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Efficient, Flexible, and Clean Synergistic Energy-Potential Dynamic
Matching Technology and Its Application for Transient Processes in
Coal-Fired Power Generation Units

YAN Junjie, LIU Ming, WANG Chaoyang, ZHAO Yongliang, CHONG Daotong

(State Key Laboratory of Multiphase Flow in Power Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract; Coal-fired power generation is gradually transitioning from a primary power source to a
supporting and regulating source, frequently operating under transient processes such as peak and
frequency regulation. Existing energy-saving and emission-reduction technologies primarily focus
on steady-state conditions, making it difficult to effectively address the new demands of transient
operation. This leads to three major technical challenges: high energy consumption during transient
processes, insufficient load change rates, and excessive pollutant emissions during transient processes.
Through the dynamic response time scale of thermal system transient processes and the rate of energy-
quality transformation, this study establishes a new mechanism for energy potential matching that
improves the transient performance of power units, extending energy-saving theories from steady-state

conditions to transient processes. It develops a quantitative diagnostic method for transient energy
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consumption in coal-fired units is developed and invents a dynamic matching technology for
energy potential through the collaborative control of wind, coal, and water flows in thermal
energy storage states. In addition, it reveals the mechanism of rapidly converting thermal storage
into work output to improve load change rates through material flow regulation, leading to the
invention of an efficient, flexible, and synergistic energy-potential dynamic matching technology
for orderly thermal storage utilization. Furthermore, a mechanism is established to achieve precise
coupling between temperature fields and multi-material concentration fields by feedforwarding the time-
varying characteristics of heat exchanger thermal storage, and an energy-potential dynamic
matching technology that synergistically regulates the temperature and flow of multiple media

(including but not limited to flue gas, air, water) is invented, ensuring full-compliance pollutant

emissions across all operating conditions and deep waste heat recovery.

Keywords:

coal-fired power generation; peak shaving and frequency regulation; transient process;

energy potential matching; orderly utilization of heat storage
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Fig. 2 Thermal parameters characteristics and energy-saving

potential during the transient process in coal-fired

power plants
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Fig. 4 Flexible and efficient synergistic control technology during the transient process based on the orderly utilization of heat storage
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Fig. 5 Efficient and clean synergistic control technology based on multi-field precision integration
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