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Traditionally divided by
resource, e.g.

- Coal, Gas, Petro, Nuke,
Hydro, Other

Or, by sector, such as

— Electricity

- Transportation

- Space Conditioning

- Residential/Commercial
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Alternative division
- Resources

- Delivery/Management
— Efficiency

— Integration

“Power” vs. “energy” semantics
- Power = Time Derivative of Energy

— Electric power engineering faculty focus more on
delivery, efficiency, and integration

- Agnostic toward the source of energy




Aspects of Energy Delivery

Power grid — Transmission

- Renewable sources must integrate into existing grid
(near term)

- Must provide extremely reliable service

- Must deal with geographic issues (resources not
near population centers)

Power grid — Compatibility

- End user needs different voltage, frequency than is
generated

- Power electronic devices provide these conversions



Aspects of Energy Efficiency

Power electronic circuits used in loads
-~ Compact fluorescent lighting

- Motor drives (industrial, appliances, etc.)

— Electronic equipment (computers, TV, etc.)

Also used in sources

- Solar-electric power (low-voltage DC)
— Fuel cell power plants (low-voltage DC)
- Wind turbines (variable frequency AC)
- Microturbines (high frequency AC)



Power Converters

Circuits that

- Convert electricity from one voltage/frequency to
another

- Do so efficiently (> 90+%)
- Provide control and management flexibility

Prototype of optimized fuel cell and
battery hybrid power manager



Maximum Power Tracking

Ripple correlation
control

- Maximizes solar output,
module by module

- Leverages disturbances
that are already there

Just below MPP

Just above MPP



Reconfigurable Converters

Power optimizer that
changes structure

-~ Responds to low/high
sunlight



Typical Retall Residential Solar

Right now, If solar cells were FREE, solar
power would still be too expensive

— First-year, levelized cost of $0.44/kWh in
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Solar Cells as Part of System

Manufacturing costs of cells declining, but
slowly now

What will happen to retall price?
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(Inverters)

- Eliminate parts,
reduce cost

Better Inverters

DC-AC Converters

I Bulk filterl—

Solar panel

- Increase efficiency

Under Development

Conventional inverter for solar energy processing
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Modular Power Inverters

Labor and hardware ~1/3 of total installed
residential solar costs (currently $9/ Wp)

PVAC module avoids

- DC wiring, disconnects, breakers, combiner box
- Simplifies installation, reducing labor

- Mismatches (that cause up to 15% power l0ss)




Multiple-Input Power Converters

Combine multiple sources with one circuit
— Not n circuits for n sources
- Reduce parts and cost, increase efficiency



Battery Management

Batteries

— Off-grid solar

- Fuel cell power plants (startup, load leveling)
- Hybrid and electric vehicles (high voltage)
Low-cost equalization in series strings

- Now a commercial product



Univ. of lllinois Solar House

Student team to enter DOE Solar Decathlon

Modular house design
- Independent but paralleling rooftops



Summary

Variety of projects in “energy” in “power”
engineering

Power electronics provide

- Efficiency

— Integration

- Management/flexibility

- Performance boost

Many technologies exist right now that could
significantly

- Reduce energy use

- Boost performance of renewables



