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Electricity – A Basic Human Right
- 1.3 Billion people (1/6th of humanity) have no access to it

- Over 1 Billion more will be joining us in just ten short years
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Climate Change – Attribution and Prediction
https://z.umn.edu/GavinSchmidt
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- Poorest of the poor are at the front line
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How “clean” are Renewables?
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• Wind 100 times cleaner
• Solar 25 times cleaner
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Comparative Costs of Energy: How Wind and Solar Stack Up

Coal: $65/MWh
Gas: $52/MWh
Solar: $43/MWh
Wind: $32/MWh
Rooftop Solar: $184/MWh
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So the answer (?) is…….

- Shift all our Energy Use to Electricity

- Generate Electricity from Renewables

- Conservation

- Sustainability mindset 

Science Alone Cannot Stop Global Warming
- human attitudes must change.
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https://www.eia.gov/tools/faqs/faq.php?id=427&t=3
10

Total U.S. Electricity 
Generated in 2018:

Wind: 6.6%

PV: 1.5%

Source: EIA
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A Holistic View – The world is not compartmentalized into 
Power, Power Electronics, Electric Drives and Control

Electricity Generation, Transmission and End-Use:
• Renewables/storage
• Conservation

Transportation
• Trains
• Planes
• Hybrids/EVs

Defense
• Navy
• Air Force
• Army

Industrial Competitiveness
• Automation/Robotics/Advanced Manufacturing
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Solar
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Need for Storage
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HVDC?
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Electric Machines and Drives
• A large fraction of electricity is generated and consumed by 

systems using rotating machines
• Transportation
• Wind Plants
• Concentrated Solar Power
• Nuclear Power Plants
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https://rhg.com/research/final-us-emissions-numbers-for-2017/
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EVs
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Minnesota Rectifier
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Total undergraduate enrollments in EE 
programs
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History of Electric Energy Curriculum 
and Interest Nationwide
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• EE curriculum started with power 
engineering in the 1880’s

• Interest in power engineering 
declined after mid-1900’s
 Courses did not change
 Students were not excited
 Instructional capacity declined

• Power engineering is now seen as 
critical to growth and sustainability
 Requires rethinking the curriculum
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Proposed Approach
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• A pipeline course
• Fewer, carefully designed, undergraduate Courses
• Graduate courses shared with colleagues across 

the country - online
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http://z.umn.edu/ee1701

• Online only
• 111 students

• 85% from other 
colleges

• 60% female
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Dual-Credit, Concurrent-
Enrollment Program

• NSF/NAE-Sponsored ECE Department 
Heads Workshop, University of 
Minnesota, April 19, 2019

• Next NSF Workshop (in collaboration 
with ECEDHA), March 21, 2020, 
Orlando, FL
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Electric Power Engineering

•Power Systems

•Power Electronics

•Electric Machines and Drives

•Controls
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Only 3 Senior Electives

Core 
Courses

Power 
Electronics

Electric 
Drives

Power 
Systems

Core 
Courses

Power 
Electronics

Electric 
Drives

Power 
Systems

Complementary

Course

Undergraduate/First-Year Graduate Courses -
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Commercialization of Hardware Laboratories
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NSF - CCLI

Acquired by 109 US 
Universities
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A Four-Year ONR Grant –
To Develop WBG-Based, Extremely Low-Cost Laboratories for Power 

Electronics, Motor Drives, and Power System Protection and Relays for 
National Dissemination

Commercialization:
http://Sciamble.com
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• Content is totally free to download
• 235 U.S. Universities have become members

http:cusp.dl.umn.edu

CUSP™
(Consortium of Universities for Sustainable Power)
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13 Graduate Courses (41 Credits)
Power Systems (22 credits)
1. Power Systems + Lab (3 + 1 Credits)
2. Advanced Power Systems I (3 Credits)
3. Advanced Power Systems II (3 Credits)
4. Power Gen, Op and Control (3 Credits)
5. Protection and Relaying (3 Credits)
6. Electricity Markets (3 Credits)

Power Electronics (11 credits)

1. Power Electronics + Lab (3 + 1 Credits)

2. Advanced Power Electronics I (3 Credits)

3. Advanced Power Electronics II (3 Credits)

Electric Machines/Drives (10 credits)

1. Electric Machines/Drives  (3 Credits)

2. Vector Control of Drives  (3 Credits)

3. Electric Machine Design (3 Credits)

Renewable Energy (3 credits)
1. Wind Energy Essential (3 Credits)

www.cusp.umn.edu
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NSF-sponsored ONLINE Courses during Summer 2019

• Power Generation, Operation and Control

• High Voltage Insulation Technology Related to Power Systems

• Power Electronics for the Grid Integration of Renewables, Conservation and 
EV Charging

• Digital Control of Power Electronics

• Vector Control in Electric Drives - Analysis, Simulation and Practical 
Implementation for Electric Vehicles, Wind Turbines and Robotics

• Power System Protection

• Finite Element Analysis for Designing Electrical Apparatus 
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Rationale for Offering Online Courses and an 
Online Master’s Degree
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1.Educated Workforce to meet increasing demands 
related to electric energy

2.Make a large selection of courses available to 
students nationwide 

3.Keep certain power-related courses, critical to 
national infrastructure, from disappearing

4.Keep evolving these courses

5.Master’s Courses - kind of a niche for online

6.Offering Certificates after 9 or 15 credits(?)
Ned Mohan - 2019



Offering CUSP™ Courses Online for a Master’s 
Degree

Through the Texas Tech University in Lubbock, TX 
- Fall 2019 – Power Generation, Operation and Controls by 

Prof. Wollenberg
- Three courses planned for Spring 2020
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Our Responsibility –
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Carl Sagan: There is no hint that help will come 
from elsewhere to save us from ourselves.

There is no Planet B. 
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Thank You!
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