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Foreword 

 

As was recorded in 2009 Leaders’ Declaration, citizens of the Asia-Pacific region shall 

advance work on sharing best practices in energy efficiency with a view to deploying 

cleaner and more efficient technologies...recognize the role of renewable energy in 

reducing emissions and encourage its development in the APEC region. In 

accordance with the aim to strengthen economic and technical cooperation 

emphasized in the Declaration, APEC Center for Technology Transfer proposed the 

project “Cooperative Study on Efficient Renewable Resources Integration and 

Distribution Technologies for Smart Grid Construction”, which obtained approval from 

and support of the APEC Secretariat and the APEC Policy Partnership on Science, 

Technology and Innovation (PPSTI), named as APEC Industrial Science and 

Technology Working Group (ISTWG) at that time, on the 39th APEC Industrial Science 

and Technology Working Group Meeting held in Japan in September 2010. 

 

Given that many APEC member economies are currently still relying on an outdated 

planned power grid infrastructure which limits its flexibility and at the same time puts 

citizens at risk, nowadays there is a growing agreement among policy-makers, 

business leaders and other key stakeholders on the idea that the application and 

promotion of a smart grid is high on the list of technological development. 

 

Not only researchers but also stakeholders of the smart grid field have gradually come 

to realize that smart grid is closely related to a series of industries. Its construction 

involves advanced technologies of many fields, ranging from renewable resources 

integration into the grid, distribution circuit and metering infrastructure to energy 

storage, peak demand control and instantaneous monitoring and management, etc. 

 

The smart grid project was initially aimed to analyze technologies on integration of 

renewable energy resources into smart grid, facilitate the reduction of energy wastage 

by encouraging projects with recommended technologies in this project to help 

achieve a low carbon society and safeguard the quality of life through sustainable 

growth. 

 

In this research project, not only the latest efficient renewable resources integration 

and distribution technologies have been studied and analyzed, the recommended 

technologies of renewable resources integration and customer-end management 

have also been expected to be utilized by prosperous enterprises to achieve the 

potential cooperation and technology transfer. Focused on the technologies directly 

related to small and medium enterprises (SMEs) of smart grid industry, this project 

selected and studied technologies on Intelligent Electric Meter, Intelligent Distribution 

Box Design and Grid Networks Management System Development. Realizing that 

seamless integration of renewable energy resources like wind and solar power into 

the grid is one of the breakthroughs to address problems resulting from energy 

shortage, we have placed energy integration and storage as well as instantaneous 

monitoring as the primary focus of this project. We hope that instantaneous 
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management devices which enable more customer choices and better experiences 

will, encouraged by the project, be developed with huge market potential. 

 

This concluding report is to be disseminated in the Asia-Pacific region with the help of 

consultants and researchers. It summarizes the recent development of distributed 

power supply and community with smart power distribution and utilization system, 

analyzes the operating principle and control model of typical distributed power supply 

such as wind power, solar power, gas turbine, fuel cell, energy-storage system, and 

introduces the development of distributed power supply and smart power distribution 

system in Japan, Australia and the UK and describes the development of distributed 

power generation system and operating experience of micro-grid demonstration 

community in China.  

 

Technologies with application potential, especially energy integration and 

customer-end management technologies will be promoted and introduced to relevant 

enterprises. Continuous efforts will be made to facilitate the recommended 

technologies to be applied in more economies. APEC Center for Technology Transfer 

has managed to collect feedbacks from the active participants in the project. Upon the 

completion of an analysis of the feedbacks, we will disseminate and circulate the 

report to research institutes and department of industry in the Asia-Pacific region so 

as to enhance their capabilities in this field. Chances are higher that more citizens of 

the Asia-Pacific region may enjoy better power grid operation experience, as more 

outputs of the projects are coming into existence. 
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Executive Summary  

 

Project Implementation 

 

APEC project - “Cooperative Study on Efficient Renewable Resources Integration and 

Distribution Technologies for Smart Grid Construction” (IST 01 2011A) was endorsed 

in 2013 for implementation, funded by the APEC Policy Partnership on Science, 

Technology and Innovation (PPSTI) and co-sponsored by Japan, Korea, Russia, 

Chinese Taipei and Thailand, with speakers and participants from Australia, China, 

Hong Kong, China, Indonesia, Japan, Korea, Malaysia, Mexico, Russia, the United 

States, Viet Nam and the United Kingdom. Held on 22-25 October 2013 in Suzhou, 

China, this project was further divided into a two-day training session and a two-day 

promotion meeting. 

