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Abstract

Amidst the green transformation of the chemical industry, achieving emission reduction and efficiency enhancement in wastewater
treatment is a critical yet challenging task, given the complex composition of such effluents and the limitations of conventional
technologies. This paper systematically reviews the research background and industry demands, delving into the key technological
systems of source control, process intensification, and end-of-pipe reuse, along with their development mechanisms. It further
analyzes the integration pathways and optimization strategies for engineering applications. The feasibility of this integrated
technological approach is empirically demonstrated through a comprehensive case study of the Hebi coal chemical wastewater system
. This research aims to provide a reference with both theoretical depth and practical value, supporting the industry in achieving the
coordinated development of multiple objectives: quality improvement, emission reduction, consumption lowering, and economic
benefit enhancement in wastewater treatment.
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