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Abstract—Electric energy is a basic human need, various
electrical appliances have been used in everyday life, like a
lighting system, refrigerator, HVAC (heating ventilation
and air conditioning) etc. Currently the price of electric
energy is increasingly expensive, which is due to the
increasing use of electrical energy and the declining supply
of fossil energy. This situation encourages to seek efforts in
saving electrical energy. The culture of electricity saving has
been promoted by the Indonesian government, by requiring
all government agencies to implement electricity-saving
programs. From the background that has been described
above, it is necessary a system that can support the method
of active energy efficiency approach. One system that can
support active energy efficiency is an electrical power
monitoring system that is connected to an electric load
distribution panel system that is able to control load
automatically. Modern electrical energy monitoring systems
are required to be able to provide some facilities such as the
ability to provide reports and data analysis with a very
varied communication methods to be able to provide the
desired information as part of an active approach. The
purpose of this research is to design the prototype of control
system and monitoring of electrical power in buildings,
which have smart and low cost characteristics to support
electrical energy conservation by active method.

Index Terms—embedded system,
smart panel

energy conservation,

I.  INTRODUCTION

Currently electric energy is a basic human need,
various electrical appliances have been used in everyday
life, like a lighting system, refrigerator, HVAC (heating
ventilation and air conditioning), rice cooker, washing
machine, etc. Recently the price of electric energy is
increasingly expensive, which is due to the increasing use
of electrical energy and the declining supply of fossil
energy. This situation encourages to seek efforts in saving
electrical energy [1]. Data from the results of research
indicate that the energy requirement in the building
absorbs 40% of the total world energy needs. In
Indonesia, this sector requires about 50% of total energy
expenditure, and more than 70% of overall electricity
consumption [2]. The effect of such energy usage, the
building sector in Indonesia contributes to 30% of
greenhouse gas emissions [3].
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Efforts by the Indonesian government to improve the
culture of energy saving and reduce the need for electrical
energy, the government issued the Regulation of the
Minister of Energy and Mineral Resources (ESDM)
number 13 of 2012 on Electricity Energy Saving, states
that all office buildings must implement the electricity
energy saving program on the air conditioning system,
lighting system and other supporting equipment. Some
references in the implementation of the policy that is by
using energy-efficient appliances, the implementation of
a good energy management system and change the
behavior of people who live in the building [4].

There are two approaches in energy efficiency efforts,
namely passive energy efficiency and active energy
efficiency. Passive energy efficiency activities can be
done by installing and using energy-saving equipment
and efforts to correct power factor. Passive energy
efficiency is a fundamental effort for energy conservation,
but a passive approach alone is not enough. Energy
efficiency requires an active approach such as load
control, system automation and monitoring of electrical
energy consumption [5].

From the background that has been described above, it
is necessary a system that can support energy efficiency
with the method of active approach. Electrical power
monitoring system is one system that can support the
active energy efficiency. The electrical power monitoring
system is connected to an electric load distribution panel,
capable of recording power consumption and being able
to control the electrical load automatically. Modern
electrical energy monitoring systems are also required to
be able to provide some facilities such as the ability to
provide reports and data analysis with a very varied
communication methods to be able to provide the desired
information as part of an active approach.

Several issues relate to the provision of systems to
support the conservation of electrical energy of the active
approach method that is the system must be able to
connect with a number of separate measuring equipment,
the ability to transmit data between devices, the ability to
store measurement data and be able to produce the
various analyzes required for decision making. On the
other hand with the rapidly growing field of information
and communication technology, the system is required to
use effective communication methods such as IP-based,
autodial and connection with mobile devices or smart
phones.
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The rest of this paper is organized as follows: Sect. Il
discusses ENERGY CONSERVATION and
Development of Energy Conservation Technology which
including four published research results. Sect. Il
analyzes DESIGN SYSTEM that consists of DESIGN
hardware, DESIGN smart panel, controller unit, Input
and output unit and Power meter Unit. Finally, detailed
and sequential concluding remarks are given in Sect. IV.

