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Abstract— Smart grid is an important measure to deal with the
problems of global warming and energy shortages, and smart
power consumption is an important part of smart grid. As the
basis for the smart grid, communication technology is the key to
achieve the informationization, automation, interactivity of
power grid. This article focuses on the Converged
Communications involving optical fiber communication, wireless
communication and power line communication, proposes a
application model of converged communication and then
introduces the application of Converged Communications in
smart power consumption interactive service. Finally, a
prediction of the Converged Communications’ future
development trend is presented.
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I. INTRODUCTION

With the global warming and the increasingly serious
energy shortage problem, many governments actively respond
to this, and make the emission reduction targets. The Chinese
government promised that by 2020, the CO, emissions per
unit of GDP will be reduced 40% to 45% compared to 2005.
According to the statistics, 80% of the CO, emissions are from
coal, and more than 50% of the coal is used for power
generation, therefore, in this low carbon’s war, Chinese main
energy supply sector ‘power’ plays a very important role.
Confront with the new situation and new challenges, the State
Grid Corporation of China (SGCC) made the strategic
development goals of strong and smart grid which is a modern
power grid that is featured as being IT-based, automatic and
interactive, and the smart power consumption, as an important
part of smart grid, is an important means to achieve the real-
time interaction of the customer and power grid, enhance the
comprehensive service capacity of the grid, improve energy
consumption efficiency, and promote the energy conservation.

Smart Grid needs to be supported by advanced information,
communication and control technology, and the smart power
consumption interaction is mainly reflected between the
customer and the power grid company, the power grid
company and the electric meters, and the customer and the
households’ electronics, and its function is depend on the
reliable transmission of the communication network. The
‘Last Mile’ of communication networks as the key part
between the Power Company and final customer, is
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characterized by facilities covered with high density, and the
complex environment. This paper describes the converged
communication covered optical fiber communication, wireless
communication, power line communication, and selecting the
appropriate communication technology according to different
scenarios can effectively solve the problem of household
appliances and equipment network, and significantly reduce
the investment and construction costs, improve the resource
utilization efficiency, thus it becomes the preferred program of
the power consumption two-way interaction services of smart
grid.

II. SMART POWER CONSUMPTION TWO-WAY INTERACTION
SERVICES

A. Power Consumption Status Of Chinese Residences

According to the statistics, in China the total residential
power consumption accounts for about 14.4% of the whole
society, the average monthly basic power consumption is
about 87 kWh. The common household appliances mainly
include: air-conditioning, refrigerators, television sets, electric
water heater, range hoods, microwave ovens and washing
machines. Take the water heaters and washing machines as an
example, the power consumption of both accounts for about
9% proportion of household electricity consumption.
Assuming the use time pricing are 0.5 RMB Yuan / kWh and
0.2 RMB Yuan / kWh, according to the estimation, when the
power consumption of the electric water heaters and washing
machines are all transferred to the low power consumption
period, the total household power consumption expenditure
will be reduced 5 % or so. Therefore, the adjustment and
control of the time and patterns of household appliances is of
great significance to improve power consumption efficiency
and adjust the power load.

B. The Main Content Of Smart Power Consumption
Interactive Service

Compared with the conventional power consumption, the
most important feature of smart power consumption lays in
the real-time interaction between customer and power grid.
Interaction services include mainly: smart power consumption
service of the residents, distributed energy access, smart home
control, water meter and gas meter collecting, home security,

integrated information services and ‘triple play’ services.
Through the real-time interactive channel between Power
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Company and customer, combined with the use of smart
interactive terminals, the customer can query the power
consumption information, and according to the power price
policy and power consumption load, users could flexibly
adjust the power consumption time and realize the distributed
energy access, thus improve the economy and security of
power consumption. Power company can acquire the
customer's electric energy data, supervise the distributed
energy access, and achieve adjusting the power load by
controlling the household appliances, and to ensure the grid
security and stability.

