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Background: Large Load Characteristics

Al training processes can exhibit fast
variation in active power.

Data center loads are not designed to
ride through system events (UPS
doesn’t count)

Loads are a mix of types of converter-
based interfaces

Reliability risk

e Synchronous generator damage

* Flicker
* Machine mode oscillations
* Interarea oscillations
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Fig. 1. Power readings from an at-scale training job on DGX-H100 racks.
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-
Example (ERCOT study)
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Key Parameters:
* Machine Rating = 100 MW
* Synchronous machine key torsional mode:

12 Hz

* Load profiles:

e Grid
8 ig  Profile 1 (S1 —S8): Fixed frequency square wave
0.48 345 345 ﬂ—l—@—d—@ varying between 25 MW and 100 MW with a
Loa KV KV KV Zm - ramp rate of 10 MW/1ms
d 345 kv s Machine * Profile 2 (S9 —S16): Proxy waveform mimicking
measured Al training load profile
Max Pk-Pk Active Power Variation* Alternating Torque
Scenario Load Variation (Generator electrically close: Zm = 0) 2
No. At the Load | At the Machine | Atthe Grid Taul2 Tau23
Hz MW MW MW (pu) (pu)
S1 Load profile 1 at 2 Hz 76.81 32.98 77.81 0.233 0.234
S5 Load profile 1 at 12 Hz 77.61 11.89 82.55 5.124 5.028
S9 Load profile 2 85.55 6.21 87.44 0.042 0.042
S13 |Load profile 2 with 12 Hz oscillations| 88.86 8.09 92.22 0.993 0.974

*Note: Split of active power between machine and grid is initially determined by impedance split, and the final variation will
depend on the frequency of the variation and other machine characteristics over time. Ref. ERCOT LLWG October 24 meeting:
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Results: Load profile 2 with 12 Hz — S13 (similar to
paper on slide 2) 1pu Torque
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Key EMT modeling aspects of mitigation studies

* Power variation grid criterion is required to mitigate against.
* Supplementary device(s) with energy storage is required.

* Load profiles, including load shapes and ramp rates, must be carefully
selected.

* Real-code models of power supply unit (PSU) and/or UPS systems
should be included or load profiles should be adjusted accordingly.

* System strength at the point of connection is important for the
efficiency of GFM compensation (if utilized).

* A relatively small EMT model will be sufficient
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e
Mitigation Options (this is growing)

GFM BESS

BESS with active load compensation functionality
E-STATCOM

E-STATCOM + GFM BESS

Double Conversion UPS (Low Voltage)

Double Conversion UPS (Low Voltage) + GFM BESS
Double Conversion UPS (Medium Voltage)

GPU Level Mitigation

0 N Uk WNRE
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Critical factors in EMT modelling of mitigation devices

* For active mitigation devices - * For passive mitigation devices -
response time related aspects electrical impedances
 Communications delays
* Measuring delays
* Processing delays
 Filtering and Sampling rates

* Grid impedance (system strength)
* plant transformer impedances

e Battery internal impedance

* Lead impedances

* Monitoring

* |Instantaneous active power measurement with minimum
filtering for sub synchronous frequencies is required

* Phasor base active power calculations are not recommended
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What directly impacts the effectiveness of a
mitigation method

* Mitigation devices may not effectively
compensate for high ramp-rate load
$ Load Ramp Rate variations due to response time

limitations.

IDfinal
(100%)

* High ramp-rate load variations can also
cause DC bus voltage fluctuations in
double-conversion technologies,
allowing a portion of the load
disturbance to propagate to the grid
side (small but not zero).

Power (MW)

* As aresult, the load ramp rate assumed
in EMT studies has a direct impact on
compensation effectiveness and the

—  magnitude of residual power
tio trse toon Tme® disturbances at the grid interface.

< >

0.1 Pfinal
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ELECTRANEB& L Slide 8

SPECIALISTS IN POWER SYSTEM



" - -
Example mitigated load profile

Main : Graphs
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No.

7

8

Mitigation Method

GFM BESS

BESS with active
compensation

E-STATCOM

E-STATCOM + GFM BESS

Double Conversion UPS
(Low Voltage)

Double Conversion UPS
(Low Voltage) + GFM BESS

Double Conversion UPS
(Medium Voltage)

GPU Level Mitigation

Relatively Mature

Relatively Mature

Results Summary

Technology
Maturity

Energy
Storage

High

High

High

Low

High

High

Low

Losses Response Type

Natural

o (un-controlled)
low Active
(controlled)
Active
Very Low (controlled)
Verv Low Both natural
Y and active
: Natural
it (un-controlled)
: Natural
il (un-controlled)
: Natural
il (un-controlled)
? ?

Response

Speed

Very fast

Medium

Very fast

Very fast

Very fast

Very fast

?

High ramp rates

Low

Medium

Very High

Very High

Very High

?

Load Compensation Efficiency

Low ramp rates

Medium

Low

Low

Very high

Very High

?
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Questions?
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