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SCE&G Energy Innovation Center
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SCE&G EIC Electrical Single Line
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The 20 MVA HIL
Grid Simulator

Three Independent Test Bays

24 kV (50/60 Hz)
20 MVA
45 to 65 Hz
3 and 4 wire operation
133% Continuous Overvoltage
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0 to 800 Hz
3 and 4 wire operation
133% Continuous Overvoltage
Limited to Converter Only
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TWMC Power Amphfler Unlts

4 Power Amplifier Units (PAUs) 8 Slices Per PAU
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TWMC Power Amplifier Units
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TWMC Power Amplifier Units

5 MVA PAU (2 x 2.5 MVA)
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50 MVA total stage for DC

output
PAU4 (inverter testing)
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Repurposing one PAU for DC leaves others to perform AC grid emulation.



Reconfigurable PAU Filter
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PAU Filter Scope Captures
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PAU Retrofit for 2.5 MW DC Supply

PV Array Simulator Grid Simulator
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TWMC Power Amplifier Rectifier Front End
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DC Supply Output Stage
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DC Supply Output St
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Operations




Operations

* Two way radio communication
required in the test bay

* Multiple facility IP cameras
* DUT visibility
* Test equipment visibility
» Switchgear visibility during actuation
* Remote switchgear control

* Reduce arc flash hazard




Operations - Safety

OSHA i I

This card acknowledges that the recipient has successfully completed a
10-hour Occupational Safety and Health Training Course in
General Industry Safety and Health

* Full time site safety coordinator sesseLeonarg
Kurt Rayburg 05-11-2015

* Implemented contractor safety program = mwesem —

* Employee Training Programs
* OSHA 10-hour class
* Personal Protective Equipment
* Electrical Safety
* Arc Flash Hazard Analysis (NFPA 70E)
* Fall Protection
* Fork lift and areal lift
 First Aid, CPR, AED
* Hazardous Waste
* Spill Prevention and Cleanup




eGRID SCADA System

* Detailed specifications developed through coordinated efforts between:

Savannah River Clemson National
National Laboratory University Instruments

e Significant amount of hardware and software shared with the WTDTF systems

* Provides a powerful and flexible platform for the development of custom control
systems to meet the various grid integration evaluation scenarios

GRID SIM DATA ROOM GRID SIM REACTIVE DIVIDER NETWORK ROOM
. ) L NI CompactRIO Series and RDN
LEGEND: COMMUNICATION TYPE Streargzg_rgtiorage {HMI;J:!-I;);ISI?I o NI-PXI IC-DAQ Rea;[::leag:?tal {Temp. Monitor Shunt SCR Configuration
Clemson Custom Fiber Optic 68 & Control) Switches (Axion)
| | I I I I
B eeeasss
GPS
- DNP3 Flex-RIO sync GTSYNC GTFPGA
Ethernet RTAC 1
I

- MXI - Express
[ GRID SIM POWER AMPLIFIER ROOM

GRID SIM CONTROL ROOM GRID SIM SWITCHGEAR TWMC Power

Amplifier VIPER = RTAC
' CONTROL
SCADA Control Room Master
Monitor HMI PC{s})
| 1 1 |
NI-PXle
FPGA FPGA FPGA Measurement- | GPS NI—F)_(Ie PV Array
Sync FPGA |- Simulator
DAQ
Controller
| | | I
CTs CTs CTs
& & & C;S
PTs PTs PTs PTs PV ARRAY SIMULATOR

High-Speed RIO



High-speed RIO 2 & 3 Remote /0

NI PXI w/ NI-7842r FPGA cards
* |ISO 17025 calibrated

24 analog inputs

Time sync on IEEE 1588 network
Control network extender

* PoE for IP cameras

* DUT communications

* Web interfaced oscilloscope

* Web interfaced power analyzer

Buffered 24 Vdc, 120 Vac 1/O
* Breaker coil actuation

* Breaker status feedback

24 Channel NI PXI Data Acquisition Cart




2+ MW Solar Inverter Testing

2.5 MW DC Supply
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2.5 MW R, 2.5 MVAR L, 2.5 MVAR C
i




3300 A Three-way Breaker Connection
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California Rule 21 Experience

HV1* 2> NN > LV1
e Ramp of 120 ms
allowed

LV1- = NN* - HV1?

e Ramp of 200 ms
allowed

LV2- = NN* - HV1?

e Ramp of 100 ms
allowed

LV3- =2 NN* - HV1?

* Mustramp in 1 cycle in
both directions

Voltage (pu)

137
1.2 |
1.1}

1 L
09+
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0.7¢
0.6 |

0.5
0.4

0.01 0.1 1 10

HV? SRRt
HVL-within 0.16 s dropto <10%current

Nominal — indefinite operation

LV1 — maintain > 80% current

100




Battery Energy Storage Testing




BESS Test Plan

* Voltage ride-through discharge

1
0 lJ Iﬂ
-1 ] ] ] ] T T T T T

0 2 4 6 8 10 12 14 16 18 20 22 24

* Frequency ride-through

* Ramp rate control

Charge / Disharge

* Frequency/watt, Volt/var

Time (hours from start of test)

¢ DOE PrOtOCOI for UnifOrmW Frequency-Regulation Profile
Measuring and Expressing the 1 | | | |
Performance of Energy
Storage Systems

* Other system specific tests

uGrid w/ Renewables, w/o Frequency Regulation - ’ Y e
uGrid w/ Renewables w/ Frequency Regulation




ENERGY

{q INNOVATION
CENTER

Re-design LAU Controller for

improved Test Bench dynamic

performance.
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Developing a procedure for
Main shaft-to-LAU alignment
within 0.1 mm accuracy.
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ENERGY

Recent Drivetrain Testing Activity ( ) iNvovarion

CENTER

« 7.5 MW rig has been in regular operation since commissioning
« 15 MW rig is scheduled to be commissioned in November 2015

Commissioning 7.5 MW: October 2014

Test Campaign 1: Completed November 2014
Test Campaign 2: Completed December 2014

Internal Test Campaign: February 2015
Test Campaign 3: Completed November 2015
Commissioning 15 MW: November 2015
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