
Background
• Distributed data centers could be coordinated to reduce cost and emissions
• Operation faces strong uncertainties: Workload demands, ambient temperature, 

electricity prices, and carbon intensities

Method: Lyapunov optimization
• Prediction-free
• Can estimate the optimality gap
• Relies on careful theoretical deduction to consider operational constraints

Our contributions
• Consider emission limit and temperature management
• Develop a linear program-based method to decide the parameters of operation 

strategy to avoid substantial theoretical analysis
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System structure Workload flow

Energy storage system
Cooling system and temperature control

Emission bound
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Framework of the proposed method Parametric virtual queues

Parametric online algorithm

Performance guarantee

Parameter optimization

Feasibility guarantee
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Case study
• Iteration process

• Bounds and simulated queues

The proposed method is effective 
in limiting emissions and ensuring 
feasibility.

The proposed parameter optimization 
algorithm converges after about 5 iterations.
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Method comparison
• Proposed
• C1 (offline & emission bound): Impractical
• C2 (greedy & emission bound): High cost
• C3 (offline): Impractical & high emission
• C4 (greedy): High cost & high emission
• C5 (no emission bound): High emission

The proposed method has the lowest cost among the online methods that satisfy 
the emission bound.

Parameter sensitivity analysis

Parameter optimization helps to 
reduce the cost rate.

Under varying bound thresholds, 
the proposed method consistently 
satisfies emission requirements.
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