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Objective 

 

Demonstrating the hybrid process of powdered activated carbon adsorption (PAC)/ceramic 

microfiltration (MF) as a resilient and sustainable solution for controlling emerging 

contaminants in drinking water treatment, namely:  

• Demonstrating the effectiveness, reliability and efficiency of PAC/MF technology, using a 

pilot scale PAC/MF prototype, operating in a water treatment plant (WTP) for one and a 

half years; 

• Benchmarking the advanced process with the conventional treatment process; 

• Drafting technical guidelines on PAC/MF application (when?, where? how?); 

• Carrying out a cost-benefit analysis of the process using the technical-economic results 

obtained in the demonstration, as well as social indicators of stakeholders’ attitudes 

towards membrane processes. 
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Why emerging contaminants? 

In the scope of LIFE Hymemb, emerging contaminants:  

• are potentially hazardous by toxic, mutagenic and 

endocrine disrupting effects and by the 

development of antibiotic(s) resistant bacteria; 

• are mostly resistant to conventional treatments in 

WTPs; 

• are or are not regulated. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Why microfiltration (MF)?  
MF is a physical filtration where pressurized water is passed through a thin porous membrane, 

retaining contaminants larger than its pore size (e.g. 0.1 μm).  

 MF is a low pressure (<1 bar), efficient barrier against protozoa, bacteria, turbidity and very 

fine PAC particles. However, microcontaminants such as pharmaceutical compounds, 

cyanotoxins and pesticides (<1000 Da) are not retained by MF pores, since they are much 

smaller than the pores.  

Why powdered activated carbon (PAC)? 
PAC is efficient for microcontaminants’ removal, its use is very flexible and it 

can be selected according to the contaminant to be removed and applied only 

when necessary. It requires, nevertheless, efficient contact time and a 

retention method of the smaller PAC particles (fines). 

 Why Ceramic MF Membranes? 

One of the innovation pillars of LIFE Hymemb project is the use of ceramic 

microfiltration membranes, emerging in Europe and not yet used in Portugal. 

Compared to traditional polymeric membranes, ceramic membranes represent a 

higher initial cost but combine very low pressures (<0.5 bar) with  high mechanical, 

chemical and thermal resistance, with significant advantages in terms of 

membrane cleaning (allowing high doses of oxidant, e.g. chlorine and ozone, to be 

applied), high solids loading capacity (including PAC dosing) and lifetime 2 to 5 

times longer than the polymeric membranes. They also allow higher fluxes and 

water recovery and lower energy consumption.  

 

Emerging contaminants could be… 

• Pharmaceutical compounds 

• Cyanotoxines (e.g. microcystins) 

• Pesticides  

• Virions and protozoan (oo)cysts  

• Natural (NOM) and anthropic (EfOM) 

organic matter  

• Oxidation by-products  

 

PAC/MF combines PAC with 

MF, allowing a low pressure 

membrane technology to  

retain microcontaminants 

and fine PAC. 

Did you know that… 
 ca. 120 new chemicals are introduced annually, with potential to contaminate water bodies during production,  

use or discharge. 
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Did you know that… 
Coagulation/flocculation/sedimentation (CFS) and filtration is the conventional drinking water treatment 

technology most widely applied on the planet, and has been used since the early 20th century. Microfiltration (0.1 

μm) is much more selective than conventional filtration. This typically removes particles in the 10-100 μm range 

(fine sand), and MF (0.1 μm) removes all particles > 0.1 μm, i.e. protozoan (oo)cysts, fine PAC and bacteria. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

When, where and how using PAC/MF? 

LNEC (in the Water Quality and Treatment Unit, UQTA) developed a pilot-scale PAC/MF prototype that was 

continuously operating for one and a half years at Alcantarilha WTP, operated by Águas do Algarve, S.A. 

