
weekends the Off-Peak period is predominant. The period 
price and hours are defined annually by ANEEL for each 
energy distribution company [5].  
The Brazilian regulatory agency, ANEEL, understands 
that the biggest advantage of dynamic rates is to reduce 
peaks of energy use, by balancing the energy use along 
the day time [2]. Based on that, ANEEL defined the 
White Tariff in its normative resolution number 479 of 
2012 [4]. This rate is the first Brazilian dynamic hourly 
option created for customers from the low voltage group. 
In [6] the authors propose the use of a survey considering 
the equipment and users behaviors in order to simulate 
the White Tariff. The work was supported by a R&D 
project from COELCE, a Brazilian utility from the 
northeast of the country. The objective was to analyze 
customers load curve, and then determine the most 

appropriate tariff model. As methodology, the project 
developed in [6] is based in five models: customer 
identification, building characterization, list of equipment 
and how long each equipment is used, customer social 
factor, and the customer behavior concerning the culture 
of save energy. Beyond studying the effects of the White 
Tariff, the project also included the replacement of the 
standard power meter by a smart meter, increasing the 
memory mass, allowing a storage frequency of 15 
minutes, and a dedicated meter to check the consumption 
of each power outlet. This study was conducted for one 
week. The data collected was used to evaluate the several 
tariff models for each house, based on a math experiment 
which simulates the customers load curve in order to 
support them in the adoption of the White Tariff. 
 
In [7] the authors developed a smart power meter, in 
order to evaluate the White Tariff adoption through 
dedicated electronics. As electric current and voltage 
meters, authors have chosen the sensor SCT-013 and 
voltage divisor respectively. Then it was proposed the 
calculation of the power mathematically, which was 
executed by a microprocessor. For data transmission, was 
suggested the use of Wi-Fi through SoC ESP8266, with a 
microprocessor exclusively dedicated for this task. As 
customer interface, authors proposed the use of API 
ThingSpeak, an open source platform dedicated for IoT 
development. In order to prove the system functionality, 
linearity tests were performed in the current transformer, 
in order to validate the measurements of the sensor, Wi-
Fi communication, considering distance and the accuracy 
through simulations of fixed load were also carried out. 
Based on the current literature, it is possible to note that 
there is a research gap for developing improvements in 
terms of the accuracy of the measured data, equipment 
costs and the communication interface with customers. 
The improvements suggested for measurements 
suggested by the present paper are related with the use of 
interviews direct connected with the user’s knowledge 
and implementing a new system for the calculus of the 
active power. 
The suggested method in this paper consists in the 
integration of the consume being performed by a database 
job, in order to minimize costs, reach a better accuracy 
and make the system compatible with polyphase electric 
grids, without the need of a chip integrator. The other 
difference is the use of only one microprocessor to 
manage all process in the embedded system and Wi-Fi 
protocol. 
In order to support customers to understand how each 
tariff model works, it was recommended the development 
of a service which will integrate via headless API in PHP 
among the embedded system, a MySQL database and the 
different applications (Android, IOS and Web) in an 
independent manner, where the consume information will 
be stored in the differential database, with the revenues 
results exposed in the API. This approach is significantly 
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different from the one presented in [7], which uses the 
API ThingSpeak, an IoT platform and can negatively 
affect the user interactive and use of the system. 

SURVEY 

The present work has also conducted a survey regarding 
customers’ knowledge of energy consumption. The 
survey reached more than 300 residential consumers from 
6 different utilities regarding the new Brazilian dynamic 
rates. Fig. 1 represents the survey results. According to 
the survey, it may be noticed that low voltage customers 
do not have enough knowledge of their energy 
consumption along the day. On the other hand, this 
knowledge is required to take the benefit of the new 
dynamic rates. Therefore, customers may not reach the 
regulatory agency expectations by balancing the energy 
use.  
 

 
Fig.1 - Low voltage customer survey results about new 

tariff options 
 

Based on this regulatory scenario, this paper proposes an 
embedded system compatible with electronic power 
meters, which simulates the billing of White Tariff, 
according to the load of customers profile and compares 
with the typical one. Nevertheless, the system may also 
be used to simulate any other dynamic rates and checking 
its feasibility. The system assists in the decision making 
of customers, regarding the best tariff modality, as there 
are doubts regarding the operation of a new tariff model. 

