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Abstract

Thanks to internet, as one of indispensable parts of our lives, many devices that we use in our
daily lives like TV, air conditioner, refrigerator, washing machine, can be monitored and
controlled remotely by becoming more intelligent via Internet of Things (1oT) technology.
Smart Home applications as one of the elements of smart cities, are individually the most
demanded application without question. In this study, Smart Energy Management (SEM)
system, based on NodeMCU and Android, has been designed for SEM, which is a part of the
smart home application. With this system, household energy consumption can be monitored in
real time, as well as having the ability to record the data comprising of operation times and
energy consumption information for each device. Additionally, it is ensured to meet the
energy needs on a maximized level possible, during the hours when the energy costs are lower
owing to the SEM system. The Android interface provides the users with the opportunity to
monitor and change their electricity consumption habits in order to optimize the energy
efficiency, along with the opportunity to draw up of a daily and weekly schedule.
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1. Introduction

I oT is aterm, which was first suggested by Kevin Ashton in 1999 [1]. 0T is a communication

network where the objects are connected to each other or to larger systems. This network
converts billions of data, obtained from various devices that we use in our daily lives, into
usable information [2]. According to CISCO report, while there were 500 million interactive
devices in 2003, it is estimated to be 50 billion by 2020 [3]. This shows that the cities, where
we live with 10T, will turn into smart cities keeping pace with more energetic and planned
lives [4]. This conversion will also offer many opportunities to us for making our lives easier
[5]. Smart Home is a term that is widely used in order to define a living space with lighting,
heating, air conditioner, TV, computer, entertainment, audio-visual systems, security and
camera system that can communicate with each other [6]. It is placed in the center of our lives
with regards to many areas like the TV, audio-visual system in our houses to run once we get
home, lighting and electrical devices to be controlled remotely [7], heating system to run via
our cell phones by receiving location details [8], as well as making adjustments automatically
based on the regional weather conditions [9], monitoring and controlling the power
consumption of such devices as refrigerator, air conditioner, furnace, etc. [10], garden
irrigation process to be carried not based on the time, but on the humidity level of the soil [11],
patients that require continuous monitoring to have a safer life with wearable medical devices
[12], smart farms practices [13] and smart grids [14].

In this study, our objective is to reduce the energy consumption with a proper operation
planning, by monitoring the energy consumption of a house. In line with this objective, an
loT-based smart energy consumption monitoring and energy management system has been
designed. Thanks to the system with Android interface, user can get consumption information
of all electrical devices in the household instantly. Using the dish washer, washing machine
and dryer, which has the flexibility to be used during the day, to be operated as planned before
and during the hours with lower energy costs, helps reducing the energy costs. The energy
consumption data for each and every device, which are used with this application, can be taken
under record. Owing to this, the measures to be taken for ensuring energy saving will be even
easier. It allows the Android interface users, to have the ability to control the devices in their
houses via remote access. Additionally, android application has the ability to send
notifications via e-mail, twitter, etc. for pre-designated failure codes like over-current,
short-circuit, over-temperature and power cut-off, along with such real time data for the
devices as current, voltage and power.

The main contribution of this study is presented below.

e Designed as an loT-based SEM system for home energy management, which is part of
smart grids.

e With SEM system, operating hours of electrical household appliances are programmed,
considering user comfort and PAR value.

e Having flexible operating hours, loads such as washing machines, dishwashers are shifted
to periods where energy costs are low. Therefore, total amount of energy and energy cost is
reduced.

e The operating conditions of the electrical household (active, passive, fault etc.) can be
monitored in real time via the android based user interface.



KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 13, NO. 6, June 2019 2783

e The operating parameters (current, voltage, power etc.) of the electrical appliances used are
continuously recorded in the cloud system. In this way, additional measures can be taken to
reduce the energy cost by using backward working information.

The rest of the paper is organized as follows: In Section 2, we discuss the related work. The
software and hardware of the SEM system are introduced in Section 3. The architecture of the
system is introduced in Section 4. Results and discussions are presented in Section 5. Finally,
the paper findings are presented in Section 6.