The smart interactive terminals and customer’ power
consumption curve presentation are shown in Figure 1 below.

smart life
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Figure 1. Smart Interactive Terminal and Customer’ Power Consumption
Curve Presentation

C. The Demand Of Smart Power Consumption Interactive
Service For Communications

The two-way interactive demand of smart power
consumption proposes a high requirement for the
communication networks on how to extend the power
company’ communication network to the customers’ home, to
connect the household equipments and compose a Home Area
Network. The measurement, analysis and control of household
energy equipment, and the electric/gas/water meters’ data
acquisitions, home security and other applications have a
smaller demand for communication bandwidth, which is about
10kbps. The VoIP of the triple play business has the lowest
demand for bandwidth, about a few kbps, and the IPTV video
(HD) has the highest demand, up to 8Mbps. According to the
content of smart power consumption interactive services and
its demand for bandwidth, the converged communication
technology of optical fiber communication, wireless
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communication and power line communication is the primary
method of local communication of the smart power
consumption.

III.CONVERGED COMMUNICATION TECHNOLOGY

In order to verify the performance of the converged
communication technology and its ability to support smart
power consumption, this chapter will introduce the converged
communication technology in the aspects of data transmission
speed, transmission stability and anti-jamming capacity.

A. Optical-Fiber Communication

Optical fiber communication technology has the advantages
of high bandwidth, large system capacity, high reliability, and
it can meet the needs of the future smart power consumption’s
two-way interactive services, smart home, and the value-
added services, and to support the ‘triple play’ services. At
present, the appropriate optical fiber communication
technology of smart power consumption interactive services
system is the xPON technology.

B. Wireless Communication

Wireless communications is the fastest growing and the
most widely used communication technology in recent years,
and the more common used in smart power consumption
interactive services are Wi-Fi, ZigBee, and RF433 and so on.

1) Wi-Fi: Wi-Fi is a short-range wireless transmission
technology, and it works in the 2.4GHz frequency band, the
transmission speed can reach 54Mbps, as in [1]. In the
condition of weak signal and interference, the bandwidth is
adjustable to 48Mbps, 36 Mbps, 24 Mbps, 18 Mbps, 12
Mbps, 9 Mbps, 6 Mbps, and it is able to support the
wireless signal access within tens of meters, and equipped
with virtues of high speed, high reliability, and bandwidth
being automatically adjusted and long effective distance. Wi-
Fi can be used to communicate between smart interactive
terminal and home gateway. Yet the Wi-Fi’s performance
suffers a significant reduction by the interruption of walls.

2) ZigBee: ZigBee works in the 2.4GHz frequency band.
Theoretically, the maximum data transfer rate of ZigBee
technology is 250kbps, and the coverage is of 10 ~ 100m, with
the features of low power consumption, reliable data
transmission, large network capacity, and low cost, etc.
ZigBee communication network applied field mainly include:
temperature control of air conditioning system, automatic
control of lighting and curtains, gas measurement control,
smoke detectors monitoring, and remote control of household
appliances. Most of these applications are used for indoor
control signal transmission.

3) RF433: RF433 works in the 433MHz frequency band,
with the advantages of practical convenience, easy to
implement, low cost, low power consumption and small size
antennas, etc. It can be widely used in various occasions of
short-range wireless communications, such as the water and
gas meters’ data acquisitions. Simultaneously, the RF433 can
be used as the complementary of ZigBee to control the
household appliances.
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C. PLC (Power Line Communication)

PLC technology uses the existing power line media for
communication, and the technology is mature and easy to
implement. It has advantage of strong anti-jamming ability,
great data transmission security, and thus, it can fully satisfy
the networking, communications and control requirements of
smart home appliances. PLC technology includes BPLC
(Broadband Power Line Communication) and NPLC
(Narrowband Power Line Communication).

1) BPLC: Reference [2] shows that BPLC works in 1 ~
40MHz frequency range, the using of hundreds of orthogonal
properties of the carrier signal, to achieve the high-speed data
transmission. The current data physical layer transfer rate is
up to 200Mbps.