Specific and continuous tests were carried out with water from different points of Alcantarilha WTP treatment 

sequence (raw, ozonated, decanted and filtered), in order to optimize, for different types of water, the pre-treatment 

and the operating and membrane cleaning conditions. For each type of water, tests were performed using stand-

alone microfiltration and PAC/MF. As during the study period the occurrence of the target contaminants in the WTP 

water did not occur (between the proposal (2012) and the project execution (2015-2016) a new water source started 

operation - Odelouca Dam), tests were carried out with different WTP waters spiked with pharmaceutical compounds, 

pesticides or cyanotoxins to test their removal by the PAC/MF prototype - emerging contaminants spiking tests. 

Case-study – Alcantarilha WTP 

Alcantarilha WTP, designed to treat up to 3 m3/s through the conventional process, supplies drinking water to more than 

half a million people in the Algarve (ca. 650,000 people in summer and 180,000 in winter), and can face seasonal variations 

in the raw water quality. 
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A 6-step methodology  

 

 

 

 

 

 

 

 

 

 

 

 

The PAC/MF technology demonstration involved the implementation of an intensive 

analytical control plan for water quality monitoring at the prototype’s inlet and outlet, as 

well as an operational control strategy based on: inline data acquisition of water quality, 

flow and pressure; data processing integrating performance assessment tools; remote 

access and control of the pilot prototype. 
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With this process, does the pollutant removal become easier? 
Yes, with PAC/MF there are gains in effectiveness and reliability of emerging contaminants removal. It 

should be noted that the conventional water treatment was designed mainly for the microorganisms and 

turbidity control  and that, even optimised, it presents limitations for controlling microorganisms resistant 

to chemical oxidation (e.g. protozoan (oo)cysts), natural organic matter and oxidation/disinfection by-

products (e.g. trihalomethanes) and microcontaminants of low-intermediate molar mass (e.g. 

pharmaceutical compounds, pesticides, cyanotoxins). To control these contaminants new technologies will 

be required in conventional WTPs and, although the technology selection and optimisation must be carried 

out on a case by case basis, valuing physical and multiple barriers, the hybrid PAC/MF process appears as a 

very interesting candidate. 

This process combines the flexibility and effectiveness of powdered activated carbon towards 

microcontaminants adsorption, considered a BAT (Best Available Technology), with the excellent ability of 

ceramic microfiltration to retain particles, including microorganisms resistant to chemical oxidation and 

very fine PAC. Therefore it allows using a PAC (<15 m) finer than the conventional (40 m, which has to 

settle or be retained by sand filter), with beneficial faster adsorption kinetics and without the risk of PAC 

fines passing downstream to the treated water. 

On the other hand, membrane technology, being a physical barrier, presents the great advantage of 

reliability, as it ensures good quality water regardless of the quality variations in the water to be treated. 
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Does the PAC/MF process work? 

Yes, it was proven that the process works, and the results 

obtained exceeded the initial expectations. In terms of 

water quality, turbidity results always revealed high 

quality water (<0.03 NTU), total aerobic endospores 

removal (indicators of protozoan (oo)cysts removal) and 

almost total removal (0-1 PFU/100 mL at the outlet) of 

somatic bacteriophages (indicators of virus removal by 

PAC/MF), even when variations in the intake water quality 

occurred and regardless of the PAC dose applied (2-18 

mg/L), which demonstrates the high process effectiveness 

and reliability. In the spiking tests with pharmaceutical 

compounds, pesticides or microcystin-LR (1-20 g/L at the 

process inlet) very good results were obtained – total-

pesticides removal of 78% (2 mg/L PAC) and 97% (10 mg/L 

PAC), microcystin-LR removal > 85% and total-

pharmaceuticals removal from 83% (6 mg/L PAC) to ≥ 98% 

(12-18 mg/L PAC, depending on the intake water quality). 

With the four tested waters, high flux (150-280 L/(m2.h) 

@ 0.6-0.8 bar), long filtration time (≥ 2 hours) and high 

water recovery (≥ 97 %) were obtained. Moreover, in the 

tests carried out with different fluxes and PAC doses, no 

negative impact of PAC addition on membrane fouling 

was observed. This is one of the most sensitive points of 

PAC/MF technology, and the results showed that the 

process works very well. 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Can this technology be easily replicated? 
Yes, it can be easily replicated in terms of target contaminants and water to be treated. 