2. Related Work

In the following we describe the related works on energy management system in smart homes.
Smart grids has become one of the main subjects of 10T application in the recent years, thus
attracting immense attention [15]. Smart grids is a hope-inspiring technology for dealing with
continuously increasing power consumption [16]. Smart grid has created a network of
information and communication technologies that allow bidirectional communication
between consumers and the network, unlike traditional grid that face many challenges, such as
old infrastructure, increased energy demand and security issues. In general, the smart grid is
emerging as a new generation grid and includes communication, distributed production, cyber
security, advanced measurement infrastructure and technologies [17]. The main purpose of the
smart grid is to convert conventional grid into a cost effective and energy efficient electricity
grid. The home energy management system (HEMS), which is a part of the smart grid, makes
a major contribution to the planning of the operation of household appliances and to the
reduction of electricity consumption [18]. Demand-side management (DSM) is an important
component of the smart grid's energy management. In general, DSM refers to managing the
consumer's energy use in such a way as to achieve the desired changes in the load profile [19].
Demand response (DR), which is one of the DSM activities, is defined as the tariffs or
programs determined to optimize the energy consumption profiles of the latest users [20]. The
DR is considered to be an important feature in the smart grid to improve the sustainability and
reliability of the grid. DR consists of two programs: incentive and price-based. An
incentive-based program provides the latest-user incentives on the basis of load reduction. On
the other hand, a price-based program reduces both the cost and the Peak-to-average ratio
(PAR) by reducing energy use in periods of high electricity price [21]. In [22], authors propose
a smart power socket and central control system that utilizes the Zighee communication
protocol to control energy usage. Experimental results show that the proposed smart socket
can correctly read the power consumption of wirelessly connected devices from up to 18 m
away without loss of data. The work in [23], presents an algorithm for home energy
management system to shift the schedulable loads in a residential home, that satisfies
consumer comfort and minimizes electricity bill of energy consumption using
Hourly-Time-Of-Use (HToU) pricing scheme. The authors in [24], propose a
multi-power-based building energy management system (MPBEMS) for efficient energy
management in buildings. Thanks to the proposed energy estimation model, an energy saving
of 5% is achieved annually. In [25], the authors conducted a study using Fuzzy logic and
heuristic optimization techniques, taking into account the PAR and user comfort (UC).
Simulation results show a significant reduction in energy consumption, cost and PAR. The
work in [26], comparatively evaluate the performance of home energy management controller
which is designed to plan the energy consumption on the basis of heuristic algorithms with
genetic algorithm (GA), binary particle swarm optimization (BPSO) and ant colony
optimization (ACQO). Simulation results show that all designed models for energy management
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act significantly to achieve our objections and proven as a cost-effective solution to increase
sustainability of smart grid.

The work in [27], HEMS is proposed to allow individual smart household device
interaction with data collecting module in the form of l0T. This motivates consumers to
locally monitor and control devices, and online costing generation by means of a mobile web
mobile application. The authors in [28], propose the wind-driven optimization (WDO)
algorithm. Simulation results show that proposed hybrid WDO algorithm performs better than
the other heuristic algorithms in terms of the selected performance metrics. In [29], real time
optimal schedule controller for HEMS is proposed using a new binary backtracking search
algorithm (BBSA) to manage the energy consumption. The proposed algorithm is compared
with the binary particle swarm optimization (BPSO) to determine the accuracy of the proposed
controller in HEMS. Table 1 shows the summary of the literature.

Table 1. Summary of related work.

. Targeted I Pricing
Techniques Area Objectives Schemes
GHSA [17] Minimizes electricity cost, PAR and maximizes RTP and

HEMS
the user comfort CCP
BAT, FP, HFBA S .
algorithms [25] HEMS Total energy cost minimization, PAR reduction -
GA, BPSO, ACO ; iefui
' ' Cost and PAR reduction by satisfying user ToU and
algorithms [26] HEMS comfort y satisfying IBR
loT [27] HEMS Motivates users to Ioca_lly monitor and control )
devices
GA, BPSO, BFOA, Reduces the energy consumption, electricity cost
WDO, GWD [28] HEMS and achieves energy savings for week days and RTP
weekend
BBSA, BPSO Reduces the energy consumption and electricity
] HEMS -
algorithms [29] cost
W[?O’ PSO Cost and PAR Reduction,User Comfort
algorithms [30] HEMS Maximization i
Q-learning Reduces the energy consumption and electricit
algorithm [31] HEMS o cost P Y -
Diikstra alaorith Minimizes the total cost, trades the
IJKs ra3a2g0r| m HEMS computational complexity for lower ToU
[32] performance
MILP [33] HEMS Minimizes the total electricity cost ToU
Total energy cost minimization, PAR reduction,
G-DSM [34] HEMS and Waiting Time of Appliances (WTA) RTP