Il. ENERGY CONSERVATION

A. Introduction

The number of buildings has a wide impact on the
environment, human health, and the economy. According
to the United States Department of Energy, buildings in
the United States contribute for 40% of the country's
major energy consumption and 40% of CO2 emissions
[6]. In a crowded urban environment, this figure is much
higher, as in New York City, buildings contribute 75% of
city energy [7]. In Indonesia, this sector accounts for 50%
of total energy expenditure, and over 70% of overall
electricity consumption [2]. The effect of such energy
usage, the building sector in Indonesia contributes to 30%
of greenhouse gas emissions [3].

The dominant energy consumption in commercial
buildings is heating/cooling, ventilation (HVAC) and
lighting. Recent efforts to switch to alternative energy
and renewable energy have resulted in major research and
development projects around the world. Recently, many
pilot projects have been consolidated in the United States,
Europe, China and Japan. J. Varela, exposing large-scale
projects in Europe. The scope of the project includes:
intelligent customer engagement, integration of
distributed energy resources, operations and network
planning [8]. In China a great Smart City project is under
way. The project aims to build safe, sustainable,
comfortable habitable cities and smart cities that develop
intelligent services in the areas of health, transportation
and safety [9].

Energy efficiency efforts can be achieved by
optimizing lighting systems, not wasting energy in
unoccupied rooms, and most importantly the operation of
heating/cooling systems and ventilation according to
actual needs [10]. All these problems can be overcome
with a good electrical energy management system.

There are two approaches in energy efficiency efforts,
namely passive energy efficiency and active energy
efficiency. Passive energy efficiency activities can be
done by installing and using energy-saving equipment
and efforts to correct power factor. Passive energy
efficiency is a fundamental effort for energy conservation,
but a passive approach alone is not enough. Energy
efficiency efforts require active approaches such as load
control, system automation and monitor the use of
electrical energy.

Effective power metering and monitoring systems will
provide important information to building owners and
operators about how their buildings are performing, so
substantial ~ improvements can be implemented
immediately. For example, an effective metering and
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monitoring system has the ability to involve tenants,
property managers, and owners in measuring energy
efficiency. The ability to identify and measure energy use
is often enough to produce energy-efficient changes in
practices and behaviors, such as reducing waste of
electrical power and avoiding peak utility rates. An
effective measurement and monitoring system brings
10% direct energy savings and can also help reduce the
operational costs of the building [5].

B. Development of Energy Conservation Technology

Automatic metering systems are a basic requirement
for energy efficiency. Automatic metering systems
typically use dynamic energy dashboards to display
information about the operation of a building and energy
consumption. Features like graphs, tables, and widgets
are used to describe data in meaningful ways, such as
searching and tracking load usage. One step ahead,
modern automation and control systems, offer a more
effective long-term contribution to building overall
energy efficiency. When coupled with effective automatic
metering, the system is like a variable motor speed for
ventilation, indoor and outdoor lighting controls, smart
thermostats, and programmed HVAC systems [5].

The following will discuss some published research
results relating to the technology of conservation and
monitoring of electric power:

1) First is Andrew Morrison and Adam Wright,
designing and implementing a device for measuring and
storing the use of electrical power at home. The system
design provides an interface for viewing the power usage
in graphical form that the user wants and the system
connected wirelessly to the computer [11].

2) Second is David Delek, et al., developing a
system that can be used by the user to control all home
appliances such as light bulbs, and various loads
connected to the home electrical installation, and can
monitor the power required. The system sends power
consumption information to a PC, which can be analyzed
and can be uploaded to a server, if the user is connected
to the internet [12].

3) The third is Rajeev Piyare, presenting a flexible
and inexpensive home monitoring and control system
based on micro web server. Users accessing the system
remotely can use Android smart phone. Home-controlled
appliances such as light switches, power plugs,
temperature sensors and current sensors [13].

4) Fourth is Kant Suwansit, et al., designing a
power monitoring system based on the android operating
system for monitoring power consumption. The system
has a facility so that users can view the data of electrical
power consumption in the past and present in the form of
statistical data [1].

