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Activated carbon adsorption in water treatment - an expanding
application

M.J. Rosaa", A.S. Mestreb, C. Silva?, E. Mesquitad, M. Campinas?, A.P. Carvalho®, R. Viegas®?

a Urban Water Unit, Hydraulics and Environment Department, LNEC - National Laboratory for Civil Engineering, Av.
Brasil 101, 1700-066 Lisboa, Portugal ® Centro de Quimica Estrutural, Institute of Molecular Sciences, Departamento de
Quimica e Bioquimica, Faculdade de Ciéncias, Universidade de Lisboa, Campo Grande, 1749-016 Lisboa, Portugal

* E-mail: mjrosa@Inec.pt

Scientific topic: Invited communication

Population growth, water scarcity, and climate change are driving the need for enhanced control of organic
micropollutants and contaminants of emerging concern (CECs) in the urban water cycle!. This has led to a
reinforced European and Portuguese legal framework, including the Drinking Water Directive (EU)
2020/2184 (DWD) and its Portuguese transposition DL 69/2023, the Urban Wastewater Treatment Directive
(EU) 2024/3019 (UWWTD), and Regulation (EU) 2020/741 on water reuse. Activated carbon adsorption is
considered a best available technology for removing these challenging contaminants, such as
pharmaceuticals, pesticides, and cyanotoxins, from both drinking water and treated wastewater!. The global
activated carbon market is therefore expanding, with water and wastewater treatment applications
representing approximately 42,5% of the market share in 2025 and serving as a primary growth driver2. This
communication focuses on the application of powdered activated carbon (PAC) and granular activated
carbon (GAC) in drinking water and urban wastewater treatment (DWT, UWWT)'3. Conventional PAC
application involves addition during coagulation/flocculation/sedimentation (PAC-C/F/S) often followed by
filtration, whereas innovative hybrid PAC/low-pressure membrane processes (e.g., PAC/MF or PAC/UF)
adds a physical barrier against microbial pathogens and fine PACs that minimize carbon footprint and
byproduct formation'. In UWWT, PAC may also be applied to the activated sludge reactor (PAC/AS)'#, a
low-investment solution. GAC is typically used in fixed-bed or fluidized-bed filters in DWT and UWWTS3,
Current technological needs emphasize sustainability and circular economy, such as valorising local
biomass, e.g. Portuguese pine nut shells to produce high-performing carbons®, or UWWT-sludge
carbonization to produce biochar for PAC/ASS, closing the cycle. In addition to better and agile process
modelling and engineering?, key improvement needs include enhancing adsorption kinetics through super-
fine PAC, developing magnetic PACs to allow for efficient PAC recovery and regeneration or Ag-dopped
GACs for controlling biofilm growth. Several key projects have supported the research and demonstration
of these advanced materials and treatment technologies for DWT (LIFE Hymemb, FCT EMPOWER+,
CYTED-Recircula), UWWT (LIFE Impetus, LIFE ReFitting), non-potable water reuse (FP7 TRUST) and
direct potable water reuse® (H2020 B-WaterSmart).
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