 

The project conducts the following principal activities: 

1. Collecting data and research observations from various channels, including prints, 

official websites, media, etc. 

2. Defining research topics of the project and locating suitable researchers 

3. Exchanging ideas among the researchers and consultants on current research 

4. Organizing and implementing the smart grid project 

5. Collecting feedbacks and conducting an analysis 

6. Drawing up a final report and disseminating the report in APEC member economies 

 

In the process of the implementation of the smart grid project, a training session and a 

promotion meeting were held on 22-25 October 2013 in Suzhou, China. 

 

During the training session, experts in smart grid field were invited to analyze 

technologies on integration of renewable energy resources into smart grid. 

Approximately 30 attendees from APEC member economies have participated in the 

training session, along with a field trip to Suzhou Taigu Electrics Co., Ltd. 

 

During the promotion meeting, successful experiences of applying the technologies 

on renewable energies integration to the grid network were shared among 

representatives from APEC economies. More than 100 Chinese corporate 

representatives have taken part in the promotion meeting. 

 

This final report will be circulated and disseminated in APEC member economies to 

facilitate the development of society and safeguard the quality of life through 

sustainable growth. 
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Chapter 1: Smart Grid–the Way for Renewable Energy Integration to Power 

Grid 

 

Chapter 1 provides an overview of the issues that need to be addressed and the 

application of smart grid technologies in power systems. 

 

Energy efficiency can be improved by renewable energy generation and clean energy 

based distributed generation, whereas mitigate the environmental problem. The other 

method to improve energy efficiency is two-way demand side management (DSM). 

Energy storage is necessary to a grid with a high penetration of wind and solar 

generation. The real time control on distributed generation and demand side response 

requires fast, two-way modern information and communication technologies (ICTs).  

 

The international trend in smart grid development is to start from distribution network 

and demand side by installing advanced metering infrastructure (AMI), ICT, distributed 

renewable generation, and distributed storages. Smart grid technologies provide the 

platform for renewable energy integration to power grid. 

 

Chapter 2: Mode of New Energy Power Connection into Power Network 

 

Chapter 2 introduces centralized exploitation of renewable energy power in large 

scale and directly connecting to power network as well as distributed exploitation and 

entering power system by micro-grid. 

 

Mainly adopted in China up till now, the mode of centralized wind power and solar 

energy development in a large scale and directly connecting to the network requires 

the network not only to have large capacity, but also to have a strong real-time flexible 

dispatching capability, which can effectively reduce investment in a project and 

accelerate the speed of exploitation of wind and solar power. 

 

Considering that the centralized large-scale development of wind power in China will 

become saturated in 2020, China will promote distributed development and local 

utilization in the future, as the western European countries have done. With the 

development of smart grid and smart power distribution and utilization technique, the 

engineering application of distributed generation accessing to the network by 

micro-grid is just around the corner, which will effectively improve the quality of local 

voltage and the reliability of power supply. 

 

Chapter 3: Status and Trends of Distributed Power Source and Smart Power 

Distribution and Utilization Technology 

 

Chapter 3 firstly provides the survey report of some typical pilot projects of intelligent 

power distribution and utilization system constructed by actual micro-grids in the 
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world. 

 

In North America, two Canadian hydropower companies, BC and Quebec, have 

begun to carry out the construction of the micro-grid demonstration projects. Jointly 

funded by the US Department of Energy and California Energy Commission, formal 

studies of micro-grid in America began in 2003. 

 

In Japan, renewable energy and new energy have been the focus of the Japanese 

power industry in recent years, and the application of renewable and distributed 

generation technologies in micro-grid has been greatly encouraged. The New Energy 

and Industrial Technology Development Organization respectively established 

micro-grid demonstration areas in Aomori Prefecture, Aichi Prefecture, Kyoto 

Prefecture and in Sendai. 

