Online Low-Carbon Workload, Energy, and Temperature Management of
Distributed Data Centers

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

R. Xie, Y. Chen, and X. Weng, “Online Low-Carbon Workload, Energy, and Temperature Management of Distributed Data Centers,” 4th Energy Conversion and
Economics Annual Forum (ECE Forum 2024).



Online Low-Carbon Workload, Energy, and Temperature Management of

Distributed Data Centers

System structure

Back end

s
+ Data center 5
! Cooling

system

! IT facilities

Workload

Mapping node X Energy

;' Data center =
1 Cooling

Mapping node system

e

Power grid

IT facilities

Cooling system and temperature control

0<p$, <PC.Vjed,

T << Tj, VjeJd,
H C _ aC s
{1y = it + K7 Dj — K5 — B, Vi€ T

Emission bound

T Z Z ’}/Jtpjt < OE

tETJEJ

1
]
1

I
’
!

Workload flow

0<al <ol Viel,

0< mm < J\Ig,‘v’z cI.VjeJ,

g, >0,VieT,qq>0,VjieJ,

> mf, viel,
jeTJ

B R B -
i€l

222’73 z}t_i_Z’Y?,

i€l jeT i€l

F F F
Tit+1) = it + Qg —

B
Dj(t+1)

Energy storage system
O<pftC<PSC 0<psP <PPvjeJ,
EY <eéf < E VjiecJ,

SC__SC SD ; SD
3(t+1) = 63:3 T Dt 1 — Dji /77 Vi e J.

ft — Z’}/_;g(pjt +p3t )

jed



Online Low-Carbon Workload, Energy, and Temperature Management of
Distributed Data Centers

Framework of the proposed method Parametric virtual queues
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Offline Optimization Problem

Virtual Queues & Lyapunov Drifts
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| Parametric online algorithm

Lyapunov Optimization Theory Operational Constraints Algorithm 1: Online algorithm in time slot ¢.
1 Observe the uncertainty realizations of afﬁ, [3 S q/ﬁ,
Performance biective> Parameter and 'yjt.
—Objective s
Guarantee : Optimization 2 Solve the LP problem (15) and obtain the values of
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3 Update the queues according to (13b)—(13f) and
Performance gua rantee

Theorem 1. Suppose that Assumption 1 and Assumption 2

hold. With parameter V > 0 and arbitrary 0, the optimality Parameter optimization
gap of the online algorithm is upper bounded by:

s ~F ~B ~5 ~ ~E
Obta.lﬂ q’i(t—i—l)’ qj(t+1)7 qj(t+1)’ Qj(3+1), a-nd Qt+1.

Algorithm 2: Parameter optimization algorithm.

FY(V,0) — F™ < B/V.

1 Let QF = 0.
T 2 Repeal:
FeaSIblllty guarantee 3 Solve the LP problem (17) and obtain (V,8).
Theorem 2. Suppose that Assumption 1 and Assumption 3 4 Simulate the online algorithm using the

hold and the parameters V > 0 and 0 satisfy (16). Then the

historical dataset and let Q¥ = max; GF.
strategy by Algorithm 1 is feasible in problem (10):

Until QF converges.
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Case study
* Iteration process
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* Bounds and simulated queues
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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

Table 1: Method Comparison

Method  Cost rate (§/h) Emission rate (tCO2/h)
Proposed 335.3 1.160
C1 251.2 1.200
C2 1378 1.200
C3 231.7 2,784
C4 457.2 2.384
C5 251.6 2.803

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

Parameter sensitivity analysis
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Parameter optimization helps to
reduce the cost rate.
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Under varying bound thresholds,

the proposed method consistently
satisfies emission requirements.
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