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Introduction

\/ Purpose: To discuss design consideration when gas units are paired with BESS.
\/ Focus of this presentation: Design considerations from modeling point of view.

\/ Scope: What simulation tools and associated studies shall be considered? Who is in charge of what?

\/ Approach: Positive sequence modeling versus Electromagnetic Transient (EMT) studies. Which
one is needed?



Background and central concern

Bulk Power System (BPS) is undergoing a rapid transformation towards high
penetration of Inverter-Based Resources (IBRs).

There are combinations of Wind, Solar, BESS, and now BESS and Combustion
Turbines.

Reactive Power Requirement, FERC Order-827. Need of Cap banks? Number
of inverters?

Stability, angular and frequency, of the resource has been always a concern.

Penetration of IBRs introduces other concerns such as Torsional Interaction
Between Electrical Network and Turbine-Generator Shafts.

Communication & control issues of BESS PPC with 3" part controllers. VAR
hunting?



Modeling Tools and Type of
Studies

Power Flow: ETAP, SKM, PSSE, PSLF, PowerWorld, etc.

Short-circuit and Coordination Study: ETAP, SKM, Aspen OnelLiner,
Cape, etc.

Stability Analysis: PSSE, PSLF, PowerWorld.

EMT: PSCAD, EMTP RV.

Harmonic Studies: Pre and post energization.



Background on the Project

90MW combination of GE LM6000 CT and Tesla Megapack 2 XL
BESS Inverters.

Project location: Colorado
Both are behind one GSU/MPT, 115kV POl voltage.

The inverters are spread through two (2) collector system feeders.



Studies Performed

« Reactive Capability: To size cap bank, determine number of
inverters required and ensure FERC Order 827 is met.

« Scenarios considered: SG generates-BESS discharge, SG

generates-BESS charge, BESS charge, BESS discharge, and SG

generates.

GEN+BESS 1pu 100% 40.60 3.00| 50.46 37.65 62.96 4.40 90.60 40.77 99.30 | 90.00 30.21 29.58 94.90 | 1.00 | 10.56 | 1.07513 | 1.09953 | 1.04831 | 1.00725
GEN+BESS 1lpu 10% 8.70 1.20 35.21 31.98 32.40 4.41 13.80 36.44 39.00 | 13.20 34.82 29.58 37.20 | 1.00 1.62 | 1.07025 | 1.08968 | 1.04980 | 1.00862
GEN+BESS 1pu 100% | Leading 40.55 -3.10 | 50.82 -18.62 54.13 0.00 90.90 -26.55 94.70 | 90.30 -38.20 -29.58 98.00 | 100 | 11.66 | 0.92902 | 0.94058 | 0.95040 | 0.99003
GEN+BESS 1pu 10% | Leading 8.70 -5.00 5.21 -26.31 26.83 0.00 13.80 -32.40 35.20 | 13.20 -34.05 -29.58 36.50 | 1.00 1.65 | 0.91305 | 0.93214 | 0.55068 | 0.99141
GEN+BESS 1pu 100% 40.80 15.00 | 50.26 | 25.507 56.55 4.41 50.70 41.73 99.80 | 90.10 31.14 29.58 95.30 | 1.00 | 10.64 | 1.06519 | 1.08653 | 1.04965 | 1.00748
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Studies Performed

Stability: Positive Sequence (PSSE in this case)

EMT: To investigate potential SSTI (torsional interactions), reactive
coordination, and some resonance issues. (PSCAD model was
developed in this case).

Harmonic study and capacitor switching.



Power System Model pre-IBR

x = f(x,v)

0=g(x,v)=i(lx,v)—Yv

e

Efectric network

Static loads

x = vector of state variables

LI

v = vector of bus voltages turb & gov

i = vector of current injections

Y = network admittance matrix
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Positive Sequence Model
(PSSE)

Modeling (SG):
 Generator, GENTPJ
 Governor, GGOV
 Exciter, ESAC7B
« Power System Stabilizer (PSS), PSS2B

Modeling BESS: e
» Generator, REGC_A gl
« Electrical, REEC_D Vi

« Plant Controller, REPC D



Importance of Tuned PPC (NERC MOD-026 and -027)
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What is the use of EMT models?

* They are used to benchmark the positive sequence models.
* In long term, it is expected to use them for interconnection studies.

Main : Graphs=

 Other applications: —F
> Switching Overvoltage (SOV) and Temporary .y
» Overvoltage (TOV) analysis.

wiatage (pl)

» Transient Recovery Voltage (TRV) analysis.
» Insulation Coordination.
» Capacitor Bank Switching analysis.

