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	教  学  主  要  内  容
	With the development of information and communication technology, smart grid has become a hot research area in the world. Based on the introduction of key technology area and principle characteristics, the basic concepts and tendencies of smart grid will be discussed in this course.
The contents of this course include:

1. A system view of the smart grid. 

In this part, we will review the history of power system and introduce the background of smart grid.

2. Key technology area.

Sensing and measurement, integrated communication, improved interfaces and decision support, advanced control method and advanced component will be discussed in this part.
3. Self-heals
In this part, we will review the self-healing functions in traditional power grid and discuss self-healing technologies in the smart grid. 
4. Energy storage and renewable energy integration
Based on the introduction of kinds of energy storage technologies, the coordination between energy storage and renewable energy generation will be discussed in this part in order to increase penetration of renewable energy.
5. Active participation by customers
In this part, we will discuss the benefits of enabling participation by consumers. The distributed generation, micro-grid, virtual power plant and the idea of demand dispatch are introduced in this part too.  
6. Asset optimization
Based on review of the present state of asset management in power utilities, the new technologies and tendencies of asset optimization in smart grid will be discussed in this part.
7. Control center
Strategic-based dispatch model and key technologies of its support system will be introduced in this part. 
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课程名称：（中）智能电网导论
课程名称：（英）Introduction to Smart Grid
学分数：2 

课内总学时数：32
课程内容简介：
本课程以介绍智能电网的基本概念、基本思路以及未来发展趋势为主。其目的在于使学生掌握智能电网的基本概念，了解智能电网发展的思路和最新成果。课程主要内容包括：智能电网的核心技术和主要特征，智能电网硬件基础设施、智能电网自愈理论、用户参与和需求侧管理、可再生能源接入、储能技术、资产管理与优化以及智能电网调度中心新技术。
先修课程：电力系统分析 电力系统继电保护 电气工程概论
参考书：

1. James Momoh. Smart Grid: Fundamentals of Design and Analysis. IEEE Press, 2012.
2. Fereidoon P. Sioshansi. Smart Grid: Integrating Renewable, Distributed & Efficient Energy. Elsevier, 2012.
3. Phadke and J.S.Thorp. Synchronized Phasor Measurements and Their Applications. Spring. 2010.
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7. 秦立军，马其燕. 智能配电网及其关键技术. 北京：中国电力出版社，2010.
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Course Code:

Course Name: Introduction to Smart Grid 

Credit: 2
Teaching Hours：32
Experimental Hours:
Introduction:
Basic concepts, characteristics and possible tendencies of smart grid will be introduced in this course. The contents of this course include: principal characteristics, key technology area of smart grid; infrastructure (measurement and sensor, communication and network); self-heals; active participation by consumers; asset management and optimization; renewable energy integration; energy storage (batteries, electric vehicle and pumped hydroelectric storage) and control center in smart grid.
Required Course in Advance:  Power system analysis, Power system protection, or Introduction to electrical engineering 
Reference:

1. James Momoh. Smart Grid: Fundamentals of Design and Analysis. IEEE Press, 2012. ISBN: 978-0470889398
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4. S.P.Chowdhury, P. Crossley, S. Chowdhury. Microgrids and Active Distribution Networks. IET press, 2009. ISBN: 978-1849190145
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6. Clark W. Gellings, The Smart Grid: Enabling Energy Efficiency and Demand Response. China Electrical Power Press (CEPP), 2011. ISBN: 978-7512316393
7. Qin Lijun, Ma Qiyan, Distribution Smart Grid and It’s Key Technologies. China Electrical Power Press (CEPP), 2010. ISBN: 978-7512306745
Writer :  Zaibin Jiao
Examiner & Approver : 
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Part 1  A System View of the Modern Grid: Introduction  
(2 Hours)
1.1 Creating the system view: Challenges and requirements (1 Hour)
Introduction of the blackouts in the history; 

Challenges of power system and modern power grid; 