A. Design Hardware

In accordance with the purpose of research that design
prototype system to support the conservation of electrical
energy. The designed system has smart and low cost
characteristics. The designed system consists of several

DESIGN SYSTEM
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smart panel units, local computer network (LAN),
database server as data storage, web server containing
application of system controller and a power monitoring
display. Block diagram of the system shown in Fig. 1.
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Figure 1. Smart panel and power monitoring system.

The design of the server based system is embedded
system Raspberry Pl 3, which has low power, low price,
small size, and high performance. This is a characteristic
of green computing. The system also implements an open
source operating system so cost of the system is very
cheap.

The monitoring system is responsible for recording all
electrical energy consumption in a building, and
recording electrical quantities such as voltage, current,
power factor, and electrical power. In addition, the
system performs and executes automatic control of
electrical loads that have been set by the operator. The
system can also provide reports in the form of data
monitoring results in the period of daily, weekly or
monthly. Real time reports are displayed on the
Dashboard power monitoring system, which is mounted
on a strategic location that can be seen by building users
as part of an active approach methods of energy
conservation.

Web Server
Based on
RASPBERRY Pl

ian OS with

(Apache web server|
and MYSQL

database server

SOLID STATE

o

7 EXPANDER 1

1
SOLID STATE

PUSH BUTTON
[

—

1o

EXPANDER

PUSH BUTTON
2

PUSH BUTTON
n

CURRENT
TRANSFORMER

Figure 2. Block diagram of the smart panel.

B. Design Smart Panel

Smart panels are part of the system design that serves
as a power distribution panel. Block Diagram of the
Smart Panel shown in Fig. 2. The panel is controlled by a

38

programmed Raspberry Pi embedded system so that it is
capable of controlling the electrical load as set by the user.
Smart panels are also capable of communicating with the
server over a computer network, so it can send or receive
commands from the server. Smart panel contains an
embedded system that will be in charge of reading input
from all push buttons and activating switch contactor that
will turn on or off load directly. Also in the smart panel
has a measuring instrument of electrical quantities that
continuously record the consumption of electric power.

C. Controller Unit

Smart panels are controlled by an embedded system
Raspberry Pi 3, which has a Broadcom BCM2837B0,
Cortex-A53 (ARMv8) 64-bit 1.4GHz processor. Storage
capacity of 1GB LPDDR2 SDRAM. It has 2.4GHz
wireless LAN and 5GHz IEEE 802.11 b/g/n/ac, Bluetooth
4.2, besides having Gigabit Ethernet, 40-pin GPIO, 4
USB 2.0 ports and HDMI. Fig. 3 shows Raspberry Pi 3.

Figure 3. Raspberry Pi 3.

Raspberry Pi uses the Raspbian linux-based operating
system, which comes with several applications such as
Apache web server and MySQL database. Raspberry Pi is
expanded with I/O port expander MCP23017, so it can
add 16 bits 1/O port. interface of MCP23017 chip with
Raspberry pi using 12C line.

D. Input and Output Unit

The design of the prototype smart panel has 16 inputs
and 16 outputs. The input unit is used to read push button
status that serves to turn on and off the electrical load.
The output unit is used to connect or disconnect the
electrical current flowing to the load. The switch circuit
on the output unit uses a G3MB-202P solid state relay.
Fig. 4 shows 8 solid state relay module. Both the input
and output unit circuits are protected by optical isolation
to avoid the inclusion of undesired electrical voltage.

Figure 4. Solid state relay unit.
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E. Power Meter Unit

Smart panel design implements PZEM-004t power
energy meter for electric power measurement. This
module can measure voltage, current, active power and
electrical energy. PZEM-004 can store data when power
off and able to communicate with controller unit through
serial port. Fig. 5 shows power meter module PZEM-004.
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Figure 5. Power meter unit.

IV. CONCLUSION

This paper presents a smart panel design to support
electrical energy conservation of active approach method.
Smart panels are part of an energy monitoring system
project funded by the Indonesian government's research
and higher education ministry. Project is implemented
within 2 years. The first year is the process of design and
realization of smart panel and second year is design and
realization of power monitoring system. At the time of
writing this paper the process of smart panel realization is
in progress. It is expected that smart panel system can be
integrated with energy monitoring system and can
support energy conservation.

