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s US Power Generation
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2020:

« 4,009,000 GWh

e 60% Fossil

« 20% Nuclear

« 20% Renewables
(including
hydroelectric)

Western
Interconnection

Texas Interconnection

SOURCES: DIETRIEUTED ENERGY RESOURCES, MERC, ENERGY INFORMATION ADMINISTRATION, OFFICE OF COAL, NUCLEAR, ELECTRIC

Eastern -
Interconnection jo

AND ALTERMNATE FUELS. EASED ON DATA CONTAINED IN FROM EIR-2&1, "ANNUAL ELECTRIC UTILITY REFORT"
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U.S. electricity generation from renewable energy sources, 1950-2020
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2020
e hydroelectric: 291.11 billion kilowatthours
e biomass: 56.05 billion kilowatthours

o geothermal: 16.93 billion kilowatthours

e wind: 337.51 billion kilowatthours

solar: 90.89 billion kilowatthours

1970 1980 1990 2000

solar @ wind @ geothermal @ biomass @ hydroelectric

Note: Electricity generation from utility-scale facilities. Hydroelectric is conventional hydropower.
€12’ source: U s. Energy Information Administration, Monthly Energy Review, Table 7.2a, January 2021 and Electric Power Monthly, February 2021, preliminary data for 2020
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« \oltage instability
* Intermittency ‘ « \oltage regulation equipment
* Fast Transient wear out prematurely
 Black out, brown out
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Source: http://www.megawattsf.com/gridstorage/gridstorage.htm  Source: One-Cycle Control, Inc.
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By extending the margin before voltage collapsing



. /| Power Electronics
UCI Power Electronics Lab __enab”ng h|gh penetration

STATCON

. - ¢
Silicon has revolutionized IT. %,

It is time to modernize our
power system’.
4-quadrant power converter?3

=> universal grid control Inverter PFC

a Ctu ato r Rectifier
Fast precise control .
=> |ocal autonomous reflexes <

STATCON

1.  Keyue Smedley, “One-Cycle Control and Its Applications in Distributed Generation” COBEP
2004, Brazil.

2. K. Smedley and C. Qiao, Unified Constant-frequency Integration Control of Three-Phase
Rectifiers, Inverters, and Active Power Filters for Unity Power Factor, US Patent filed 9/99,
6297980. 2001.

3.  Taotao Jin and Keyue Smedley, “T. Jin, L. Li, and K. Smedley, Universal OCC Converter for
Distributed Generation, Power Electronics Technology Conference, Chicago, 2004.
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» OCC solves most power
electronic problems -

order polynomial equation

Q - - - -

K. Smedley “control art of switching converters” Caltech Ph.D.Thesis, 1991
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OCC-DVC )
UCI Power Elec’rronlchﬁart Grld Bu”d'ng BIOCkS
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High efficiency
Fast response
Small footprint

+360kVAR

Source: One-Cycle Control, Inc.
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Source: of One-Cycle Control, Inc.
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SDGE Installation
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OCC-DVC —
Quench the transient
Regulate the voltage to a flat line
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Facility Load (kW)
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OCC-DVC (Voltage Schedule)
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OCC-DVC OFF: wide voltage fluctuation

10/23 20/24 10/26 10/27

10/25

10/28

10/2%

A A A " " A

10/23 10/27 10/28

10/25

Facility Load (kW)

300 |
200 ¢

100

-100 |
-200
-300 ¢

-400

Voltage L-L (Vrms)

OCC-DVC (kVAR)

7/28

495

I
~4
W

o
~J
o

OCC-DVC = ON

2013 Week 31
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o 2013 Week 16 (Fri 04/19)
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October 18, 2013, 9:03AM

e 500KV line fault
« Voltage sag was detected in every substation
« Except the one with OCC-DVC ON
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DVC Site Voltage Magnitude
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Source: Duke Energy
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140 bus SCE DPS simulation of coordination of Fast VAR
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« Synchronous condenser: high inertial not suitable for fast
transient intermittency

« Switching capacitor and LTC: slow speed and step control

 SVC.: too slow to capture the fast transient of renewables

« STATCON: may be able to handle when the transient is
mild

« OCC-DVC has demonstrated fast transient suppressing
capability

* Opportunity: OCC-DVC coordination with LTC, Switching
Cap, and SVC = smooth and cost-effective solutions.
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OCC-DVC
< Enables high penetration

UCI Power Electron