In [30], authors have proposed an energy demand management model based on the WDO and
PSO algorithms to reduce the electricity bill and high PAR by preserving the user comfort




KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 13, NO. 6, June 2019 2785

within acceptable limits. The proposed algorithm in [31] reduces the average energy costs by
delaying the operating time of the energy consuming devices, delaying their operations or
predicting their future use and operating them earlier. The work in [32], presented a
framework for scheduling the home appliances in limited scheduling hours with lower
computational complexity and minimal overall cost without disturbing the operation of
non-scheduleable devices. In study [33], the authors presented the proposed distributed home
energy management optimization algorithm using the mixed integer linear programming (MILP)
in the time of use (TOU) pricing tariff where the electricity price varies according to a
different time block. In [34], a Generic Demand Side Management (G-DSM) model is
proposed that reduces PAR, energy cost and Waiting Time of Appliances (WTA) for
residential users.

3. Materials and Methods

Many of the devices we use today, where the technology age is experiencing very fast, can be
easily monitored and controlled from remote, especially with smart phones and tablets. With
the increase of companies that produce embedded system microcontroller by each passing day,
the prices of such products get lower day by day. However, with Android and 10S interface
development programs becoming user-friendly, examples of smart applications are increasing
rapidly with 1oT. NodeMCU and Arduino Pro Mini microcontrollers, NRFLO1 wireless
communication modules for bi-directional RF communication were used for SEM system,
while using ACS712-30A current and ZMPT101B voltage sensors for measuring the energy
consumption.

3.1. NodeMCU

NodeMCU with 32 bit ESP8266-12E controller, is a module, having the ability to carry out
loT applications with lower costs. It offers digital 1/0 units, analog input, PWM outputs and
communication support.
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Fig. 1. NodeMCU pin structure

NodeMCU is an 10T controller having Wi-Fi module, which is widely used. “Lua” language
and Arduino IDE can be used for programming NodeMCU. MicroUSB port can be used for
programming, thus not requiring an additional programmer. On Fig. 1, you can see the pin
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structure of NodeMCU, while the technical specifications of NodeMCU can be seen on Table
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2.
Table 2. NodeMCU technical specifications
Specifications Value
MCU 32 bit Tensilica L106
Frequency 80/160 MHz
Input/Output 13xDIO
ADC Pin 1x10 bit (1V)
Operating Voltage 3.0~3.6V
Program Memory 4MB
WiFi IEEE 802.11 b/g/n
Sleep Mode Current <10uA
Standby Mode Current <10mA

As can be seen in Table 2, a 32 bit RISC Tensilica Xtena LX106 microprocessor operating
at 160 MHz has 13x DIO, 1x10 bit ADC, 4 MB program memory, 3v3 operating voltage and
IEEE 802.11 b/g/n integrated WiFi module.

3.2. Arduino Pro Mini

Arduino Pro Mini can be programmed by external programmer by using Rx and Tx pins.
Arduino Pro Mini, small size and low cost is an 8-bit controller. In Figure 2, shows the pin

structure of the arduino pro mini.

Regulator isolation pads

PCINT17 PWM TXDO [FBEN D1
PCINT16 PWM RXD0 [FBOE DO
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Fig. 2. Arduino Pro Mini pin structure

As in all the models of Arduino MCU, Pro Mini can be programmed with the help of
Arduino IDE, as well. You can see the technical specifications of Arduino Pro Mini in Table

3.
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Table 3. Arduino Pro Mini technical specifications

Specifications Value
MCU 8 bit ATmega328P
Frequency 16 MHz
Input/Output 14xDIO
ADC Pin 6x10 Bit
Operating Voltage 5V

10 Current 40 mA

Program Memory 32kB

Having an 8 bit ATmega 328P processor, Pro Mini also has 16 MHz frequency, 14 x DI/O,
6 x 10 bit ADC pins, 5V operating voltage, 40mA 1/O current and 32KB program memory.

