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ABSTRACT: In view of the characteristics, such as highly
compatible power access capability, high security and
reliability, and great flexibility and controllability, the
application of smart grids in power transmission systems will
improve both operation security and stability of power grids in
China. Based on the development conditions of the Three-Hua
UHYV synchronous power grid, which connects North China,
Central China and East China Grids, the necessity of applying
smart grids to large-scale interconnected power systems in
China is analyzed, the current development status of smart
grids in domestic power transmission systems is reviewed, and
suggestions on the development of smart grids in China are

provided.
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0 Introduction

Western, northern and south-western China areas,
which are relatively under developed, own most of
primary energy resources in China, while most of the
produced energy are consumed by the developed areas
in eastern coastal China. The specific condition is as
follows: 77% of recoverable coal deposits are stored
in western and northern areas, 65% water energy
storage is stored in south-western areas, most of land
wind energy resources are owned by north-eastern

area, “Three North” areas and northern of north China.
Two thirds of energy consumption requirements come
from the middle and eastern developed areas. Due to
this significant mismatch between energy resources
supply areas and energy consumption areas, the
energy transportation in China during the past long
period has the following features: large scale, long
distance and coal as the main goods.

Based on the intensive exploitation of large-sized
coal power, water power, nuclear power and
renewable energy bases, State Grid Corporation of
China (SGCC) targets to accelerate the development
of strong power grids with UHV backbone, and
implement large-scale, long-distance and highly
efficient electric power transportation. By fully using
the large-sized grids as the carrier of energy resource
allocation optimization, China targets to optimize the
energy resource allocation in the whole country, and
guarantee the stable energy supply for a long period.

With the increasing electrification level, power
generation enterprises and power customers will have
new and higher demands for improving service
quality and service principles. In order to guarantee
the power production and transmission, power
generation enterprises need the power grids to provide
reliable, efficient and flexible power access. Power
customers will be able to flexibly choose power
supply modes, and demand high quality and reliable
power supply with low price from the power grid. The
interaction between customers and the power grid is
necessary to achieve the highly efficient and economic
power utilization. Furthermore, customers could send
the distributed electric power to the power grid in the
appropriate time to realize clean and efficient energy
utilization.

The Three-Hua UHV synchronous power grid
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will become the largest and the most complicated AC
and DC hybrid grid in the world. This power grid
spans wide regions, possesses multiple voltage levels,
and has complicated and changeful operation modes
and dynamic behaviors. Since the existing offline
analysis methods are not suitable for Three-Hua UHV
power grid any more, innovative analysis technologies
have to be proposed. The several large-area power
blackouts, which happened in US and European, have
proven that there is always a long duration from the
occurrence of the first failure to final system
disintegration in large power grids. If the trends in
power systems can be predicted and controlled by the
dispatching and operation engineers, the system
failure can be effectively stopped by prevention and
control.

Based on the physical power grids, smart grid is a
new type of grid, which integrates the physical grids
with modern advanced sensor measurement,
telecommunication, information, computer science
and control techniques!'?. Among these, the most
important include wide area measurement, flexible
AC transmission system (FACTS), high voltage DC
transmission, digital grid and digital substation. The
targets of smart grid are as follows: to fully satisfy
customers’
optimize resource allocation; to ensure the safety,

reliability and economy of power supply; to meet

requirements for electric power; to

environment protection constraints;
power quality; to adapt to power marketization
development, etc. Smart grid can provide customers

to guarantee

with the reliable, economic, clean and interactive
power supply and other value-added services.

The operation safety and stability of Chinese
power grids can be significantly improved by smart
grids, which have highly compatible power access
capability, high security and reliability, as well as
great flexibility and controllability. Smart grids can
satisfy future increasing requirements of power
generation enterprises, power grids enterprises and
power customers, and promote the healthy sustainable
development of electric power industry.

1 Current development status of smart
power transmission systems in China

1.1 Wide area measurement

Wide area measurement techniques are the basis
to realize digitalization and informatization of power
transmission grid. In recent years, the research and
applications in this area have been developed quickly
in China”. Till the end of 2008, the wide area

measurement systems (WAMS) have been put into
operation at all provinces except Qinghai and Jilin.
According to the statistics, there are more than 1 000
sets of phasor measurement units (PMU) having been
deployed in Chinese power grids. Now China can
PMU devices,
performance, accuracy and capability are in the
international leading level.

