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Environmental protection treatment of biological fouling in Seawater Cooling Systems: From Mechanism to
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[Abstract] Although seawater cooling systems have become indispensable "blue coolers" in industries such as
power, chemical engineering, and shipping due to their advantages of efficient heat exchange and low operating
costs, they have long been plagued by biological contamination from microorganisms, algae, and shellfish — pipe
blockages, heat exchange failures, local corrosion, and even unplanned shutdowns, which have become
"invisible killers" threatening the safety, stability, and sustainable operation of the systems. In view of this, this
paper systematically analyzes the "black box" of fouling from three dimensions: the formation mechanism of
biofilms, key environmental driving factors, and the succession patterns of communities, constructs a full—chain
cognitive framework of "mechanism — process — regulation", and on this basis, sorts out new green,
low—carbon and efficient prevention and control technologies. Provide theoretical basis and technical methods
for the industry to achieve the environmental protection governance goal of "zero toxic emissions, low energy
consumption and long service life".
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