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Course Description and Objectives

The electric power grid is undergoing a major transformation. On the generation side we see

an increase in renewable energy penetration driven by the need to reduce CO2 emissions. On

the demand side we face new consumption profiles such as plug-in vehicles, smart homes and

smart buildings. The course will focus on the economics of modern power grids to facilitate

the integration of these new agents.

Students will learn about the additional strains placed on the existing grids such as balancing

electricity supply and demand. We will discuss energy storage that gained a lot of attention

due to the intermittent and fluctuating energy availability from renewable energy sources.

Since most of the transformation is happening at the distribution level we will also talk about

distribution network pricing. The pricing mechanism is the key to ensure the success of the

new Smart Grid environment and has an important role in sending economic signals to network

users. Yet there is no established practice or common pricing principle that can best serve

the industry in the coming period of great change.

Upon completion of this course students will understand how information and communica-

tion technology will be incorporated into every aspect of electricity generation, delivery and

consumption to minimize environmental impact and improve reliability and efficiency.

Course Prerequisites
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Energy Technology (ENVIRON/ENERGY 631) is a prerequisite.

Course Format and Grading

The course consists of background lectures and discussion based on the readings. There will

be a set of assignments and a final project. Grades will be based on:

• 4 or 5 homework assignments (60%);

• 1 final project (40%).

Class Etiquette

You should take responsibility for your education. I expect students to attend every class and

get to class on time. If you must enter the class late, please do so quietly. Retain from using

phones and tablets for social media during class. Some classes will involve coding on your

laptop. I expect you to focus on the assignment and refrain from any web browsing that may

disrupt the progress of your work.

Your classmates deserve your respect and support. We will likely have students from many

different backgrounds and countries in this class and you should all feel comfortable and make

each other comfortable while participating.

Nicholas School Honor Code

All activities of Nicholas School students, including those in this course, are governed by the

Duke Community Standard, which states:

“Duke University is a community dedicated to scholarship, leadership, and service and to the

principles of honesty, fairness, respect, and accountability. Citizens of this community commit

to reflect upon and uphold these principles in all academic and nonacademic endeavors, and

to protect and promote a culture of integrity. To uphold the Duke Community Standard:

• I will not lie, cheat, or steal in my academic endeavors;

• I will conduct myself honorably in all my endeavors; and

• I will act if the Standard is compromised.”

Please add the following affirmation to the end of all assignments, and sign your

name beside it: “I have adhered to the Duke Community Standard in completing

this assignment.”
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Class Topics

1. Smart Grid

• Today’s Grid Versus the Smart Grid

• Communication and Measurement

• Energy Efficiency

• Barriers and Solutions to Smart Grid Development

• The Role of Distribution System Operators in a Smart Grid Environment

2. Distributed Power System

• Distributed Energy Resources

• Renewable Energy Integration

• Electric Vehicle Penetration

• Demand-side Management

• Economics of Energy Storage

• Impact on Grid Operation and Planning

3. Distribution Network Pricing

• Economic Concepts of Infrastructure Pricing

• Distribution Use of System Charges (DUoS)

• Perspectives on Distribution Pricing with Distributed Energy Resources
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