ACKNOWLEDGMENT

The authors would like to thank to the Indonesian
Directorate General of Higher Education, which provided
the funds for the smart panel research project. The
authors also thank to the National Institute of Technology
Malang, which support of our research.

REFERENCES

[1] K. Suwansit, B. Konsombut, P. Hankongkaew, and T. Tantidham,
“Power Monitoring Application for Android,” in Proc. Third ICT
International Student Project Conference (ICT-ISPC), 2014.
EECCHI, “Buku Pedoman Energi Efisiensi untuk Desain
Bangunan Gedung di Indonesia,” Dirjen EBTKE, 2012, Jakarta

H. Berchmans, S. Suaib, I. Agustina, R. Panjaitan, and Winne,
“Panduan Penghematan Energi di Gedung Pemerintah,” USAID
Indonesia Clean Energy Development (ICED Project), 2014.
Peraturan Menteri ESDM Nomor 13 tahun 2012 tentang
Penghematan Pemakaian Tenaga Listrik, 2012.

[2
31

[4]

39

[5]
[6]
[71
(8]

Genet, “Designing a Metering System for small and medium sized
building,” 2011.

US DoE, Buildings Energy Databook (Chapter 1). Energy
Efficiency & Renewable Energy Department, 2012.

NYC government, Planyc, New York City Local Law 84
Benchmarking Report, August 2012.

J. Varela, L. J. Puglisi, T. Wiedemann, U. Ysberg, D. Stein, Z.
Pokorna, and C. Arnault, “Show me: Large scale smart grid
demonstration for european distribution networks,” IEEE Power
and Energy Mag., vol. 13, no 1, pp. 84-91, Jan. 2015.

R. F. Khelifa and K. Jelassi, “An energy monitoring and
management system based on key performance indicators,” in
Proc. IEEE 21st International Conference on Emerging
Technologies and Factory Automation (ETFA), 2016.

J. Shweta and M. Nicholas, “Ahorrar: Indoor occupancy counting
to enable smart energy efficient office buildings,” in Proc. IEEE
International Conferences on Big Data and Cloud Computing
(BDCloud), Social Computing and Networking (SocialCom),
Sustainable Computing and Communications (SustainCom)
(BDCloud-SocialCom-SustainCom), 2016.

A. Morrison and A. Wright, “Home power monitoring,” Final
Report for ECE.445, Senior Design, Fall 2013, December 2013.
D. Delek, P. Zenzerovic, and V. Sucic, “Home automation-an
educational prototype,” in Proc. the 23rd International DAAAM
Symposium, 2012.

R. Piyare, “Internet of things: Ubiquitous home control and
monitoring system using android based smart phone,”

[9]

[10]

[11]

[12]

[13]

International Journal of Internet of Things, vol. 2, no. 1, pp. 5-11,
2013.

F. Yudi Limpraptono received the Bachelor’s
degree in  Electronics from Brawijaya
University, Malang, in 1994. His Master degree
in Embedded System and Ph.D. degree in
Computer Engineering both from the University
of Indonesia obtained in 2000 and 2015
respectively. Currently, he is a Dean of
Industrial  Technology  Faculty, National
3 ! Institute of Technology, Malang. His area of
research interest includes Embedded System and Green Computing
Technology, and member of IEEE since 2010.

gs
g;

electronic.

Eko Nurcahyo received the Bachelor’s and
Master degree in Electrical Engineering from
National Institute of Technology Malang,
obtained in 1987 and 2012 respectively.
Currently, he is a head of Diploma of Electrical
Engineering, National Institute of Technology
Malang. His area of research interest includes
power electronic and power management.

M. lbrahim Ashari received the Bachelor’s
degree in  Electronics from  Electrical
Engineering, National Institute of Technology
Malang, in 1997. His Master degree in
Electronics from Brawijaya University obtained
in 2008. Currently, he is a Head of Analog
Laboratory, Electrical Engineering, National
Institute of Technology, Malang. His area of
research interest includes analog and digital


https://ieeexplore.ieee.org/author/37294114300

