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Motivation

The rapid buildout of generative-AI training and inference infrastructure is turning data centers 

into some of the largest and fastest-changing loads that power grids have ever had to serve.

Explosive demand growth

• Hyperscale AI campuses now request hundreds of megawatts to multiple gigawatts of 
interconnection capacity per site.

New dynamic behavior

• GPU-centric loads ramp, cluster, and interface with the grid in ways conventional 
industrial or commercial loads do not.

Planning & reliability risk

• Utilities and reliability coordinators need trustworthy simulation tools before these 
loads are widely interconnected.
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Recent Investments



Efficiency Metrics

PUE = Total Facility Power ÷ IT Equipment Power

A PUE of 1.0 is the (unreachable) ideal
Every watt of facility power would go directly to computing — none 

to cooling, lighting, or distribution losses.

Modern purpose-built facilities: 1.2–1.4

Power Usage Effectiveness (PUE) :

Achieved with hot/cold aisle containment, free cooling, and efficient 

UPS/transformer selection.
Ahmed, Kazi Main Uddin, Math HJ Bollen, and Manuel Alvarez. "A review of 
data centers energy consumption and reliability modeling." IEEE access 9 
(2021): 152536-152563.



Data Center Types: Computations

CRAH= Computer Room Air Handling

CRAC= Computer Room Air Conditioner



AI Data Center

Ahmed, Kazi Main Uddin, Math HJ Bollen, and Manuel Alvarez. "A review of data centers energy consumption and reliability modeling." IEEE access 9 
(2021): 152536-152563.



AI Data Center: Structure

Ahmed, Kazi Main Uddin, Math HJ 
Bollen, and Manuel Alvarez. "A review of 
data centers energy consumption and 
reliability modeling." IEEE access 9 
(2021): 152536-152563.



AI Data Center: Cooling System

Gyang, Pam Paul, 
Pratyush Chakraborty, 
Lasantha Meegahapola, 
and Xinghuo Yu. 
"Dynamic modeling of a 
data center for power 
system stability 
studies." IEEE 
Transactions on Power 
Systems (2025).



AI Data Center: Server Thermal Management

Gyang, Pam Paul, Pratyush Chakraborty, Lasantha Meegahapola, and Xinghuo Yu. "Dynamic modeling of a data center for power system 
stability studies." IEEE Transactions on Power Systems (2025).



AI Data Center: Server Thermal Management

Gyang, Pam Paul, Pratyush Chakraborty, Lasantha Meegahapola, and Xinghuo Yu. "Dynamic modeling of a data center for power system 
stability studies." IEEE Transactions on Power Systems (2025).



Data Center Types: Reliability
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Data Center Types: Reliability

Tier II



Data Center Types: Reliability

Tier III



Data Center Types: Reliability

Tier IV



AI Computations



AI Computations

1.Training:
▪ Model trains on vast data set

▪ Power-intensive stage with high GPU utilization  

2. Inference
▪ Application of trained models to new data

▪ Less-power intensive stage

▪ User driven

▪ Bursts of power consumptions



AI Computations



AI Computations

Inference Stage



AI Computations



Case Study

Li, Yuzhuo, and Yunwei Ryan Li. "AI load dynamics–a power electronics perspective." IEEE Power Electronics Magazine 13, no. 3 (2026): 94-104.



Case Study

“Understanding AI Load Profiles and Impacts on Power Systems”, by Quanta Technology 



Case Study

Li, Yuzhuo, and Yunwei Ryan Li. "AI load dynamics–a power electronics perspective." IEEE Power Electronics Magazine 13, no. 3 (2026): 94-104.



Case Study

LLM Load Examples: Inference 

Patel, Pratyush, et al. "Characterizing power management opportunities for llms in the cloud." Proceedings of the 29th ACM International Conference 
on Architectural Support for Programming Languages and Operating Systems, Volume 3. 2024.



Case Study

Bulding-level Aggregated Data Center Load:

“Understanding AI Load Profiles and Impacts on Power Systems”, by Quanta Technology 



Impact of Grid Disturbances on Data Center

“Understanding AI Load Profiles and Impacts on Power Systems”, by Quanta Technology 
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Impact of Grid Disturbances on Data Center

“Understanding AI Load Profiles and Impacts on Power Systems”, by Quanta Technology 



Impact of Data Center on Grid

• Harmonics 

• Voltage flicker and temporary over voltages

• Frequency variations

• Sub-synchronous Oscillations



Impact of Data Center on Grid

• An oscillation at 11 Hz is seen in the 
amplitude of both the current and voltage 
measured at the tap box to a server rack. 
Fourier analyses indicated strong 
harmonics at 49 Hz and 71 Hz in all three 
phase currents and voltages. 

• In some other data centers, high frequency 
resonances in the 5–10 kHz range were 
also encountered.

Sun, J., Xu, M., Cespedes, M., & Kauffman, M. (2022). Data center power system 
stability—Part I: Power supply impedance modeling. CSEE Journal of Power 
and Energy Systems, 8(2), 403-419.



Minimizing Impact of Data Center on Grid

“Understanding AI Load Profiles and Impacts on Power Systems”, by Quanta Technology 



Minimizing Impact of Data Center on Grid

“Understanding AI Load Profiles and Impacts on Power Systems”, by Quanta Technology 



Minimizing Impact of Data Center on Grid

“Understanding AI Load Profiles and Impacts on Power Systems”, by Quanta Technology 
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Facility at Indian Institute of Science



Air-cooled Data Center being Developed
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Server 1

Server 2

• Resiliente GPU Server

- 1 x AMD EPYC 9124 (16C, 32T, 3.0 
GHz, 64MB, 200 W)
- 1 x 4U- 2GPU capable server with 
2x 1600 W power supply
- 4 x 32GB DDR5 RDIMMS @ 4800 
MTs
- 1 x 1TB NVMe M.2 Enterprise SSD
- 1 x Nvidia RTX 6000 Ada 48GB 
(GPU)



38



39



Conclusions
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• Data Centre load has unique characteristics

• More study required to understand evolving server technologies

• Data Centre design should consider impacts on the grid

• Grid Codes need to specify requirements for Data Centres
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