/L

UCIPower Electronics Lab

Secure Power in High Renewable
Penetration Environment

Keyue Smedley, PH.D.1.2

Collaborators: Greg Smedley?, Taotao Jin2, Tong Chenz. Zhong Liu?, & Misha Savastianov!
1. University of California Irvine
2. One-Cycle Control, Inc. Irvine

IENE Workshop- Electricity Storage and Grid Management for Maximum RES Penetration
Sept. 28, 2022



2020:

s g US Power Generation

UCIPower Electronics Lab

4,009,000 GWh
60% Fossil

20% Nuclear
20% Renewables
(including
hydroelectric)

Western
Interconnection

Texas Interconnection

k]
SOURCES: DISTRIBUTED ENERGY RESOURCES, NERC, ENERGY INFORMATION ADMINISTRATION, OFFICE OF COAL, NUCLEAR, ELECTRIC
AND ALTERNATE FUELS. BEASED ON DATA CONTAINED IN FROM EIR-£61, "ANNUAL ELECTRIC UTILITY REPORT"
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U.S. electricity generation from renewable energy sources, 1950-2020
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2020
» hydroelectric: 291.11 billion kilowatthours
» biomass: 56.05 billion kilowatthours

« geothermal: 16.93 billion kilowatthours

» wind: 337.51 billion kilowatthours

- solar: 80.89 billion kilowatthours

€Hydro

1970 1880 1990 2000

© solar @ wind @ geothermal @ biomass @ hydroelectric

==\ Note: Electricity generation from uliliity-scale facilities. Hydroslectsic is conventionnl hydropowes
ela Source: U.S. Energy Information Administration, Monthly Energy Review, Tabie 7 2a, January 2021 and Electric Power Manthly, February 2021, preliminary dota for 2020



 \oltage instability
 Intermittency - * \oltage regulation equipment

« Fast Transient wear out prematurely
« Black out, brown out

800

4000 700
é 600
=
:g:_ 3000 N1 %
=

w
9 400 E
£ 2000 =
2 ----| 300
s
o 1000 200
100
Op =0 o 4 i A ; : . : ; : 0
0 1000 2000 3000 4000 5000 6000 7000 4 5 6 2 8 9 10 11 12

Seconds Hours

Source: http://www.megawattsf.com/gridstorage/gridstorage.htm Source: One-Cycle Control, Inc.
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By extending the margin to point of collapse
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« Small Grid = Low inertia
« How to stabilize power grid?
« Fast Dynamic VAR Compensation — Effective solution
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*OCC solves the first order polynomial
equation

*OCC solves fast VAR on demand in
one switching cycle ~50 us
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s OCC-DVC Stabilizes Voltage
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OCC-DVC — Ability to regulate voltage to a flat line

Stabilize voltage and improve grid resilience
Quench fast transient disturbances
Deliver inductive and capacitive VARs for smooth power regulation

Modular, scalable, and small foot-print
Field proven (SDGE)

OCC-DVC OFF
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Ref: EPRI Power System
Dynamic Analysis, EPRI

EL-484 (Research Project

670-1) , 1977
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* Representative small power grid configuration
« With capacity ~2/3 of Crete

— 230 W
90 MV
30

MVAR
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« Generators ~500 MVA

e 315MW load Bus 5, 6, 8

- 3RES@Bus1,2,3
- 3DVC @Bus5,6,8

AV measurements (1-9)

8

N,

ID Rating Rated kV | MW Ma, Amp % PF | % Generation ? ; Vierma
oading

Gl 247.5 MW 16.5 71.337 26.96 2566 | 93.54 | 28.8 ---
G2 163.2 MW 18 163 6.562 5105 | 9992 | 99.9
G3 108.8 MW 13.8 85 10.88 3498 | 99.19 | 78.1 --- ---
Load A | 135.532 MVA | 230 124.761 49.895 | 3388 | 9285 | - 99.6 99.57
Load B | 92.449 MVA | 230 89.939 29.98 235 94.87 101.3 101.27
Load C | 102.637 MVA | 230 99.975 34.977 | 261.7 | 94.39 101.6 101.59

. g MATLAB Model of IEEE 9-Bus®
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 \oltage fluctuation increases when % RES increases
« High voltage fluctuation =» lower stability margin
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31% Renewable penetration —
OCC-DVC.OFF With OCC-DVC ON
Voltage fluctuation 12.5% Voltage fluctuation 3.5%

 OCC-DVC enables high renewable penetration
« >30% penetration is feasible
« =+ 80MVAR Injection
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 RES stresses power grid
« Fast transients
* \oltage disturbances
 Ultra fast VAR enables high RES penetration
* Quench fast transients
« Stabilize voltage
« OCC-DVC technology
« Breakthrough in precision and speed
* Modular flexible small footprint
* Field and simulation proven






