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Energy Consumption and Cost Assessment of Zero-Discharge Coal-to-Liquids
Wastewater Systems from a Life Cycle Perspective
Xing Sicong ( Shenhua Engineering & Technology Co., Ltd., Anhui Branch, Hefei Anhui 230000, China )

Abstract: In order to construct a systematic analytical framework that can reflect the cost structure of a zero-discharge
coal-to-liquid wastewater system throughout its life cycle, this study uses process chain decomposition, energy consumption
pathway representation, and hierarchical modeling of cost composition as its core methods to systematically review the
energy demands and cost burdens of key processes such as evaporation crystallization, membrane separation, pretreatment,
and concentrated brine resource utilization. By dividing the life cycle into stages, the study incorporates construction,
operation, maintenance, and end-of-life disposal processes into a unified perspective, providing a clearer expression of the
logic of cost formation, the proportion of energy consumption, and the economic role of resource utilization processes. The
resulting analytical mapping shows that the evaporation unit contributes significantly to total cost, with its thermal energy
consumption, equipment stability, and operational fluctuations imposing long-term economic pressure. Although membrane
separation and pretreatment units can reduce the evaporation load, their dependence on chemicals and replacement
frequency introduce ongoing expenditures throughout the life cycle. The quality stability and application pathways of
resource-derived products have a significant moderating effect on end-of-life costs.
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