3.3 Current and Voltage Measurement

In the SEM system, the current values of the devices are measured using the ACS7102 sensor.
ACS7102 is an IC operating based on the Hall-Effect principle, which is developed by Allegro
Company for measuring the current. Various versions are available within the measurement
range of 5, 20 and 30 A. ACS712 current sensor has the ability to carry out current
measurement both at AC and DC circuits. Sensor output is around 2.5V, where the load
current (Ip) is OA. As can be seen in Fig. 3, once the current is towards positive direction From
IP+ to IP-), the output voltage starts to increase; while it decreases on the reverse direction
(From IP- to IP+). The output voltage value is 66mV/A for 30A version of ACS712, used in
the study. Where the current is towards positive direction, the sensor output is measured as
(2.5v+66mV*I). In the reverse direction, it is calculated with the sensor output (2.5V-66mV*I)
formula. The maximum measurement capacity of ACS712 current sensor is 30A, which
equals to 30x66 mV=1980 mV. Where the current increases positively, the voltage level is
(2500mV + 1980mV=4480mV), while it is (2500mV - 1980mV=520mV) in the reverse
direction. In other words, the output voltage range is between 520-4480 mV. Since Arduino
Pro Mini ADC input supports 0-5V range, AC712 sensor output can be directly connected.
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Fig. 3. ACS712-30A Current Sensor [35]

ZMPT101B voltage sensor module is a sensor, produced from the voltage transformer.
Having the ability to perform high accuracy measurement, the sensor is widely used for
voltage and power measurements. Using the ZMPT101B voltage sensor, measurement up to
250V AC can be performed.
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Fig. 4. ZMPT101B One-Phase Voltage Sensor

It is easy to use and it has multiturn trimpot for calibration by setting the ADC output. You
can see the ZMPT101B voltage sensor module on Fig. 4. Pin 1 is VVcc-supplied, while pins 3-4
are GND. Pin 2 is the output pin, providing DC voltage output.

3.4. Blynk (i0OS and Android interface developer)

Blynk is an iOS and Android-based application interface developer, ensuring the controlling
of many controllers like Arduino, Raspery Pi and ESP8266 via internet. This program, a
graphics interface can be developed for projects within the shortest period of time possible by
simply using Widgets, without the need to write any code. Blynk is not dependent on a certain
controller, but rather, it has the ability to operate in compatible with the controllers of various
companies. It offers affordable solutions for project developers, while providing these users
with the opportunity to benefit from the cloud service of Blynk, as well.

4. System Architecture

The structure of SEM system can be seen in Fig. 5. Basically, the system comprises of a
NodeMCU controller with the ability to communicate with Blynk server via Wi-Fi, Arduino
Pro Mini controller for power measurement and controlling operations, Blynk SEM interface
and Blynk server, respectively.

RF & RF 2

G- . - cous

Device-1 Device-2

Data Storage

Blynk  * wiFi
Server =

WiFi (uln:)

NodeMCU

iOS  Android
Fig. 5. The Structure of SEM system
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The code for meeting the system requirements with regards to the NodeMCU and Arduino Pro
Mini controllers have been written by Arduino IDE editor. NodeMCU, with embedded Wi-Fi
module, sends the current, voltage and power values received from Power Measurement and
Controller Unit to Blynk server every second. The information received by NodeMCU is sent
to Blynk server via local wireless network, then to Blynk interface. In Blynk application,
10-bits of data can be sent via virtual pins by using such widgets as display, terminal.

Fig. 6. Power Measurement and Controlling Module

In Fig. 6 shows the power measurement and control module. The module comprises of
current-voltage sensors, NRF24L01 RF module, power supply and relay. The power
consumed by the devices are calculated using the current, voltage and power coefficient values,
which are measured with the sensors. These power values are displayed on the display module,
while being transmitted wirelessy via RF module to NodeMCU. Additionally, the module can
calculate the total energy cost, provided the unit energy cost is entered. Entering the nominal
current and voltage values of the device connected to the module, the device is ensured to be
protected against over-current and voltage fluctuations. This protection process is carried out
by cutting-off of the device power via the relay over the module.