PAC/MF is a very compact and flexible technology and activated carbon can be adjusted to a 

broad range of target contaminants, such as disinfection by-products, cyanotoxins, pesticides, 

pharmaceutical compounds and odour/colour compounds. The technology allows an easy 

adjustment to seasonal contaminants (e.g. cyanotoxins), by selecting an adequate PAC and 

dosing it only when the contaminants are detected/expected. 

Depending on the quality of the water to be treated and on 

the treatment purpose, the PAC/MF technology may be 

added to a conventional treatment sequence or replace 

one or several steps of that sequence (e.g., filtration or 

filtration and clarification by CFS). With waters presenting 

low natural organic matter it may even replace all 

conventional sequence line, only requiring a final 

disinfection for ensuring a residual of disinfectant during 

distribution. 
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And in efficiency, does this process reduce the 
environmental impacts compared to conventional 
process? Are the energy costs lower? 
The quality of the intake water and the pre-treatment are key 

points of membrane performance, so the answer to that question 

will always depend on the position of the PAC/MF process in a 

conventional treatment sequence. If PAC/MF technology 

complements conventional treatment for disinfection and 

polishing, there will be operational advantages (higher fluxes and 

lower membrane fouling), but there will be no reduction in 

sludge production or in the use of reagents in the CFS step. 

On the other hand, if PAC/MF technology replaces the entire 

clarification and disinfection line of a conventional WTP, there will 

be less reagent consumption, less sludge production and treated 

water of equivalent or superior quality. The same happens in 

terms of energy. In this project, it was demonstrated that, while 

treating low turbidity waters (≤ 5 UNT, ≤ 3 mg/L COT, ≤ 2 L /mg-m 

SUVA), PAC/MF can operate at 150-280 L/(m2.h) @ 0.6-0.8 bar, 

which corresponds to an energy consumption of 0.05 kWh/m3 of 

treated water (equivalent to a 50 W lamp), in the order of 

magnitude of the consumption associated with the conventional 

process. 
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And how does it compare with 
conventional technology? 
One of the project's pillars of innovation is 

precisely the effective benchmarking 

between PAC/MF technology and the 

addition of PAC in conventional treatment, 

i.e. PAC/CFS, at two levels: 

 demonstrating the two processes side by 

side, fed by the same water, i.e. PAC/MF 

prototype vs. WTP conventional treatment 

(1.5 years demonstration) and PAC/MF 

prototype vs. PAC/CFS prototype in 

spiking assays of emerging contaminants; 

 using robust benchmarking tools (to 

assess and improve the performance) of 

water treatment systems, developed over 

the last 10 years in LNEC and upgraded in 

LIFE Hymemb, specifically for PAC/MF. 

 

In effectiveness and reliability … 

The PAC/MF process allowed removals of 

emerging contaminants 20% higher than the 

conventional treatment technology, using 

similar doses of activated carbon, yielding 

much lower turbidity and aluminium 

residuals, lower residual of total organic 

matter (TOC) and endospores and without 

PAC fines in the treated water. This means 

that in a WTP with problems of emerging 

contaminants in the intake water, PAC/MF 

technology will allow higher quality levels to 

be achieved with high reliability, i.e. in the 

presence of emerging contaminants, it will 

allow a reliable contaminants’ control and 

therefore an increased water safety of the 

treated water. 



 

 

Can the adoption of this technology 
contribute to social well-being?  
The adoption of this technology has great advantages 

in terms of water reliability and safety - consumers 

gain a safe barrier against emerging contaminants - 

and will be all the more important as the lower the 

quality of the source water and the availability of 

alternative water sources are in a given region, the 

higher are the risks associated with emerging 

contaminants. There is a growing concern about the 

presence of these contaminants in the water bodies, a 

phenomenon aggravated by anthropogenic action, by 

climate change and by the pressure they place on the 

quantity and quality of available water. 

 

 
-estar social?  
This technology, used as a decentralized water 

treatment solution, i.e. where water production is 

closer to its consumption, allows shorter water supply 

networks with cost (regarding networks construction 

and maintenance and energy) and quality gains. 