Although started earlier, the WAMS research in
other countries were stagnated on power grid
real-time monitoring and failure analysis. Beginning

independently  produce whose

from 2002, the synchronized phasor measurement in
China has been advanced quickly. Currently, all
functions of WAMS made by China reach the leading
level in the world. In 2004 and 2005, two big
disturbance using  WAMS™
completed in north-eastern grid. It was the first time in

experiments were
the world to implement experiment with big manual
disturbances, and use PMU/WAMS to record and
Besides power grid dynamic process
monitoring and disturbance identification, Chinese

analyze.

researchers also try to implement system protection
and control based on WAMS. From 2005, eastern
China grid began to build wide area monitoring
analysis protection-control (WAMAP) system"’. At
present, some functions, including the PMU-based
online safety and stability quantitative analysis, online
decision support for safety and stability prevention
and control, and online pre-decision for safety and
stability emergency control, of WAMAP have been
verified through real time digital simulation
experiments. In the near future, the WAMAP will be
applied in the practical systems. In 2008, the WAMS
and PMU had been applied in wide-area control by
southern China grid, which had developed the
PMU-based multi-DC coordinate control system, and
had successfully completed close-loop big disturbance
experiments. It was the first time in the world to finish
this kind of experiments in the practical grid.
1.2 FACTS

FACTS is an important method to realize
economic and safe power transmission grid. In the
research and application areas of FACTS techniquesle],
SGCC stands in the world’s leading position. It has
obtained plentiful achievements and successful
application experiences in FACTS techniques, such as
fixed series compensator (FSC), thyristor controlled
series compensator (TCSC), static var compensator
(SVC), controllable shunt reactor (CSR), static
synchronous compensator (STATCOM), and also
began the research work on fault current limiters



GV R CE

R 3

(FCL), static synchronous series compensator (SSSC),
unified power flow controller (UPFC), etc.

1) FSC/TCSC. The research and application of
serial compensation technique in China began in 1954;
while the practical applications started from 2000. At
the end of 2004, the first domestic hybrid FSC and
TCSC project was successfully deployed in
Chengxian substation. In July 2006, the first domestic
set of 500 kV serial compensation devices was
deployed in 500 kV Dongsan line III of Sanpu
substation. In Oct. 2007, the TCSC devices with the
greatest capacity and highest voltage in the world,
which were independently developed by SGCC,
were deployed in Yifeng 500 kV dual-circuit line. The
sub-synchronous resonance problem was solved
effectively by these TCSC devices, and the
transmission capacity was increased by 1 000 MW,
which is equivalent to the capacity of a new 500 kV
transmission line. By the end of 2007, the deployed
serial compensation capacity in China reached
4 213 Mvar, among which there are three TCSC
projects with a total capacity of 849.8 Mvar. In the
next several years, there will be more than 3 000 Mvar
serial compensation capacity deployed annually.
Currently, the key serial compensation technology for
UHYV is under research.

2) SVC. SVC application began from 1982 in
China. From 1982 to 2004, 6 sets of SVC, all of which
were imported from aboard, have been installed. The
operation results of these SVC systems were not good,
due to the old import time, the low level of
automation, bad adaptability to Chinese grids and bad
technical support, etc. In 2004, SGCC produced the
first domestic set of SVC, which was successfully
deployed in Anshan-Hongqipu No.l substation,
Liaoning. In 2006, 3 sets of SVC were successfully
deployed in corridor of “power transmission from
Sichuan to Eastern China”. The total capacity of these
SVCs 420 MW, which
transmission capability of Sichuan-Chongqing section

reaches increases the
by 214 MW, and introduces good damping effects on
1 Hz low frequency oscillation to the system.

3) CSR. The research and application of CSR in
China started relatively late, but has been advancing
In 2006, the 500 kV high resistance
transformer type CSR, which was jointly developed
by SGCC and Xi’an Transformer Factory, was
successfully deployed in Xindu station. In 2007, the
500 kV magnetic controlled CSR, which was jointly
developed by SGCC and Shenyang Transformer
Works,

quickly.

was successfully deployed in Jiangling

converter station. The 1000 kV UHV CSR, which is
under research and development, will be used in the
pilot project.

4) STATCOM. The research on STATCOM in
China began from 1986. In March 1999, SGCC and
Tsinghua University jointly developed a GTO-based
20 Mvar STATCOM device, which was deployed in
Chaoyang 220 kV substation, Luoyang, Henan
province. In February 2006, SGCC and Tsinghua
University jointly developed the world’s first
IGCT-based 50 Mvar STATCOM device, which was
successfully deployed in Xijiao substation, Huangdu
distinct, Shanghai.

