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* High PV penetration scenarios for U.S. interconnection grids

* Impact of high PV at both the interconnection and balancing
authority levels

* Mitigation strategies for low system inertia and reduced
frequency response

* Additional studies for high PV interconnection grids
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Project Innovation Aspects

Develop high PV penetration scenarios based on the
measurement-validated interconnection models and
projected PV distribution

Simulate the impact of high PV at both the interconnection
(>80%) and balancing area levels (>=100%)

Production-grade solar inverter with inertia control
function for frequency response improvement
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Base Model Validation Using Measurements - Introduction

* Why is the simulated El primary frequency response
significantly higher than measured values?

* Sensitivity study results.
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Base Model Validation Using Measurements — Governor Ratio

* Governor ratio is the fraction of generation capacity that is providing

governor response.

* The ratio is currently around 80% in the EI MMWG models. Based on
FNET/GridEye monitoring data, this ratio for El is likely lower than 30% to

match measurement.
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Base Model Validation Using Measurements — Governor

Deadband

* Governor deadband is adopted to avoid excessive turbine control actions within
normal frequency variation range.

* Not typically modeled in EI MMWG model.

== Droop curve
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Base Model Validation Using Measurements — Results
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High PV Scenario Generation Mix Determination

* The generation mix of simulation scenario
18 cases total (for EI, WECC and ERCOT)

Instantaneous PV
Penetration Level

Total Instantaneous
Renewable Penetration
Level
Interconnection Level 5% 15% 20%

Scenario 1

Interconnection Level 25% 15% 40%

Scenario 2

Interconnection Level 45% 15% 60%

Scenario 3

Interconnection Level 65% 15% 80%

Scenario 4

Regional Scenario 100% 0% 100%

Instantaneous Wind
Penetration Level
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PV Instantaneous Penetration Rate Distribution in the El
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Task 2.1: El Frequency Response under High PV Penetration

Test resource contingencies in the El

loss (MW

The largest resource event in last Five units in south Indiana (August 4, 2007 4,500
10 years Disturbance)

_ An N-2 contingency Two Braidwood Nuclear Units, Illinois 2,250

EJ An N-1 contingency One Browns Ferry Nuclear Unit, Alabama 1,128
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The El frequency responses in different high PV scenarios
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Task 2.1: ERCOT frequency response under high PV penetration

Test resource contingencies in ERCOT

Contingency | Description | UnitLocation Gen.loss (MW) |

The largest N-2 contingency Two South Texas Nuclear Units 2,740
_ An N-2 contingency Two Martin Lake Units 1,370

_ An N-1 contingency One Martin Lake Unit 685
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Task 2.1: WECC frequency response under high PV penetration

Test Contingencies in the WECC
Contingency # | Description ____________|Unitlocaton _________________|Gen.loss (MW) |
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Subtask: Using existing resources to improve frequency
response in WECC - changing governor droop
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* A 3% governor droop can significantly improve the WECC frequency
nadir and settling frequency.

« Because of the faster governor response to the generation loss
contingency.
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Using existing resources to improve frequency response in ERCOT-
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ERCOT frequency responses with fast load response (2.75 GW generation loss, UFLS disabled)

* Frequency nadir and settling frequency increased significantly with FFR.
« FFR provided by load response is highly efficient in supporting frequency
response when the governor response of synchronous generators is insufficient.
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Implement the proposed artificial inertia/governor/AGC schemes on GE’s utility-level
PV inverter

* Solar inertia evaluation system:
The inverter controller: MarkVle based actual inverter control
The inverter and the grid: RTDS

5 — Inverter UCSA Power Quality Meter

MarkVle Controller i Multilin EPM 9450
RTDS Cabinets

Power Electronics & Grid
Real Time Simulation

74| SolarCONTROL UCSA -“?_ .

MarkVle Controller

Inverter Control
Hardware

energy.gov/solar-office GE Brilliance Solar Inverter HIL system U5 Department of Eneres

SOLAR ENERGY

TECHNOLOGIES OFFICE



Test the PV inverter with artificial inertia/governor/AGC functions in

CURENT Hardware Testbed.

CURENT HTB Introduction

CURENT HTB consists of modular and reprogrammable three-phase converters and a
reconfigurable structure to emulate large scale power systems.
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HTB Hardware room

Configuration of one HTB cabinet

CURENT Hardware Testbed
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PV inverter frequency control in the WECC high PV models
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Summary of additional studies

* Impact of high PV penetration on electromechanical wave
propagation

* Impact of high PV penetration on FRCC-EIl out-of-step stability
* Impact of high PV penetration on El inter-area oscillations

* Inter-area oscillation damping using PV

* Impact of high PV penetration on transient stability

* Impact of high PV penetration on ERCOT voltage stability

* PV synthetic inertia location sensitivity study on the WECC
system
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Comparison of wave propagation between BAU and high PV ( )
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https://www.dropbox.com/sh/wtkkpmidnt46b2v/AAAXyjFEPIiGpiHFDlMF7DAVa?dl=0&preview=Frequency+response+V2.mp4

Preliminary results on oscillation damping using solar

No control

Oscillation
damping
using solar
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El system inter-area oscillation damping using wide-area solar PV PSS control.
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Additional Study: Impact of high PV penetration on transient stability
(Lead: ORNL. Participant: UTK)
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