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Quantification of Demand Response Regulation Capacity Considering Thermoelectric Coupling

Characteristics in Data Center

TONG Xingyu', SUN Qiuye"*, REN Rufei', HUANG Yujia'
(1. School of Electrical Engineering Shenyang University of Technology, Shenyang 110870, China;
2. College of Information Science and Engineering Northeastern University , Shenyang 110819, China)

Abstract: As an important adjustable resource on the load side of the power system, the thermoelectric coupling characteristics
between server computing power and cooling power in a data center (DC) directly affect its regulation potential and economic
benefits in demand response. To ensure the accuracy of capacity reporting for DCs participating in demand response and to avoid
economic penalties caused by assessment deviations, it is necessary to precisely quantify their regulation capacity across various
intraday time periods. To this end, this paper proposes a quantification method for data center regulation capacity that accounts for
variations in cooling power consumption under varying CPU operating conditions. Firstly, a dynamic correlation model between
workload and server operating temperature is established to calculate server temperature distribution and cooling power
consumption based on CPU condition changes. Secondly, the energy efficiency response mechanisms under spatial transfer and
temporal postponement strategies are analyzed in depth, revealing the marginal diminishing returns and saturation phenomena of
the contribution of cooling power changes to regulation capacity as the proportion of transferred or postponed workload increases.
Finally, simulations based on real-world server cluster data are conducted to quantify the demand response regulation capacity of
DCs considering thermoelectric coupling effects. Simulation results verify that the proposed method effectively corrects regulation
capacity assessment deviations, providing a precise quantitative basis for data centers to mitigate economic penalty risks and for the
power grid to formulate safe scheduling decisions.
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