5) FCL. Through installing appropriate FCL at the
proper location, the increase of interconnections and
power supply capacity will not be limited by the short
circuit current level any more, which is important to
the safe, stable and economic operation of the whole
system. Furthermore, FCL is important to the
establishment and operation of Chinese future
super-scale interconnected power grid. During the
development of Chinese first set of 500 kV serial
resonant FCL implemented by SGCC, the key
technology breakthrough was realized. The pilot
project was deployed at Pingyao power station,
Zhejiang, in November 2009.

6) UPFC. UPFC is the 3rd generation FACTS
device, which combines the functions of several
FACTS devices, such as STATCOM and SSSC. UPFC
can control the basic parameters of power
transmission (voltage, resistance and phase angle) in
real time. Under any combination of these three
parameters, UPFC can optimize transmission power
and system network flow distribution, realize accurate
regulation of the active and reactive power, and fully
utilize existing lines’ capacity. As the FACTS device
with the best generality till now, UPFC is also able to
damp system oscillation and improve system stability.
Now the preliminary technique is under research.

Through the formulation of Framework of Key
Power Electronics Technology Research for Power
Systems, SGCC will continue the research on FACTS
techniques, including 750 kV/1 000 kV FSC/TCSC,
mobile SVC and its demonstration, 750 kV/1 000 kV
CSR, 500 kV FCL and its demonstration, larger
capacity STATCOM, etc. After the breakthrough of
key issues in some areas, Chinese FACTS techniques
will play an important role in the construction of
smart grid.

1.3 High voltage DC transmission
High voltage DC transmission system has many
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advantages, including great transmission capacity, low
transmission loss, flexible and fast flow adjustment,
high level of automation and intelligence, etc’’. It will
be a key component of smart grid. Currently, SGCC is
independently developing the high voltage DC
converter valve, which had been applied in Lingbao
DC extension project at the end of 2009.

The voltage source commutation DC transmission
technology based on the new type of power
electronics devices is a revolution in DC transmission
field. This technology significantly extends the
application fields of DC transmission technology, and
improves the speed and flexibility of flow adjustment.
It can be applied in power transmission, power
distribution, and passive network, and can also be
used to establish DC transmission and distribution
networks. Combined with super conduction and
energy storage, it will become the key basis of future
smart grid with distributed power supply. After having
completed the prophase research and basic theoretical
research, SGCC is researching the key technologies of
flexible DC and will build a pilot project.

1.4 Dispatch automation and digital power grid

Based on the independent research and
development, SGCC has completed and is doing many
research and applications on the following: digital
grid, grid dispatch automation, power system’s online
stability analysis, power grid control, visualization
and data integration, power dispatching data network,
standardization of monitoring system, etct®l. Many
significant advances have been achieved in a lot of
fields.

The existing State Grid Dispatching Digital
Network (SGDDN) is a private data network which
directly serves for power dispatching control. SGDDN
is a data transmission and exchange platform among
dispatching institutions, and between dispatching
institutions and power stations. SGDDN has become
an indispensable basic facility, since it provides high
quality private data transmission service for power
grid production and control system. With the
world-leading dispatching data network, China can
provide reliable network data transmission platform to
smart grid.

The following independently developed systems
have been widely applied in the dispatching
institutions above province level: energy management
system (EMS), WAMS, protection and fault
information management system, dispatcher training
simulator (DTS), waterpower scheduling automation
system, electric

energy measurement system,

integrated data platform, electric power trade
management system, dispatching management system,
etc. Grid’s online safety and stability early warning
and decision support functions have been initially
implemented in National Electric Power Dispatching
and Communication Center and some regional and
province level grids. The technologies used in
independently developed power grid dispatching
automation systems OPEN-3000 and CC-2000A
reached the international advanced level. Compared
with the foreign systems, Chinese systems have
obvious advantages in automatic voltage control, relay
protection and security control device, online stability
analysis and early warning, dynamic stability control,
etc. But they should be improved in the field of power
market application.

