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Problem Statement:

NERC

NORTH AMERICAN ELECTRIC
RELIABILITY CORPORATION

* Rising Risk — Growing voltage-sensitive loads increase future
reliability and reconnection challenges! Incident Review

Considering Simultaneous Voltage-Sensitive Load Reductions

L] L] L]
e 2024:L Load Loss — 230-kV fault d ~1,500 MW dat ter load d king f It
. Large Lod 0SS dUlItl Caduse , dla center 10d rop, risKing rrequency/voitage swings.
Faulted Phase Voltage at StationC
a— e ——— A _ m— m— — — ——
Firstvoltage’écpression— Thll’dVOLT.E!E,D.UODFCSSIOI']— Fourth voltage depression / \
Initial Fault — arrestor <nd aummatlcrchcl:ic P - 2nd automatic reclose . ) Sixth voltage depression—
failure [:?ttcnilpstomcrr:n?al © attempt on terminal B of Hifth voltage dapression— 2nd automatic reclose
Ine- 15> second detay line=20 second delay ig}‘??g‘?:ﬁ:ﬁiﬁ’ﬁ:m attempton terminal B of
Second voltage N ptonterm line- 80 second delay
depression - 1st line— 75 second delay
automatic reclose
attempt - instantaneous
at both ends of line
[

Reclosing Interaction — Reclose attempts triggered protection logic, keeping ~1,260 MW offline for hours!!!
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Co-location of Data Centres with Power Plants.

However, even in power plants:

X Some IBR-dominated plants are not behaving reliably!

X Mal-operational Physical control systems, at IBR level and system level (PPC), during field operation

I Physical control systems need to be tested in advance

I Odessa Event 2021: 1.1 GW solar-PV
reduction after a S-L-G fault

Il Odessa Event 2022::1.7 GW solar-PV
reduction after a S-L-G fault
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Root cause:

X Mal-operation of control systems (IBRs and PPC) despite offline simulations and modeling

ODESSA 2021 ODESSA 2022
PLL Loss of Synchronism: 389 MW reduction. Inverter Instantaneous AC Overcurrent: 445 MW reduction.
Inverter AC Overvoltage: 269 MW reduction Voltage Phase Jump: 385 MW reduction.
Momentary Cessation: 153 MW reduction Inverter AC Overvoltage: 295 MW reduction.
Feeder AC Overvoltage: 147 MW reduction Inverter DC Bus Unbalance: 198 MW reduction.
Inverter Underfrequency: 48 MW reduction Slow Ramp After Low Voltage Ride Through (LVRT): 147 MW reduction.
Other/Unknown Causes: 85 MW reduction Momentary Cessation: 131 MW reduction.

Grid Over frequency: 50 MW reduction.

Source: ERCOT Other/Unknown Causes: 59 MW reduction.
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Root cause:

X Communication Latency!

Protocol Typical Latency
Goose (IEC 61850) 3 ms
Modbus RTU 20-100 ms
Modbus TCP 10-50 ms
DNP3 (Serial) 50-200 ms
DNP3 (Ethernet) 20-100 ms
Source: SEL, IEEE MMS (IEC 61850) 10-100 ms
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C-HIL for an IBR Controller
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EMS+PMS+PPC

Communication
(IEC-61850, MODBUS, DNP3)

Comprehensive HIL Structure
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Importance of HIL

Power System/ Data Centre Model Control/Protection System

efarance Error porti roportiona
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Everything is Real-time!

(HIL):
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Difference with Conventional Simulation
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Data Center Test-bed and Al load Simulator
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Digital Twin
De-Risk Commissioning and HIL
Testing

* PCS, IBR Control Systems
 PPC, PMS, EMS via IEEE C37, MODBUS, DNP3, and IEC 61850
* Test and Validate controllers, protection, and communication




Data Centre Facility

Link protoc 20-MW Data Centre Facility s
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HIL Testing of Dema Data Centre Facility

IEC-104 Emulator for Utility
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Finding Issues with PCS Controller!

RSN S

Figure 17. Installation of the film capacitor inside them
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Figure 18. Jittering is observed in the status of the CB breaker
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System performance subsequent to accidental islanding
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System performance subsequent to accidental islanding
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Advantages

* No Communication Latency

 Targeted Shaft Frequencies

 Only ~20% of the generator size for BESS

- Power and Torgue for the Multi-Mass System - Power and Torque for the Multi-Mass System
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Empowering Your Business At the Edge
EdgeTunePower

THANK YOU
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