 

In Europe, test point of micro-grid and intelligent power distribution and utilization 

system has been respectively established in Netherlands, Germany, Denmark, Italy, 

Portugal and Spain to study micro-grid and intelligent power distribution and utilization 

system. 

 

In China, the two most representative demonstration projects include the souther 

Combined Cooling Heating and Power (CCHP) micro-grid intelligent power 

distribution and utilization system constructed by China Southern Power Grid 

Company in Shenzhen and Distributed CCHP System of MW-level Integrated 

Technology and Demonstration Area in the Northern Region established by China 

Power Investment Corporation in Hohhot, Inner Mongolia. 

 

This chapter also provides an overview of the application status of smart power 

distribution and utilization technologies overseas and in China, having primarily 

selected Beijing, Tianjin, Shanghai and Jiangxi. 

 

It also discusses micro-grid running, smart electricity distribution and use system 

control, the relay protection and economy of micro-grid, advanced technology of 

distribution automation, electric vehicle charging and discharging technology and 

electricity information collection technology and advanced metering infrastructure. 

 

Chapter 4: New Generation Technology as Distributed Power Source 

 

Chapter 4 introduces the basic principle, mathematical model, advantages and 

disadvantages of distributed power sources adopted in micro-grid system, including 

wind power, micro gas turbine, fuel cells and solar-photovoltaic power. 

 

In addition, this chapter also compares various power system energy storage 

elements, including pumped storage, compressed air energy storage (CAES), 
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flywheel energy storage, the Superconducting Magnetic Energy Storage (SMES), 

super capacitor energy storage, lead-acid battery energy storage (BESS) and so on. 

 

It also provides a brief description of the control model of the distributed power 

converter. 

 

Chapter 5: Distributed Power Generation Technology and Micro-Grid 

Demonstration Community in China 

 

Chapter 5 introduces the Hohhot City Micro-Grid Demonstration Community and 

Chengde City Project of Distributed Power Generation/Energy Storage and Technique 

Connecting into Power Network which have reflected the great progress made in the 

field of distributed power generation and micro-grid technology in China during the 

last 10 years. 

 

This chapter describes the system design and operation simulation analysis of Da 

Shengkui Creative Industry Park of Hohhot City in terms of voltage stability and 

frequency stability. 

 

It also provides a brief introduction to Chengde City Project of Distributed Power 

Generation/Energy Storage and Control Technique of Micro-Grid Connecting into 

Power Network and analyzes the negative influences to the grid power quality, system 

protection and the system operation reliability to reduce the impact to power grids and 

users due to the lot of distributed power generation simple on-grid. 

 

Moreover, this chapter discusses the main functions, features and application of 

environment-friendly wind-photovoltaic power/energy storage distributed power 

generation system. 

 

Chapter 6: Distributed Power Electricity in Japan and Development of Intelligent 

Power Distribution and Utilization Technique 

 

Chapter 6 specifically introduces the distributed power electricity and development of 

intelligent power distribution and utilization technique in Japan. Since power system in 

Japan has basically realized automation in the transmission and distribution system 

apart from meters, the purpose of the current grid building is to solve the access 

problem of distributed renewable energy in order to improve the reliabitlity of power 

supply. 

 

Japan’s smart grid is centered on research and development of new power, load and 

coordination of the use of the existing power system and looks forward to increasing 

revenue while promoting the sound development of the environment. 
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Chapter 7: Smart Grid and Future Grid Research and Development 

Opportunities and Challenges 

 

Chapter 7 firstly provides a general overview of the School of Electrical and 

Information Engineering, the University of Sydney, Australia and its association with 

the Australian federal government and then introduces Ausgrid’s $600million Smart 

Grid, Smart City project. 

 

Smart Grid, Smart City was a demonstration project funded by the Australian federal 

government, led by Ausgrid and supported by its consortium partners. Under the 

Smart Grid Smart City project, there are a number of trials expected to complete by 

early 2014, including Active Volt Var Control, Fault Detection Isolation & Restoration 

(FDIR), Wide Area Measurement (WAM), Network Customer Trials and 

EnergyAustralia Trial. 