Fig. 7. Power Measurement and Controlling Module testing phase.
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In Fig. 7, you can see the on-board installation of power measurement and controlling module,
including the images from the testing phase. First, the module is installed over a board, then
performing current and voltage calibrations by being subjected to tests on various current and
voltage levels.

TT T-ECHNI-C VC980
TT T-ECHNI-C VC9808*

(b)

Fig. 8. (a) current, (b) voltage calibration processes for Power Measurement and Controller Device.

In Fig. 8, the images of current and voltage calibration can be seen. The measured current
value of the current sensor after calibration is 8.151A, while the current value measured by the
respective meter is 8.15, as can be seen in Fig. 8a. The post-calibration current value measured
by the voltage sensor is 223.2V, while it is measured as 223V by the respective meter, as can
be seen in Fig. 8b. The calibration process carried out for the current sensor is carried out via
software. The calibration of the voltage sensor, on the other hand, is performed both via
software and hardware, with the multiturn trimpot placed on the sensor.

Fig. 9. NodeMCU controller and NRF24L01 RF module connection
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You can see the NodeMCU controller in Fig. 9. NodeMCU transmits the power values,
received from Power Measurement and Controlling Module with RF, to Blynk server via
Wi-Fi network. These power values are then transmitted to SEM interface via Blynk server.
NodeMCU uses only NRF24L01 RF module, as the external hardware. It does not require any
other external hardware.

5. Results and Discussion

Thanks to the SEM application installed in the Android device, the system-related data is
continuously received from Blynk server. The data flow between SEM interface and
NodeMCU is bi-directional, and it provide the opportunity to on/off the devices, along with
displaying such data as Blynk interface current, voltage, instantaneous power and energy
consumption. In Fig. 10, you can see the user panels for (a) washing machine, (b) dish washer,
(c) air conditioner and (d) furnace that are within the SEM interface.

] aneaaino lm e wininm l sm PR
) SMARTENERGYMONT (=} [0 § (3 SMARTENERGYMONI (=2 [ | (3 SMARTENERGYMONI' (= [ J [ SMARTENERGYMONI = [

‘ 5.53. ‘ 2238 ' 9,00 |

M e [ Live M W e [ e h 1w M M e (2

(@) (b) (© (d)
Fig. 10. The user panels for SEM interface:
a) Washing machine b) Dish washer c) Air Conditionerd) Furnace

Such data as the instantaneous power changes and energy consumption, received for each
device owing to SEM interface, can be displayed graphically between a time range of 15
minutes to 1 year. Following the analysis of these graphics, it will be possible to take the
required measures for reducing the energy consumption of the household.
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Fig. 11. (a) Control interface for electrical devices, (b) twitter notification (c) Blynk notification,
(d) e-mail notification

In Fig. 11a, you can see the control interface of the devices that are located on SEM.
Thanks to this interface, the devices can be operated within the intended periods of time by
being programmed. The devices programmed as per the time zone are displayed as “ACTIVE”
on the interface, while displaying those that are not programmed, thus optionally operating, as
“PASSIVE”. The status LED for each device indicates the instantaneous operational status.
SEM interface sends notifications to the user concerning the devices by using various
notification channels like e-mail, twitter. These notifications may involve the current, voltage,
power, energy consumption values, ON-OFF status, etc. based on the user’s intention. In Fig.
11b, you can see the notification examples received by the users via twitter; Fig. 11c via SEM
interface display and Fig. 11d via e-mail. The graphic in Fig. 12 shows the average data of
monthly consumption before using system SEM. During this period, the residents of the house
have consumed energy due to their general tendencies.

Furnace ===\Nashing machine == Dishwasher === Air Conditioner ==Total
2 TN
NN

0.(5) ——————— / \/

1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 O

Energy Consumption
[kwh]

Fig. 12. Daily average energy consumption before using the SEM system.

The graph in Fig. 13 shows the monthly energy consumption and total energy consumption
of the devices used for the month before the SEM system was used.
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Fig. 13. Monthly energy consumption before using SEM system.
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10
6,61
5 3,03
o R |

Period-I Period-11 Period-I111

Fig. 14. Costs for energy periods.