METHOD 

The proposed system is composed by embedded system 
and API Service. Fig. 2 shows the simplified schematics 
of what has been developed. As stated before, the 
proposed system contrasts from the current literature in 
the three main aspects: meter system accuracy, hardware 
schematic and the user application (API and customer 
interface). 

Hardware Development 

The embedded system proposed is composed by a 

dedicated microprocessor, current and voltage sensors, 

real time clock, power supply, memory mass 

management, Wi-Fi connection and the human-machine 

interface as shown in the Fig. 3. For the hardware 

development, KiCad and PCB Layout were used. 

The microprocessor chosen was the ESP8266 due to the 

possibility of having a powerful processor, an internal 

RTC and Wi-Fi connection in a single chip. It was 

developed specifically for application in IoT projects [8] 

by Espressif Systems with an integrated 2.4 GHz 802.11 

b / g / n Wi-Fi protocol, a connection of until 300 MBps, 

and an integrated 32-bit low-power MCU with the ability 

to work with up to 160 MHz of frequency bigger than the 

ATMEGA in processing frequency and PIC18F in 

processor speed [3]. Another advantage of this 

microprocessor is its development module, the 

NodeMCU. It won the award for best hardware for IoT at 

the IoT Awards 2015/2016, due to its performance and 

accessibility [7]. 

 

 
Fig. 2 - Project schema 

 

 
Fig. 3 - Block schema of the embedded system 

 

The internal time clock together with the NTP connection 

assures microsecond precision, following based on UNIX 

EPOCH [9], therefore exempts exclusive RTC hardware 

in the embedded system. 

The measuring circuit was designed with two mean 

useful voltage sensors, two mean useful current sensors 

and signal multiplexer, because ESP8266 has only one 

analogic input and the system needs to read four sensors 

[3] in order to be compatible with single, two or three 

phases of electric grids according to Blondel's theorem. 

The voltage sensor (Vrms) of the phase was designed the 

resistive divider circuit with a 4N25 optocoupler. This 

circuit is responsible for decreasing the electric grid 

voltage from 0 to 3.3V range, linearizing and isolating 

the analogic input of the multiplexer. Fig. 4 shows the 

electrical schema of the voltage measurement circuit. 

The current sensor (Irms) of the phase used is non-

invasive SCT 013, it can measure until 30 A with voltage 

output until 1 V [10]. The equipment was chosen because 

of its low cost and installation ease. Fig. 5 shows the 
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electrical schema of the current measurement circuit. 

 

 
Fig. 4 - The electrical schema of the voltage measurement 

circuit 

 
Fig. 5 - The electrical schema of the current measurement 

circuit 

 

One of ANEEL’s concerning about the dynamic tariff is 

the need of historic measurements, as defined in the 

PRODIST [11] Module 5 for blue and green tariffs, 

where the meters must have memory mass to store until 

37 days. Therefore, it was chosen the implementation of a 

peripheric through a microSD card entrance in the device, 

exclusively for data storing of consumption, time and 

other relevant information that can be regulated by 

ANEEL.  

The system components are powered by 5V and 3.3V 

voltage, because the microprocessor works with 3.3V and 

the sensors with 5V. To obtain these levels, an external 

energy source with 7V continuous is limited by the 

LM7803 and LM7805 regulators to the 3.3V and 5V 

voltages in the hardware, respectively. 

The human-machine interface is composed by a push-

button to start the settings when pressed and two leds to 

signal the system connection with Wi-Fi network and its 

energization. 

Firmware Development 

The system firmware provides the management the 

processes of measuring voltage and current, 

instantaneous power calculation, connection with API 

through WIFI network, RTC calculation, memory mass 

management and the human-machine interface. This 

firmware was developed in C++ language. 

The system initial configuration is performed after the 

boot loader activation, it calls the GetClientRegister API 

to update the Client ID, local network access (Network, 

user and password), residence and customer data in the 

hardware. All these data are registered through API. 

 

 
Fig. 6 - Firmware Process Flowchart 

 

The process starts with the firmware reading the voltage 

(Vrms), current (Irms) and the consumption time data. 

After, they are converted from analogic signal to 

electrical quantities in volts (V) and Ampère (A). The 

conversion was calculated through signal sampling and 

implemented in the coding. Then, the active power of the 

electrical grid per phase is calculated. Finally, all data are 

sent to a queue and after sent to InsertEnergyReading 

API to include this information in the database. The Fig. 

6 shows the firmware process in a flowchart. 

