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 
Abstract—Smart metering and demand response are gaining 

ground in industrial and residential applications. Smart Appliances 
have been given concern towards achieving Smart home. The success 
of Smart grid development relies on the successful implementation of 
Information and Communication Technology (ICT) in power sector. 
Smart Appliances have been the technology under development and 
many new contributions to its realization have been reported in the 
last few years. The role of ICT here is to capture data in real time, 
thereby allowing bi-directional flow of information/data between 
producing and utilization point; that lead a way for the attainment of 
Smart appliances where home appliances can communicate between 
themselves and provide a self-control (switch on and off) using the 
signal (information) obtained from the grid. This paper depicts the 
background on ICT for smart appliances paying a particular attention 
to the current technology and identifying the future ICT trends for 
load monitoring through which smart appliances can be achieved to 
facilitate an efficient smart home system which promote demand 
response program. This paper grouped and reviewed the recent 
contributions, in order to establish the current state of the art and 
trends of the technology, so that the reader can be provided with a 
comprehensive and insightful review of where ICT for smart 
appliances stands and is heading to. The paper also presents a brief 
overview of communication types, and then narrowed the discussion 
to the load monitoring (Non-intrusive Appliances Load Monitoring 
‘NALM’). Finally, some future trends and challenges in the further 
development of the ICT framework are discussed to motivate future 
contributions that address open problems and explore new 
possibilities. 

 
Keywords—Communication technology between appliances, 

demand response, load monitoring, smart appliances and smart grid. 

I. INTRODUCTION 

ECENTLY a majority of consumers have no idea where 
their electricity mainly goes to. This may cause a higher 

energy consumption and insufficient use of electrical energy. 
Therefore, an active measuring system can be used to reflect 
users' behavior, and send a feedback to them for improving 
efficiency of energy usage. ICT for smart appliance aimed at 
providing control to energy usage by home appliances using 
information to make more sensible use of energy. Studies have 
shown that this may reduce energy consumption by 10% to 
20% through using dynamic control and feedback technology 
[5]. The background on ICT for smart appliances will be 
presented where emphasis will be made to the current 
technology and identification of future ICT trends for load 
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monitoring. 
Information and communication technology (ICT) creates 

universal connectivity between power producer, grid operator, 
and customer. This provides consumers with real time updates 
on their energy consumption. It could account for the distant 
control of distributed networks that could provide ways for 
real-time interaction between producer, grid operator, and 
customer. This could yield enabling environment for demand 
response, balancing services, dynamic pricing, buying, and 
selling of power in real-time. ICT also helps to achieve 
decentralization of the traditional centralized electricity 
network, and integrate the distributed generation much better. 
Utility companies allocate 2%-6% of their turnover for 
Information Technology (IT) spending, thus representing 8 
billion Euros annually, and estimated 188 billion Euros by 
2030 (2% of utility’s turnover) [1]. ICT tends to increase the 
efficiency of the energy in all sectors of the economy if 
directed to sustainable uses. This continues to account for 40% 
of the Europe’s productivity growth [1]. The smart 2020 study 
has estimated that the smart technology can minimize global 
emissions by 15%, thus integrating ICT in to power sector 
could make electricity generation more efficient by 40% and 
its transmission and distribution by 10% [1]. ICT could also 
encourage the integration of renewable energy sources which 
is very important for environmental sustainability. ICT 
provides the consumers with update on real time basis on 
energy they consume. New applications will soon evolve and 
can be easily added in to homes and building automatics to 
make economic use of energy since heating, cooling and 
lighting of buildings contributes to 40% or more, of the energy 
consumption in Europe [1].  

Costumer’s active participations in demand response 
programs contribute to the smartness of distribution electricity 
grid i.e. response in real-time to the conditions of grid through 
shedding loads (light, machines, air conditions, washing 
machine etc.). The contribution of consumers to system 
operation can be viewed under Demand response. Two types 
of Demand Response (DR) can be considered, these are Price-
based demand response and incentive-based demand response. 
Price-based demand response consists of Real time pricing 
(RTP), critical-peak pricing (CPP) and time of use Tariffs 
(ToU). Whereas incentive-based DR aims to pay customers 
who participate to reduce loads [1]. It becomes obvious that 
demand response program can only be realistic with the help 
of ICT. 