 

This chapter also introduces several selected projects, including Solve PV Project, PV 

Coating Technology, Feeder Load Modeling, Feeder Loss Minimisation with Capacitor 

Banks, Demand Side Management for Network Stability Support, Smart Grid Cyber 

Security and Future Grid. 

 

Chapter 8: Smart DC Micro-Grids 

 

Chapter 8 points out that the power industry must provide an acceptable return for 

investors to finance the sector and fund future investment and that there is an urgent 

need for an economically sustainable industry. 

 

Apart from the discussion about the definitions of “smart grid” and “micro-grid”, the 

war of DC-AC supplies, this section also introduces two projects in the UK: Project 

Edison and Project Sola BRISTOL. The opportunities and challenges offered by smart 

DC micro-grids have been outlined in this part. 

 

Project Edison is a demonstration project involving a DC micro-grid operating in the 

library at the University of Bath. The library includes local storage and offers options 

for DC lighting and easy access for local generation using renewable energy sources. 

The micro-grid was designed to demonstrate the feasibility and potential benefits of 

local DC Networks in terms of system efficiency, financial and environmental benefits 

together with flexibility gains. 

 

Project SoLa BRISTOL is funded by OFGEM, the Office of Gas and Electricity 

Markets in the UK, as part of their Low Carbon Network Fund project investigating the 

implications of using in DC micro-grids for homes, schools and offices. Project Sola 

Bristol considers Buildings, Renewables and Integrated Storage with Tariffs to 

Overcome network Limitations. 
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Both Projects Edison and Project SoLa BRISTOL have highlighted the value and 

importance of storage in the DC micro-grid. Both projects have involved battery 

storage as a key element in the demand management. 

 

Generally, the conclusions are: “The future is bright.” “The future is electric.” 
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Chapter 1 Smart Grid–the Way for Renewable Energy

Integration to Power Grid

1.1 Introduction

Power industry has been developed for more than one century. Nowadays, electricity
is a necessity of daily life. Power system automation technologies have been
developed and applied in power grid operation and control since 1960s. The existing
power system automation techniques support automatic generation control, automatic
fault clearance, automatic voltage regulation, large system inter-connection, etc. The
reliability of power supply has been improved significantly due to the application of
automation and control techniques in the past decades. Since the beginning of the
20th century, large-scale electric power plants have been developed as the major
generation techniques due to the economy of scale of power industry. Thermal power
plants that burn fossil fuels, mainly coals, have been used as the major generation
sources. In 2009, around 66% of electricity all over the world is generated by fossil
fuel power plants. The efficiency of traditional fossil-fuel thermal power plants for
converting energy of fuels to electrical energy is usually around 1/3, which is not high.
The CO2 and sulfur emissions from fossil-fuel power plants exert pressures on
environment.

Nowadays, power industry is facing many challenges from various aspects. With the
development of economy, there is an increasing demand for electricity. However, we
are facing energy issues caused by energy crisis and environmental problem. The
modern society has higher requirement on reliability, security and quality of power
supply, but many transmission and distribution facilities currently on operation were
built decades ago. Infrastructures for power generation and delivery need to be
upgraded.

Smart power grid has been raised recent years as a solution of energy and
environmental issues. In traditional power systems, power flows from generation units
to transmission and distribution (T&D) grid then to consumers. With the installation of
distributed generation (DG) at customer sides, power could also flow from customer
side to T&D grid. Generators, grid companies and customers all have information
exchange with control center through communication networks. Smart grid
technologies apply to all sections of power system, generation, T&D grid and
consumer, as well as control center. Customers’ role in smart grid is mainly demand
response. Smart meters and advanced metering infrastructure (AMI) provide
hardware support of demand response.

The role of generation section in smart grid is renewable energy integration. For
transmission and distribution systems, smart substations and installations of phasor
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measurement units (PMU) and wide area management system (WMS) provide the
possibility of forecasting fault events in advance. As the brain of the power system,
control center play an important role in smart grid. A smart control center requires
integrated communication, advanced control and improved interfaces for decision
making support. On the other hand, a mature electricity market as well as regulations
and policies are needed to facilitate the functions of smart grids.