Cument [k

» Shunt Reactor Switching.




Study Area

Selection [2]:
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Do we need EMT Models?

» Electromagnetic Transient (EMT) models provide detailed
responses

* Represent network bus voltages as differential equations
* Include real-code behavior of inverters

* Represent Phase Lock Loops (PLL) and inner loop
controls

« EMT more appropriate to represent IBR resources

 Especially impact of IBRs in areas with low short circuit
strength



What Does Detailed
Model Have?

In short, a detailed model is equipped
with the following control systems:

* Plant-level outer control loops for voltage
and reactive power.

* Unit-level voltage and current inner control
loops. This would include the PLL dynamics for
electronic equipment and ride-through models.

* Outer control loop for dispatching active power.

« Outer control loop for frequency response.

Among the above control system features, the PLL configuration

might be the most difficult to mimic in a generic model.
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Sub-Synchronous
Torsional Interaction:

* The dynamic interaction between the electrical network and the
mechanical shaft system of a generator at frequencies below the system’s
nominal frequency.

e Causes:

—>Transmission lines are series-compensated (to improve power transfer
capability)

- Power electronic converters

* It canincrease shaft stresses.

Fatigue can lead to mechanical damage or failure.

* Misoperation of protective relays due to voltage oscillation.
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Build the PSCAD Model
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Zone of Vulnerability (ZoV) [7]

* Whenever interactions between turbine generator shaft and the
rest of power system needs to be studied in detail. In this case,

transient may damage the generator shaft. The area of study is
called ZoV.

Adapted from [7]




Simulation Methodologies/Steps

* Model Synchronous Generator.

 Model BESS with control modes: grid-following (PLL +PQ) and grid-forming.
* Model a portion of transmission system, include any series compensation.

* Include protection and switching, such as line reclosers.

Next:

« Model small signal check, frequency scan.

« Time-domain small disturbance. (Identifying damping)
« Time-domain large disturbance. (Stress Test)

« Grid Strength. (High/Low SCR)
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Simulation

Methodologies/Steps

Consider BESS in grid-following
(PLL) mode. Vary PLL bandwidth
and current controller gains.

Consider BESS in grid-forming
mode. Test droop & virtual inertia
settings.

Priority

1

10

11

Scenario

Frequency sweep injection at PCC,
0.5-50 Hz

Small mechanical torque pulse (1-
2%)

3-phase fault near generator,
clear @ 100 ms

3-phase fault near BESS, clear @
100 ms

Capacitor bank switching (if series
compensation exists)

BESS control: grid-following, PLL
BW ={1,5,10,30 Hz}

BESS control: grid-forming, virtual
inertia = {low, med, high}

Vary grid short-circuit level (weak,
med, strong)

Sweep series compensation % (0 —
50%)

Parameter sensitivity sweeps (Pl
gains, ramp limits)

Long-duration (60 s) with periodic
switching

Notes

small amplitude, record shaft
torque peaks

baseline damping estimate

post-fault ringdown analysis

observe converter response

triggers SSR-like behavior

compare results

compare damping

effect on modal damping

if relevant to the system

find dangerous settings

check long-term sustained
oscillations
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Remedies!

 Retune PSS/AVR/Governor: To add electrical damping at
the problematic mode frequency.

* Protection and operational mitigation: To trip or
reconfigure when sub-synchronous oscillations are
detected.

« Subsynchronous Damping Controller (SSDC):
Installing SVC.

REMEDIES
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Other Studies:

* Capacitor switching.

e Transformerinrush.

* Post-energization harmonic study.

21




Other considerations, Ride-Through
Settings (NERC PRC-029-1)

PRC-029 Over Voltage Lagging
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 Develop EMT Models:

» For design-focused simulations
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Examining Volt/Hz Protection

Volt/Hz settings can trigger tripping during transients
Must be coordinated with inverter and relay settings
Include in model validation to ensure ride-through capability

The V/Hz at the high side of MPT shall exceed 1.1 pu for longer than 45 sec and shall

exceed 1.18pu for more than 2 seconds.
V/Hz Protection

130

125

87-T1P and 87-T1S
120 V/Hz Protection

V(%)

115

PRC-029 V/Hz
110 Requirement

105
1 10 100 1000 10000

Time(s)
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Questions?

Contact: Maysam Radvar

Maysam.Radvar@klspowerconsulting.com
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