The establishment of UHV power grid, the
development of national power grids and pilot of
energy-saving power generation and dispatching raise
new requirements for power grid dispatching and
operation, optimal allocation of resources, and
coordinated control. Currently, SGCC is developing
the wide area panoramic, distributed and unified
power grid dispatching technology support system,
which is no more a loose system consisting of single
functions from EMS, WAMS, etc. This system is
tightly coupled with the practical requirements from
safe and stable operation of large grid, energy-saving
power generation and dispatching, dispatching
management and redundant dispatching. In addition, it
will research and develop the following powerful
intelligent application functions: power grid real-time
monitor and control, analysis and early warning and
decision support, dispatching plan for safe and
economic coordination and optimization of energy
saving, integration of information from different time
sequences and spaces, etc. Besides improving the safe
and stable control level and safe and economic
operation level of huge-scale power grids, this system
can also improve the management and decision level
of power grids, and provide technology basis for
future establishment of smart grid.

1.5 Digital substation

The digital substation is the important intelligent
node in a digital power grid. From the end of the
1990s, the research on TEC61850 began in China®. In
current phase, the digital substation has three features:
application of digital instrument-transformer and
intelligent high voltage devices, IEC61850 based
standard information

information model and

processing via network, and intelligent operation
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management. Based on these features, it is possible to
build an automated substation which is integrated with
measurement, control, protection and information
management. In the field of digital substation, SGCC
has obtained some achievements, which meet the
requirements of smart grid in the aspects of primary
devices and communication networks of substation.
Currently, there have been more than 300 digital
substations deployed in China.

2 Suggestions on development of smart
power transmission grid

2.1 Develop smart power transmission grid in
high priority

The power industry in US and Europe is already
in the mature phase, in which the establishment of
power grids tends to be stable, the electric power
demands tend to be saturated, the power supply and
redundant storage tend to be balanced, and the change
of transmission grid architecture is small. In order to
improve safety of power grid and maximize market
benefits, current research and application of smart grid
focus on power distribution and consumption in US
and Europe.

The rapid economic development trend in China
will be kept for a long time. The features of power
grid in China include the rapidly increasing load, fast
developing power systems, and rapidly changing
network architectures. Chinese power grids will
achieve optimal allocation of energy resources in a
larger scope, by establishing UHV grids, and
intensively exploiting the large-sized coal power,
water power, nuclear power and renewable energy
bases. Thus, the establishment of Chinese smart grid
should have Chinese characteristics. Currently, the
smart transmission network should be developed in
high priority. At the same time, smart distribution
network should also be considered, to ensure safe and
stable operation of large-scale power grid and provide
access to renewable energy, therefore dealing with the
future challenges in power industry.

2.2 Consider the plan, design
establishment of power grid as a whole

In UHV
establishment

and
transmission system, during the
grids and import of
information and control, the overall process of plan,

of power

establishment, reform and upgrade of power grid
should be considered. The intelligent operation
control and maintenance should be achieved in the
whole power grid. Furthermore, the objectives of
being safe, reliable,

more economic  and

environment-friendly should be carried out.
2.3 Implement theory and technology
innovation and application for smart grid

Theory and technology innovation and application
are the only way to implement smart grid. New
transmission FACTS,
VSC-HVDC, etc.)
should be developed to improve flexibility and
economy of system operation. The power energy

technologies  (such as

superconducting transmission,

storage technology should be developed to solve

intermittent supply of renewable energy. The

should be
developed to monitor device health status and network
status, to support relay protection and measure power

energy. The power grid stable operation theory, online

parameters measuring technology

monitoring, and new early warning technologies,
should be developed to provide scientific basis for
smart grid analysis. The decision making support
technologies should be developed to enhance decision
capability of operation engineers at all levels.
2.4 Establish uniform specification and standard
architecture for smart grid

As the key link in building Chinese smart grid,
the establishment of uniform specification and
standard architecture is also the basic guarantee for
normal operation of smart grid. All parties’ research
forces should be concentrated under the uniform
management of SGCC. The existing power industry
standards and communication standards should be
integrated with the power system architecture to form
complete specifications and standards architecture
based on smart grid. The ultimate objective is to
achieve information integration and sharing among all
links from power generation to consumption.

3 Conclusion

With  the
information-based, automatic and interactive, smart
grid can provide technical guarantee for safe and
stable operation of large capacity and long distance

capabilities of being digital,

power transmission in China. In this paper, the current
development status of smart power transmission
systems in China is analyzed. And the following
suggestions are proposed on the development of smart
grid: 1) develop smart power transmission grid in high
priority; 2 ) consider the plan, design and
establishment of power grid as a whole; 3) implement
theory and technology innovation and application for
smart grid; 4) establish uniform specification and

standard architecture for smart grid.
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