BPLC uses OFDM self-adaptive carrier modulation, RS
coding, programmable spectrum technology, etc. It can well
adapt to low-voltage power line communication channel, and
ensure the communication reliability. In the communication
channel access mechanism and protocol design aspects,
automatic relay routing and network reconfiguration functions
are taken into consideration, making the communication no
blind spot. Through the time division relay, frequency division
relay, smart routing calculation, automatic relay and other
technical means to achieve network reconfiguration, and are
capable to achieve the entire communication network
coverage. BPLC is mainly used to construct a LAN indoor, as

the complementary of Wi-Fi; it would not be inflected by the
walls inside the apartment. However, the BPLC is a wired
communication method, which does not fulfill the mobility
requirements. The industry trend to use BPLC method as the
AMI transmission channel at the distribution area to meet the
need of the smart grid’s real-time, high speed and high density
data acquisition.

2) NPLC: NPLC refers to the power line -carrier
communication technology whose frequency range limited to
band 3 ~ 500kHz, and communication rate less than 1Mbps,
and its modulation and demodulation pattern almost adapted
the ordinary FM or PM technology, direct sequence spread-
spectrum technology and linear FM technology.

When the multi-carrier OFDM technology is introduced in
the NPLC, it will enhance the anti-interference ability of
communication, and effectively improve the network
transmission rate and stability, and the theoretical speeds can
reach 100kbps, which is used to power consumption and
operating information data collection of the smart household
appliances, and the communication channel of AMR within
the distribution area.

D. Converged Communication Application Model
Smart power consumption two-way interactive services
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Figure 2. Application Model of the Converged Communication in Smart
Power Consumption

The application model of converged communication is
divided into three layers:
®  Using optical fiber communication to build the remote
access network to connect the main station and
distribution transformer;
® Using optical fiber communication or BPLC for the
local access network to connect distribution area,
smart home, distributed energy and smart meter;
® Using BPLC/NPLC, Wi-Fi, ZigBee and RF433 to
build the HAN to connect the smart homes’ gateway,
interactive terminal, smart socket, and the smart
appliances.
The applications of converged communication technology
in the smart power consumption are shown in Table 1 below:

TABLE 1. APPLICATIONS OF CONVERGED COMMUNICATION TECHNOLOGY
Area Remote Local HAN HAN
Access Access (Control and
Network | Network (Broadband) C d
Technolog etwor etwor ommand)
Optical
Fiber J J
Wi-Fi N
ZigBee N
RF433 N
BPLC N, N
NPLC N

IV.THE APPLICATION OF CONVERGED COMMUNICATION
TECHNOLOGY IN THE RESIDENTIAL PILOT OF SMART
POWER CONSUMPTION

Since April, 2009, the SGCC has established two smart grid
pilot customer service system in Beijing Lianxiangyuan
Community and Yard No. 95, Fucheng Road. During the pilot

adapting the application model of the converged construction process, converged communication technology
communication technology is shown in Figure 2. has been applied and achieved good results.
A. Pilot Work in Lianxiangyuan Community
1) General Framework: This system consists of the AMI
main station, the property management main station,
concentrator, collector, smart interactive terminals, smart
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sockets, home security equipment, and value-added IP
telephony business, video on demand, broadband access and
other equipments. The overall structure of the system is shown
in Figure 3.
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Figure 3. Structure of Lianxiangyuan Community Pilot

2) Communication Network: The communication
network in Lianxiangyuan pilot community refers to laying
the optical fiber around the distribution transformers, and then
using 200Mbps BPLC technology covering the entire low
voltage distribution network to 378 meters. Customer can
manage and control the household appliances based on smart
sockets by means of the indoor power line communication
way, and the ‘triple play’ value-added services is provided, the
communication way between smart interactive terminals and
water/gas meters and home security devices is through the
ZigBee or RF433 method. The smart interactive terminal can
be divided into the mobile monitor and the fixed home
gateway station, which two parts are connected through the
Wi-Fi method.