1.2 Customers Demand Response in Smart Grid

In the U.S. and some European countries, the implementation of smart grid starts
from customer sides. Electricity consumers, in the past, are passive users. By
installing smart meters and AMI, a customer could adjust his energy consumption
pattern according to real-time electricity price. If the customer has his own distributed
renewable energy generation, e.g. solar panels and small wind turbines, he can sell
surplus electricity to the grid during the peak-load hours. In this case, smart meters
will be the smart agent with optimization functions as well as two way communication
functions. The AMI system installed over a distribution system will enable consumers
to participate in demand response programs. With a well designed economic
incentive mechanism, electricity users’ energy consumption patterns could be
adjusted to an optimum way. For example, some appliances are scheduled to run
during the hours of low electricity prices, which are usually non-peaking periods. The
surplus electricity generated by customer owned distributed generators are storage in
batteries for selling to the grid during the peaking load hours at higher electricity prices.
Customer demand response can help shaving peak load, hence reduce the capacity
reserve requirement of increasing demand. The implementation of demand response
requires 1) AMI and smart meters to measure electricity consumption and response to
the electricity prices and commands sent by the system operators; 2) real-time (RT) or
time of use (TOU) pricing mechanisms to encourage consumers to participate in the
program.

The AMI mentioned in smart grid is different from the automatic metering reading that
has been applied in some utilities. AMI has more two-way communication functions.
For an AMI system, all smart meters at a home (electricity, gas, heat and water meters)
communicate with the data concentrator through local area network (LAN). Through
the wide area network (WAN), the concentrator exchange data with AMI host server,
which is managed by the meter data management system (MDMS). Installing smart
meter is the first step of implementing smart grid. In some countries, electricity utilities
have started to install smart meters to their customers. In Italy, smart meters have
been installed in over 30 million homes, which lead to 5% energy saving per year. In
the U.S. 13 million smart meters have been installed by 2010, more will be installed
later. Tokyo Electric Power plans to install smart meters to their 27 million customers
free of charge. Some other countries are also planning to start smart meter and AMI
projects.
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1.3 Renewable Energy Integration to Grid and Energy Storage

Renewable energy generation is an effective solution to environmental and energy
crisis issues. However, there are some technical concerns of connecting renewable
energy generation. Smart grid provides a technical platform for renewable energy grid
Integration.

Renewable energy generation could be installed either at the generation side, such as
large wind farms and solar farms, or at the customer side as distributed generation
(DG). Distributed generations refer to those small-scaled generators installed close to
customers. DGs are usually clean energy or renewable energy based generators,
such as, combined head and power (CHP), micro turbine, fuel cell, wind turbine and
photovoltaic panel, etc. To a traditional power grid, the concern of connecting DGs to
the distribution network is the reverse power flow from DGs to the grid when a local
micro-grid generates more power than it consumes. Traditional protection schemes
need to be re-designed to accommodate bi-directional power flow.

Large-scale renewable energy generation connecting to power grid is constrained by
the security and reliability operation requirements of power systems. Renewable
energy, e.g. wind and solar, has intermittent characteristics. The generations of wind
farm and solar farm are unstable and uncontrollable. Although power system
automatic generation control (AGC) and spinning reserve capacity can compensate
some load deviations in short term, the sudden changes of power outputs due to
intermittent wind power and solar energy require a much higher amount of
compensation in a short time. The traditional AGC and reserve criteria may not be
enough. More ancillary services and fast generation compensations are needed.
Large capacity of wind turbines will also cause voltage problems and harmonic issues.
Until these technical issues are solved, the total capacity of wind farm connecting to a
power grid will be limited under certain penetration levels.

Energy storage is the solution to compensate intermittent renewable energy
generation once practical and inexpensive energy storage methods are developed
maturely. Electric energy could be stored mechanically through pump storage,
compressed air, and fly wheel; or stored electro-magnetically through
superconducting magnetic storage, and super-capacitor; or stored
electron-chemically through lead-acid battery, flow battery and other advanced battery
technologies.

