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Background and motivation

• The rapid expansion of artificial intelligence (AI) has 

driven exponential growth in data centres(DCs) and 

their associated energy consumption.  

• Integrating AI data centres into the power grid 

spans multiple time scales, from millisecond-level 

control of servers to long-term planning of 

infrastructure and policy.

• Understanding these multi-time-scale 

interactions is essential for achieving sustainable 

and resilient integration of AI data centres into 

future energy systems.

Challenges

Rising Power Intensity: Increasing deployment 

of GPUs and TPUs leads to higher rack-level 

power density and overall energy consumption.

AI Workload Dynamics: AI workloads, 
particularly Large Language Model (LLM) 

training, can induce rapid power swings that may 

trigger forced or sub-synchronous oscillations 
(SSO), thereby stressing grid stability
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Evolving Grid Conditions: Future power systems 

are becoming more decentralised and inverter-

dominated, with reduced inertia and greater 

demand for reserve capacity.
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Regulatory and Interconnection Barriers: 

Long interconnection queues and the absence of 

unified grid codes highlight the need for new 

standards, such as Fault-Ride-Through (FRT) 

requirements.
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Main research objectives

To develop multi-time-scale strategies that 

transform DCs into grid-interactive, flexible, and 

reliable assets within future power systems.

Workflow

Summary of Flexibility Sources in DCs and Their Response Times  (summarised from [1]) 

Case Study

• Analyse the two-month real-world workload trace from Alibaba: 

AI workloads submitted to 6742 GPUs of the Platform for AI 

production cluster 

• Non-time-sensitive tasks with queuing latency (the delay 

between task submission and execution) can be flexibly 

scheduled and coordinated through an aggregator to provide 

grid-support services without violating DCs' Quality of Service.

• DC power consumption model (Simplified)

Overview of task duration and energy consumption in the trace (figure left).

Stacked time series of total power consumption categorised by latency ranges (figure right, note: all original 
date and time information was anonymised and reset, even though the data was originally recorded 
between 2019 and 2020) [2]

Power Pattern Analysis

- Profile and predict AI-driven 

power consumption in DCs 

DC Load Modelling

- Develop multi-time-scale 

models of DC

Open-access trace

Power trace of own 

experiments 

System Integration

- Evaluate grid impact and design 

appropriate integration strategies
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Results 

• High-latency tasks (≥10 min) account for only 5.5% of 

tasks but over 20% of total power use. 

• The [3 h, ∞) category alone contributes 10.1% of power 

while representing just 0.7% of the workload

• Rescheduling these long-running jobs can significantly 

reduce peak power demand.

scale-up & scale-out

to hyperscale DCs

Focus of the case study
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