3) Application Analysis: When the broadband power line
communication technology is applied to AMI system, due to
its high bandwidth features, and could support the concurrent
collection of multiple collectors’ data, such as the TCP / IP
network, in most cases, it can meet the high-density collecting
once every 15 minutes. When the collection master station
gives the meter reading command, all the collectors will
concurrently collect meter data under the jurisdiction of their
respective meter, and the power consumption data of the 378
residents in the pilot area will be collected within 1 minute. As
bandwidth is sufficient, the collector could realize the real-
time response to the control command of the master station, in
which way to achieve the remote power ON/OFF control
without delay. The disadvantage is that the relative cost is
high, and it is suitable adapted in the locations with meters
centralized installed. In the locations the meters are dispersed,
cooperating with the NPLC technology is needed to reduce
costs.
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In the residential indoor, using NPLC combined with
wireless communication for HAN, and read the power
consumption state of the household appliances and make a
further control of them through the smart interactive terminals.
This approach combines the advantages of zero dead ends
coverage, environmental of the power line communication and
the maturity, good mobility of the wireless communication
technology together, which are complementary to each other,
and thus a real-time, reliable home network is formed.

BPLC is also limited to support ability of the ‘triple play’
service, test results show that a 200Mbps Master can support
maximum 12 slave users to transfer high-definition video at
the same time, which cannot meet the requirements in
practical application. In view of this situation, two
improvement programs are raised: one is to increase the power
line broadband master equipment. Lianxiangyuan District has
changed a whole building with one master equipment into two
floors with one. This method ensures their ability to support
communication, but also greatly increases the cost. The
second solution is to use power fiber to the home, and using
the power line broadband technology indoor, which can
completely solve the constraints arising from communications
capabilities. This program has applied to the Yard No. 95,
Fucheng Road pilot.

B. Yard No. 95, Fucheng Road Pilot

1) General Framework: Yard No. 95, Fu Cheng Road
pilot takes the power fiber to the home (PFTTH) as the main
characteristics, on the basis of the smart interactive platform,
the pilot work achieved customer power consumption query,
electric/gas/water meter data acquisition, home security and
electronics appliances control services, which gave expression
of interactivity.

The system consists of the AMI main station, the
community management main station, community services
main station and concentrator, prepaid two-way smart meters,
photovoltaic power generation equipment, smart interactive
set-top boxes, smart sockets, home security equipment, and
value-added services IP telephony, video on demand,
broadband access, etc. The general framework is shown in

Figure 4.
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Figure 4. Structure of Yard No. 95, Fu Cheng Road Pilot
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2) Communication Network: The local network of
community adapts the optical fiber communication coverage
to realize the support of AMI business and so on. The
residential indoor using the Ethernet, broadband power line
communication and ZigBee, RF 433MHz and other wireless
ways to realize smart home business. As for the ‘Triple play’
value-added services, it will be realized through broadband
power line communication connecting IP phones, IP set-top
boxes, and computer.

3) Application analysis: In AMI business, the RS-485
cable is used to connect e-meters in different floors and ONU,
and then connect to the OLT and AMI main station. The smart
home networking and control also use PLC, and the
application result is consistent with the Lianxiangyuan
community pilot. But in the aspect of ‘triple play’, because of
its use of the optical fiber directly to the home, it has a better
support for video on demand.

V. CONCLUSION
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In the new situation of global climate change and energy
conservation security, the smart grid is facing unprecedented
opportunities and challenges. And communication technology
is the basis and support of the smart grid and it is the key to
achieve informationization, automation, interaction of power
grid. Converged communication technology combined with
communication services that different functional business
provides different scenarios of smart power consumption two-
way interactive services, and gave full play to the advantages
of varieties of communication technologies, and it will
continue to play a major role in smart power consumption
fields such as the AMI, smart home networking and control.
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