It could enable, for example, the development of 

populations and tourism in inner regions, where 

climate change effects are challenging the water 

supply. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The stakeholders' view on the costs and benefits of the PAC/MF process…  
• Benefits, on the whole, were more valued than the costs (2 to 1); 

• Social and environmental benefits, particularly the safeguarding of public health and the quality of 

the water environment, were the most valued benefits (3 to 1); 

• Responsiveness to the implementation of PAC/MF technology is favourable in view of the 

demonstrated effectiveness and efficiency, safeguarding a nonsignificant increase of the water tariff; 

• PAC/MF technology can facilitate the development of populations or e.g. tourism projects in remote 

areas, favouring territorial and social cohesion; 

• The internalisation of technological innovation dynamics, such as the adoption of PAC/MF, raises the 

prestige of water utilities and is an asset for the international image of the region. 

8 to 12 cents/m3 
 

Is the estimated cost 

(investment and operation) of 

producing 100,000 m3/day  

(ca. 500,000 people) by 

PAC/MF from a low turbidity  

(≤ 5 NTU) and low organic 

matter concentration (≤ 3 

mgC/L COT) water. 
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Has the project helped reducing the resistances?  
It is very important to share results and to promote informed 

decisions. In LIFE Hymemb, two collaborative workshops were 

held with a group of stakeholders, before and after sharing the 

results of PAC/MF demonstration at Alcantarilha WTP. Based on 

the results obtained, we believe that through this project we 

contributed to minimising the resistances to the use of 

membrane technology, revealing its potential and its most 

appropriate field of application. 

 

Resistances or difficulties in use? 
In Portugal there are still resistances to the use of membrane 

technology and it will be due to the lack of updated 

information. 

Much of these resistances results from the myth of "reverse 

osmosis” the most known membrane process used for 

desalination and which operates at high pressure and thus 

with high energy consumption. Although there is a group of 

low-pressure membranes, which includes microfiltration, it is 

generally believed that membrane technology is very energy-

consuming, with levels unattainable to Portuguese economic 

standards. However, new membranes have emerged, very 

robust, that allow working at lower and lower pressures, with 

much simpler cleanings and greater longevity, such as the 

ceramic membranes demonstrated in this project. Due to the 

larger pore membranes their selectivity is lower, but this 

limitation can be overcome by the addition of powdered 

activated carbon. As demonstrated in this project, the hybrid 

PAC/MF process can effectively remove low molar mass 

dissolved contaminants, which would have only been 

possible with the use of "tighter" membranes working at 

higher pressure. The fact that membrane technology is still 

incipient in Portugal means that much of this information has 

not yet been sufficiently disseminated. 

 

 

 

 

  

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

The project "broke myths" and 

clarified the stakeholders questions  

regarding membrane technology, 

namely high energy costs, frequent 

membrane replacement, and a high 

level of pre-treatment required. 

Are there market opportunities? 
Yes, developments in the regulation of these 

emerging contaminants are likely to promote 

the use of advanced treatment technologies, 

such as PAC/MF. 

In addition, taking into account the existing 

know-how and raw materials, there is an 

opportunity for Portuguese and European 

companies to enhance the production and 

commercialization of ceramic membranes and 

activated carbons for internal use or export. 

Stakeholders have expressed great interest in 

knowing the technology and the social 

indicators evaluated show that the social and 

environmental benefits of this technology are 

widely valued. 

Incentives will probably be needed to close the 

gap between the initial investment in the 

immediate future and the major long-term 

benefits (to health, environment, territory and 

other economic sectors). 
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Future 
We are confident that we have conducted an important work in demonstrating the 

sustainability of the PAC/MF hybrid process as a safe and resilient barrier against emerging 

contaminants in drinking water, as well as in the knowledge of this technology and of its field 

of application, namely in "where?”, "when?”  and "how?” using PAC/MF. We will continue to 

share and disseminate information about the technology and the project website will be active 

for another 5 years. We believe that with this project we have been able to better prepare the 

water sector for the challenges that lie ahead and that future collaborations in this area or in 

related areas will follow. 

. 

The research leading to these results has received funding from the European Union 
LIFE+ Environment Policy & Governance programme under grant agreement LIFE12 ENV/PT/001154 
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