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Outline –

• Electricity - Integrating Renewables

•Renewables as “Modern Power Plants

•Prospects for EVs
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Humility
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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

https://z.umn.edu/GavinSchmidt
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Human Activity
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Transportation versus Electric Power Sector



2009
16 TWy/yr

2050
28 TWy/yr

Annual World Energy 
Consumption

Annual World Energy 
Consumption

↑75% 

2009
16 TWy/yr

2050
28 TWy/yr

Wind
25-70 TWy/yr

Hydro
3-4 TWy/yr

Renewables per Year

Solar Resource is Very Abundant …

Source: R. Perez et al, “Renewable Energy Our Solar Future”
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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.



How “clean” are Renewables?
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• Wind 100 times cleaner
• Solar 25 times cleaner
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Comparative Cost 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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Very basic ideas, terminologies, and 
apparatus in electric power systems 



Electric Power Systems - AC
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could be –
- A Wind Power Plant
- A Solar Power Plant

could be a Rooftop Solar



Interconnected North American Power Grid
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200,000 miles of transmission lines
10,000 generators

All rotating in synchronism



Coal and Gas Power Plants
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Hydro Power Plants
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Nuclear Power Plants
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Inside a Steam Power Plant
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Rankine Thermodynamic Cycle in Coal and 
Nuclear Power Plants

Steam at High pressure

Pump

Heat in 

Heat out

TurbineBoiler

Condenser

Gen

Typical Efficiency: 35-40%

EE1701 - Ned Mohan 2017
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Combined-Cycle Gas Turbines

 
Air in

Compressor Turbine

Exhaust

Fuel in

Combustion
Chamber

Typical Efficiency: 55-60%

Steam-based Rankine 

Cycle

EE1701 - Ned Mohan 2017



Power Generation
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Power Transformers
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High Voltage Transmission Lines
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What is a 3 Phase AC system?

• Three phase is generated by a generator with 
three sets of independent windings which are 
physically spaced 120 degrees around the 
stator.

• Voltages are labeled phase-a, phase-b, and 
phase-c and are the same magnitude but 
differ in phase angle by 120 degrees.
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Three-Phase Generator:

http://www.ece.umn.edu/users/riaz/animations/alternator.html
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http://www.ece.umn.edu/users/riaz/animations/alternator.html


High Voltage Power Transmission
•Reduces power losses
• Transmission conductor can have a smaller cross-

section
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Power Transformers
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- Step-up the voltage
- Step-down the current
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Can We Follow California’s Lead? Use of Retiring Assets
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Generators as synchronous condensers:
- Frequency regulation
- Voltage support

Batteries for Real Power Exchange for damping
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San Luis Obispo County, 
California

Customer: MidAmerican

Size: 550MW (AC)

Construction Time:  2011—2015

Acres: ~7,500 site

Modules: ~9 million

Equivalent to:

~8 km

Residential PV 
Systems:

55,000

Topaz Solar Farm
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Rooftop solar can generate 
~40% of our electricity!
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Power Electronics – An Interface

Converter

Controller

Source Load

Power Electronics
Interface

Converter

Controller

Source Load

Power Electronics
Interface

Interface between different characteristics
- Bi-directional Power Flow possible
- Energy Efficiency: 95-98 percent
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Realizing Power Electronics 
Interface 

Transistors



EVs
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Minnesota Rectifier
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Electrifying Transportation
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Charging Stations

40



https://www.charg
epoint.com/files/da
tasheets/ds-
expressplus.pdf

DC Fast-Charging Infrastructure

41

https://www.chargepoint.com/files/datasheets/ds-expressplus.pdf


Flywheel Storage

https://www.youtube.com/watch?v=Pi5amZP5yhE
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https://www.youtube.com/watch?v=Pi5amZP5yhE
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Power Electronics Group at UofM

- Over 150 MS students
- 46 PhDs so far
- 8 PhD, several MS and 3 post-docs at present

Sponsors:
• UMCEE University of Center for Electric Energy 

- Since 1981
- Supported by 6 regional utilities

• ONR, NSF, DOE, EPRI, RDF/Xcel Energy
AUS Workshop - Ned Mohan - Nov 7 2018
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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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Bio of Ned Mohan:
Ned Mohan joined the University of Minnesota in 1975, where he is Oscar A. Schott Professor of Power Electronic Systems. He received his 

undergraduate education in India. He came to the University of Wisconsin in 1969 and earned his Masters in Nuclear Engineering, and PhD in 
electrical engineering under the supervision of Prof. Harold Peterson.

He has written 5 textbooks; cumulatively they have been translated in to nine languages.  He has several U.S. Patents and has supervised 
nearly 150 graduate students, 46 of them PhDs including 11 who are working in the Twin Cities. He maintains a strong research program that at 
present consists of 8 PhD students and 3 post-docs.

Prof. Mohan is a Morse-Alumni Distinguished Professor and a member of the Academy of Distinguished Teachers UMN. Prof. Mohan is a 
Fellow of the IEEE and a member of the National Academy of Engineering.

Bio of Mark Ahlstrom
Mark Ahlstrom is President of the Board of the Energy Systems Integration Group, the non-profit educational association for the engineers, 

researchers, technologists and policymakers working on our evolving electricity and energy systems. ESIG’s (www.esig.energy)history spans 30 
years, starting as the Utility Wind Interest Group (UWIG) in 1989.

Based in Saint Paul, Mark was CEO of WindLogics and has been involved with numerous renewable integration studies including the Xcel 
Wind Integration Study (2004) and Minnesota Wind Integration Study (2006). WindLogics was acquired in 2006 by NextEra Energy, a leading 
clean energy company and the world's largest generator of renewable energy from the wind and sun. WindLogics continues to grow in Saint 
Paul as NextEra Analytics, a cutting-edge center for advanced meteorology, data science & optimization for energy and storage systems.

Mark is now Vice President of Renewable Energy Policy for NextEra Energy Resources ((www.nee.com). He is actively involved in many 
activities across North America to support the economic and reliable use of higher levels of clean energy.

Bio of Jukka Kukkonen:
Jukka Kukkonen from PlugInConnect is an EV market and business solutions consultant. Jukka has deep knowledge of the electric vehicle 

market and he specializes in market dynamics and real-life user perspectives. 
He has built programs for utility companies, condominium and apartment building charging, workplace charging, DC fast charging, outreach 

and education and smart grid integration. He also teaches “EV Market and Technologies” graduate course at the University of Saint Thomas. 
You can find out more about his work by visiting www.PlugInConnect.com

http://www.esig.energy/
http://www.nee.com/
http://www.pluginconnect.com/


Residential household

Graph: Jukka Kukkonen, PlugInConnect






