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Growing water scarcity and increasing industrial wastewater generation have intensified the need 
for sustainable technologies that enable both water reuse and resource recovery. Advances in 
membrane materials and membrane engineering have driven significant progress across a broad 
range of separation technologies, including gas separation, carbon capture, water purification, 
and resource recovery from industrial streams [1]. Among these technologies, membrane 
distillation (MD) has emerged as a promising thermally driven separation process capable of 
treating highly saline and complex industrial wastewater while producing high-quality water. 
When integrated with membrane crystallization (MCr), MD enables the simultaneous recovery of 
high-purity water and valuable minerals, contributing to sustainable water management and the 
circular economy [2]. However, membrane scaling, wetting, and process optimization remain 
important challenges for achieving efficient and long-term operation. 
This work investigates the application of MD and MCr for industrial wastewater treatment, 
highlighting strategies to improve process performance, enhance water recovery, and promote 
controlled crystallization for resource recovery. These membrane-based technologies 
demonstrate the growing role of advanced separation processes in supporting sustainable 
industrial water management and resource efficiency. 
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