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Abstract: The rapid expansion of artificial intelligence and emerging applications has triggered a surge in computing de-
mand, making the energy footprint of data centers an increasingly critical concern. Against the backdrop of high renew-
able energy penetration and the strategic "dual-carbon" targets, the long-standing spatiotemporal mismatch and siloed op-
eration of computing and power systems have constrained both energy efficiency and grid regulation capabilities.
Computing-Electricity Collaboration (CEC) has emerged as a vital pathway for sustainable development. By integrating
information and energy flows, CEC transforms the inherent mobility of computing workloads into a flexibility resource
for the power grid. This paper provides a comprehensive review of the state-of-the-art in CEC research. We first delin-
eate the core concepts and fundamental connotations of CEC, followed by the proposal of a six-layer reference architec-
ture. The technical landscape is then analyzed across four key dimensions: basic theory, perception and migration, ana-
lytical computation, and closed-loop control, with a comparative assessment of the applicability, strengths, limitations,
and evolution of major technical routes. Furthermore, the study categorizes two dominant operational paradigms—*“Com-
puting Following Power” and “Power Following Computing”—and explores the paths for ecosystem development from
the perspectives of power utilities, computing providers, platform operators, and end-users. Finally, the paper identifies
technical bottlenecks and envisions future trajectories, including intelligent scheduling, green microgrids, and standard-

ization. This work is intended to serve as a systematic reference for both theoretical advancements and engineering

WS HER: XXXX-XX-XX; fEEHH: XXXX-XX-XX



hallis

B

{18 XX

implementations in the field of CEC.
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