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Introduction and Motivation



Introduction and Motivation
By 2050, feeding a planet of 9 billion people will require an 
estimated 50% increase in agricultural production and a 15% 
increase in water withdrawals.

40 % 
of the energy expenditures in small to medium-sized 
municipalities go to pumping-moving-treating of the 
urban water needed

Forecasts of global water demand in 2050 show a 400% increase for the 
manufacturing industry and a 140% increase for thermal power generation 
(OECD, 2012). 
Water withdrawals for industrial use will have doubled by 2030, reaching a 
percentage of 22% worldwide.



Introduction and Motivation: water reclamation, 
a global need
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Introduction: Contaminants of emerging 
concern



Introduction: Microbial water contamination

Definition: Phenomenon by which a microorganism is no longer affected by an antimicrobial 
(previously sensitive), so that the usual medical treatments become ineffective and infections persist 
and can be transmitted to other people. WHO, Antimicrobial Resistance

New challenge in UWW: Antibiotic Resistant Bacteria (ARB)

http://www.who.int/medicines/publications/global-priority-list-antibiotic-resista
nt-bacteria/en/

http://www.who.int/medicines/publications/global-priority-list-antibiotic-resistant-bacteria/en/
http://www.who.int/medicines/publications/global-priority-list-antibiotic-resistant-bacteria/en/
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Reclamation of Wastewater: CECs and OMCs



Reclamation of Wastewater: Pathogens



Has entered into force on June 2023

New EC regulation on water reuse



New EC regulation on water reuse
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Solar treatments for water disinfection & 
decontamination



Ozone for water treatment

Disadvantages:

• Solubility and activity: When the ozone dosage is too low, some germs and bacteria may survive, which is why higher 
ozone concentrations are used. If the water being treated is rich in organic compounds or total suspended solids, then 
ozone will decay more rapidly, as it reacts with these contaminants.

• High costs: During corona discharge, around 85% of the energy is lost via heat waste, making ozone treatment 
extremely energy-intensive. Treating water with ozone is also energy-intensive because it requires high-class equipment, 
expensive technology, and an operator that knows how to work the complicated system. 

• Reactivity and toxicity: Ozone’s reactivity with metals can cause issues in wastewater treatment pipes and containers, 
therefore corrosion-resistant materials such as stainless steel must be used, which adds to plant construction costs. 
Because of the high toxicity, ozone levels need to be constantly monitored. 

• Reactivity and byproducts:  If the water contains bromide ions, ozone can react to form brominated compounds (like 
bromate ions/salts), which can cause human cancers. ozone leaves nothing behind; any ozone that doesn’t react with 
the water contaminants is immediately broken down, leaving nothing to monitor after the disinfection process.



Photochemical processes: UV-C with oxidative 
agents



Solar Heterogeneous photocatalysis: TiO2



Solar photocatalysis: enhancement strategies 



Photochemical processes
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Simultaneous removal of CECs and Pathogens



PANIWATER project



PANIWATER project
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Key messages
⬥ Water scarcity and bad water quality are problems affecting all over the world, which 

makes it crucial to find alternative water sources, such as municipal wastewater. 
Municipal wastewater treatment, jointly with desalination, mean a key strategy for 
trying to maintain high human life quality. 

⬥ A deep evaluation on the specific problem to be solved must be done just to focus on 
the optimum treatment option. 

⬥ Normally, different AOPs based technologies show highly efficiency as tertiary 
treatment for CECs & ARB elimination, but economic, health and life cycle 
assessments must support the final selection.

⬥ Solar based AOPs are considered a sustainable and actual viable option for reducing 
contaminant impact on the Environment. 

⬥ Water quality parameters monitoring as well as contaminant transfer to crops must be 
carried out for ensuring a “safe reuse”. Risk Assessment studies are required
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