Large-scale energy storage system could be installed at the generation side
coordinating with wind and solar generation. For example, a combined renewable
energy system with wind farms, solar panels and storage system (e.g. pump storage
station) will provide a stable output profile of renewable energy to the power grid. A
well-developed storage system could also be used to provide ancillary services to
power grid. The optimization and coordination of renewable energy generation and
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storage charging and discharging is a key issue of improving energy efficiency of the
combined renewable energy system. The other challenge is developing mature
storage techniques that are practical and inexpensive for large-scale storage usage.

Distributed energy storage as well as distributed renewable energy generation are the
key components in customer demand response in additional to consumption pattern
adjustments using smart meters. Battery is a popular storage method for distributed
energy storage. The combination of small renewable energy generators and batteries
could be used as stand-alone system or used for grid-connected micro-grid system.

Electric Vehicle (EV), especially EV to Grid (V2G) technique, is a very important issue
in smart grid. EV could perform as generation as well as storage with a V2G control
system. EV could be used for leveling peak load, and as a backup for power failure.
EV is an effective means of street CO2 reduction. V2G is a promising technique for
the future. However, to use EV in a wide range, some issues need to be considered 1)
A high penetration of EVs may affect the existing power system operation, a smart
power grid will have the capability of accommodating high penetration of EVs; 2)
Standards need to be set to solve the problem of reverse power from EVs; 3) More
charging spots and replacing stations are needed for drained batteries, so it is
convenient for customers to use EVs.

Renewable energy and storage integration to power grid will provide a solution to
energy and environmental issues. The coordination of renewable, storage and EV will
significantly reduce the fluctuation of renewable energy generation. However, there
are some barriers of accommodating all generation and storage options in power grid.
The cost of owning these generation sources and storages are high. Consumers and
investors are not motivated to invest. The techniques of grid-connection with high
penetrations are not mature. To break the barriers, the smart grid needs to have 1)
applications and standards that support Plug and Play functionality; 2) operational
and planning tools; 3) smart sensors and smart controllers; 4) real-time pricing
mechanisms.

1.4 Future Control Center and ICT applications

Information and communication technologies (ICT) are the fundamental of power
system automation. The existing automation consists of: supervisory control and data
acquisition (SCADA), energy management system (EMS), distribution management
system (DMS), distribution automation (DA), substation automation (SA), and feeder
automation (FA), etc. Most utility companies started to construct their automation
systems since 1980s. The automation techniques significantly improved system
reliability and service of power supply.

In the past decade, the information revolution has changed human’s living style.
Applying the latest ICT to power system automation will significantly improve
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efficiency of energy usage, improve power quality and reduce total cost. According to
DOE, the capabilities of smart grid include: self healing, consumer participation, high
quality of power, resist attack, accommodate diversified generation options, enable
power market, optimize asset, and enable high penetration of intermittent generation
sources [1]. ICT will be the fundamental and necessary techniques to implement
these functions of smart grids.

Substations are important nodes in a power grid that assemble all monitoring,
protection and control devices. Substation also plays a role as collecting data from
feeders and consumers, and communicating information with upper level control
centers. Smart substations widely dispersed in the grid are key elements of a smart
grid. A smart substation should be equipped with accurate data measurement units
and data analysis tools for online network analysis. The standard communication and
processes inside the station and among stations are also important for information
exchange. Phasor measurement unit (PMU) will increase the accuracy of data
measurement in power grid. The data measured by traditional remote terminal unit
(RTU) is not synchronized. PMU data is synchronized by a global positioning system
(GPS). A phasor data concentrator (PDC) collects data from PMUs and sends data to
SCADA and wide area management system (WAMS). Using data from PMUs and
applying wide area control, power system operating conditions can be accurately
monitored and simulated; hence it is possible to forecast fault events before events
occur. That will significantly increase the system security and reliability.

The future control center, by applying smart grid technologies, will be able to monitor
operation conditions of primary devices, diagnose fault events, clear faults before they
occur, support demand response, support intermittent renewable generations using
realtime on-line data analysis and system control.

