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Abstract

The rapid expansion of seawater desalination in Algeria has significantly strengthened national water security,
particularly in water-stressed coastal regions. However, the increasing production of hypersaline brine represents
a major environmental challenge due to its potential impacts on marine ecosystems, including salinity stratification,
benthic habitat degradation, and biodiversity loss. The Mactaa desalination plant, one of the largest reverse osmosis
facilities in Africa with a production capacity of 500,000 m?*/day, generates an equivalent volume of concentrated
brine with salinity levels reaching approximately 65 g/L. This study evaluates the feasibility of integrating brine
management within a circular economy framework by examining the potential use of the Sebkha of Arzew (i.e.,
coastal saline depression) and the Mactaa wetland complex as a platform for resource recovery. The analysis
combines environmental, hydrogeological, geotechnical, and economic considerations to assess the opportunities
and constraints associated with natural evaporation and mineral recovery processes. The high natural salinity and
semi-arid climatic conditions of the region suggest favorable conditions for solar evaporation and the extraction of
valuable mineral resources, including sodium chloride, magnesium compounds, and sulfates. Nevertheless, the
investigation highlights significant limitations. The Mactaa wetland complex is a Ramsar-protected ecosystem
characterized by high ecological value, rich avian biodiversity, and sensitive hydrochemical balances. Direct
discharge or storage of brines in natural sebkhas may increase the risk of groundwater salinization, chemical
accumulation, ecosystem disturbance, and long-term environmental degradation. Comparative assessment of
alternative management scenarios indicates that engineered evaporation ponds and closed-loop Zero Liquid
Discharge (ZLD) systems offer substantially lower environmental risks while maximizing resource recovery
potential. Based on these findings, a strategic roadmap is proposed, including detailed hydrogeological
investigations, pilot-scale evaporation facilities, and the progressive development of a national brine valorization
industry. The study demonstrates that while natural sebkhas cannot be considered sustainable receptors for
industrial brines, they provide valuable insights for designing integrated resource recovery systems that support
environmental protection, industrial development, and circular economy objectives in Algeria.
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