In our country there are 3 charging periods for 3 different time periods in order to decrease
energy costs and provide a balanced consumption of energy. In Fig. 14, the charging for this
periods are shown. Period I refers between 22.00-06.00, Period Il refers between 06.00-17.00
and Period Il refers between 17.00-22.00. Being the cheapest, Period I cost 3.03 cent/kWh,
Period 1l cost 6.60 cent/kWh and the most expensive one, period I11 cost 10.89 cent/kWh. As
understood, the most important thing in order to reduce the total consumption cost is to reduce
the consumption in Period Il, when demand of energy is the highest.

EKkWh m Cost($)
500
400 3585
300
200 199.5
115.5
100 . 351 23.60 21.73
0 .
Period-I Period-11 Period-111

Fig. 15. Monthly energy consumption cost before using the SEM system.

In Fig. 15 energy consumption and energy costs of the mount before using the system SEM.
The consumers have consumed energy due to their general tendencies and they used 673 kWh
energy with a cost of $48,92 for a mount.
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Fig. 16. Daily average energy consumption using the SEM system.

In Fig. 16 the daily average consumption value for each device after a monthly use of SEM
system. The system guides consumer about choosing the right period for devices such as
washing machine and dishwasher that have flexibility of the use during the day. That can be
used any time throughout the day . In this way SEM system guides the use of devices to the
period with low energy cost. For devices such as air-conditioner, which is to be used
continuously during the day, the energy cost can be reduced by using the device with high
performance at the low cost period. The SEM system can warn the users about that with user
interface. In Fig. 17 monthly energy consumption graphic using SEM is given.
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Fig. 17. Monthly energy consumption using the SEM system.
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Fig. 18. Monthly energy consumption cost using the SEM system.
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Monthly energy consumption and energy cost using the SEM system is given in Fig. 18. In
this period of using SEM, total energy consumption is 649 kWh and energy cost is $ 37,79.

m After SEM = Before SEM
800

673,50 kWh 649,50 kWh

600

400

200

$48,92 $37,79

0 -

Fig. 19. Energy consumption and energy costs before and after the SEM system.

Total energy consumption and energy cost for the month before using SEM and total
energy and consumption cost for the period using SEM is shown in Fig. 19. Comparing two
period; the energy cost is 7.26 cent/kWh for the month that SEM is not used whereas it is 5.82
cent/kWh for the month using SEM. Considering all these results it is clear that SEM system is
efficient for reducing energy cost.

6. Conclusions

In this study, an 10T based SEM system has been designed by considering UC in order to
reduce energy consumption and unit energy cost. Owing to the 10T based SEM system, the
user is instantly provided with such information as current, voltage, power and energy
consumption values. With this system, the energy costs can be reduced by operating such
devices as washing machine and dish washer with the flexibility to be used during any time of
the day, within the hours when the power costs are lower. Additionally, the energy
consumption reports can be drawn up for each device as daily, weekly, monthly and annually.
In this way, it will be easier to take the required measure for contributing in the energy saving
by carrying out analyses on the energy consumption. The system provides the user with the
opportunity to monitor and control the devices in his/her home via internet, as well. It also
sends notifications to users via e-mail and twitter with regards to the failure information that
are defined over the system. Where the devices operate out of the nominal operational value
range, it de-activates the respective device, thus ensuring protection. SEM system guides the
users to use the devices that are flexible to use at any time throughout the day, in Period I. SEM
system transfers momentary using information via user interface and helps the users for taking
energy saving measures. The system in this study, which is designed for just 4 devices, has the
groundwork for all electrical home devices. Monthly using analysis shows that the system
provides approximately 20% saving for unit energy cost. Thanks to SEM system, the average
monthly energy cost on a was decreased from 7.26 cents/kwh to 5.82 cents/kwh. In this
exemplary application, where UC is maintained, a monthly saving of 24 kwh energy and
$11.13 cost savings has been achieved. In addition, thanks to the proposed SEM system, the
working hours of electrical household appliances with flexible working hours shifted to
Period-1, when the demand for load is low, and a significant decrease has occurred in PAR.
The next study will focus on a SEM system that can measure and control all household
electrical appliances from a single center in order to reduce the energy consumption.
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