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PROBLEM & MOTIVATION

Al racks have scaled from ~5-40 kW (pre-Al) to 600 k\W+
today, with next-gen systems targeting >1 MW

* This creates highly volatile rack-level power demand
driven by GPU-intensive training and inference workloads
 Rack-level ESS can smooth these fluctuations to support
grid code requirements and reduce stress on the genset's
shaft, as well as reducing peak grid power draw and
easing upstream transmission and distribution
requirements

* No public data exists to generate representative battery
duty cycles based on an Al duty cycle for testing and
validating ESS technologies in this application
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Fig 1: Simplified power layout
APPROACH SYSTEM MODEL

Three power components define the system, all in per-
unit (1 pu = max rack power) :

* Rack Load (Py,..k): Time-varying Al workload power
consumption — always positive

* Grid Power (P_,,,,): Constant power from grid connection
— the objective is to minimize this value and eliminate
power swings

 ESS Power (Pggg): Battery absorbs or delivers the
difference

* Pgss > 0 — discharge; Pzss < 0 — charge

« SOC tracks energy throughput with round-trip efficiency
losses

* To scale to a real installation, multiply all signals by actual
max rack power (kW or MW)
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APPROACH: THREE Al LOAD PROFILES

* Three data center load profiles are used as inputs to
generate ESS duty cycles
» Each captures Al workload power dynamics at different
timescales
 PNNL
 EMT-derived Ross & Follum 2025, 40-sec facility-level
* U of Alberta
« GPU-derived Li et al. 2024, 2-sec GPU-level
* Microsoft / OpenAl / NVIDIA
 Choukse et al. 2025, GPU load profile
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Fig 2: Simplified power layout
RESULTS: ESS DUTY CYCLES
For each load profile, the methodology generates
Steady-state duty cycle:
*Rack power consumption (the input signal)
*Required battery power profile to hold grid power constant
*The constant grid power level
*Predicted SOC trajectory for a 2-hour duration battery
Transition scenarios :
Start-of-task: Rack ramps from idle to active load; battery
discharges during deficit until the load profile begins
‘End-of-task: Rack drops to idle; excess power (P, —

P...n) absorbed by battery until SOC limit is reached

ESS Disch. Rack ESS Disch. Rack

Power (PU) Power (PU) Power (PU) Power (PU)
0.25- 1.00- 0.25; 1.00-

M \Jv‘ 600 600

0.001 0 0.75- 0.001 0 0.751
-0.25 %”’m o 050 Mmﬂl[],\w‘ 1400 -0.25- W . \WYMMWW -400
-u.ﬁu-ﬁ“ 400 L'I.EE-[M 200 -U.ﬁﬂ-r' | 400 u_zﬁ_f 200
0.75- -0.751 ! ! | | 0.00L, . . | 0

0 10 20 30 40 0 10 20 30 40 0 20 40 60 80 0 20 40 60 80

State of
Charge (%)
50.001 0.8257

State of

Utility Power (PU) Charge (%)

Utility Power (PU)

(AM¥) Jamod
(AAY) Jamod

50.5- 0.825-
580 580

49.99- 0.800 50.4- 0.800-

560 50.31 560
0.775 07751
49.981 50.21
540 540
0.750 50.1- 0.750

49.971

. | | . 520 50.01 , , [ , , , . . +520
0 10 20 30 40 0 20 40 60 80 0 20 40 60 80
t(s) t(s)

Fig 3a: EMT steady-state Fig 3b: EMT End-of-task
repeating unit duty cycle duty cycle
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