In this project, four libraries were used: the “EmonLib.h” 

to read the current with the SCT-013, the “WiFiUdp.h” to 

connect to internet, the “RTCtime.h” library to read the 

measurement time, the “NTPClient.h” to guarantee the 
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time accuracy usage of network time protocol and the 

"Sdfatlib.h" to use the SD card to create FIFO queue used 

to send all data to API. 

MDM Service and API Development 

The API developed is a service responsible for receiving, 

storing and managing the measured information as a 

MDM. The application was structured as a headless API, 

therefore we can develop a repurposed across multiple 

channels (Web, Android Apps, IOS Apps). 

The MDM API was developed in PHP with 16 services 

for the insert and update of Customers, price of common 

and white tariff, Energy Readings and other jobs the 

embedded system and other devices. Fig. 7 shows the 

structure of the created API service. 

 

 
Fig. 7 - MDM Service API Schema 

 

The MDM database used was based on MySQL, which is 

responsible for storing all information and with scheduler 

events calculate the energy consumption by means of 

integration of the power measured in time. The Fig. 8 

shows the database structure and the table relation. 

 

 
Fig. 8 - Database Schema 

 

To test and validate the API, this paper proposed the 

development of an Android application. The application 

was built with 3 screens: login, registration and 

monitoring. The login and registration screens were 

developed to manage the accesses of each user and 

respective accounts. In these screens the user can be the 

administrator of the power distribution company with 

access to all data or a common user with access only to 

the data from only a group of customers. 

The monitoring screen shows the current, daily and 

monthly comparison between the common and White 

tariffs, based on the client’s measured load profile. On 

this screen, a graph was created with the load curve to 

help balancing the energy used along the day time. 

Another function designed is the alert system of periods 

of peak, intermediate and off-peak represented by the red, 

yellow and green colors respectively in the screen. 

RESULTS 

In order to validate the system, 4 tests were performed to 

stress the system in terms of measurement accuracy, 

communication distance and network stability. All tests 

were performed in the USP Smart grid Laboratory using 

smart meters and real load curves from an electric 

distribution company of São Paulo register in SINAP 

database. 

Firstly, the functionality of the system was simulated 

through an end-to-end test by assembling the structure of 

Fig.3. Thereby it is possible to evaluate the system's 

ability to read the consumption and show the same in 

Brazilian currency (R$ - Reais) based on the White Tariff 

and through a smartphone. The test results were positive, 

pointing out some improvements in the frequency of the 

app updating and the hardware power supply position for 

proper installation. 

In order to validate the accuracy of the current, voltage 

and active power calculation, this second test measuring 

the electrical quantities while occurring a progressive 

increase of current and voltage. With the test result, the 

error calculated for the voltage measurement was around 

± 0.98% and for current measurement was around ± 

1.14% and consecutively the error for power rating was 

around ± 1.77%. In Fig. 9 shows the errors graph of each 

electrical quantity during the test. 

 

 
Fig. 9 - Sensor accuracy test results 

 

The third experiment proposed consisted in keeping the 

system in operation for 24 consecutive hours, connected 

to a load simulator, which emulated a consumption 
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profile of a low voltage customer. The figure 10 shows 

the comparison between the values measured in the test 

by the developed system and by a Nansen NSXi smart 

meter (class C). The results show the error rate of the 

consumption calculated by the system is ± 1.44% and the 

loss packet amount is 4.6%.  

  

 
Fig. 10 – Energy reading test result 

 

Constructed based on the energy billing API response in 

test 3, the figure 11 shows the billing comparison when 

tariffed by the common tariff and the white tariff in the 

Brazilian cash (Reais - R$). 

 

 
Fig. 11 – Energy billing API response 

 

The last test consisted in reading the response time of the 

embedded system for the different distances between the 

meter and the router to determine the equipment’s limit 

distance. Tab. 1 shows the test results. The equipment 

range was until 15 meters in open place and until 12 

meters indoors. It is important to note that the TP-Link 

router TL-WR841ND, basic home route, was used for the 

tests, so with the use of more powerful routers the 

performance of the equipment can be improved.  

 

 
Tab. 1 – Limit distance tests 

CONCLUSIONS 

The new tariff options implementation is increasing in the 

distribution scenario. It is important to analyze the 

position of the low voltage customer in this new scenario, 

because it is the key to the success for these new tariffs. 

Thus, the present research shows the viability of 

implement low cost embedded systems to simulate 

dynamic tariffs, allowing one to assess the impact of 

massive penetration of the new regulatory instruments. 
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