1.5 Conclusions

Renewable energy and customer demand responses are the major solutions of
energy and environmental issues. Smart grid provides the platform for renewable
energy integration to grid and customer participation. Latest information and
communication technologies will improve power system operation though online data
analysis and real-time control, hence improve power system security and reliability,
and the quality of power supply. Various smart grid technologies applied in power
generation, transmission, distribution and consumption will change customers’ life
styles, improve energy consumption pattern and the environment of the earth.
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Chapter 2 Mode of Renewable Energy Power Connection

into Power Network

2.1 Centralized Exploitation of Renewable Energy Power in Large Scale
and Directly Connecting to Power Network

The mode of centralized wind power and solar energy development in a large scale
and directly connecting to the network requires the large electric network to have
good ability to absorb the new energy power. Because of the intermittent and
time-varying characteristics of wind and solar energy, it requires the network not only
to have large capacity, but also to have a strong real-time flexible dispatching
capability. Centralized large-scale development of wind and solar energy in the
resource-rich region can effectively reduce investment in a project, and accelerate the
speed of exploitation of wind and solar power, which mode is mainly adopted in China
till now.

According to the Chinese wind power planning, as of 2020, China’s goal of total wind
power installed capacity is 200 million kW. Eight wind power bases of ten million kW
will be built in the northern and eastern coastal areas of China, thus the total installed
capacity reaching 150 million kW and the annual generating capacity being more than
300 billion kWh. The eight bases are: Xinjiang, Gansu, western Inner Mongolia,
eastern Inner Mongolia, Hebei, Jilin, Jiangsu and Shandong.

Despite the advantage of fast development and low cost using the mode of
centralized wind power development in a large scale and directly accessing to the
network, wind abandonment is common because the wind changes can’t be
accurately predicted in real time and thus lacking timely regulation on the grid,
rendering it impossible to make full use of the resources have been developed. As of
the end of 2011, the northeast, north and northwest regions (the “Three North” for
short) access 39.52 million kW of wind power to the grid, generating capacity of
63.537 billion kWh in 2011, and abandoning 12.3 billion kWh of wind power,
abandoned wind rate of about 16%.

Table 2.1 The eight wind power bases of ten million kW as of 2020

Wind power base
Planning installed capacity
(million kW)

Detailed description of the
wind site

Gansu 12.7 Nine wind sites in Jiuquan

Xinjiang 12.0 Focus on Hami Prefecture
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Hebei 14.0
Zhangjiakou, Chengde and
the offshore area in the east

Jilin 27.0
Songyuan and Baicheng in
the west part of Jilin

western Inner Mongolia 38.3 Hohhot, Baotou and Ordos

eastern Inner Mongolia 24.0
Chifeng, Tongliao and
Hulunbeier

Jiangsu 10.0
Eastern coastal and offshore
wind site

Shandong 12.0
Mainly the coastal and
offshore wind site

Fig.2. 1 Distribution of Large Wind Power Bases in China

Fig.2. 2 Sketch Map of Wind Power Flows
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2.2 Distributed Exploitation and Entering Power System by Micro-grid

The Western European countries that develop wind power early adopt the mode of
“distributed development and local utilization”. The mode has been adopted by
countries all over the world. The centralized large-scale development of wind power in
China will become saturated in 2020, and China will promote distributed development
in the future, developing 6-8 m / s low-speed wind power projects. As to photovoltaic
power generation, distributed generation project will be prioritized, as well as the
market. By 2015, the installed capacity of solar power in China will reach 21 million
kW, and it will be 50 million by 2020.

With the development of smart grid and smart power distribution & utilization
technique, distributed generation accessing to the network by micro-grid has make a
major breakthrough in theoretically and demonstration applications, and engineering
applications is just around the corner. The pilot project of hybrid wind and photovoltaic
distributed power generation and micro-grid accessing to the power system, built by
NARI Technology Development Company Limited and Jibei Electric Company Limited
of the State Grid in Chengde, Hebei, has run incessantly nearly 7000 hours since the
end of November 2011 to the end of September 2012, generating about 65,000 kwh,
effectively improving the quality of local voltage and the reliability of power supply.

The micro-grid is composed with power source, power load, energy-storage device as
well as control & protection system. The intermittent and time-varying new energy
accesses to the micro-grid and stable and controllable electricity can be got; what’s
more, according to the need of large electric system, micro-grid can also provide
reactive power and function of harmonic control, making full and effective use of the
resources that have been developed.






































