Integrating ICT to the power grid has been a milestone in 
the process of transition from the traditional grid to the smart 
grid. The advance in the ICT can be employed to enhance 
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automation, secure the grid, integrate renewable distributed 
sources, and allow efficient demand-side energy management 
[2]. In the demand response, load-shed verification (LSV) 
plays an important role to improve reliability and eliminate 
freeloaders who accept incentives without direct controls [4]. 
Though using LSVs accounts for many challenges, therefore 
many appliances need to be replaced, because they cannot 
receive and send LSI. To simplify the problem, LSVs could be 
received and sent by using residential power meter to monitor 
the use of electricity and to analyses the load changes. In order 
for the load to be monitored, the Nonintrusive appliance load 
monitoring (NALM) algorithm should be implemented. 
George Hart introduced a real power approach [3]. Now, this 
technology has been improved by using complex power, state 
stables, frequency analyses, and more sophisticated learning 
techniques [4]. One distributed NALM algorithm has been 
addressed in Nonintrusive load-shed verification. This 
algorithm includes four aspects: edge detection, building the 
dynamic table, building the static table, and training. Edge 
detection is to monitor the change of power corresponding to a 
large appliance turning on or off. The dynamic table is to 
identify the current state of the appliance according to the real-
time edge event and to correct the errors of static-table. Static 
table is to establish clusters of on and off events to identify the 
appliances, while Training is to enable the meter to learn the 
appliance including in the system. [4]. The evolution of 
Demand Side management necessitate the needs for Demand 
response which is further translated in to smart homes, thus; 
gave birth to ‘ICT for smart appliances’ where home 
appliances can communicate between themselves and provide 
a self-control (switch on and off) using the signal 
(information) obtained from the grid. ICT for smart appliance 
aimed to provide control to energy usage by home appliances 
using information to make more sensible use of energy so that 
an automated platform for demand response can be provided.  

II. COMMUNICATION TECHNOLOGIES BETWEEN  
APPLIANCES 

Wireless communications exhibit greater strength in 
obvious reduction and simplification of home wiring [9]. The 
recent development in wireless technologies is quite 
significant and brings the design and implementation of smart 
appliances in the modern intelligent home network into the 
public attention. Smart home networking for those old houses 
and electronic devices required cable connections will be a 
challenge [6]. Many wireless communication technologies 
such as Bluetooth, Wi-Fi and WiMAX etc. have been 
researched and discussed in [6], [7]. Here the discussion will 
concentrate on analyzing the design and implementation of 
ZigBee-based smart home system. 

A. Power-Line Technologies 

Power line technologies are used as a response to the 
accusation of cabling. Power line system is using one type of 
wiring in every residence in intelligent home technologies. 
Power line signaling, as a networking medium, has two 
advantages. One is that they are in place and run to nearly 

every location where endpoint devices exist. Another merit is 
that endpoint devices do not require external power source like 
a battery [7]. Both of these successfully meet the requirements 
of the smart home communication technologies with low cost 
and ease-to-use. According to [7], Konnex (KNX) and Local 
Operating Networks (LON) are two major power line 
technologies. KNX is one of the best technologies for home 
and building control, yet there are only few products on the 
market. The LON technology is basis of the ENEL AMR 
project, and high efforts required for installing and system 
integration. Whereas, though these two technologies have 
solved the issues of data recovery and noise reduction, there 
are still some challenges involved in the power line 
technologies including the system integration and operation in 
future application. 

B. Wireless Communication Technologies 

Compared to the power line technologies, the most 
significant benefit of the wireless communication technologies 
is that cabling is not required anymore. Therefore, the 
problems arising from the noise on power lines will be 
decoupled by the medium and the placement within the 
building is almost independent [7]. However, the wireless 
communication system is not flawless since its channel is 
always available for the outside world. Besides, with the 
competition around the wireless applications for access to the 
medium, the communication security will always be a 
challenge for the designers to minimize the interferences to the 
least.  

Since the development of the wireless technologies, its 
implementation in the smart home system starts to emerge in 
the spotlight. Several wireless technologies of varying 
bandwidth, operating range and power consumption are 
available and widely used. They include Bluetooth, ZigBee, 
Ultra-wideband (UWB), Wireless Fidelity (Wi-Fi) and 
Worldwide Interoperability for Microwave Access (WiMAX) 
etc., and each of them distinct from others with its own 
features [8]. 

1. Bluetooth 

Being the first wireless interface for personal mobile 
devices Bluetooth has advanced itself ahead of time. However, 
for home networking specifically, bandwidth has speeded up 
and increased dramatically in the past few years. As a 
consequence, Bluetooth is not as convenient as it first unveiled 
in some cases. For instance, the data operate faster in modern 
printer than Bluetooth enabled devices [6]. 

2. Ultra-Wideband (UWB) 

UWB is specifically devised for the wireless area networks 
with low power, short range, but high speed. UWB has an 
operational range of 10 meters maximum and an original 
specification based on IEEE 802.15.3 standard using a carrier 
based 2.4GHz radio [6]. 

3. Wireless Fidelity (Wi-Fi) 

The operational range for Wi-Fi is usually for the entire 
house, with the data rate reducing to 1 Mbit/s and below at far 
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Fig. 11 Several Matching Results for May 30th 
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