Background about the smart grid.
1.2 What’s the smart grid: Characteristics and definition (1 Hour)
Key technology area in smart grid;
Principal characteristics.
Part 2  Key Technology Area in Smart grid  
(9 Hours)
2.1 Sensing and Measurement: WAMS and AMI (3 Hours)

Electrical Current Transformer (ECT) and electrical potential transformer (EPT);

Synchronized Phasor Measurements Unit (PMU) and Wide Area Measurement System (WAMS);
Application of PMU and WAMS in power system;

Smart meter and Advanced Measurement Infrastructure (AMI).
2.2 Integrated Communication (1.5 Hours)
Broadband over power line, Wireless communication technologies, other communication technologies;
Interoperability, standards, and protocols; 

Cyber security;
2.3 Improved Interfaces and Decision Support (1 Hours)
Visualization in power system;

Decision support;

System operator training.
2.4 Advanced Control Method (2 Hours)
Automated Generation Control (AGC);
On-line and off-line analytical tools;

Operational applications;

Advanced control method in smart grid.

2.5 Advanced Components (1.5 Hours)

Power electronic;

Superconductor;

Distributed generation.

Part 3  Self-heals: Anticipates and Responds to System Disturbances (5 Hours)

3.1 Overview: What’s the self-heals? (1 Hours)
Benefits and requirements.
3.2 Current states: Self-healing in power grid (2 Hours)
Protection and emergency control;

Fault location and isolation in distribution networks. 

3.3 Future states: Self-healing in smart grid (2 Hours)
Look-ahead features;

Monitoring features;

Protection and control features;

Distribution technology features;

Restoration.

Part 4  Energy Storage and Renewable Energy Integration
(6 Hours)
4.1 Renewable energy (1 Hours)

Characteristics of kinds of renewable energy generation;

Wind power and solar photovoltaic integration.
4.2 Energy storage (3 Hours)
Advanced batteries;
Flywheel;

Pumped hydroelectric storage;

Electric Vehicles: mobile energy storage.

4.3 Coordination between energy storage and renewable energy generation (2 Hours)
Wind power integration: experiences of Texas and Demark;

Flywheel application: experiences of ISO-NE and ISO-CA;
Part 5  Active Participation by Consumers
(6 Hours)
5.1 What’s the active participation by consumers? (0.5 Hour)
Benefits: improving efficiency and energy saving.
5.2 Demand Side Management (DSM) (1.5 Hours)
Current and future state;
Load Signature.
5.3 Distributed Generation and Demand Dispatch (3 Hours)

Distributed generation and micro-grid;

VPP: A new integration mode;

Supply dispatch vs. demand dispatch: a vision for demand dispatch.

5.4 Case Study: Demand Response (1 Hours)
Experience from PG&E

Part 6  Asset Optimization
(2 Hours)
6.1 What’s the asset optimization? (1 Hour)

Current state;
Why and how asset management is changing;

Objectives of asset optimization;

Benefits of asset optimization.

6.2 Asset optimization in distribution network (0.5 Hours)
Life cycle management;
Condition Based Maintenance;

6.3 Case study: Strategic Asset Management (SAM) (0.5 Hours)
Experiences from BC Hydro.
Part 7  Control Center
(2 Hours)
7.1 SCADA/EMS (0.5 Hour)

History;

Designs and basic functions.

7.2 Strategic-Based Dispatch Model (0.5 Hours)
Basic idea of strategic-based dispatch;

Realize future state and assess reverse state;

Operation risk assessment;

Automatic discovery of flowgates in emergency conditions.
7.2 Visualization in control center (0.5 Hour)

Key Indexes for estimating power system operation;
State perception;
State retrospection.
7.3 Dispatching Cockpit (0.5 Hour)
Basic functions and key technologies;
Multi-level multi-department dispatching cockpit.
Required Course in Advance:  Power system analysis, Power system protection, or Introduction to electrical engineering
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